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.. We, SHARP' KABUSHIKI~ KAISHA formerly
Hayakawa Denkikogyo Kabushiki Kaisha, a
Japanese .Companiy, of 22—22 Nagaike-chio,
Abeno-ku, Osaka-shi,~Osaka-fu, Japan, do
hereby declare the: invention, for which we

pray that a patent may'be granted t6 us, and-
_the method by which-it ‘is to be performed,

to be particularly “described -in and by the
following statement:—= - S

This invention telates to.an information
control system, and especially:to an’ electronic
desk calculator siic ‘a ‘calculator having a
dynamic memory in ‘Which information is to
be stored.

A .dynamic memory- as. heréin described
means a memory, in. Which ‘memory elements
each having such properties . that the stored
energy - attenuates with time and finally dis-
appears are connected ‘in cascade, before said
energy or information’ stored” disappears a
clock pulse is applied  so, that the stored in-
formation is transferred to''the memory ele-
ment of the next stage, and’ thus the informa-
tion is. transferred, “being -synchronized with:
the clock pulses in order. Tt:is necessary when
providing long time-durationt storage to form
a circulating loop betweern’ the first stage and
the final ‘stage. The' synchronization provided
by the clock pulse: is: restr cted by the storing
capability of the memory element of the time
during which the ‘memory element can main-

tain the information, and the propagation speed _
- of the information is determined by the period
~ of the clock pulse. In-contrast to this dyramic

memory there is static’'memory. The static
memory comprises memory. elements which
are capable of maintaining the energy level of
the stored information" frrespective of time
and which ‘are connected in.cascade. By the
way, the memory herein‘described - includes
such register of a small “capicity for storing
information constituted ‘of from a several
digits to some ‘ten " digits :
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C(IE, 2E, 2JX, 2L, 4A); G4 A(E, 8C, 10EX
2F5, 20, 3T3F, 3C2, 3F1, 31, 3X, 4C, 4M, 4K, 45, 4%, SE)

" COMPLETE SPECIFICATION
.. Information Control System . . .
In the conventional dynamic memory hav-

ing a circulating loop such as the one con-
stituted of an ultra-sonic delay line, the delay
line itself has its specific propagation speed,

10EX, 14%-,_ H3 T(IPX, 2A1S, 2F1,

45

and it is considered impossible to vary the

propagation speed of ‘the information digitally

-or discontinuously by means of external sig-

nal. - Therefore, in such dynamic memory as

the above, there has' been no way found to .

perforin shift control ‘utilizing the propaga-

tion. speed of the information, i )
In practice, dccordingly, in such case as

the above, an extra buffer register is pro-’
. vided. And, in the case: of a register in which .
the information is shifted rightwardly or to

lower place digit upon the introduction of
the switching signal and if a leftward shift
is desired, the information'is transferred from
the Jeast significant digit LSD of the register
through the buffer register to the most signi-
ficant - digit MSD of the register. In other

words, two kinds of circulating loops are pro-.

vided so that the propagation distance of the
information is varied in order to control the
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shift. By such method' as the above, however,

an extra buffer register is required, and it is
necessary further to properly switch the cir-
culating loops in order to ‘obtain a desired
result. . - : .

Now, amidst the recent trend of semicon-

.ductor  integration, the MOS type field

effect transistor is receiving a footlight as an
clement quite suitable for said purpose,

.. In the MOS type field effect transistor,
there is an inherent  parasitic capacitance
(about 1—2 pF, in fact) between its gate elec-
trode and its substrate ‘because of its struc-
ture, and by storing = information to be
memorized in the form of an electric charge
in said gate internal capacitance said transis-
tor can be utilized in- an information provi-
sional memory circuit. The stored charge is not
discharged promptly- because the discharging
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path from the gate internal capacitance to

the ground exhibits a very high impedance. In:
this respect, the MOS type field effect tran-
sistor ‘has a far higher storing capability com-
pared to the genéral junction transistor which
has some storing operation with respect to
minority carriers.

However, as the stored charge is gradually
lost due to the leakage current of the gate

internal capacitance it is necessary to intro-.

duce the clock pulse in order to transfer the
stored information to the MOS type field
effect tramsistor of the next stage.

In practice, two MOS type field effect
transistors per one bit of the memory are
prepared, depending upon the number of
desired bits a plurality of the MOS type
field effect tramsistors are further prepared and
connected in cascade, then switching means
are provided between the stages, and syn-
chronizing clock pulses are introduced there-
to thus constituting a dynamic memory. How-
ever, in order to prevent the information intro-
duced into the first stage from reaching the
last stage instantaneously different kinds of
clock pulses baving mutually different phase

. are used for controlling the path between

fore stage and rear stage within same bit end
the path between the rear stage in a certain
bit and the fore stage of the adjacent bit ON
and OFF. Needless to say, the duty ratio
(duty factor) of the clock pulse is restricted
by the memory maintaining capability of the
MOS type field effect transistor, and the
period of the clock pulse determines the pro-
pagation speed of the: information.
According to one aspect of the invention
there .is provided an information  control

system, comprising a dynamic memory in

which a plurality, corresponding to the desired
number of bits to be stored of MOS type
field effect transistors, each having a gate in-
ternal capacitance for temporarily storing an
electrical charge which corresponds to a bit
of information, are connected in cascade and
in which said stored information is shifted in
sequence upon introduction of clock pulses
each- before said electric. charges disappear,
means for generating periodically and succes-
sively said clock pulses which transfer said
information and which control the propa-
gation of said information, means for gener-
ating instruction. signals which designate the
kind of effective shift operation to be per-
formed, and control means for varying for
a spec1ﬁc period of time and within the time

during which said information stored in said’

MOS type field effect transistor can be sus-
tained the occurrence of said clock pulse to be
applied to said dynamic memory correspond-
ing to said kind of instruction and thereby
for causing said propagation of said informa-
tion to be varied and- desired effective shift
operation performed.

According to a further aspect of the inven-

tion there is prov1ded an information control
system in an_electronic computer, provided
with a dynamic register in which a plurality,
corresponding to the desired number of bits to
be stored, of MOS type field effect transis-
tors, each having a gate internal capacitance
for temporarily storing an electric charge which
corresponds to a bit of information, are con-
nected in cascade and® which upon introduc-
tion of successive clock pulses before stored

-electric charges disappear shifts said informa-

tion in order in synchronization with said
clock pulses, an arithmetic unit for processing
the arithmetical operation of said mumerical
information in said register to provide a result,
an operation generator for generating instruc-
tions necessary for the arithmetical operation
processes, a timing generator for specifying
weights of digits of the numerical informa-
tion, and a control device for dlscnmmatmg
between respective states. of the timing sig-
nals, control means responsive to operation:
control instructions and clock pulses to modify
at least one clock pulse of said plurality of
clock pulses for only a spec:ﬁc period.

The present invention is based upon a
dynamic memory which is constituted of the

MOS. type field effect transistors as men- -

tioned above, and in light of the facts that the

“storing capability of the MOS type field

effect transistor is as long as about several
seconds and that the period between the occur-
rence of the clock pulses can be varied within
the range of from less than a microsecond
to one second, _

_More specifically, time T which is re-

quired by the contents of the register to cir-

culate one round under normai conditions (pro-
pagation time between bits multipled by the
number of bits) is used as 4 reference value
of one word tlme, and if the occurrence of
clock pulses is varied during said one word
time the contents of the register before and
after said variation become different from
the contents of the first time of each one word
time. This means that leftward shift and right~
ward shift are performed.

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 tg the accompanying drawings, in
which: —

Figure 1 is a block diagram of a complete
system embodying this invention;

Figure 2 is a time chart representing the
phase relationship of various timing signals;

- Figure 3 and Figure 4 are time charts
representing a shift control state of a memory;
. Figure 5 is a block diagram representing
a fundamental structure of a dynamic

‘memoty;

Figure 6 is 2 time chart representmg phase
relation of switching signals;
Figure 7 and Figure 8 are diagrams repre-
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‘timé- to::produce’ controlled clock pulses X,
-and Y, ‘to:be..introdiiced . into the memories

‘X and"Y respectively,-dnd ‘supplies said clock -
pulses X¢, ‘and:'¥9, .10 the. memories X and 70
Y so that the instruction is accomplished.: The
«clock. pulses ¢,:and 93 without receiving any
‘control -are directly supplied to the: memories

X and ‘Y from the synchronizing ‘control. SC.
“The reason therefor will be explained:later. 75

The control of the clock pulsé ¢, as. explained
' A . above ineans. that. the propagation speed of
. ‘Phase relationship ‘of thrée ‘the information-is: varied. GI; ‘G2, G3 and

. > Referring to Figure 1, X & . mamic G4 are logic gates for controlling numerical

15 ‘registers-i . each’ of : which’ emory:elements informdtion and: synchronizing ‘signals to be 80
-or- type §; - effect’ transistors having supplied to. the respective memories: X and
timely-’sftéSttict:d'_“"%t;"ijé'mOryf__fujx'_!'c_'t_ior'x'- ~are con- Y. R

in: cascade, and: infotmation. stored. - Referring. now to Figure 2, t;, t, ... t, are

: transferred’. upori introduct - bit tinde. signals and Ty, T «.... Ty are digit
time signals.” As shown: in the- drawing;:the 85

bit ‘time signals are - derived in the order

bty Lty and the digit time -signals

.-are derived in the ‘order’ Ti—=Tg.... To—

Ti. A-period from ¢, to t, is-one digit time.

A new digit time begins from the nextt; and 90

continues to t,.- The subsequent -digit time

begins from the subsequent t.. “These -timing

signals “are derived from thé timing signal
an:iarit generator TC as “described above, A funda-

30 ton-and subtraction’ with respect’ mental synchronizing signal t, may be an 95
transmitted -from d Y; having:an-output output of the pulse generator PG converted by
tor be -retutned - to-the rmemory: X. PG is a a suitable converter or may be the output of
pulse; generitor for preparing fundamental the pulse generator itself. As described above,

' an instruction Q is desived over a time of one
word-length and continues: from T, t6 Ty. 100
The drawing is concerned with n=4, wherein
the high level of the waveform _corresponds
to “I1” and the low level corresponds to
e F
- Now, a shift operation of the memory 105
will be described referring to Figures 3 and
4. The information stored in the. Registers X
and Y are generally shifted to .the right by
‘applying synchronizing signals derived from
the ‘generator SC to the registers X- and Y. 110
That is, they are shifted by one bit by one
synchronizing signal and by n-bits (one digit)
by n synchronizing signals. Accordingly, each

“stored information is shifted to the right by
P digits by derivation .from nP synchroniz- 115
ing signals. When the memory content is re-
quired to be shifted to the right by one digit,
it is sufficient to put P=1, and it is suffi.
cient to put P=N when the .information is -
required: to be circulated or other information 120

tion . instiug is required to be newly. stored. When the

output devices (not shown), so memory content is ‘required to be shifted to

e of the.word-léngth a unit. the left, the least sighificant (right end) -out-

is derived over the.time of put of the- register..is cused as the input

.response -to the in- thereof, piitting P=N—1 S :
operd

' Q performs a control for a specific period of

me Cha
ble fre
d: sh'

2 | ‘pulses after vairi
5 -case of right-ha
. Figure 10 is

another-embodiment of ‘mi

Figure: 12 -is a ‘circuit d
2 further émbodimenit. of
i Figure: 13 is” ;

10

. Ny>Nyand’a N'&i
‘time: of“one;. word-length
: <Al is: an-arithmetic. vni

signal and 2, generated: oittput. thereof is sup-
35 plied to-a timing ‘signal  generator Tl

60 one-w . P 125
 structi iven from cration. gener- . -From the above description, in the . syn-
ects-the clock pulse ¢, which e peci- chronous register continuously circulating in-
eceive’ a control out of ‘the plur- - formation. in a dynamic: fashion at a. period
ity lock-pulses: ¢, ¢, and ¢s; further of .the time of one.word-length, if the syn-
65 in:response to the contents of the 1struction  chronizing. signals are:interrupted only for a 130
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‘period of one digit time within an arbitrary
" time of one word-length, the content of the

register can be shifted to the left. On .the
other hand, if the synchronizing signals are
interrupted for the period other than that said
digit time whereby the circulation path is
cut off for said period, it is shifted to the
right by one digit. Immediately after a desired
shift control is over and one word time has
elapsed, the numeral values in the- register
respectively take predetermined digit positions.
In other words, each of the numeral values
after a rightward shift takes adjacent lower
place digit position. The weight of said digit
position is of course designated by the digit
‘EIi‘Ige signal from the timing signal generator
" Considering the condition under which the
synchronizing signal (clock pulse. ¢,, in fact)
receives a control corresponding to the con-
tents of the instruction for such as right-
ward shift, leftward shift or circulation, the
clock pulses T,, T, and T, which are the
synchronizing signals to be introduced into
the register after the receipt of control can
be represented by the following equations,
putting N=Nj,. o

Tl- = Qr-to .Tk
Tl == Q1.to chI

T.=QnQut,
where Q. is a right shift instruction, Q, is

a left shift instruction and Ty and T, are
digit times. When both right and left shift
instructions are not generated the fundamen-
tal synchronizing signal t, is always supplied
and the content of the register continues to
circulate in dynamic fashion at a period of
the time of one word-length synchronizing
with said fundamental synchronizing signal t,.
The synchronizing signal t, hereinmentioned
represents the group of three kinds of clock
pulses ¢,, ¢, and ¢, as explained before, and
these are of the state that frequency control
is not yet applied. Thus, the state of circu-
Jation is not shown in the time chart. The clock
pulse t, is periodically and consecutively
generated, and in order to vary the way in
which information is shifted a logic gate is
provided within the transfer path to the
dynamic memory, that is within the synchron-
izing signal control SC, and thereby the
supply of the clock pulse to the dynamic
memory is temporarily intermitted for a speci-
fic period of time. Three inputs to the logic
gate are the instructions Q. and Q, from
the operation generator OG, and digit’ time
signals Ty and T\ from the timing signal
generator TC and the clock pulse t, from

‘the pulse generator PG (especially, in prac-

tice, the clock pulse ¢, out of the group) as
explained before. )

“The time chart of Figure 3 represents @
synchronizing signal derived from a right

‘shift instruction Q. and the states of storage

in the register, and a;, a. ...
digits in the memory.

Since the synchronizing signal is passed to
the memory only during a period of the digit
time Ty, n signals are derived and the stored
content of the register X which has been in
the state (A) before the time of one word-
Tength starts changes to the state (B). It should
be noted, however, if the digit time signal
T} is present during 2 digit time the informa-
tion: is shifted rightwardly by two digits.

The time chart of Figure 4 represents a

a, represent

‘synchronizing - signal derived by a left shift

instruction Q, and the states of the storage
in the register.

Since the synchronizing signal is not passed
to memory only during 2 period of the digit

time Ty, the stored content is shifted by one

digit to the right during periods of the res-
pective digit times but are not shifted during
the period of the digit time Ty. The shift

‘operation is executed again during a period of
the next digit time Tx.. and eventually when.

the time of one word-length ends, the informa-

_tion in the register is shifted to the left as

shown in the lowermost part of the drawing.
Next, a digital memory used in such a

control system and its operational conditions

will be described below:

. In Figu‘fe 5’ Mn-l,' M(n—l)') Mn: an" Mnﬂs
Mquy ... are memory elements consisting
of the MOS type field effect transistors each
having a gate internal capacitance for tempor-
arily storing an electric charge which corres-
ponds to information. Spy5 Sy Sny Say
Spets Seany ... are switches which are switched
by switching signals. These information stor-
ing elements operate in such fashion that in-
formation stored in the preceding stage is
supplied when the switch located at the input
of a stage is closed, and the information stored
in that stage is supplied to the element in the
next stage when the switch located at the
output is closed. Accordingly, information is
necessarily supplied to the inputs and derived
from the outputs to provide a flow of informa-
tion. ¢, and ¢. are clock pulses.

Figure 6 is a timé chart representing phase
relationship of the clock pulses ¢, and ¢,. That
is the periods of the clock pulses ¢, and

¢, are completely identical but only the posi--

tions thereof differ and the clock pulse ¢,
is within the interval of the clock pulse ¢,.
The difference between the phases of the clock
pulses ¢, and ¢, is based upon the following
reasoning.

- If they are in the same phase, all of these
switches are driven ihto “ON” state at the
same time, and ‘information stored in the
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first-stage is: instantaneously transmitted fo the

last. stage and' . no delay occurs. ‘A digital

- delay: device!may: be constituted:-by. combin-

ing two-pliase’ transmission switching opera-
tion cf -different phase with the- information

storing devices: and 4 dynamic ‘register: can: -

be' thus. provided.:In. fact the phase of -the
clock: pulse. ¢, 'is. completely identical to that
of the fundamental signal.” o

cofrésponding. 'to - “1% .and “0»- respectively,

stored in' the respective memory elements.

For example, in ‘the state (A),
elements M,, M,, M,. and Moz store
information corresponding to <17,
" If ‘the “clock pulse #, reaches the ““ON”
level’ and the ‘switchies S,., S, and S; -are

driven info” the. “ON™' state, the memory

clement My, storés “1” or “07 information

according ‘to''the- internal “conditions of "the
preceding stages, Similarly, the memory ele-
ment M, stores information from the memory
element M., and the memory element
M., stores information from the memory éle-
ment M,.. Assuming that the information
stored .in an élement is not changed even if
energy is supplied 1o the next stage, informa-

tion stored-in the memory elements Mgy

My ... s not clianged ‘and the respective

elements having primes (*) remain as they are.
Those states are -shown at (B). -

*'When the clock pitlse ¢, reaches the “OFF” |

level and thereafter the clock pulse ¢, reaches.
the “ON” “level;" the information’ stored - in
the’ memmory ‘elements M;n, M, and M,,, i§
M, and. M5 Tespectively but the internal
states of storage ‘of the' memory elerents
Mo.i; My, Myas ... are ot changed. .
"When both. clock” pulsés ¢, and ¢, have
a'each’edf.:'sthcf:‘..‘ON??j-~1_evel, the contents of the
memory eleents Mia-1), M., and Mq.s). are

Muiny -and:“Myisp - respectively, The .same
result s obtained also with devices such- that
the<content of -oné device becomes necessarily
the-'state’ “1” ‘or-“0” wheén it is transmitted

‘If: the: memory. élement is driven into an-

energy state ‘cortesponding to “0** when trans-: -
mitted: to the ‘element in the next stage,. the:
state (A) of Figure:7is:converted into a state.
shown: in Figure -8." The numerals in the:
lower part: of - Figure :8: indicate memory’ )
© in the case’iof ‘right -shift; the iclock pulse

levels of the ‘transmitted informations.

‘When':  the f.'SWi‘I_ZChCS'-"_E'S(n_l,-,,.. Sin1s. Say
vy'/.. are left in the “OFF” state for a long
since & static. flip-flop can keep: its
energy level: regardless of time but'a dynamic
flip-flop"-has --a:-tendency of decreasing : its
energy- with ‘lapse. of ‘time -its duty'.cycle of
switching is limited. In general, a device which

- series dynamic. regis

, the memory

transmitted 'to ‘the memory. elements Mgy

cany control a delay time in-digital fashion as
shown: in:Figure:5 has a_sitbstantial width of
switching duty::cycle, .. .. .. . -

- Considering a-du ycle in the case of a
r of N.digits (aN' bits),
in-»connection. -with. the . abovementioned
feature, ‘at “Jeast four or more’ synchronizing
signals - (corresponding to: the: clock pulses ¢,

.+ and.¢; of Figure 5) are provided ‘within a
" By:way .of ‘example, in Figure 7, it-'is:
assumed ‘that:the . state’ (A) is exhibited :at.
first: Th thé drawing, the high level and the.
low ‘level of the ‘waveform. indicate the Ievels.

unit: of : the .time:-of. one word-length. There-
fore, if elements each having the feature that
the information level can be kept/in = state
that “information . should be" correctly . trans-
mitted - for "4t least the time of.one word-
length are used, -the  limitation.. of the - duty
cycle can be neglected, ... ... :

* -:Accordingly, putting: t;. as ﬁmé';f_-bitlfime, n

as the number ‘of bits -in. one digit: and: N
as the number of digits-of u. register, such
a state should be maixtminpd_-.fo; a period,

‘twXnXN.

e t,-,.XnXNf<a" .

.. r. . R ..
<l —— -

where r isia time in.which -an information
storing element is kept.in a state of correctly
transmitting -its content.to. the next stage. As
the ‘abovementioned, the. present. invention is
based upon; the discovery that. the MOS type
field effect- transistor can ‘meet such require-
ments-as the.above, -.-; . :
“When there is a-phirality of storage ele-
ments having “different characteristics in the
digital memory of Figure 5, if the signal
period:-of bit time of the whole control system
is_detérmined as t, by. measuring and ob-
taining the;: values .of - their - respective times
during. which -the :memory can be sustained
and. applying :the leéast: one . thereof to the
above equation, it becomes possible to con-
trol -information .in dynamic:. fashion using

MOS *field- -effect transistors, “switches and

capacitors,: switches and inductors, etc.
Due to .the time limit during which the

- MOS .type field effect: transistor ‘can sustain

the memory ‘as :the abovementioned, a speci-
fic minimum petiod: of the clock pulse is pro-
vided, and ‘the period of the -clock pulse is
varied within a range:above. said fimit in order
to achieve ;the shift control of the dynamic
reégisted: by ‘means of variable control, How-
ever, information control need not be executed
for both clock pulses ¢; and .. For example,

$. may produce outputs ; always- through a
period 'of the. time of one word-length and
the: clock pulse«¢, may be: controlled to pro-
duce only: four outpuits.: :. g
Figure 9:is a:time chart. representing phase
relationship; between the_r;clo?i:“pw_lses ul:h the
case of.right shift operation., . Synchronizing
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signals may be produced only during a perjod
of the digit time Ty by controlling only the
clock pulse ¢,. The reason will be described

below - referring to Figure 5. Even if ‘the

clock pulse ¢, is produced during a period
Ty in which the dock pulse ¢;-is not pro-
duced -due to the intermittence control by the
logic gate, the energies stored in the memory

elements ‘M,-1j; Ma, Mus1)- are maintained as -
they are and not lost. The energies stored in’

the memory elements M1y, My and My
are transmitted to the memory elements of
the next stage by the first clock pulse. ¢,
which follows. The energies will again be

transmitted to the succeedmg elements by the .

next clock pulse ¢,. -

~ Figure 10 represents a practical circuit of
a dynamic register using MOS field effect
transistors suited for semiconductor integra-
tion. The respective circuit elements are com-
posed of MOS field effect transistors but some
of them have not transistor function. Tran-
sistors T1 and T, serving information stor-

-ing action, operate as amplifying elements

having storage times and store energies in
their gate internal capacitances. The respec-
tive gate electrodes are contected to the out-
put terminals from the preceding stages, the

- source electrodes are grounded and the drain

electrodes are connected through an wunder-
mentioned load resistor to a power supply
Voo, Transistors T; and T, switched by the
clock pulses -operate “as switching - elements.

The clock pulses ¢; and ¢, are supplied. to the:

respective gate. electrodes -and the source and
drain - electrodes are inserted in . a switching
controlled circuit. Transistors T; and T, con-
nected to the respective drain: electrodes of
the memory elements T, and T, operate as
load resistors of said memory elements T; and
Te. Such flip-flop circuits as memory units
are connected in cascade in accordance with
the desired number of dlgms to’ constmute a
dynamlc memory, -

- The above descnpuon has been ma:de in
connection with a dynamic memory having no
feedback loop. Even though a flip-flop circuit
utilizing - MOS field effect transistors is

limited to the dynamic type, it can cyclic-.

ally store informations at every flip-flop and
can ‘effectively store information statically if
information feedback loops are formed be-
tweén the succeed_mg stages. - :

Figure 11 is a structural diagram of a
teedback type flip-flop circuit of this kind,
representing -a. three-phase driving flip-flop
circuit ' using MOS field effect transistors. It
is* different from the device of Flgure 10 in
that an ‘information feedback loop is formed
between a stormg transistor Ty in the first
stage ‘and 'a -storing transistor T;, in . the
second stage, and sthchmg transistors T,

- Ty, and Ty are inserted in- the information

transmitting ‘paths. to: introduce three-phase
clock “pulses -¢,, ¢, and ¢, Transistors T,

and T;, operate as load resistance elements

cf the storing elements T;; and T,,. This cir- -

cuit ‘successively and dynamically Circulates

information stored in the gaté internal capaci--
" tances of the storing elements in the circula-
tion loop by means of the switching elements’

driven by the dock pulses ¢,, ¢, and ¢,
to store information of one bit. If the clock
pulse ¢, is not applied but only the clock
pulses ¢; and ¢; are applied, the memory

state is maintained and static information- stor-.

age becomes possible * immediately.- A new

input’ is introduced when the clock pulse ¢,.

is applied. The inside of the circulation foop
is changed into a new state by the clock
pulse ¢o- at this time. -

Use of three -phase dock pulses is based
upon the following reasoning. If the switches
inserted in the forward path from the stor-
ing transistor Ty, of the fore stage to the

stoetmg transistor Ty, of the back stage and -

in the feedback path from the back stage to
the fore stage are respectively controlled
sunultaneously by just. one clock pulse ¢,

there will arise the followmg dlsadvantage_'

That is, in the actual -operation, when the
states of the fore stage and the back stage are
different (conductive and non-conductive), and
an input information is newly stored in the
transistor of the fore stage, and if then a clock
pulse is introduced, the forward path and the
feed-back path will be closed simultaneously
resulting in an unstable operation, and a cor-
rect storage - of the information can not be
assured. For example, suppose that the ele-
ments are of P.channel type, (—) potential
is'being stored in the gate internal capacitance
of the back stage element, the drain end of
the back stage is in zero potential state, and
that then due to an application of an input in-
formation (—) potential is newly stored in
the gate internal capacitance of the fore stage.

" At this time, the fore stage element is in

conducnve state and its drain end is in zero

potential stage. The drain -potential  of the
fore stage under said condition.tends to write
the new .information in the back stage, the
zero potential of the back stage -already pre-
sent. therein tends at the same time to cancel
the (—) potential of the gate internal capaci-
tance of the ‘fore stage, and thus the new
information. ‘is "eliminated. In order to avoid
such occurrence as the above, it is necessary
to .choose ‘the time constant of the feedback
path to a large:value. One of the methods
dor -this purpose ‘is ‘to use field effect tran-
sistors having mutually  different mutual con-
ductance or gate internal capacitance, but since
it requnres a very high manufacturing. tech-

nigue to. integrate: within same one wafer

the- field effect. transistors having different

"mutual conductance or gate internal capaci-.

tance " and, - therefore, ‘it is hard to obtain
the. field effect transistors of a uniform pre-
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determined electrical characteristic stable
cperation can not be expected, '

Figure 12 is g further embodiment in which,
in addition to two stofihg transistors Ty and
T., one storing transistor T,y is added in the
cutput side. Transistors T.,, T.s and T,
operate as switching elements and transistors
T:., T., and T,, operate as load resistance
clements. These circuits are only different
in the kind of switching signal but are per-
fectly identical in the fundamenta]l operation.
In any case, switching control of circulation
and read-in is provided according to existence
of the clock pulse ¢,.

Figure 13 represents phase relationship of
the above clock pulses ¢;, ¢ and ¢,.

In one application of the invention the
switching signals ¢, and ¢; are maintained
as they are and are not controled at all by
the synchronizing signal control device SC.
A way of information control (circulation,
left shift, right shift) in this feedback type
dynamic memory is similar to pulse mumber
control in dynamic memories as described
above, but differs at a point that the switch-
ing signal ¢, need not be applied when the
contents of the registers X and Y are put in
a quiescent state because when the clock
pulses ¢, and ¢, are being applied informa-
ticn is sustained circulatingly through the feed-
back path by two MOS type field effect
transistors. :

WHAT WE CLAIM IS:—

1. An information control system, compris-
ing a dynamic memory in which a plurality,
corresponding to the desired number of bits
to be stored, of MOS type field effect tran-
sistors, each having a gate internal capaci-
tance for temporarily storing an electrical
charge which corresponds to a bit of in-
formation, are connected in cascade and in
which said stored information is shifted in
sequence upon introduction of clock pulses
cach before said electric charges. disappear,
means for generating periodically and succes-
sively said clock pulses which transfer said in-

formation and which contro] the propaga--

tion of said information, means for gener-
ating instruction signals which designate the
kind of effective shift operation to be per-
formed, and control means for varying for a
specific period of time and within the time
during which said information stored in said
MOS8 type field effect transistor can -be sus-
tained the occurrence of said clock pulse to be
applied to said dynamic memory correspond-
ing to said kind of instruction and thereby
for causing said propagation of said informa-
tion to be varied and desired effective shift
operation performed,

2. An information contro] system, in accord-
ance with Claim 1, in which said control
means interrupts at least one clock pulse of
said plurality of clock pulses for only a speci-

fic period according to a desired shift to be
performed, to control propagation of the in-
formation in the memory.

3. An information control system, in accord-
ance with Claim 1, in which said dynamic
memory is synchronized with a plurality of
clock pulses having the same period but dif-
ferent phases.

4. An information control system, in accord-

ance with Claim 1, in which said dynamic
memory includes at least two MOS type field
effect transistors at least one for a first-stage
and at least one other for a second-stage to
constitute a memory unit for storing a binary

digit, a path between said memory $tages is -

switched by a plurality of clock pulses, and

a plurality of such memory units are con-

nected in cascade according to 2 required
number of binary digits to be stored.

5. An information control system, in accord-
ance with Claim 4, in which a bit interval
t, of the synchronizing signal is selected
according with a formula:

-t
H<

nN

where t is a time period for which the memory
element will correctly transfer information to
the next transistor and nN is the total number
of the memory units in the memory.

6. An information control system, in accord-
ance with Claim 4, in which a feedback loop
is formed between the input and the output
of the each memory unit of said dynamic
memory.

7. An information control system, in accord-
ance with Claims 4 and 6, in which said feed-
back loop is switched by another clock pulse
for returning information in the second-stage
to the first-stage. :

8. An information control system, in accord-
ance with Claim 4, in which each memory
unit includes one MOS type field effect tran-
sistor executing memory operation in the out-
put side of the second-stage.

9. An information control system, in accord-
ance with Claim 4, in which switches are in-

serted in the paths between the memory units .

in said dynamic memory and at least one
clock pulse applied thereto is modified only
for a specific period.

10. An information control system, in
accordance with Claim 9, in which a switch
is inserted between the first-stage and second-
stage in a memory unit of the dynamic
memory, and said switches inserted between
the memory units being driven by a plurality
of clock pulses of different phases and only
the clock pulses applied to the latter switch
being modified.

11. An information control system, in
accordance with Claim 2, in which said
dynamic memory is formed so as to transfer
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“i pulses ¢, and ¢;

‘characteristic " stabl

opérate as switching

in‘the :kind of switching signal but are . per-.

fectly ‘identical in, the.

represel
ockpulsescp,, %; and ¢,.

t:.controlled at. all by
121 control device SC.
1;-control (circulation,

't :shift,. rigl in this feedback type
dynamic ‘memory nilar to pulse number
above, but. differs at.a’ point that the switch-
ing signal ¢, need not-be applied when the

contents of the registers. X and Y are put in

cause when the clock
being applied informa-
atinigly through the feed-
MOS type field effect

a :quiescent- “stat

tion: is sustained
back path by ™
transistors,

WHAT WE CLAIM IS:—

L. An information control system, compris-
ing a dynhami¢ memory in which a plurality,
corresponding’ t6" the:

sistors, ¢éach having: 4 gate internal . capaci-
tance for temporarily storing an electrical
charge which "corresponds to' & bit of in-
formation, are. connected in cascade and in
which said stored “information is shifted in
sequence upon introduction of clock pulses
each before - said “eléctric charges disappear,
means for generating’ periodically and succes-
sively said clock pulsesiwhich transfer said in-
formation and: which. contro} the propaga-
tion of said infortation, means for: gener-
ating instruction- signals .which designate the
kind of ‘effective’ shift- operation to be per-
formed, and contr ans for varying for a
specific period. o e ‘and within the time
during which saidinformation stored in said
MOS type field effect transistor can be sus-
tained the occuirénce: of said clock pulse to be
applied to said dynamic- memory correspond-
ing to said kind-o -dnstruction and thereby
for causing said propagation of said informa-
tion. to be varied:and ‘desired effective shift
operation -performed: .

2. An information’
ance with: Claim:. T
means interrupts at le;
said plurality of clock

system, in accord-
vhich said control

T embodiment in whichy:
oring transistors T, and-
stor T, is added in the: a
s To Tas and Toy:
L g clements and: transistors: ¢
T:;s Toy and Ty, Opérate as load ‘resistance: fer
= clements. . These " circuits are only .different

atice” with:'
i the: fundamental operation.: memory .includes at least two MOS type field
In:any . case,: switching control of circulation. ANSISE
and: read-in. is .provided-according to existence -
o of:the clock pulse . 'Y <onstifuté
15 ' ents .phase relationship of  digit; ‘a'

‘of the invention the:
“and .¢; :are maintained:

nemories as desoribed . - -

to” the:desired number of bits,
to be stored,"of MOS type field effct tran- .
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iod dccording to a desired ‘shift - to be

peric ed; to. control propagation of the in-

formation in .the memory,
is, synchronized: - with ;2" plurality of
P'lllseshaan f-.tl_l 2 _..‘sam_e;PeriUd_ .bUt dif-

‘ information control system; in ‘accord-
Claim 1, :in -which: said - dynamic

fe istors at-least-one.for'a’ first-stage
and .at-leas

path-between said me

& ‘plurality -of :clock: ‘pulses, ‘and

a.:plurality - of isuch ‘Memory: units-'are con-

ed:” “in. cascade: according to e ‘required
binary -digits ‘to be stored: : .

ormation control system, in accord-

synchronizing - signal -iis ' selected
ith & formula: - 4 -

where:t'is a timé périod for which: the memory
tent -correctly: transfer' information to
ansistor and ‘nN is the total number
of the memory ‘unitsiti the memory, -

6, An: information coritrel system; ‘in:accord~
ance ‘with: Claim: 4, in w] ‘a’ feedback loop
i en the and -the output
- of said"' dynamic

7 mation control system, ifi accord-

~ance with Claims 4 and 6, in hich tait fot.

back loop is switched by another clock pulse
for returning’ information in the second-stage
to the first-stage. T

8. An information control system, in accord-
ance with Claim 4, in which- each memory
unit includés one MOS type field effect tran-
sistor execiiting memory operation in the out-
put side of the second-stage,

9. An information control system, in accord-
ance with- Claim 4, in which switches are in-
serted in the paths between the memory units
in said dynamic memory and at least ome
clock puilse ‘applied thereto is modified only
for a specific period.

10. An ‘information control system, in
accordance with Claim 9, in which a switch
is inserted between the first-stage and second-
stage ina memory unit of - the dynamic
memory, - ‘.sa-idbswitcges ins;r_ted- between

mory utiits being. driven by a lurality
of clock-pulses of different phases air)rd. only
the’ clock pulses applied to the latter switch

being miodified

11. An infonmation control system, in
accordarice with Claim 2, in which sajd
dynamic' memory is formed so as to transfer

3. An information control system, in accord-

-one ‘otherfor ‘a: second-stage to-
- memory -unit' for storing-a binary.
memory: §tages is.

Claim “4;- in :which : & “bit: interval -
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. its” stored " informstion to ‘the right every

time the clock pulses are applied, said clock
pulses being applied to said memory for

only a period corresponding to the required

number of digit shift positions when the
memory content is transferred to the right,
and the synchronizing signals being inter-
rupted for only a period corresponding to
the required number of digit shift positions

when the memory content is transferred to the

Yeft, .

12. An information control system in an
electronic computer, provided with a dynamic
register in which a plurality, corresponding to
the desired: number of bits to be stored, of
MOS type field effect transistors, each hav-
ing a gate internal capacitance of tempor-
arily storing am electric charge which corres-
ponds to a bit of information, are connected
in cascade and which upon introduction of
successive. clock pulses -before stored electric
charges disappear shifts said information. in
order in synchronization with said: clock pulses,
an arithmetic unit for processing the arimeti-
cal operation of said numerical information
in said register to provide a result, an opera-
tion generator for generating instructions
necessary for the arithmetical operation pro-
cesses, a timing generator for specifying

weights of digits of the numerical informa--

tion, and a control device for discriminating
between respective states of the timing sig-
nals, contro]l means responsive to operation
control instructions and clock pulses to modify
at least one clock pulse of said plurality of
clock: pulses for only a specific period.

- accordance with Claim. 12, in which
provided in the paths through which the clock

13.° An information control system, in
tes are

pudses are to be led into the dynamic register
and said gates are controlled by the result of
discrimination of the timing signals, operation
control instructions and clock pulses in the
control device. i

14. An information contro} system, in

‘accordancé with Claim 7, in which said feed-

back loop in the memory unit is switched with
a time delay, the switch between the memory
units being switched in -a phase different
therefrom, and the memory being synchronized
by use of ‘thiee clock pulses having different
phases and only the occurrence of clock pulses
for driving the switch between the memory
units being modified,

15. An information control system, in
accordance with Claims 4 and 11, in which
the MOS type field effect transistors pro-
viding storage and the switches for switch-
ing the information transmission paths are
constituted by MOS field effect transistors

-and are irtegrated in a semiconductor inte-

grated circuit. -

16. An information control system substan-
tially as described with reference to the
accompanying drawings.
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