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5 Claims. (CI. 307-88.5) 

The present invention refers to a circuit arrangement 
adapted particularly for use in analog-digital converters. 
A purpose of the arrangement is to produce potential at 
an output which potentials have the same absolute value 
but an opposite sign when a first input signal is received 
alone or simultaneously with another input signal respec 
tively and to produce a 0-potential on the same output 
when both signals are absent. 

There are known analog-digital converters in which a 
reference potential in a discriminator is compared in turn 
at first with an analog potential, which has to be expressed 
as an n-digit binary number, and after this with modified 
potential values which are obtained by adding to said 
analog potential successively decreasing /2 n portions of 
the reference potential with plus sign if the result of the 
comparison in the discriminator shows that said reference 
value is greater, and with minus sign if the result of the 
comparison in the discriminator shows that said reference 
value is less than said addition result. 

This principle of comparison is indicated by way of 
example in FIG. 1a, which shows the timing sequence of 
a system which has a maximum deviation of 25-1=31, 
and in which the value of an analog signal is expressed 
as a 5-digit binary number. Assuming that the analog 
value is to be 7, said value is at first compared with a 
reference value 25-16. Such comparison shows that 
the analog value is less than 16. A 0 appears, and the 
reference value 25 is added to the analog value with a 
plus sign, making the total 7--8=15. Since a second 
comparison shows that the modified analog value 15 is 
still less than 16, a new reference value 25-3-4 is added 
with a plus sign to the first modified value 15, producing 
a second modified value 19. In the third stage the value 
2=2 is added with a negative sign, since the second 
modified value was greater than 16, and a third modified 
analog value 17 results. Finally, in the last stage, the 
value 2 = 1 is added, also with a negative sign, produc 
ing the final modified value 16, which corresponds to the 
original reference level. If the modified value is less than 
the reference value, a 0 appears. If it is greater than or 
equal to the reference value, a 1 appears. The advantage 
with such a system is that the sum of the different opera 
tion times will be less than in analog-digital conversions 
systems as heretofore known. 
The successively decreasing portions of the reference 

potential (2n-, 2n? ...) are generally obtained on the 
output of a resistance network or another known poten 
tial converting network by connecting the reference po 
tential to two successive inputs of said network. It is 
important in such a system not only that the reference 
potential is connected to said inputs in turn with plus or 
minus signs respectively, depending on the indication of 
the discriminator, but also that the respective input is 
maintained on Zero potential before a comparison is car 
ried out, to allow a reliable function of the device. This 
is due to the fact that upon deviation from zero potential 
on one of the non-working inputs said value would be 
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2 
added to or subtracted respectively from the potential 
on the output of the discriminator. 
The object of the present invention is to obtain a cir 

cuit arrangement which fulfills said conditions, that is, 
which, depending on the signal combination obtained, 
produces three alternative potentials, (--E, 0, -E) on its 
output. Another object of the invention is to obtain a 
circuit arrangement or a circuit which, when connected 
to other identical circuits, in coaction with them forms a 
shift register in which upon feeding periodical pulses (said 
first input signal) to inputs of all the circuits, only one 
circuit is activated so that said potential having a plus 
sign, a minus sign, or being 0, depending on the indica 
tion of the discriminator, appears on successive outputs. 
The circuit arrangement according to the invention 

comprises two bistable flip-flops of transistor type, the 
first of which is operable by said first signal so as to be 
brought to working condition and the second of which is 
operable by said second signal so as to be brought to work 
ing condition. Said second flip-flop has a transitor elec 
trode which conducts only in the active condition of the 
flip-flop and is connected to the output of the circuit ar 
rangement and also through a non-linear element, for 
example a diode, to a transistor electrode in said first flip 
flop, which electrode conducts only in the working condi 
tion of said first flip-flop. The non-linear element is con 
nected to such potential in a manner such that it connects 
the output to said electrode in said first flip-flop when said 
electrode has 0-potential defined by the blocked condition 
due to the fact that said electrode is connected to ground 
through another non-linear element, and also when the 
electrode has a potential defined by the conducting condi 
tion of the transistor and different from 0-value. A gate 
circuit is furthermore connected to said first-mentioned 
non-linear connecting element which gate circuit upon 
receiving said second signal deblocks the transistor con 
nected to the output and simultaneously blocks said first 
mentioned non-linear element so that the output is dis 
connected from the potential of said electrode in the first 
flip-flop and obtains the potential of said electrode of the 
second flip-flop, said potentials being equal but having 
opposite signs. 
The invention will be explained more in detail with 

reference to the enclosed drawing. FIG. 1 shows a cir 
cuit arrangement according to the invention and FIG. 2 
shows the use of the circuit arrangement in a shift regis 
ter for analog-digital converters. 
FIG. 1 shows a circuit arrangement according to the 

invention comprising two bistable flip-flops V1 and V2. 
The device has four inputs A, B, C and D, each arranged 
for an incoming signal, and three outputs Y, X and Z. 
The Y output has a potential depending on the combina 
tion of received input signals. The X output delivers a 
signal whenever the circuit has operated and is used when 
the circuit is included in a plurality of similar circuits to 
form a shift register. The Z output is used when parallel 
read out of a plurality of similar circuits is required. 
Both shift register operation and parallel read out will 
hereinafter be more fully described with respect to FIG. 2. 

In the embodiment shown in FIG. 1, flip flop V1 is a 
conventional transistor flip-flop comprising two pnp-tran 
sistors Q1 and Q4. The transistors are interconnected to 
form a conventional bistable circuit wherein, at any one 
time, one of the transistors is conducting and the other 
cut off. The conducting states of the transistors can only 
be changed by external triggers. In particular, the 0 
condition of flip-flop V1 is when transistor Q1 conducts 
and transistor Q4 is cut off. The 1-condition of the flip 
flop is when transistor Q1 is cut off and transistor Q4 con 
ducts. The second flip-flop V2 is also a bistable circuit 
and is according to a preferred embodiment a so-called 
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"Hook” type flip-flop. In such a flip-flop two comple 
mentary transistors are employed. In one stable state, 
both transistors are conducting (the 1-condition) while 
in the other stable state (the 0-condition) both transistors 
are cut-off. Flip-flop V2 comprises npn-transistor Q2 
and pnp-transistor Q3 suitably interconnected. The flip 
flop V2 does not need to be a flip-flop of the Hook type, 
but the advantage of a flip-flop of the Hook type will be 
that it does not conduct current at all in rest position (the 
0-condition when both transistors are cut-off), and that 
the collector potential of the one transistor will be more 
negative and the collector potential of the other transistor 
will become more positive upon activation. This can be 
used for obtaining suitable potential levels on the outputs, 
as will appear from the description. 
The flip-flops are brought to working condition in re 

sponse to certain conditions on the inputs of the circuit 
arrangement. When both flip-flops are in inactive or 0 
condition, only the transistor Q1 is conducting. Assume 
transistor Qi is conducting. Therefore, its collector is 
substantially at +4 volts. By virtue of the potential 
divider action of resistors RL and R2R with resistor 
R2R connected to --8 volts, the base of transistor Q4 is 
at a higher potential than its emitter. Accordingly, tran 
sistor Q4 is cut off. With transistor Q4 cut off its co 
lector is substantially at ground potential. The clamping 
action of diode D2 having its anode connected to ground 
and its cathode connected to the collector prevents the 
point P from going below ground potential. By virtue 
of the potential divider action of resistors R1R and R2L 
with resistor R2L connected to --8 volts the voltage of 
the base of transistor Q1 is considerably less than +4 
volts (the emitter voltage). Accordingly, transistor Q1 
remains conducting. It should be noted that capacitors 
CIL and C1R are merely conventional "speed-up' capaci 
tors. Flip-flop V1 remains in the 0-condition until a suf 
ficiently positive pulse is transmitted from gate G1 via 
diode D3 to the base of transistor Q1. 
Now, consider flip-flop V2. The initial or 0-condition 

of flip-flop V2 is when both transistors Q2 and Q3 are 
cut off. Assume transistor Q2 is cut off. The emitter of 
transistor Q2 is at ground potential. Note transistor Q4 
is cut off and returned via resistor R3R to -8 volts, but 
diode D2 clamps the voltage at point P to ground. The 
potential divider action of resistors R9 and R10 con 
nected between point Q and -- 4 volts maintains the base 
of transistor Q3 above ground (the emitter voltage). 
Transistor Q3 is cut off and its collector is connected via 
resistor R8 to a -8 volt potential. Therefore, the base 
of transistor Q2 is below -4 volts (the emitter voltage) 
and transistor Q2 is cut off. Capacitors C4 and C5 are 
merely "speed-up' capacitors. 

It has been shown that the initial condition of the 
flip-flops is such that only transistor Q1 conducts. How 
the initial condition is obtained by external triggers from 
circuits T1 and T2 connected respectively to the bases of 
transistors Q4 and Q3 will hereinafter be described. The 
subsequent operation of the circuit, once initiated in re 
sponse to triggers from circuits T1 and T2 will now be 
described. 
The circuit yields a first indication (a positive polarity 

signal on output Y) if it is triggered by only one signal, 
and a second indication (a negative polarity signal on 
output Y) if it is triggered by the first signal while also 
being triggered by a second signal (a signal on input D). 
The circuit also yields a zero signal on output Y if it has 
received no input signals. 
The signal on input B passes through gate G1 to the 

base of transistor Q1. It is possible that if the amplitude 
of a positive going pulse at input B is sufficiently high, the 
output of gate G is sufficiently positive to raise the volt 
age of the base of transistor Q1 to higher than --4 volts 
cutting off transistor Q1. However, because the circuit 
is one stage of the shift register shown in FIG. 2, wherein 
each stage has an input B to receive Synchronizing pulses, 
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4. 
gate G1 has a control input connected to input A. In 
put A is connected to the preceding stage of the shift 
register. In this way, sequential operation of the stages 
is insured. With this in mind, when input A is at -|-4 
volts indicating the preceding stage has registered, the 
Voltage at the junction of diode D3 and resistor R4L is 
raised and when a four volt positive synchronizing pulse 
is received at input D, diode D3 transmits a positive pulse 
which back biases the emitter-base junction of transistor 
Q1. Transistor Q1 cuts off. Its emitter goes to about 
-8 volts. The voltage at the base of transistor Q4 drops 
below --4 volts. Transistor starts conducting and its 
collector goes to about +4 volts. The voltage on output 
X rises from ground potential to --4 volts indicating the 
circuit has registered. 

It should be noted that diode D6 connects the collector 
'of transistor Q4 to point Q which is connected to out 
put Y with the cathode of diode D6 connected to the col 
lector of transistor Q4. While flip-flop V1 is in the 0 
condition, point Q and output Y are at zero potential. 
At that time transistor Q4 is cut off. Therefore, current 
flows from --8 volts via resistor R11, diode D6 and re 
sistor R3R to -8 volts. Diode D2 clamped point P to 
ground and therefore point Q is effectively at ground po 
tential. When flip-flop V1 is in the 1-condition, the col 
lector of transistor Q4 and point P are at about --4 volts. 
Hence, point Q is also at --4 volts. It is, therefore, seen 
that with the flip-flops in the 0-condition and no input 
signal is received the output Y is at zero potential and 
When a signal is received at input B the output Y is at a 
--4 volt potential. The third state is when signals are 
Substantially simultaneously received at inputs B and D 
and is indicated by a -4 volt potential on output Y. This 
State will now be discussed. 
ASSume flip-flops V1 and V2 are in the 0-condition and 

pulses substantially simultaneously occur on inputs B and 
D. The pulse at input B triggers flip-flop V to the 1 
condition as previously described. The pulse on input 
D passes via resistor R6 to the anode of diode D5. At the 
Same time, point P (connected to the collector of transis 
to Q4) shifts to a +4 volt potential by virtue of flip-flop 
V1 being triggered to the 1-condition. The positive going 
transient at the point P passes through capacitor C3 to 
the anode of diode D5 where it cooperates with the signal 
from input D to pass a positive going pulse to the base 
of transistor Q2. Transistor Q2 starts conducting and 
its collector drops to -4 volts (the emitter Voltage). 
The drop in the collector Voltage is transferred via re 
sistor R9 and capacitor C4 to the base of transistor Q3 
turning this transistor on. The collector of transistor Q3 
goes to ground potential. The collector voltage is fed via 
resistor R7 and capacitor C5 to the base of transistor Q2 
locking the latter in the on condition. Accordingly, flip 
flop V2 is set to the 1-condition with Output Y at - 4 
Yolts. Diode D6 is back biased and flip-flop V2 is isolated 
from flip-flop V1. Hence, when two input pulses or 
signals are simultaneously received the circuit gives a 
tindication represented by a negative voltage at out put Y. 
The flip-flops V1 and V2 are restored, or set to the 0 

condition by a pulse on input C fed to circuits T1 and 
T2. When the flip-flop V1 is in the 1-condition, its col 
lector voltage is at about -- 4 volts. This potential is: 
connected via resistor R4R to the anode of diode D4. 
When a --4 volt pulse is present on input C it passes via 
capacitor C2b to the anode of diode D4. The anode. 
Voltage is then sufficiently high to pass a positive pulse 
of Sufficient amplitude to back bias the base-emitter junc 
tion of transistor Q4. Transistor Q4 cuts off and its emit 
ter voltage drops to Substantially ground potential causing 
the turning on of transistor Q1. Similarly, when flip-flop 
V2 is in the 1-condition, ground potential is fed from the 
collector of transistor Q3 via resistor R4 to the anode of . 
diode D7. The pulse on input C passes through capacitor 
C2d and cooperates with the voltage from the collector 
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to pass a sufficiently positive pulse to cut off transistor 
Q3. The collector of transistor Q3 goes to -8 volts and 
this voltage is fed to the base of transistor Q2 which cuts 
off. Flip-flop V2 is thus restored to the 0-condition. 

It should thus be noted that the potential on output 
X indicates whether the circuit has been triggered and 
the output Z transmits a voltage which is utilizable in par 
allel readout when the circuit is included in a chain of 
similar circuits to provide a shift register. 

FIG. 2 shows the use of a circuit arrangement accord 
ing to the invention in an analog-digital converter which 
has the purpose of expressing by comparison with a refer 
ence value, an analog potential as an n-digit binary num 
ber, as is explained hereinbefore in connection with FIG. 
1a. In a discriminator DD at first the analog potential 
Ea=7V according to the example is compared with a 
reference potential, the value of which is 2n, that is 
approximately half the whole possible indication and 
(E=16V according to the example). If the compari 
son shows that the analog potential was greater (for 
instance, if the discriminator produces a signal), '1' is 
recorded for the first position, and if it was less (if the 
discriminator does not generate a signal), “0” is recorded. 
After this a comparison is carried out between said refer. 
"ence value and the sum U of the analog potential and the 
/2 reference potential, which latter has been added to 
the analog potential with a sign depending on the pre 
ceding comparison, that is with plus in the present case, as 
the preceding comparison 7<16 has resulted in 0. The 
sign would be minus if the preceding comparison had 
resulted in 1. Corresponding to the comparison result 
(15<16) in the second digit position 0 is recorded, 
after which the comparison continues between the refer 
ence potential and the Sum of the analog potential and 
the 4 portion (4V) of the reference potential, the sign 
of the latter being dependent again on the preceding com 
parison result, and the comparison continues until the 
last digit has been defined. 

In order to carry out such a conversion it is necessary 
to provide in addition to a discriminator a device 
which depending on each indication of the discriminator 
(signal or no signal respectively) produces a /2 n-2 por 
tion of the reference potential (the value of the reference 
potential is 2 and the /2, 4, 5/8 a.s.o. portion should 
be produced) with a sign (plus or minus) defined by the 
said indication to be used when adding said portion to the 
analog potential so that the next comparison is carried out 
in the discriminator between said sum and the reference 
potential. Generally the conversion is carried out by 
means of a number of Separate converting stages, corre 
sponding to the number of comparisons which have to be 
carried out. Said stages each produce a value of the 
reference potential corresponding to the position of the 
stage. The circuit arrangement according to the invention 
When used as a converting stage renders an analog-digital 
converter more simple. Furthermore it will allow obtain 
ing an n-digit binary number by means of only n-1 com 
parison stages. 

For producing the /2 n-1 portions of the reference 
potential, a resistance network N known per se and 
formed by links comprising resistances of the values R 
and 2R is used. It is easy to show that when connecting 
the reference potential to one of the inputs a1-a and 
connecting the analog potential to the input a in the point 
S, the sum of the analog potential EA and of the portion 
of the reference potential ER corresponding to the re 
spective input (upon connection to the input a /2 ER, 
upon connection to the input a 4 ER, and so on) is ob 
tained. To said inputs has to be fed the reference po 
tential with a sign defined by the preceding comparison 
in the discriminator. As mentioned before, it is important 
not only that the reference potential is connected to the 
inputs, but also that said inputs have exactly 0-potential 
before they obtain --ER or -EP, respectively. This is 
necessary to prevent the potential of non-Working inputs 

O 

5 

20 

25 

30 

35 

40 

55 

60 

65 

O 

75 

being added to the potential of the working input, 

been less in value. 

6 
The 

circuit according to the invention is particularly suitable 
for the purpose. 
As shown in FIG. 2, to each input of the converting 

network N belongs a converting stage A1, A2 and so on, 
each consisting of a circuit according to the invention, 
said stages together forming a shift register. This cir 
cuit gives different indications, depending upon whether 
One or two signals are coming in at the same time. All 
the stages are fed by synchronizing pulses, while a pulse 
from the discriminator is obtained only when a compari 
son between the reference potential E and the sum of 
the analog potential EA and the 2n-2 portions of the 
reference potential shows that the reference potential has 

if the reference potential has greater 
value, then there will be no sign. 
The circuits A1 and A2 correspond to the circuit ar 

rangement according to FIG. 1 in which the respective 
parts are replaced by logical symbols having the same 
reference numerals. The input A in the first stage is con 
nected to a starting pulse source, while the inputs A in 
the other stages are connected to the output X in the 
preceding stage, the inputs B are connected to a source of 
synchronizing pulses, the inputs C are connected to a 
source of restoring pulses, and the inputs B are connected 
ot the output of the discriminator. 
When the analog-digital converter receives a synchro 

nizing pulse, this pulse is fed simultaneously to all the 
stages in the shift register and to the discriminator, as the 
presence of the synchronizing pulse is the condition that 
the discriminator and the converting stages should begin 
to function. When the discriminator gives an indication 
depending upon whether the analog voltage respectively 
its altered value U is greater than the reference potential, 
a pulse will occur on the input D of the first stage at the 
same time as a pulse occurs on the input B. As men 
tioned before, the starting of the flip-flop V depends on 
a further condition, that is, that a signal occurs on the 
input A. Said condition is used in the device according 
to FIG. 2 in order to make the first stage ready by means 
of a starting signal respectively for rendering the func 
tion of the subsequent stages dependent upon the fact that 
the preceding stage has carried out its function. When 
a pulse has been obtained on the input D, both the flip 
flops Vi and V2 in the first stage are operated so that 
on the output a the reference potential is obtained with 
a negative sign. If the discriminator does not produce 
any signal due to the fact that the analog potential respec 
tively its altered value was less than the reference potential, 
only the flip-flop V1 will be operated so that on the out 
put the reference potential is obtained with plus sign. 
As mentioned before, the output X obtains a definite 

potential as soon as the stage has been operated. This 
can be used also for operating the stages as a shift register 
in which always the next stage only is operated when a 
Synchronizing pulse is fed to the inputs of all the stages. 
As according to the embodiment the function of the flip 
flop V1 depends on the fact that a signal is present on the 
input A, it will be possible to cause a starting condition in 
the next stage only in turn. 
The reading out of the comparison result in the form 

of an n-digit binary number can be carried out on the 
output of the discriminator sequentially in step with the 
Synchronizing pulses. The invention allows also parallel 
reading out through the outputs Z which have zero poten 
tial if the comparison has resulted in a “1” (the output 
Y is negative) in the respective stage, whereas they have 
negative potential if the comparison has resulted in a 
“0” (the output Y is positive). One of the reasons that 
the flip-flop V2 is a flip-flop of the Hook type is that the 
"1'-signal obtained from the transistor Q3 to be more 
positive than the “0”-signal at the same time as the signal 
obtained from the transistor Q2 has to be more negative 
when “1” is indicated as should be clear from the descrip 
tion. The reading out of the condition of the flip-flops 
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V2 in all the stages is carried out by means of a syn 
chronizing pulse after the stages have been operated by 
the preceding synchronizing pulses in a manner known per 
se, after which all the stages are restored to non-working 
condition by means of a restoring pulse which is fed to 
the inputs C. 
We claim: 
1. A circuit adapted to receive first and second signals 

for producing a ground potential signal when no signals 
are received, a signal having a first potential of given 
polarity and amplitude when only said first signal is 
received, and a signal having a second potential of said 
given amplitude and an opposite polarity when said first 
and second signals are substantially simultaneously re 
ceived, said circuit comprising: a source of voltage hav 
ing a first voltage output terminal for transmitting said 
ground potential, a second voltage output terminal for 
transmitting said first potential, a third voltage output 
terminal for transmitting said second potential, a fourth 
voltage output terminal for transmitting a potential of the 
same polarity and greater amplitude than said first poten 
tial, and a fifth voltage output terminal for transmitting 
a potential of the same polarity and greater amplitude 
than said second potential; a first bistable circuit includ 
ing first and second transistors each having emitter, col 
lector and base electrodes, means for regeneratively inter 
connecting said first and second transistors, means for 
connecting electrodes of said first transistor to voltage 
output terminals of said source of voltage for energizing 
said first transistor, resistor means for connecting the col 
lector electrode of said second transistor to said fifth 
voltage output terminal, means for connecting the emit 
ter electrode of said second transistor to said second volt 
age output terminal; means adapted to receive said first 
signal for triggering said first bistable circuit to a first 
stable state wherein at least said second transistor is 
conducting; a second bistable circuit including third and 
fourth transistors each having emitter, collector and base 
electrodes, means for regeneratively interconnecting said 
third and fourth transistors, means for connecting elec 
trodes of said fourth transistor to voltage output terminals 
of Said source of voltage for energizing said fourth transis 
tor, resistor means for connecting the collector electrode 
of said third transistor to said fourth voltage output ter 
minal, means for connecting the emitter electrode of said 
third transistor to said third voltage output terminal; gat 
ing means including a first input adapted to receive said 
Second signal and a second input connected to the col 
lector electrode of said second transistor for triggering 
said second bistable circuit to a first stable state wherein 
at least said third transistor is conducting when said sec 
ond signal is received substantially simultaneously with the 
triggering of said first bistable circuit to said first stable 
state; a first unilateral conducting device connecting the 
collector electrodes of said second and third transistors; 
a second unilateral conducting device connecting the col 
lector electrode of said second transistor to said first volt 
age output terminal for clamping the potential of the 
emitter electrode of said second transistor to ground poten 
tial; and a signal output terminal connected to the collec 
tor electrode of said third transistor for transmitting the 
ground potential signal when neither of said bistable cir 
cuits is in a first stable state, the first potential signal 
when only said first bistable circuit is in a first stable state, 
and the second potential signal when both of said bistable 
circuits are in the first stable state. 

2. The circuit of claim 1 further comprising a further 
output terminal connected to the collector electrode of 
said second transistor for transmitting said first poten 
tial signal when said first bistable circuit is in said 
first stable state and for transmitting a ground potential 
signal when said first bistable circuit is in the other stable 
State. 

3. The circuit of claim 1 further comprising means in 
cluding an input adapted to receive a restoring signal and 
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8 
an output connected to the base electrodes of said Sec 
ond and fourth transistors for triggering said first and 
second bistable circuits to a second stable state. 

4. The circuit of claim , wherein said third and 
fourth transistors are complentary so that in the first 
stable state of said second bistable circuit both of said 
transistors conduct and in the other stable state of said 
Second bistable circuit both of Said transistors are cut 
off. 

5. A two stage sequentially operable circuit for storing 
two bits of information represented by signals compris 
Ing: 
a source of periodically occurring synchronizing pulses, 
a Source of pulses representing the information to be 

stored, 
first and second storage circuits, each of said storage 

circuits receiving first and second signals for produc 
ing a ground potential signal when no signals are 
received, a signal having a first potential of given 
polarity and amplitude when only said first signal 
is received, and a signal having a second potential 
of said given amplitude and an opposite polarity when 
said first and second signals are substantially simul 
taneously received, each of said storage circuits com 
prising: a source of voltage having a first voltage out 
put terminal for transmitting ground potential, a 
Second voltage output terminal for transmitting said 
first potential, a third voltage output terminal for 
transmitting said second potential, a fourth voltage 
output terminal for transmitting a potential of the 
Same polarity and greater amplitude than said first 
potential, and a fifth voltage output terminal for 
transmitting a potential of the same polarity and 
greater amplitude than said second potential; a first 
bistable circuit including first and second transistors 
each having emitter, collector and base electrodes, 
means for regeneratively interconnecting said first 
and Second transistors, means for connecting elec 
trodes of said first transistor to voltage output ter 
minals of said source of voltage for energizing said 
first transistor, resistor means for connecting the col 
lector electrode of said second transistor to said fifth 
voltage output terminal, means for connecting the 
emitter electrode of said second transistor to said 
Second voltage output terminal; first gating means 
including a first input adapted to receive a D.C. 
signal, a second input for receiving said synchonizing 
pulses and an output for transmitting a signal when 
said D.C. signal and a synchronizing pulse are simul 
taneously present at said inputs for triggering said 
first bistable circuit to a first stable state wherein 
at least Said second transistor is conducting; a sec 
ond bistable circuit including third and fourth tran 
sistors each having emitter, collector and base elec 
trodes, means for regeneratively interconnecting said 
third and fourth transistors, means for connecting 
electrodes of said fourth transistor to voltage output 
terminals of said source of voltage for energizing 
Said fourth transistor, resistor means for connecting 
the collector electrode of said third transistors to 
Said fourth voltage output terminal, means for con 
necting the emitter electrode of said third transistor 
to said third voltage output terminal; second gating 
means including a first input adapted to receive 
Said pulses representing the information to be stored 
and a second input connected to the collector elec 
trode of Said Second transistor for triggering said 
Second bistable circuit to a first stable state wherein 
at least said third transistor is conducting when a 
pulse representing the information to be stored is 
recevied substantially simultaneously with the trig 
gering of said first bistable circuit to said first stable 
state; a first unilateral conducting device connecting 
the collector electrodes of said second and third 
transistors; a second unilateral conducting device 
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connecting the collector electrode of said second and means for transmitting a D.C. signal to the first 
transistor to said first voltage output terminal for input of the first gating means of said first storage 
clamping the potential of the emitter electrode of circuit. 
said second transistor to ground potential; a signal 
output terminal connected to the collector electrode 5 References Cited by the Examiner 
of R this trait, A. this so UNITED STATES PATENTS potential Signal When neither of Sald b1Stable circuits 
is in a first stable state, the first potential signal when 2,785,304 3/1957 Bruce et all ---------- 328-37 
only said first bistable circuit is in a first stable 2. 16 1958 Pawinen - - - - - - - - - - 328-195X 
state, and the second potential signal when both of 10 2,858,4 6 0/1958 Dickinson -------- 328-205 X 
said bistable circuits are in the first stable state; 2,970,761 2/1961 Beranger - - - - - - - - - - 328-37 X 
and a D.C. signal output terminal connected to the 3,020,419 2/1962 Brightman -------- 307-88.5 
collector electrode of said second transistor for trans- 3,067,339 12/1962 Poppelbaum ------ 307-88.5 
mitting a D.C. signal when said first bistable circuit 3,067,341 12/1962 Kunzke ----------- 307-88.5 
is in said first stable state, 15 

means for connecting the D.C. signal output terminal ARTHUR GAUSS, Primary Examiner. 
of said first storage circuit to the first input of the JOHN W. HUCKERT, Examiner. 
first gating means of said second storage circuit, 


