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FLIP-FLOP CIRCUIT 

BACKGROUND OF THE INVENTION 

This invention relates to an improved information processor 
and more particularly to an improved ?ip-?op circuit em 
ployed in such processors. 

information processors such as electronic computers, and 
electronic exchanges have made remarkable progress in 
recent years and have gradually become larger and larger 
systems. With this tendency towards size, it has become im 
possible to adequately process the inspection and trouble 
shooting of these systems manually. For this reason, it has 
become the general practice to automatically perform the in 
spection and trouble-shooting of a complex system by means 
of an electronic computer. This, however, has resulted in the 
requirement of an extremely large computing time for the in 
spection of the system even though the computer is of the 
ultra-high-speed type where the system under inspection has a 
conventional composition and,'therefore, an extremely large 
number of inspection items. 

OBJECTS OF THE INVENTION 

Accordingly, it is the object of this invention to provide 
means which simplify the inspection of processors. 

It is another object of this invention to modify the composi 
tion of the information processing system so as to allow for the 
easy inspection of components. 

It is a further object of this invention to provide a novel flip 
?op circuit to be used in an information processor. 

It is a still further object of this invention to provide a ?ip 
?op circuit with a plurality of information transmission paths 
or systems. 

SUMMARY OF THE INVENTION 

Brie?y, the invention is predicated upon a ?ip-?op circuit 
having a plurality of input signal terminals and a plurality of 
current terminals corresponding to the input signal terminals 
on a one-to-one basis (corresponding on a “one-to-one basis” 

is de?ned in this application to mean they are equal in number 
and the relationship being described exists between the‘ [n]th 
terminal of one and the [n]th terminal of the other; the [n-llth 
terminal of one and the ln-llth terminal of the other, and so 
on), and a further current terminal. The output is responsive 
to the input signal applied to the input signal terminal cor 
responding to that one of the current terminals having current 
?ow; the output being the same as that generated just previ 
ously when the current flow is to said further current ter~ 
minals. A plurality of synchronizing signal terminals cor 
responding to the plurality of current terminals supplies a cur 
rent to an associated one of the plurality of current terminals 
during the time when the synchronizing signal at that 
synchronizing signal terminal is at a first value, and supplying 
a current to said further current terminals when all the 
synchronizing signals are at a second value. 

It is a feature of this invention to provide such ?ip-?op cir 
cuits connected in cascade. 
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The above mentioned and other features and objects of this ' 
invention and the manner of attaining them will become more 
apparent and the invention itself will best be understood by ' 
reference to the following description of embodiments of the 
invention taken in conjunction with the accompanying 
drawings, the description of which follows. 

FIG. 1 is a schematic diagram of a ?ip-?op circuit embody 
ing this invention; _ ' 

FIG. 2 is a schematic diagram of another ?ip-?op circuit 
embodying this invention; _ 

FIG. 3 is a graph of the waveforms illustrating the operation 
of the circuit shown in FIG. 2; and 

FIG. 4 is a block diagram indicating the composition of a 
system using the circuitsjofthis invention. 

65 

2 
DETAILED DESCRIPTION OF THE INVENTION 

Referring now to FIG. 1, thereis shown a ?ip-?op circuit 
embodying this invention. In the ?gure, terminals V“ and V“ 
are biased so that terminal VCC provides a potential several 
volts higher than terminal V“. Terminals l and 2 denote the‘ 
information input terminals, terminal VHF, the threshold 
potential supply terminal, and terminals C1 and C2 the 
synchronizing signal terminals. Terminals I, and I2 are the cur 
rent supply terminals associated with the information input 
terminals and terminal 1;, is the other current supply terminal. 
Transistor Q12, resistor R6, transistor Q13 and resistor R7 
form a circuit for shifting the level of the synchronizing signal. 
Terminal VH5” is the threshold potential supply terminal for 
the synchronizing signal, and terminals 3 and 4 are the infor 
mation output terminals. 
The circuit shown in FIG. 1 includes four current switching 

circuits. The first current switching circuit, comprising 
transistors Q1, Q2, and Q3 turns transistor Q1 on when 
synchronizing signal Cl is at a high level (hereinafter referred 
to as “ l “) to allow current to flow through current supply ter 
minal I, and, if synchronizing signal C2 is “ 1”, turns transistor 
Q2 on to allow current to ?ow through current supply ter 
minal I2. When synchronizing signals C1 and C2 are both at a 
low level (hereinafter referred to as “O“), the circuit turns 
transistor Q3 on to allow current to ?ow through the further 
current supply terminal I3. 
The second current switching circuit consists of transistors 

Q8 and Q9 with their commonemitter terminals connected 
via current supply terminal I, to the collector of transistor 01 
so that transistors 08 and Q9 act as the current switching cir 
cuit only when transistor 01 is on and, if transistor Q] is off, 
are both turned off, irrespective of the input voltage to ter 
minal l. 
The third current switching circuit consists of transistors 

Q10 and Q11 with their common emitter terminals connected 
via current supply terminal l2 to the collector of transistor Q2, 
so that transistors Q10 and Q11 act as the current switching 
circuit only when transistor 02 is on and, if transistor 02 is 
off, are both turned off, irrespective of the input voltage to ter 
minal 2. 
The fourth switching circuit is composed of transistors Q6 

and 07 with their common emitter terminals connected via 
current supply terminal I, to the collector of transistor Q3, so 
that transistors Q6 and Q7 act as the current switching circuit 
only when transistor Q3 is on and, if transistor O3 is off, are 
both turned off. 
These second, third and fourth current switching circuits 

employ in common the same output terminals 3 and 4 as their 
output terminals. The input end of the fourth switching cir 
cuit, i.e., the bases of transistors Q6 and Q7, are directly con 
nected to output terminals 3 and 4', this makes the output 
signals appearing at output terminals 3 and 4 the input infor 
mation signals to the fourth switching circuit. 

Accordingly, if the synchronizing signal appearing at 
synchronizing terminal C1 is “ 1 “, the second current 
switching circuit operates and information signals (“ 1 ", “O") 
and (“0“, “ l ") appear on output terminals 3 and 4 in response 
to input signal (“1", “0”) on information input terminal 1, 
respectively. And, if the synchronizing signal appearing at 
synchronizing signal terminal C2 is “1", then the third current 

- switching circuit operates and the output at output terminals 3 
and 4 are (“l”, “0”) and (“0", “ l ") in response to the input 
signal (“1", “0") on information input terminal 2, respective 
ly. Further, if the synchronizing signals appearing at 
synchronizing terminals Cl and C2 are both “0", the fourth 
current switching circuit operates, but the output terminals 
hold their outputs existing just before transistor Q3 turns on 
since the input end of this switching circuit is connected to 
output terminals 3 and 4. 

Summarizing the above, the ?ip-?op circuit shown in FIG. 1 
‘ operates and delivers the output by receiving the information 

75 input from input terminal 1 if synchronizing signal Cl is “1" 
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and the information input appearing at input terminal 2 if 
synchronizing signal C2 is “1". If synchronizing signals C1 and 
C2 are both “0", said ?ip-?op circuit operates so as to keep it 
self in the condition existing at that time. 

If now an information processor includes the ?ip-flop cir 
cuits shown in FIG. 1 and the ?rst input information system 
comprising the circuit from input terminal 1 to synchronizing 
information terminal Cl is used to process an ordinary data 
?ow and the second input information system consisting of the 
circuit from input terminal 2 to synchronizing information ter 
minal C2 is used to process other work such as the inspection 
of the system of the information processor, the resultant easy 
performance of the inspection of the system is achieved. 
While in FIG. 1 a ?ip-?op circuit with two input terminals 

and two synchronizing signal circuits is shown, it will be ap 
preciated by those skilled in the art that a ?ip-?op circuit hav 
ing more than two information terminals and more than two 
synchronizing signal terminals may be similarly constructed. 

Referring now to FIG. 2, there is presented a composite ?ip 
?op circuit which is composed of two stages of the ?ip-?op 
circuit of this invention connected in cascade. In this ?gure, 
S1 is the former stage ?ip-?op circuit having the same circuit 
construction as the circuit shown in FIG. 1 and including 
transistors 01 through Q13 and resistors R1 through R7. 
The second stage ?ip7?op circuit S2 has the ?rst current 

switching circuit comprising transistors Q21, Q22 and Q23, 
the second current switching circuit consisting of transistors 
Q28 and Q29, and the third current switching circuit compris 
ing transistors Q26 and Q27. The emitters of transistors Q21, 
Q22 and Q23 in the ?rst current switching circuit are con 
nected to common resistor R21. The bases of these transistors 
Q21 and Q22 employ synchronizing signal terminals C1 and 
C2 and the synchronizing signal shift circuit comprising 
transistors Q12 and Q13 of the ?rst stage ?ip-?op circuit S1 
commonly and are connected with connecting lines L3 and L4 
to the emitters oftransistors Q12 and Q13 respectively. 
The second current switching circuit is provided with input 

terminal 11 and threshold potential supply terminal VH5” with 
the emitters of its transistors Q28 and Q29 commonly con 
nected to the collector of transistor Q23 via current supply 
terminal I,,. Input terminal 11 is connected by connecting line 
L1 to output terminal 3 of former stage ?ip-?op circuit S1 and 
terminal VREH to output terminal 4 of the initial ?ip-?op cir 
cuit via connecting line L2. 
The third current switching circuit consists of transistors 

Q26 and Q27 of which the emitters are connected to the col 
lectors of transistors via current supply terminals 1, and I5 used 
commonly for said emitters. 
The second and third current switching circuits have the 

same output terminals 5 and 6 which are connected to the 
input end of the third current switching circuit, i.e., the bases 
oftransistors Q26 and Q27. 
A description will now be given concerning the operation of 

the composite ?ip-?op circuit consisting of flip-?op circuits 
S1 and S2. If the synchronizing signal appearing at the 
synchronizing signal terminal Cl is “ l “ and the synchronizing 
signal appearing at synchronizing terminal C2 is “0", the cur 
rent switching circuit comprising transistors Q8 and Q9 
operates as described previously and allows information 
signals (“1", “0") and ("0“, “ I ") to appear at terminals 3 and 
4 in response to information input (“ l “, “0") applied to input 
terminal 1, respectively. 
Under the above condition, the synchronizing signal ap 

pearing at synchronizing signal input terminal C1 is applied to 
transistor Q21 in the second stage ?ip-?op circuit S2, turning 
transistor Q21 on. As a result, the current switching circuit 
comprising transistors Q26 and Q27 is actuated. Since the 
input end of this current switching circuit is connected to out 
put terminals 5 and 6, the outputs at output terminals are held 
as they are. 

When the synchronizing signal at synchronizing information 
terminal C1 changes from “ I “ to “0", transistor O3 in the ?rst 
stage ?ip-?op circuit S1 turns on to allow the current 
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4 
switching circuit comprising transistors 06 and O7 to operate 
and hold the outputs appearing at output terminals 3 and 4 as 
they are. 
Under the above condition transistor Q23 turns on in the 

second stage flip-?op circuit S2 and this causes the current 
switching circuit comprising transistors Q28 and Q29 to 
operate and allow outputs (“1", “O") and (“0'M l ") to appear 
at information output terminals 5 and 6 in response to infor 
mation input (“1", “O“) appearing at terminal 1 just before 
the output of the ?rst stage ?ip-flop, i.e., the synchronizing 
signal at synchronizing signal input terminal Cl turns “0". 
When the synchronizing signal at synchronizing signal input 

terminal C1 turns again from “0" to “ I “, transistor Q21 in the 
second stage ?ip-?op circuit turns on and allows the current 
switching circuit comprising transistors Q26 and Q27 to 
operate. This permits the outputs appearing at output ter 
minals 5 and 6 to remain as they are in their previous condi 
tions regardless of the output of the ?rst stage ?ip-?op circuit 
S1. While under the above condition transistor Q1 turns on in 
the ?rst stage ?ip-?op circuit and causes the current switching 
circuit consisting of transistors Q8 and O9 to operate and 
allow the output informations corresponding to the informa 
tion at the input terminal 1 to appear at output terminals 3 and 
4. 
A still more detailed description of the ?ip-?op circuit 

shown in FIG. 2 will be given while making reference to the 
waveform diagram shown in FIG. 3. 
As seen from the diagram, at time T2 the information out 

put of “1" appears at output terminal 3 of the ?rst stage ?ip 
?op circuit S1 in response to input information “ l " of input 
terminal 1 during the period when synchronizing signal input 
C1 is assuming a “1", while output terminal 5 of the second 
stage ?ip-?op circuit holds its output in the previous condi 
tion, i.e., “0". 

Then, when the time passes to time T4 and synchronizing 
signal C1 turns “0”, the information signal appearing at out 
put terminal 3 of the ?rst stage ?ip-?op circuit continues to be 
in the condition existing just before the synchronizing signal 
changed to “0", while the output appearing at output terminal 
5 of the second stage ?ip-?op circuit S2 changes to “I” in 
response to output information “ I “ of the ?rst stage ?ip-?op 
circuit S1. 
At time T7 the synchronizing signal C1 is placed in the “0" 

condition and synchronizing signal C2 changes to The 
output appearing at the output terminal of the ?rst stage ?ip 
?op circuit changes to “0" in response to the input informa 
tion “0" appearing at input terminal -2 and the output at out 
put terminal 5 ofthe second stage ?ip-?op circuit continues its 
“ l ” condition existingjust before the synchronizing signal C2 
changes to “1". 
When the time further passes to time T8 at which time 

synchronizing signal C2 changes to the output at the out 
put terminal of the ?rst stage ?ip-?op circuit S1 holds its out 
put information “0" existing just before synchronizing signal 
C2 changes to “0”, while the output at output terminal 5 of 
the second stage ?ip-?op circuit changes to “0" in response to 
the output information “0" at output terminal 3 of the ?rst 
stage ?ip-?op circuit S1. 
As is evident from the description given above, the ?rst 

stage ?ip-?op circuit S1 of the circuit shown in FIG. 2 (i.e., 
the ?ip-?op circuit shown in FIG. 1) changes its output in 
coincidence with the rising edge of the synchronizing signal in 
contrast with the composite ?ip-?op circuit of FIG. 2 ofwhich 
the output is changed in coincidence with the falling edge of 
the synchronizing signal. 
A ?ip-?op circuit which changes its output in coincidence 

with only the falling or rising edge of a synchronizing signal as 
mentioned above is quite advantageous for a single-phase 
synchronizing system operation circuit. Also, if the ?ip-?op 
circuit is provided with two input information systems (one 
system comprising the circuit extending from input terminal 1 
to synchronizing signal terminal Cl and another system com 
prising the circuit extending from input terminal 2 to 



5 
synchronizing signal terminal C2) as .described above, then it 
becomes possible to compose an ordinary information 
processing system through the use of the ?rst input informa 
tion system and to perform processing of a system inspection 
and the like through the use of the second input information 
system, thereby expanding the facilities of the system further. 

It is also evident that the second stage ?ip-?op circuit S2 
can be used independently as a flip-flop circuit. 

In the above case, output informations (“1", “0") and (“0’?, 
“l") will appear at output terminals 5 and 6 respectively in 
response to the information (“1", “0”) impressed on input 
terminal 11 only when synchronizing signals C1 and C2 are 
both If either of synchronizing signals Cl and C2 is “1”, 
output terminals 5 and 6 continue to hold their previous out 
puts. 

FIG. 4 is a block diagram indicating an example of the com 
position of a system formed using a ?ip-?op circuit embodying 
the present invention. Terminal C1 is the synchronizing signal 
terminal and corresponds to either one of the synchronizing 
signal terminals of the ?ip-?op circuit of the present inven 
tion, for instance terminal C1 of the circuit shown in FIG. 1. 
Terminal C2 is another synchronizing signal terminal of the 
?ip-?op circuit of the present invention and corresponds to, 
for example, terminal C2 of the circuit shown in FIG. 1. 
Fl through F4 represent the ?ip-?op circuits embodying the 

present invention and terminals all through a4 provided for 
the ?ip-?ops respectively are the second information input 
terminals and correspond to, for example, terminal 2 of the 
circuit shown in FIG. 1. 

Flip-flop circuits Fl through F4 operate from the 
synchronizing signal normally entering from terminal C1. But, 
if a second synchronizing signal enters the flip-flop circuits 
from terminal C2 under a condition where the synchronizing 
signal from terminal Cl is interrupted, the ?ip-flop circuits 
operate in accordance with the input signals entered from in 
formation terminals al through a4 for the second synchroniz 
ing signal regardless of the ordinary input signal. 
Terminal Al is the external terminal connected to the 

second input information terminal a4 of flip-?op circuit F4. 
The output of ?ip-?op circuit F4 is connected to the second 
information input terminal a3 of ?ip-?op circuit F3. The out 
put of ?ip-?op circuit F3 is connected to'the second informa 
tion input terminal a2 of flip-flop circuit F2. The output of 
flip-?op circuit F2 is connected to the second information 
input terminal al of ?ip-?op circuit F1, and the output of ?ip 
flop circuit F1 is connected to the output terminal A2 of the 
system. As a result, it follows that ?ip-?op circuits F4, F3, F2 
and F1, operating in conjunction with the second information 
transmission system consisting of the second synchronizing 
signal terminal C2 and the second information input signal ter 
minals al through a4, composing one shift register. 

If a system is constructed in accordance with the above, 
then it becomes possible to set any information into ?ip-?ops 
F1, F2, F3 and F4 by means of input terminal A1, output ter 
minal A2, and the second synchronizing signal terminal C2 or 
to read out the conditions of these ?ip-?ops F1, F2, F3 and F4 
at any time. 

As mentioned above, the ?ip-?op embodying the present in 
vention provides means for setting any information to all ?ip 
?op circuits involved in a system as well as externally reading 
the informations of all flip-flops within the system, thereby 
greatly facilitating the inspection and trouble shooting of the 
system. In general, if it is intended to realize the result 
achieved here with a conventional system, the output ter 
minals and internal wiring of the system will become extreme 
ly complex. But, use of the flip-?op circuits of the present in 
vention will make it possible to provide said facilities merely 
by equipping the system with an additional three sets of input 
and output terminals as mentioned above. 

It should be noted that the ?ip-?op circuits described above 
employ the NPN-transistors but may be operable using PNP 
or MOS-transistors in lieu of the NPN-transistors. Further, it 
should be noted that no description is given to the bias supply 
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6 
in the ?ip-?op circuits mentioned above. This, however, may 
be easily achieved by designing the system so as to self-contain 
a bias supply or by providing a bias voltage terminal to which a 
bias voltage may be connected externally. 

While the principles of the invention have been described in 
connection with speci?c apparatus, it is to be clearly un 
derstood that this description is made only by way of example 
and not as a limitation to the scope of the invention. 
What is claimed is: 
1. In combination, a ?ip-?op circuit comprising plural ?rst 

transistor circuit means each comprising two differentially 
connected transistors in pairs thereof, a first input terminal for 
receiving a threshold ‘potential, a second input terminal for 
receiving input information, a ?rst driving circuit, a current 
input terminal to which a driving current is applied from said 
?rst driving circuit, said ?rst driving circuit producing driving 
current responsive to a plurality of synchronizing signals 
which are nonsynchronous with respect to one another, and a 
pair of output terminals through which a pair of binary current 
output signals consisting of information similar and opposite 
to the input information applied to said second input terminal 
are produced upon application of a corresponding one of said 
driving currents produced by high-level signal values for said 
synchronizing signals to said current input terminal, each of 
said plural ?rst transistor circuit means being independent 
from one another; , 

a ?rst transistor output pair circuit means having a pair of 
input terminals which are connected to said pair ofoutput 
terminals of each of said plural first transistor circuit 
means, a synchronizing signal input terminal and a pair of 
output terminals through which a pair of outputs is 
produced upon application of a pair of binary current 
output signals to said pair of input terminals from either 
one of said plurality of ?rst transistor circuit means in 
synchronization with a high-level signal of said 
synchronizing signals to be applied to said synchronizing 
signal input terminal; 
?rst ?ip-?op circuit means comprising two transistors, 
emitters of which are connected in common, a pair of 
input terminals to which a pair of outputs of said ?rst 
transistor output pair circuit means are coupled, an input 
terminal through which a driving current is applied from 
said first driving circuit, said driving current being 
produced at the change of all of said synchronizing signals 
into low-level signals, and means responsive to the appli 
cation of said driving current to said input terminal for 
maintaining the information previously obtaining at said 
pair of outputs; 

a second transistor circuit means comprising two transistors 
differentially connected in pairs, a pair of input terminals 
‘coupled to said pair of outputs of said ?rst transistor out 
put pair circuit means, a current input terminal to which 
driving currents are applied from a second driving circuit 
which is independent from said ?rst driving circuit and 
produces driving currents by the application of said plu 
rality of synchronizing signals, and a pair of output ter 
minals through which a pair of binary current output 
signals consisting of information similar to said pair of 
outputs of said ?rst transistor output pair circuit means is 
produced upon application of one of said driving currents 
produced at a change of all of- said synchronizing signals 
into low-level signals to said current input terminal; 

a second transistor output pair circuit having a pair of input 
terminals which is coupled to said pair of outputs of said 
second transistor circuit means, a synchronizing signal 
input terminal and a pair of output terminals through 
which a pair of outputs are produced upon application of 
said pair of outputs to said pair of input terminals from 
said second transistor circuits in synchronization with 
said one of driving currents produced at change of all said 
synchronizing signals into low-level signals; 

a second ?ip-flop circuit means comprising two transistors, 
emitters of which are connected in common, a pair of 

N 
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input terminals to which a pair of outputs of said second ing signals to said input terminal means for maintaining 
transistor output pair circuit means are coupled, input said pair of outputs at the previous information values 
terminal means through which driving currents are ap- thefcfo?and 
plied from said second driving circuit, and means respon- terminal means Coupled to saifj PFir of Outputs of Said 
sive to the application of either one of said driving cur- 5 Second transistor 0MP"t Pair 61'6"" means 
rents produced by high level signals for said synchroniz- * * * * * 
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