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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 
tenninals and a gate internal capacitance in 

5 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 

10 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 

1:5 means for applying a stored i,nfonnation 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-

20 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 after actu­
ation of. the first switching means~ Thus, it is 

25 unnecessary to use elements having different 
mutual conductances or gate capacitances in 
combination and more stable operation can 
be obtained as compaTed with that combina­
tion. 

30 In order that the invent.ion may be clearly 
.understood and readily carrl.ed into effect 
apparatus in accord®ce therewith will now 
·be described,. by way of example, with refer-

. ence to the accompanying drawings, in 
35 which:-

. Figure 1 is a circuit diagram of a pulse 
storage cil'CUit; 

Figure 2 ·is a waveform diagram at various 
stages in the operation of the cireuit of Figure 

40 1, and · 
Figure 3 is a circuit diagram of another 

embodiment of the invention. 
Throughout the· drawings, .like referenee 

characters are used for like elements. 
45 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 effei:t transistors of P-channel 

50 . 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-

55 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 conneeted to V DD 

60 . power· source through a load resistor which 
will be .explained later. The drain eleCtrode 
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 

65 the. memory charge of the first stage is trans-

. \. . 
ferred while being invert'ed to tlle gate internal 
capacitance of the second stage. The drain 
end of the second stage transiSliOt .;2 Js con-

. nected to the gate end of d:ie:first~''t.ran- r- -. 
sistor 1 to form an ;mfamatian r!fecdback U 
path, and thus it is so JUT:•ed .ihat ·ian :a- -
formadon can be circularly .tli~ ·lwlthe 
two transistors 1 anid 2. : Held ,d&ct •;Uan­
sistors 3, 4 and 5 are .~ea .oacoomi~ 
to presence and absence of.,~~· con- ·'7.5 
trol signals having different pbases:.and-o.perate · 
as switching elements, resp~y.. 

Synchronizing control signals f1, fa and lfia 
are respectively supplied to "the gate electrodes··: · 
of the transistors 3, 4 and 5 and -the source _80 
and drain electrodes of the transistors 3, 4 and 
5 are inserted in circuit to be controlled by 
switching. Field effect transistors 6 and 7 
reSpectively connected to the drain electrodes 
of the transistors 1 and . 2 operate as . load 85 · 
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 lfi1, 'l's and f/18 are to be supplied to the 90 
switching· elements 3, 4 and 5 respectively. 
The synchronizing eontrol -signals ·'fl2 and 'fla 
are shifted by a smaJ.l amount with respect to 
the reference synchronizing sign:al '1'1· 

Operations of the above circuit · arrange- 95 
ments based on adoption of the above syn­
chronizing control signals are as follo\'O's. 

When an input signal is supplied to the 
switching transistor 3 and the synchronizing 
control signal f/i-i is appilied thereto, the 100 
memory transistors 1 is driven in synchroniza-
tion with the synchronizing control signal f/>1, 
:and information is stored in the gate capaci­
tance of the memory transistor 1 of the first­
stage. The synchronizing COiltrol signal f/>s is 105 
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 f/>2 and the in- 11 O 
formation is transferred to the gate. capaci­
tance · of the memory transistor 2 of the 
second-stage. In the pr~or art,. at. the instant 
that this state is going to occur, a forward 
path from the first-stage to the second-stage 115 
and a feedback path from the second-stage 
to the first-stage are provided. In this circuit 
since the synchroniZing control signal ~a is not 
yet· introduced into the switching transistor- 5 
the feedback path to the first ·stage remains 120 
open, and ·there is no ~nterference by .the 
second Stl\ge transistor 2 to- the. first. stage. 
Then, when the synchronizing control signal 
'{>3 is introduced the feedback path from th~ 
second stage to the first stage is closed, .and 125 
the .Jllemory .cha1'ge. of the second .stage is 
transferred to the gate· internal Gapacitance 
of the first stage. Later, if a new information 
pulse is applied at the time of -intrOductien 
of the synchronizing control signal f/>u storage 130 
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. corresponding. to i:he. inpu~ information_ is 
·maintained 1rrespect1.ye of . the previous 
·memory content of .. the first stage. In the case 

f' of no new input ·mformation, however, the 
\ • ; .memory content is ·again :ttansferred m the 

•gate internal capacitance ·.of ·the .second .stage 
due to an introduction of the synchronizing 
control · signal cp2, and by repetition · of this 
operation one bit infonnation is memorized 

10 virtually statically. 
Further, there is present duong the cut 

off time of the synchronizing control pulse a 
path from the gate electrode to the ·gro1!11d 
through the source electr9(1e . an~ at the !"Jle 

lS of open path through the· switching tran~1stor 
to the ground a discharge path with respect 
to "the· gate internal . ~pacitance,_ . but both 
exhibit a high impedance and, ther.efore, the 
information will not ·disappear. 

20 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 

25 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
chronizinir control signal «1'1, it continues to 
store the input signal just ahead .of it, cycli-

30 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 

3S cp, being omitted. 
As described above, a method of utilizing 

the synchronizing signal t/11 in place of the 
synchronizing signals tfi~ and 'Pa in the memory 
transistor 1 of the first-stage after the memory 

40 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 

45 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 D0 is an input, Q"+1 is an output, and 

SO n is a bit time. 

DD 
0 
1 

Figure 3 is a structural diagram of a 
SS pulse storage circuit of the JK-type consti­

tuted by utilizing the above delay type puJse 
storage circuit as it is. JK type has the follow­
ing operatio~ function tal>le, in which J, K 
are inputs, Q"+l is an output, and n is a bit 

60 time. 

J K Qn+l 
0 0 QD 
0 1 0 
1 0 1 

1 1 Q" 

As can be understoodJ1:9m, _ _the above table, 
it is when the condition of KQ is established 
that ·the output state 1 of the memory circuit 
is changed to 0, and it is when the condition 
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70 
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 applieati,on of the aforementioned. circuit. 
Therefore, gate elements 8 and 9 which con- . 75 
duct under the condition KQ through the 
switching ~ansistor 3 .and gate elem~~ts 10 __ 
and 11 which conduct under the condmon- of c ,; 

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 fl, 
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 IS:-
1. A pulse storage circuit comprising at 100 

least one first stage MOS type field effect 
transistor and at ]east 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 connectinir a forward path 
from the output of the first stage to the 
input of the second st-age 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 opcr-

·:·."' i~··-" .·· > 
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·As· ·can: be understood :from· the above :.table, ..it is· when :the .condition: of K~· is-blliihed 
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· that·the ooutput state' 1 of :the' memory .-circuit ·< is :changed to 0, and :it .. is .when the ·condition - . . 70 .of ··JQ -is ·met -that>thC :output sta~e··;O· is changed to 1. Accordingly, such •speera:l C_!>n- . . sideration as· the 1ab0veds required•at the'tune ·· ' .·Of -'application of the :'aforementioned :circuit . "'Therefore, :g~te ·elements .8 and <9 whicll con- 75 •duct under the :conditioii..:JKQ;: through· the ··-·switching: .. transistor :3'•an4 gate eICJl.l~~ts .10 ···­and 1~ which conduct un&r:,thcr.-condmon.:of u:-· age waveforms .at points A, B,' C and D in : 1Q through the ·switclllng tranSistor "3 •are 80 
the above cirtuit. As ·shown in · the drawing, connected to the -i11pnt .·side. of• the first •stage 
an c>utput ;delayed :·bJ". one· -'PCiiod (of the ·transiStor 1. ·· . . · synchronizing •amtrof B.ignat 1/l.s) with respect . :Since the .:Pulse ··stor-age .circuit of ··this . in- ;,,~ 

2S to the input signal -is· .obtained· ~t the point D · . ·vention perl'omis information . Storage ?by . use 
As shown in: the ~r!gbt..hand side of said of three synebronizing •control:signals·:having 
drawi!lg, at the t.ime ()f-'1bseJiCe;of -the--syn- .different phases .and -~Y .clos~.,qie.Jeedback 
chroniziQir <:onrrpl signitt 'P1;)t con1µ1U.es, to . ,path :to me :memory ;ttansisto:r:(of :the first- 85 
store ''the· input signal just ahCad.~:Of.:it;:·cydi-"; ·· stage;after'>perfect response of the last memory 

30 cally. In the case. of using .. thfs cirCiiit ·m a transistor, as described above, extremely 
register of ~n e1:e<:tronic co~put~, it s~es stable operation can be obtained as compared 
as a memory um.t -of one bit and the switch with a combination of elements having 
3 controls information transmission between different mutual conductances or gate capaci- 90 
bit and .. bit, the synchronizing control signal ranees. As it can be used as both a static type 

3S 'P1 being omitted. · and a dynamic type according to presence and As described above, a method of utilizing absence of the synchronizing control signal '/>1, 
the synchronizing· signal 'P1 in . place of the moreover, it can control easily shift and 
synchronizing signals f/l2 and fa i~ the memory storage states. Especially; the circuit of this 95 
transistor 1 of the first-stage a:fter-:the memory invention contributes to integration of semi-

40 transistor 2 of the s~ond"."stage responds conductors in an electronic computer and has 
perfectly can be also considered . but it. is a large industrial worth. undesirable when there are variations as abovementioned siilce, in .this case,· the mem- WHAT WE CLAIM IS:-ory trans~stors 1 and 2 must be handled in 1. A pulse storage circuit comprising at 100 

45 the analog mode ·by· having di~erent gate least one first stage MOS type field effect 
capacitances or mutU!l~ · conductances. transistor and at least one second stage MOS 

The (}Peration iunct:i9n: table ()f>the above- type field effect transistor, said field effect 
mentioned circuit arr8Pg¢ment -is ~s :tlte under, transistors each having input and output 
wherein Dn is an input,· Q"+1 is an Oiitput, and terminals and a gate internal capacitance in 105 

. 5!) n is a bit time. 
which an electric charge corresponding to the information pulse is temporarily stored, first 

Qn+l 
0 
i 

Figure 3 is a structural d~gram of a SS pulse storage circuit of the JK"."type consti­tuted by utilizing the ab<>ve ·delay t}rpe pulse storage circuit as it is. JK type has·the follow­, fog operation function table, in which J, K •. are inputs, Q"+l is an output, and n is a bit 60 time. 

·---·-- --- ·-·----------

switching means connectine; 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 con­necting 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 US capable of generating at least two synchroniz-ing control pulses with the· phase of one pulse shifted relative to other pulse and (}Pct.; ------ -- --- - . 
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5. A plilse storage Circuit . as cr&imed ·in 
any one of Claims · 2 to 4, . further. including 

4 

able to actuate said second switching means 
after th.e application of. said information pulse 
and then actuate said first ~tching means 
upon the elapse of a time period after actu-

5 ation of the first switching means. . 

· gate. -elements connected to the input switch- . 30 
ing means and feed-back paths connected from :·- ., 
the· output· of the. Se.cond stage. to said·· gate ~ 

.. elements· .to constitute a so,.called · JK .type···· 
cirCuit. 

2. A. pulse storage ciix:uit as claimed in 
Glaim 1, wherein input switching means is 
c0nnected to ~ input of said first stage and 
said j,nput switching lt'leans, first switching 

10 means and second switching means· are 
· sequentially actuated · by the introduction · of 

three synchronizing control pulses with the 
phase of each pulse shifted with re8pect to 
the other two. · · 

15 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 synciu'.oilizing con­
trol pulses are. applied to the gates of the 

·20 last said transistors: . , · . , . 
4. A pulse storage circuit as claimed in 

Oaim 3, wherein said ·first and second· stage 
transistors have gate, · ·source ... and drain 

6. A pulse storage circuit as claimed in ·35· 
Claim 5 wherein said. gate .elements comprise 
field effect transistors. . 

· 7. A pulse storage circuit as claimed in 
any preceding Oaim formed as an integrated 
circirlt. 40 · 

. 8 .. A pulse . storage . ci,rcuit substantially as 
herelnbefore described- With reference to.· .. 
Figure. l of the accompilnybig ·draWjrigs. '· ' 

9. A· pulse srorage · circuit subStantjally . as 
hereinbefore described . with ref~nce ·to 45 
·Figure· 3 of the accompanying drawings. · 

terminals and the drain electrode of each such A. M. & .Wm. CLARK, 
.25 tranSistor is connected to a voltage supply 5, Stone Buildings, 

through a . respective. . field effect transistor Lincoln's Inn, · · 
.functioning· as a load· impc;dance. London, . W.C.2 .. 

Prin~ ·for. Her Majes-ty-·s-S-ta-ti-ort-. e-ry_Offi._c_e_, b-~-th-e_C_o-un-·· e-r-P~ress---, Leamington. Spa, 1970; 
PUblished by The Patent Office, 2S Southampton Buil~gs. London; WC2A IAY; from 

which copies may ~ obtairied. · · · 
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