C . 'We, HAYARAWA “DENKIKO
. . KarsHa,” 4" Japanese ' Company,
Nagaike-cho; Abeno-ku, Osakas 145

... Japan, do' héreby “declare” the ‘inve

.+5 . which. we pray that & patent ma
© %o us;’and the methiod by which
_performed, to'be particularly
“and by the-following ' statement
~* " This' invention relates to pulse’
+10. cuits, especially. pulse storage ciréui
~ing MOS"type field effe
. -~ Ing storage actiom. =

. been - developed; but “they
leave various: problems ‘unsolved.” = |- .
- 7A. MOS field effect transistor, when sed
- ~as.an amplification -element, has’ a’ gate in-
- 25 “ternal capacitance as a Tesult of its structire,
~ | /and: pulse: storage- operation is “effected ' by

i
- ., "By way of example, when a delay type pulse
' “Storage: circuit’ is constituted by at Jeast” two
++ 30 “such .amplification elements Baving - storage
" time, the amplification elements are connectet

- in-cascade:and a.feedback |

- between - the. ‘amplification” el

-second stage-and the amplificat r-éles
~35- “the: first " stage ‘to form_ on tlad
" ‘Moreover,: ‘switches which

_controlled- by "a ‘single’ synchroxii ofitr
‘poml Clock sgne) are repecively inseted
B . e

orward- path ‘from the first 'stage

_stage “and - a. feedback pat

ond “stage to the’ first: stage. -
“practical” operation; - howev:

‘the; second -stage’ (co;

_and. the_second
" closed by introducin

‘concurrently - semiconductor wafer,
-to provide a pulse storage ‘circuit which solves
‘the abovementioned . prob
_Stable’ memory ‘operation

nges and “the input informa-
tored in the amplification ele-
st stage and ‘the forward ‘path
ckpath between the first stage

e synchrorizing sigrial

operation. may. become ‘unstable “and  correct
storage of information may becomé impossible.

For example, supposing the- transistors ‘are
of the P-channel type and, when a negative
potential is previously stored in a gate capaci-
tance of the transistor ‘of the second stage
and the drain terminal -of ‘the second-stage
is- at zero’ potential, ‘input information" is

age is_then " concurrently
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supplied and a negative:‘potential is newly

stored in the .gate capacitance of the first
stage, then the' transistor of the first-stage is
conductive and its drain_terniinal 'is in zero
Potential state at this time, =~ . . ¢
The drain potential of ‘the first-stage in
this state tends to write new information in
the second-stage but the Zero potential ‘which
exists previously tends: to“cancel the negative
potential in the gate capacitance of the first

stage and has the disadvantage of erasing the ..
-new information. _Therefore,

fore, it is necessary. to
make the time. ¢onstant’ of the feedback. path
such as to prevent this disadvantage. For this

-purpose, use of MOS field effect transistors.

having analog quantities; e g’ different mutual
conductances or gate capacitances can be
considered but stable .Operation cannot be
expected when thefe is flu¢ uation.’ Moregver,
it is di re such elements

it is difficult to manuf
having different characteris

Accordingly, an_object of this invention is

s and provides a

n theré is pro-
t comprising at
type field effect
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transistor and at least one second stage MOS
type field effect transistor, said field effect
transistors each having input and output
terminals and a gate internal capacitance in
which an electric charge corresponding to
the information ‘pulse js temporarily stored,
first switching means connecting a forward
path from the output of the first stage to the
input of the second stage for controlling a

transmission of stored information in the gate

internal capacitance of the first stage to the
second stage, second switching means con-
necting a feedback path from the output of
second stage to the input of the first stage
means for applying a stored information pulse
to the input of the first stage, and means
capable of generating at least two synchroniz-
ing control pulses with the phase of one
pulse shifted relative to other pulse and oper-
able to .actuate said second switching means
after the application of said information pulse
and then actuate said first switching means
upon the .elapse of ‘a time period -affer actu-

_ation of the first switching means, Thus, it is

unnecessary to use elements having different

" mutual conductances or gate capacitances in

combination and more stable operation can
be obtained as compared with that combina-
tion. :

In order that the invention may be clearly
understood and readily carried into effect
apparatus in accordance therewith will now
‘be described, by way of example, with refer-

.ence to the accompanying drawings, in
‘which:;—

Figure .1 is a circuit diagram of a pulse
storage circuit; :

Figure 2 'is a waveform diagram at various
stagesdin the operation of the circuit of Figure
1, an '

Figure 3 is a circuit diagram of another
embodiment of the invention.

“Throughout the drawings, like reference
characters are used for like elements.

Figure 1 represents an embodiment of syn-
chronous static pulse storage circuit of the
delay type according to this invention. All of
the respective. circuit elements are constituted

" of MOS field effect transistors of P-channel

type but some of them do not exhibit a
transistor effect. _ : :
Each of two field effect transistors 1 and 2
has inherent floating capacitance between the
gate electrode and the substrate, and by stor-
ing an electric charge corresponding to in-
formation pulse it temporarily memorizes in-
formation. Each gate electrode becomes an
input portion, the source electrode is grounded

- and the drain electrode is connected t0 Vpp
_power source through a load resistor which

will be explained later. The drain eleétrode
of the first stage transistor 1 is connected to
the gate electrode of the second stage tran-
sistor 2 to form a cascade connection, and
the memory charge of the first stage is trans-

s ——
ferred while being inverted to the gate internal
capacitance of the second stage. The drain
end of the second stage transistor.2.is con-

- nected to the gate end of fhe.firstsseage-tran-
sistor 1 to form an -infermation ‘feedback

path, and thus it is so arrapged .#hat -an dn-
formation can be circularly memorized by:the
two transistors 1 and 2. ‘Field .gffect uran-
sistors 3, 4 and 5 are centrilled saccoiding
to presence and absence of syncheenizigg: con-

trol signals having different phases.and operate
as switching elements, respectivély.

Synchronizing control signals ¢y, ¢, and ¢,

o

“15

are respectively supplied to-the gate electrodes < -

of the transistors 3, 4 and 5 and the source
and drain electrodes of the transistors 3, 4 and
5 are inserted in circuit to be controlled by
switching. Field effect transistors 6 dnd 7
respectively connected to the drain electrodes
of the transistors 1 and 2 operate as.load
resistors of said transistors 1 and 2.

The upper half of Figure 2 represents
waveforms of pulse trains to be supplied to
the above circuit. The synchronizing control
signals ¢;, ¢; and ¢, are to be supplied to the
switching elements 3, 4 and 5 respectively.
The synchronizing control signals ¢, and ¢,
are shifted by a small amount with respect to
the reference synchronizing signal ¢,.

Operations of the above circuit arrange-
ments based on adoption of the above syn-
chronizing control signals are as follows.

When an input signal is -supplied to the
switching transistor 3 and the synchronizing
control signal ¢, is applied thereto, the
memory transistors 1 is driven in synchroniza-
tion with the synchronizing control signal ¢,
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and information is stored in the gate capaci-

tance of the memory transistor 1 of the first-
stage. The synchronizing control signal ¢, is
then supplied to the switching transistor 4 to

-render said switching transistor 4 conductive.

Then the memory transistor 2 of the second-
stage is driven in synchronization with the
synchronizing control signal ¢, and the in-
formation is transferred to the -gate capaci-
tance -of the memory. transistor 2 of -the
second-stage. In the prior art, at the instant
that this state is going to occur, a forward
path from the first-stage to the second-stage
and a feedback path frem the second-stage

105
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to the first-stage are provided, In this circuit -

since the synchronizing control signal ¢, is not
yet -introduced into the switching  transistor 5
the feedback path to the first stage remains
open, and -there is no interference by the
second stage transistor 2 to-the first. stage.
Then, when the synchronizing control signal
¢, is introduced the feedback path from the
second stage to the first 'stage is closed, and
the .memory .charge. of the second stage is
transferred to the gate internal capacitance
of the first stage. Later, if a new information
pulse is applied at the time of introductien
of the synchronizing control signal ¢,, storage
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.corresponding to the input information is
‘maintained irrespective of .the previous
-memory content of the first stage. In the case

of no new input information, however, the

memory content is -again :transferred to the

'gate internal capacitance -of -the -second .
due to an introduction of the synchronizing
control - signal ¢,, and by repetition-of this
operation .one bit information is memorized
virtually statically, '
Further, there is present during the cut
off time of the synchronizing control pulse a
path from the gate electrode to the ‘ground
through the source electrode and at the time
of open path through the switching transistor
to the ground a discharge path with respect
to ‘the gate internal capacitance, .but both
exhibit a high impedance and, therefore, the
information will not -disappear.

The lower half of Figure 2 represents volt-
age waveforms at points A, B, C and D in
the above circuit. As shown in the drawing,
an output delayed by one period (of the
synchronizing control signal ¢;) with respect
to the input signal is obtained at the point D.
As shown in the right-hand side of said
drawing, at the time of absence of the syn-
chronizing control signal ¢, it continues to

store the input signal just ahead .of it, cycli-

cally. In the case of using this circuit in a
register of an electronic computer, it serves
as a memory unit of one bit and the switch
3 controls information transmission between
bit and bit, the synchronizing control signal
#; being omitted.

As described above, a method of utilizing
the synchronizing signal ¢, in place of the
synchronizing signals ¢. and ¢, in the memory
transistor 1 of the first-stage after the memory
transistor 2 of the second-stage responds
perfectly can be also considered but it is
undesirable when there are variations as
abovementioned since, in this case, the mem-
ory transistors 1 and 2 must be handled in
the analog mode by having different gate
capacitances or mutual conductances.

The operation function table of the above-
mentioned circuit arrangement is as the under,
wherein D* is an input, Q™! is an output, and
n is a bit time.

D» Qn+1'
0 0
1 1

Figure 3 is a structural diagram of a
pulse storage circuit of the JK-type consti-
tuted by utilizing the above delay type pulse
storage circuit as it is. JK type has the follow-
ing operation function table, in which J, K
are inputs, Q™ is an output, and n is a bit
time. .

[ ‘HQQH
= OrORW
o
B A

Q : 65
As can be understood from _the above table,
it is when the condition of KQ is established
that ‘the output state 1 of the memory circuir
is changed to 0, and it is when the condition .
—_ 0
of JQ is met that the output state 0 is '
changed to 1. Accordingly, such special con-
sideration as the above is required at the time
of application of the aforementioned circuit.
Therefore, gate elements 8 and 9 which con- .75
duct under the condition KQ through the
switching transistor 3 .and gate elements 10
and 11 which conduct under the condition. of <

"

JQ through the switching transistor 3 are 80
connected to the input side of the first stage
transistor 1. _

Since the pulse storage circuit of this in- ~-
vention performs information storage by use
of three synchronizing control signals having
different phases and by closing the feedback
path to the memory transistor of the first- 85
stage after perfect response of the last memory
transistor, as described above, extremely
stable operation can be obtained as compared
with a combination of elements having
different mutual conductances or gate capaci- 90
tances. As it can be used as both a static type
and a dynamic type according to presence and
absence of the synchronizing control signal ¢,,
moreover, it can control easily shift and
storage states. Especially, the circuit of this 95
invention contributes to integration of semi-
conductors in an electronic computer and has
a large industrial worth.

WHAT WE CLAIM 1S:—

1. A pulse storage circuit comprising at 100
least one first stage MOS type field effect
transistor and at least one second stage MOS
type field effect transistor, said field effect
transistors each having input and output
terminals and a gate internal capacitance in 105
which an electric charge corresponding to the
information pulse is temporarily stored, first
switching ‘means connecting a forward path
from the output of the first stage to the
input of the second stage for controlling a
transmission of stored information in the gate

.internal capacitance of the first stage to the 110

second stage, second switching means con-
necting a feedback path from the output of
second stage to the input of the first stage
means for applying a stored information pulse
to the input of the first stage, and means 115
capable of generating at least two synchroniz-
ing control pulses with the phate of one
pulse shifted relative to other pulse and oper-
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‘to’zhe gare internal capacitance, :but. - boy
exhibit :a - high- impedance .and, therefo 2R

- Stofage circuit as it is, JK
. Ing operation function table, in which L K
* are mputs, Q™ is an output, and n is a bit

information will -not- disappear; © -

The lower haif of Figure 2 represents volt-
age waveforms at points A, B, ‘Cand D in
the above circuit. As ‘shown .in the drawing,
an - output _delayed - by _one period (of the
synchronizing «control- signal-¢,) with respect
to the input'-s,ig'nai-_;is«obxa.in'cdﬁ' 1t the point D.
As shown in ‘the -right-hand side of said

drawing, at the ‘time "of -absence . of -the ~8yR~

chronizing . contepl signal’ ¢, -it.
store the input signal just ahead .of
cally. In the case ,
register of an electronic compiter, it serves
25 @ memory unit -of one bit and the switch
3 controls information transmission between
bit and bit, the synchronizing -control signal
¢: being omitted. '

As described above, a method of utilizing
the synchronizing signal 91 in_place of the
synchronizing signals ¢: and ¢, in the memory
transistor 1 of the first-stage after-the memory
transistor 2 of the second-stage responds
perfectly can be also considered but it is
undesirable when there are variations ag
abovementioned since, in this case, the mem-
Oty transistors 1 and 2 must e ‘handied in
the analog mode by- having different gate
capacitances or Tnutual - conductances.

The operation function: table of ‘the above-

mentioned circuit arrangement is:as the under,
wherein D* is an input, Qe+ js an output, and
n is a bit time,

Dn Qn...l )
1 1

Figure 3 js a structural diagram of a
pulse storage circuit of the: JR-type consti-

- tuted by utilizing the above delay type pulse

type has:the follow-

tiine,

'vention peiforms information

case of using this. circuit in a

»of -application of the ‘aforementioned - circuit.
“Therefore,

gate -elements-8 and'9 which. con-

‘duct unider ‘the condition..:KQ: through - the

~switching’: transistor 3and gate elements 10
which conduct unﬂ‘er‘-:thgl-cohdmo'nu:of

and 11

“JQ through the sw1tdung 'tr;nSiétor'-'3 iare

connected to the inputside. of the first -stage

“transistor -1, - -

3 1,193;268 3
Raintainec 0. R RN
of : n eV i1. 0
4 -#nemory. ‘Coritent . is uagain ansferred . 0 the
gate intérnal ‘capacitance of vhe-scoond stage 1 1 v ndn e 65
due: to' .an introduction of the synchironizing L . S Ee e
~control signal ¢,, and by . repetition. of ‘this © - As can-be. understood- from the above table,
: “operation”one- bit ‘inform ion ‘is ‘memerized At is-when ‘the condition:of KQ: is -established
10 virwally statically, - T that the ‘output state'1 of the: memory -circuit -
Further, ‘there s’ presesit ‘dunng the cur s ‘changed 10 0, and-it-is-when the condition 70
off time of ‘the synchronizing conirel pulse'a = I .
R ey
. . “thromeh: +ha - . . aevrd g e . C A .-‘L -
- 15 throug presaty g2 the tm sideration as- thezawve-ijs:-requh!edfiat.-'the time -
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- ‘Since the pulse ‘storage -Circuit of ‘this.in- *

-storage by - use

of three synchronizing -control ‘signals-having

-different phases and by closing . the feedback
s ias- - path to-
. cycli- stage after perfect response of the last memory

€ unemoty transistor.of :the first-
transistor, as described above, extremely
stable operation can be obtained as compared
with a combination of elements having
different mutual conductances or gate capaci-
tances. As it can be used as both g static type
and a dynamic type according to presence and
absence of the synchronizing control signal ¢,,
moreover, it can control easily shift and
storage states. Especially; the circuit of this
invention contributes to integration of semi-
conductors in an electronic computer and has
a large industrial worth,

WHAT WE CLAIM IS:—

1. A pulse storage circuit comprising at
least one first stage MOS type field effect
transistor and at least one second stage MOS
type field effect transistor, said field effect
transistors each having input and output
terminals and a gate internal capacitance in

- which an electric charge corresponding to the

information pulse is temporarily stored, first
switching means connecting a forward pa
from the output of the first stage to the
input of the second stage for controlling a
transmission of stored information in the gate
internal capacitance of the first stage to the
second stage, second switching means con-
necting a feedback path from the output of
Second stage to the input of the first stage
Means for applying a stored information pulse
to the input of the first stage, and means
capable of generating at Ieast two synchroniz-
ing control pulses with the phate of one
pulse shifted relative to other pulse and oper-
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-able to actuate sazd sécond switchifig means |

after the application of said information pulse
and then actuate said first switching means
upon the elapse of a time period after actu-
ation of the first switching means,

2. A pulse storage circuit as claimed in
Claim 1, wherein input switching means is
connected to the input of said first stage and
said input switching means, first switching

means and second switching means  are
" sequentijally actuated -by the introduction - of

three synchronizing control pulses with the
phase of each pulse shlfted with . respect to
the other two.

3. A pulse storage circuit as claimed in
Claim 2, wherein said input, first and second

- switching means are. MOS. type field effect
- transistors and said three synchronizing con-

trol pulses are. applied to the gates of the
Iast ‘said transistors.

4. A pulse storage circuit as clalmed in
Claim 3, wherein said first and second stage -
source -and drain
‘terminals and the drain electrode of each such

transistors - have gate,

transistor is comnected: to a voltage supply
through a respective. field effect transistor
-funcnomng as a load impedance.

hereinbefore

5. A pilse storage dircuit ds claimed in

: eny one of Claims 2 to 4, further including
- gate .elements conmected to the input switch-

-30

ing means and feed-back paths connected from -—-~
the .output of the second. stage. to said gate "y’

6. A pulse storage circuit as. clauned in

-Claim- 5 -whereini said gate elements compnse

field effect transistors. .

7. A pulse storage circuit as cla1med in
any preceding Claim formed as an integrated
circuit.

8. A pulse storage circuit, substantially as
hereinbefore described. with
Figure 1. of the accompanying drawings.

9. A pulse storage circuit substantially as

Figiire 3 of the accompanymg drawmgs
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- elements - to constxtute a so-called JK type
-.circuit. :
\ .
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described . with reference. to 45



