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. . . . . . . . · .COMPLETE SPECIFICATION 

· · · . . info~tion ~ontrol System 
We, SHARP: KABUSHIKI: KAISHA formerly In the con:Y.entional dynamic nic;:m6r}r hav-Hayakawa D~kogyo Kabushiki Kaisha, a ing a circulating loop: sucli as t~e one con- 45 · Japan¢se ,Company,• bf. 22-22 Nagaike-clio~ sti.tuted of an: ultra-sonic delay line, the delay Abeno-ku, Osaka,.shi,_;:Os~-fu, Japan, do line itseM has its specific propagation speed, · 5 hereby declare the invention,. for which we .and it is considered· impossible to vary the · pray that ·a patent may be granted to us, and . propagation speed of 'the information digitally the method hy which it is to be performed, . or discontinuo~sly bf. means . of external sig- 50 to be particularly ·d_eScribed in and by the nal. Therefore, in such dynamic memory as following statement:.....:.. ' .. the above, there has been no way found to :10 . . This invention relates to an information penfor.in· shift· control· utilizing the propaga- '. control system, and especially'to an' electronic .tiOn.. speed of the information. .. desk cakulafor stich<as a ~cUlator having a · In practice, liccordinglyl in · such .case as SS dynamic memoij·In whicli information is to the a00ve, an extra· buffer register is pro-· be stored. · .· · :: vided. And, in the case· of a register in which : IS A .dy:tiamic memory. as . .herein described · the information is shiifted righiwardly or to means a memory. in which memory el~nts lower place digit upOri. the introduction of eacli having such pr-OJ)eitie8 .· ~hat die stored the switching signal and· if a leftward slmt 60 energy · attenuates· with· '.timC. and finally dis- is desired, the information· is· iran&ferred from_ appears are conn~.Cd ··in <:;a~cac::ie, before said the least significant digit LSD Of the register · 2o energy or informatiO[l' st~d · disappears a through the buffer regi~ter to the most signi­clock pulse is applied So.:tha.t the stored· in- ficant digit MSD of the register. fn. other formation is transfer.red. to:the memory ele- words, two kinds of circulating Ioop8 are pr<>-. 65 ment of the next•stage,:·arid·thus the infoxma- vided so that the propagatioo· distarice Of the tion is. transferred,,i?aj~g ·synchronized with: infonnation is varied in order to control the ·. · 2S the clock pulses in order: Jt·is necessa:ry when shift By such method· as the above, however, · · · providing kmg time dliritti(lii srorage to fonn an extra buffer register is required, and it is a circulating loop ~betw¢Cri.:the fkst stage and necessary further to properly· switch the cir- 70 the final ·stage. Tpe' sJ.ii(;hromzation- provided culating loops in order to· obtain. a desired by the clock pulse· is·restri<:ted by the storing ·result. . · . 30 capability of the 1Ileni<>iY. element ·or the time · Now, amidst the recent trend of semicon..: ci~ing which the memmr. el~t ciu1 ma:in- . duct~.r integration, the MOS type "field ta.in the information, and the_ propagation speed dfecl: transistor is . receiving a footlight a:s an 75 of the information is determined by the period: element quite suitable :for said pmpose. of the clock pulse.ln·contiast to this dymimic . , In the MOS type field eff~ transistor, .:35 memory there is· static' memory. The static there is an inherent parasitic capacirance mem<>:ry comprises. meri:iOiy: elements whicli· (about 1-2 pF, in f~)"between its gate elec"' are capable of maintainirig the energy level of trode and its substrate 'because of its. struc- 80 the stored information ircespective of time ture, and by storing ·· infomiation to be and which ·are conneeted in. caSca.de. By the memorized in the fc;>rm of an elec¢c charge 40 way, the memory he~i:iJ.O:described : includes in said gate internal c'apacitan<:e said transis-8ucli register of a sma.u · •'eap~cify lfor storing tor can be. utilized ill. an information provi­information constituted ·of from a several sfonal ~emory Circuit. Th.t: stored charge is not 85 digits to some teh · digits; •. ·· . · discharged promptly· beeau5e· the discliarging :, . . . . . .. ~ .. 
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path from the gate internal capacitance to 
the ground exhibits a very high imped<ance. In 
this respect, the MOS type :field effect ttan• 
sistor -has· a far higher storing capability com.-

5 pared to the general junction transistor which 
has some storing operation with respect to 
minority caniers. 

However, as the stored cha!l'ge is gradually 
lost due to the leakage current of the gate 

10 internal capacitanee it is :Q.ecessary to intro­
duce the clock pulse in order-_ to transfer the 
stored infonnation to the MOS type field 
effect transistor of the next stage. _ 

In practice, two MOS type field effect 
IS transistors pC!l' one bit of the Iil'Cmory are 

prepared, depending upon the number of 
desired bits a plurality of the MOS type 
field effect transistors are further prepared and 
connected in cascade, then ~tching ~ 

20 are provided between the stages, and syn­
chronizing clock pulses are introd:w::ed there­
to thus constituting a dynamic memory: How­
ever, in order to prevent the information intro­
duced into the first stage from reaching the 

25 last stage iristanta111eously difi~ein:t kinds of 
clock _pulses_ having mutually diff~t phase 
are used for -controlling the path between 
fore stage and rear stage within _same bit and 
the path between the rear stage i'li a certain 

30 •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 mem.ory maintll-ining capability of the 
MOS type _ field effect transis_tor, and the 

35 period of the clock pulse deter.mines the pro­
pagation speed of the inforination. 

According to one aspect of the invention 
there -is provided an information · control 
system, comprising a dyniamic memory in 

40 which a plurality, corresponding to the desired 
number of hits to be stored of MOS type 
field eff~ ttansistors, each_ having a gate in­
terna:l capacitance for temporarily storing -an 
electrical charge which corresponds to a bit 

45 of inlfomiatiO'Il) a:re connected in cascade mid 
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 sucees-

50 sively sa.id _ clock· pulses which transrer said 
information and which control the propa­
gation of .said infonnation, means for gener­
ating instruction. signals which designate the 
kind of effective shift operation to · be per-

55 formed,_ and control means for varying fQr 
a specific period of time and within the ti!.D.e 
during which -said information stored iri. said · 
MOS type field effect transistor can be sus­
tained tile occurrence of said clock pulse to be 

60 applied to said dynamic memory_ correspond­
ing -to said kind of instruction and thereby 
for causing said propagation of said infonna;.. 
tion to be vaxied and -desired effective shift 
opetatlon pet'lfomied. _ 

65 According to a further aspect of the inven-

tion there is provided 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 interna-1 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 befc;>re stored 75 
electri~ charges disappear shifts said iniforma-
tion in order in synchronizaticin with said 
cloclt pulses, an arithmetic unit for processing 
the arithmeti-cal operation of said numC!l'ical 
info-rmation in said register to provide a result, 80 
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 discriminating 85 
between respective states _ of the timing sig­
nals, Con.trol means responsive to operation: 
control · instroctions _and clock pulses to modify 
at least one clock pulse of said plurality of 
clock pulses for only a specific period. 

The present invention is based upon a. 
dynamic memC!fY which is constituted of the 
"MOS_ type field effect -_ transistors as men.:. 
ti0ned above, and in light of the facts that the 
storing capability of the MOS type field 95 
effect transistor is as long as about several 
-seconds and tha! the period between the 0ccur­
rence of the clock pulses can be varied within 
the range of <from less than a microsecond 
to one . second. 

_ Mol".C specifically, time T which is re­
quired by · the contents of the register to ch"-:­
culate one round under normal conditions (pro­
pagation time between bits multipled by the 
number of bits) is used as a reference value 
of one word time, and ilf the occur.rence of 
clock pulses is varied during said one word 
time the contents of the register before and 
after sa.id variation become different from 
the contents Otf the first time of- each one word 
time. This means that leftward shift and right­
ward shift are pedormed. 
--In order that the mvention may be clearly 

:understOod 9.nd _ :readily carried in-to effect 
apparatus. in accordance therewith will now 
.be described, by way of example,_ with refer­
ence_ t() _ the accompanying drawings, in 
which-:-
- Figure .1 is a. block diagram of a complete 

system embodying this invention; 
_ Figure 2 is a time cbart representing the 

phase relationship of various timing signals; 
- Figure 3 and Figure -4 are time charts 

representing a shift C:ontrol state of ai memory; 
Figure 5 is a black_ d:Htgram representing 

a fundamental structlll'.e of a dyn-amic 
meiµory; 

Figure 6 is a time chart representing plNlse 
relation of switching signals; _ 

Figure 7 and Figure 8 are diagrams repre-
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. Q performs a . control for a specific period of 
'.time· to':produce:'~nti.:ooJled clock pu1,ses X!/>1 
: and .Y!J>1 to: be Jntr9duced into' the memories ; X and ·.Y re~pec~ively/ind ·supplies said clock 
-ptlses X'/11 ·andJY'l/>1-to the. memories ·X and 70 Y so that· the iristniction is· acc0mplished.: The 
:clock pUl~s ·. '/'2 · !llld ip3 :wi~tit ·receiving any =control are directlly supplied . to the memories 
·x·andiY from the syilchronizing·control SC. 
The reas0n therefor will :be· explained ·later. 75 The. conttol of the -clock pulse i/>1 as explained 
ab0ve means. t~t .• the propagation speed of . -p~se· relationship ·ot three· phase cl~ ;p:tilses. the information- ·is varied. Glj G2,- G3 and 

'~5 ~~~&~ ~~:e(in~~ 80 
.nected. -in ca$cade,: 'and ,. ini~tfon. . stoied · · Referring. now to Figure 2, t1, t2 ... t 0 are ·~thereiri i$ transferred•. upoi{ iritrod.uction of· bit tinie .signals and T1, T 2; •.. · Ti.v are digit 

. 20 _ :=~r:!zi~e,cl~x ~:fc(i~I'1~~7, ift1~ ti~!~~~~ .s:~~!k,~e-~ra~~~ ·as .J:Iereinn 1 digit is constimted · Of ~.n· ·bits, and ti--t2,.;,,;. : .. ta"'-t1 and the . digit time signals .. :in.=. the, c;iSC 'of S;,4-2"(· code, fo,r "example, . ·ate derived in the 0rder· T1~Tr-'· .:. TN-

.~ ~li~f~~ ~:[~~\~~ ~ 
30 tiOil and si.Jbi:taci:i01i .with i:(ispect to •contents mental synchronizing signal to may be an 95 transmitted froiJ!. X..·and Y, ha.ving'J.io: :output output of the pulse generator PG converted by ·• · to ·be returned· to the ·n:lem(n.Y· X. ::pQ is a a suitable converter G~ may be the e>utput of ;pulse·:·generat(>r •for p~p8ring a: fi.mdaxnental the pulse generator itse!rf. As ·described a·bove, :signal and· 'a ·generatect ouqitit t1lete(;f is sup- an instruction Q is d~ived over a time of one 35 plied tO. a: tiriiirig·•sig~ar generit<>r TC and word-length and: rontinues'.from Ti t:O TN. 100 to;~)yn(:bro:ajiing: signal ~ti'Ol.SC.·J'':urther, The drawing is concerned with n=4, wherein ··· a~(:abovementfuned,~ since: there:· are .required .the high level of the "Waveform: :corresponds 

to "F' and the low level corresponds to "0". . i .. . . 
· · NaW', a shift operatiOn of the m.emory 105 
will be described referring to Figures 3 and 4. The information stored in .the Registers X and Y are generaHy 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 1aility Of dod(pwses a~ ::a whOfo. T.C generates ·synchronizing signal aru,l ·by n'-'bits (one digit) 

50B1f•~ ~~!~~ m left-hand shilft;: right.;.hand 'Shlft and.. arith- it is sufficient to put P:;:l, and it is suffi-

55 t•®~m.e ~~~E°~· 120 fJ:'ptn ji:Jput)111d OUtprit (levices (not shOWn,), SO mem-Ory content is required to ·be shifted to 

60 

65 
·~·. :_ :-,.:- :: : 

.· ... · ·. ;--:·-: .. · . 

the loft, the least signifieant (right end) ·out­
put of the· register . .is.::used as· the input thereof, putting P=N-l. . · . . · 125 · From the above· description, in the . syn­
cltronous register continu.ously circulating in­
forinatioh - in a dynamic , !fashion at a period ()f. ;the time of one word-length,, if . the syn­
chronizing sign'!lls are interrupted only for a 130 

. ; 

. -.:-~ ___ . .m 



1,198,084 

·period of one digit time within an arbitrary 
time of one word-length, the oontent of the 
;register can be shlfted to the left. On . the 
other hand, i.f the synchronizing signals a-re 

5 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 

10 elapsed, the numeral values in the · register 
respectively take predetermined digit positions. 
In other words, each of the numeral values 
aifter a rightward shift takes adjacent !ower 
place digit position. The weight of· said digit 

15 position is of course designated by the digit 
time signal from the timing signal generator 
TC. 

Considering the condition under which the 
synchronizing. signal (clock pulse. <f>u in fact) 

20 receives a oon.trol corresponding to the con­
tents of the instruction for such as right­
ward shift, leftw.a:rd shift or circulation, the 
clock pulses T., T 1 and Ta which are the 
synchronizing signals to be introduced into 

25 the register after the receipt <>f control can 
be represented by the following equations, 
putting N=Nx. 

30 T .. =Q, .. Q1.to 

where Qr is a right shift instruction, Q1 is 

a left shiift instruction and T k and T k• are 
digit times. When bOth right and loft shift 
instructions -are not generated the fundamen-

35 tal synchronizing signal to is Qllways 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 ftindamental synchronizing signal t;,. 

40 The synchronizing signal to hereinmenti<>ned 
represents the group of three kinds of clock 
pulses fl> <f>2 and <f>3 · as explained before, and 
theile are of the state that frequency control 
is not yet applied. Thus, the state of circu-

45 fation is not shown in the time chart. The clock 
pulse t0 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 

50 dynamic memory, that is within the synchron­
izing signal control SC, and thereby the 
supply of. the clock pulse to the d'ynamic 
memory is temporarily intermitted for a speci­
fic period of time. Three inputs to the logic 

·55 · · gate are the instructions Qr ·and Qi from 
the operation generator OG, and digit. time 
signals T k and. T k' from the timing signal 
generator TC and the clock pulse to from 

the pulSe generator PG (espedally, in prac-
tice, the clock pulse t/l1 out of the group) as 60 
explained before. ' 

· The time chart of Figure 3 represents a 
synchronizing signal derived from a right 
· shiift instruction Qr and the states of storage 
in. the register, ahd au az .. . an represent 65 
digits in. the memory. 

SinCe the synchronizing signal is passed to 
the ~emory only duririg a period of the digit 
time T k' n signals are derived and the stored 
c<>ntent of the register x which has been in 70 
the state (A) before the time of one word­
fongth starts changes t<> the state (B). It should 
be noted, however, if the digit time signal 
Tk ii(present during 2 digit time the informa-
tion is shiifted rightwardly by two digits. 75 

The time chart of Figure 4 represents a 
synchronizing signa:l derived by a loft shift 
-instruction Q1 and the states of the storage 
in the ·register. 
· Since the synchronizing -signal is not passed 80 
to memory only during· a. period of the digit 
time Tk., the stored content is shi!fted by one 
digit - to the right during periods O!f the res­
pective digit times but are not shifted during 
the period of the digit time T k'· The shift 85 
. operation is executed ·again during a: period <>f 
the next digit time T K'+ and eventually when· 
the time of one word-length ends, the informa~ 
tion .in the register is shifted to the loft as 
shown in the lowermost part of the drawing. 90 

Next, a digital memory used in such a. 
control system ·and i~s operational conditions 
will be described below: 

In Figure 5, Mn-1' · Men-II'> Mn, M,.., Mn+l' 
Mcn+ii• . . . are m.em<>ry elements consisting 95 
of the MOS type field effect transistors each 
having a gate internal capacitance for tempor­
arily storing an electric charge which corres­
ponds to in.formation. Sn-u Scn-11•, Su Sn., 
Sn+l• Scn+i>' ~ ... are switches which are switched 100 
by switching signals. These information stor-
ing elements operate in such fushion that in­
formation stored in the preceding stage is 
supplied when the switch "located at the input 
of a st~ge is dosed, and the information stored 105 
in that smge is supplied to the clement 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 pr<>Vide a flow of informa- 110 
tion. "</>1 and t/l2 are clock pulses. 

Figure 6 is a time chart representing phase 
rclations~e of *e clock pulses tJl1 and </>2• That 
is the periods of the dock pulses <f>1 and 
"<1>2 are completely identical hut ·only the posi- 115 
tions thereof differ and the dock pulse ~2 
is within the interval of the cl<>ck pulse ~1• 
The difference between the phases of the clock 
pulses </>1 and </>a is ·based upon the foHowing 
reasoning. . 120 
· If they are in the same phase, all of these 
switches are driven into "ON" state at the 
same time, and information stored in the 
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first·stage is instantaneously transmitted to the last. stage aruL no delay oc~.· ·A: digital 
delay· devi~' may: be constituted::by combiil-

CQI!: .c~ntrol a delay tttne in digital fashion ,jlS shown'. in: ;Figu.re:Shas a. Stibstailtiail width of switChing dufy;,cycle.}· •. -- .. -- . ~---· 

I· ' 
in'g t;wo-phase transmissioµ. switching opera.• 
tfo.n c·~ differeht;phase _with the inform~ion 
storing devices· and a dynamic register: can be, thus provided.dn -fact the phase of the 

, Considering iQ.'. duty. fycl,e)11 the· case of a 
series :dy~mk. registe¥ of N digits_(nN bits), 'lo in · 'connection with· . the· . • aiboVementioned lfeatu~) :at least four :Oir. mare syn-chronizing 
signals ·{corresponding to the: clock poises: t/'1 

". 
~.f; 
-~.-

10 

clock pulse: 12.is -completely identical to that of, the ftindainental sigrial. . --__ , 
·' By .way . :of :eX:aiµple, in Figure 7, it is: assumed :that: the<state' (A) is exhibited at first; Iri th¢. _dtjWing, the ·high- level and the 19W :level Of-the :.wa.vefomn indicate the levels C(>ttesponding: to:, "l" and "<Y~ -·respectively, 

15 stored in the respective memory element$. 
For example, in the state (A)~ the memory 
elelllerits Mm Mn~? -. Mn+2 and Mcn+3)• store 
ittf~ation.<:oriesp_onding to "l". 
. If' the: --cl()ck pulse 1'{ reaches the . "Oi?IT" 20 fo,Vel arid the -switclies s:n-1, Sn and Sn+l are driven· iritci '' the "ON''' state the memory 
eIChleni: M ~ . store's ,, 1" or "O" imormatiOii . . n 1 - _ . .. aecording 'to.; thcf mtemal conditions of: the 

75 

arid tfl2 of: Figure 5) are provided ·within a uriit of~the .time·-of one word-length. :There­
fore, -:if elem.ents each :having, ·the lfeature that 
the. infotiPation -level ean cc kept:'in a state 
that <information :shou1d ·be· correctly tmns.;. 
mi'tted ' .for . at least the time of. one word-1ength are:U6ed, -the ·limitati.011'-.0f the· duty 80 cycle can be neglected. . __ .. - __ . __ . - . ,-
-,Accordingly, putting, t11~ as one·'bit time, n 

as the number of bits.Jn o.ne digit .and· N as the number of digits of ·a:,.register, &uch 
a .state · shoUld ~e maititained .fur a period~ 85 'tbXnXN. - : ,. 

Preted1ng sta~1C-Siinila:dy, the tiiemory el~ 25 ment Mn- stores i.tifOrirui.~iOn from the memory r eleinent Mc~-1i·: ;and the memOfy 'element -tb<--. Mii~1 st0res_·iriforitiatlon·ifrom rhe memory ele- nN nient ·Mn.~-· As.rig that the information, "' st-0Jfed: in ail -element iS: 'not changed eVe.n if where r is< a time in-:which -an in.formation 30 ~~ergy'is stjppliecf:tO. the·next stage, infurmi;.; storing: element is kept.in a state of cOrrectly 90 tion ·.Stored'· iri, -the memory elements M<~-J>;' ~nsniitting :its content .. to the _next stage. As M~~+1i•, ' ... JS: not Changed. and the respective the abt>vem~ntioned, the present invention is elemint8 having Prlnles (') remain as they .are~ ·based upon. the discovery that the MOS type 'fhose· _stat~· arC: ·shown at (B). · -. field effect: transistor can meet .$UCh require-35 · }V·hen the.;~ock pillse tfl1 reaches the "OFF" ments-·_as the, above. _ _ _ _ level arid rhereaifter the clack pulse '/12 reaches When there. is :a plµrality of storage ele­$~ · "ON". · ~evel; · the _ in(ormati!>il stored· in ments having ·different characteristics in the the'.memory 'elements M~:..1, Mn and Mn+i is digital memory of Figure, 5, if the signal tj-aµ_8mitted tC? the memory elements Men-ii•, period: of bit time of the whole ~tro~ system 40 M~; and. Mi~+1i•:tespeCtively but the internal is determined . as tb by: measuring and ob­states 9f· si9rage Of· the: memory elements taii:J.ing· the,· values of their:· resp-¢ctive times M'n-h -M~, Mii~i; . ~·. are mt chmged. - during whi<::h: the ; ;memo.i;y can -be sustained · W;bell both: doCk pulses '/11 and· tp2, have and· :applying the least 0ne Jhereof to the -reached; the· ~'ON''~·-level, the c<>ntents of the above equation, it becomes possible to con-45 memory elements Mfo-m Mn•• and Mcn+1i• are trol ,information . in .dy~mic: fashion using -" transmitted' to the· memory elements _ M,;.; MOS : field. effect tran1>isto.rs,: :·switches and. M/.;+1.,.- ·:and: -Mi;,+~i" : respectively. The . same capacitors,': &Witches and i-Qductors, etc. 

.~O 
<"' . 

reswt is· obtained al~ With devices·: such· that Due to ,the time , limit ·during which the the<wntent:of ~ne device become8 necessarily . MOS .type_ field· effect:ttansistor can sustain the State "l'' or <CO'' wh¢n it is. transmitted the memory as the abovementioned, a speci­to t~ ·~ext ~e. '. fie minimum pCriod of the cloC:k: pul$C is pro.. Jt: the' m:emoij element is driven into an vided, and'.the period of the clock pulse is energy state ~sponding·ro "<Y' when- ttaQS-' · varied within a range:above said Umit in order mitted' to the 'eleirieti,t iii the next stage,- tile to achieve the shiift control of the dynamic ,55 state (A) of Figut~:7: is converted into a state: regiSted: by ·m.eans of variable control. How­., · '· slrowii: in Figure -8:~ The numerals in the ever, informati0n. contr01 need il,ot Ile executed fower pa.rt Of· Figure :8:· indicate memory·. 1for both cl:oCk: pulses ~1_.:ltnd '1>2>:For emmple, level.s of :the 'transmitted' 'informations. in the case-Of . right· shift;: the cclock pulse :When the· : &Witches · S<n-!l',. $in-1l'J- Sn, tp2 :may produte outputs , alway$ through ao 60 S~;,_::,,· .. aie Ieff in·the !'OFF" state for ·a lo,ng period ·of the. time <>Lone_ woof-.length and time;. 'sinte oa> stiltic: ·fli:p-fiop can keep: itS the· clock pi.Ilse 1<fl1 may ~ cimtr()}led to pro-energy level ~ardless of time but: a dYI1amic duce only four outputs> i :· . , > . . . flip,;fl<irp has .:a ·tend.ency l)f d.CCreasing ' its Figure 9 .:i~' a time .chart representing phase energy with :lapse: ()f · time :its duty · .cycle of relationship between the :clock pulses in the 65 switching is :limited. In· genera:I, a device which case of.right shift operation .. Synchronizing 
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signals may -bC j>roduced only during a pel\od and T17 operate as load resistance elements 
of the digit time T1t ;by controlling only the of the storing elements T11 and T12• This cir­
clock pulse "/>1• The reason will be described cuit successively and dynamically circulates 
below referring to Figure 5. Even if the . information stored in the gate internal capaci-

5. clock pulse ip~ is produced during a period · tan¢es of the storing elements in the circula- 70 
Tk. in. which the clock pulse ip1 ··is .not pro- tion loop by means of the switching elements· 
duced due to the intermittence control by the driven hy the clock pulses '/Ju 'f'2 and '/Is 
logic gate, the energies stored in the memory to store information of one bit. Lf the clock 
elements ·M(n-1i, Mn, Mln+i>' are mairitained as pulse "/>1 is not applied· ·but oniy the clock 

10 they are and not lost. The energies stored in. pulses '}>a and 'i's are applied, the memory 75 
the memory elements M1n-1>•• Mn• and M 1n+1i• state is maintained and static imormation stor-
are transmitted to the memory elements of age becomes possible immediately. A new 
the next stage by the first clock pulse "/>1 input is introduced when the clock pulse r/11• 

whiclt · follows. The energies will again be !s applied. T:he inside of the circulation ~()Op 
15 transmitted to the succeeding elements by the is clianged mto a new state by the clock 80 

next ciock pulse "/>2· pulse '/>2 at this time. 
· -Figure 10 represents a practical circuit of 

a dynamic register using MOS field · effect Use of three ·phase clock pulses is based 
transistors suited for semi<:0ndu.cto.r integra- upon the. following reasoning. If the switches 

20 tion. The respective circuit elements are COtn- inserted in the forniard path !from the stor­
posed of MOS ficld effect transistors but some ing transistor Tu of the fore stage to. the 85 
of them have not transistor function. Tran- storing transistor Tu of the hack stage and 
sistors T 

1 
and T2, serving information stor- in .the feedback path :From the back stage to 

ing action, operate as amplifying elements the fore stage are respectively C'OiltroUed 
25 having storage times and store energies in simultanoously ·· =l)y iust ~ one clock pulse «P2 

their gate internal capacitances; The respec- there will arise the !following disadviantage.. 90 
tive gate electrodes are comiected to the out- That is.. in the actual. operation:, when the 
put terminals from the preceding stages, the states of the fore stage and the back stage are 

. source electrodes are grounded and the drain different (conductive and non-conductive), and 
. JO electrodes are connected through an under- an input information is newly stored in the 

mentioned load resistor to a power supply transistor of the fore stage, iand if then a cloclc 95 
V1>n; Transistors T3 and T 4 switched by the pulse is introduced, the forward path and the 
clock plilses operate as switching · elements. lfeed..;back path will be dosed simultaneously 
The clock pulses '/Ji and ip2 are supplied to the resU!lting in an unstable' qperation, and a cor-

35 respective gate electrodes and the source and rect . storage · of the informa.tion can not be 
drain.· electrodes are inserted in a switching assured. For exainple, ~ppose that the elC- 100 
controlled circuit. Transistors T 6 iand T 

6 
con- ments are of P . channel type, ( - ) potential 

nected to the respective drain . electrodes of is·ibeing stored in the gate internal capacitance 
the memory elements T1 and T 2 operate as of the back stage element, the drain end of 

40, load resistors of said memory elements T 1 and the back stage is in zero potential sta·te, and 
T

2
• Such flip..flop circuits as memory units that then due to ~n application of an input in- 105 

.are connecrea in cascade in accordance with forn;1.ation. ( - ) potential is newly stored in 
the de8ired number of digits to· constitute a the gate in.temal capacitance of the fore stage. 
dynamic memory. At this time, the fore stage element is in 

45- . The ab~ve description has been made in conductive· state '8nd its drain end is in zero 
connection with a dynamic memory having no potential stagC. The drain .potential of the 110 
cfeedbaek loop. Even though a flip-flop circuit fore stage under said condition. tends to write 
utilizing ' MOS field · effect transistors is the· ne\v . informati0n · in the back sta:ge, the 
limited to ·the dynamic type, it can cyclic- zero potential of the :back stage ·already pre-

50 · ally store informations at every flip-flop and sent ·therein. tends at the same time to cancel 
can 'effectively store information suitkaHy if the ( - ) potential of the gate interna! capaci- 115 
inforniation feedback loops are formed be- tance of the· fore stage, and thus the new 
tween the succeeding stages. information Js -eliminated. In order t-0 avoid 

Figt.ire 11 is a structural di-agram of a sudi oceurrence as the above, it is necessary 
55 feedback type flip-flop circuit of this kind; tq choose the time con8tant of the feedback 

representing . a three-phase driving flip-flop p1lth to a la.t"ge : va:lue. One of the methods 120 
circuit· using MOS field effect transistors. It 1for this purpose · is to. use field effect tran-
is· different ·from the device of Figure 10 in sistors having mutually· different muttial con".' 
that· a~ ·it1fonnation .feedback foop is formed ductance or gate internal capacitance, but Since 

60 between a storing transistor T 11 in the first it requires a very high manufacturing tech­
stage ,·and ·a storing transistor T12·.· in:. the nique ro: integrate· within same one wafer 125 
second stage, and switching transistors Tia, the · field . effect . transistors having different 
T 14 iand T!6 are inserted fa .. the infonnation · mutuaJ conduetance or gate internal capaci'." 
tta'.nsmltting paths: to introduce .three-phase ranee . and, .. therefore, ' if is hard to obtain 

65: clock ·pU'lses .1'1J 1J2 and '/Is· Transistors T 16 the: field effect transistors of ll. uniform pre-

\ 
..... 

,~~. 
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.. 
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.. . determined electrical characteristic stable 
operation can not be expected . 

·.j~:' 

.// :· 5 

Figure 12 is a further embodiment in w~ich, 
in addition to two storing transistors T 21 and 
T"-:.' one storing transistor T23 is added in the 
output side. Transistors T24 , T2s and T2a 
operate as switching elements and transistors 
T:., T2s and T29 operate as load resistance -=~: • 

"':'.:\~.· , .. i 
••• :•;;;.,- C:· 

;_ 

elements. These circuits are only different 
10 in the kind of switching signal but are per­

fectly identical in the fundamental .operation. 
In any case, switching control of circulation 
and read-in is provided according to existence 

15. 

20. 

of the clock pulse p1• 

Figure 13 represents phase relationship of 
the above clock pulses tfl1, '/>2 and tfls· 

In one application of the invention the 
switching signals '/>2 and 'fl3 are maintained 
as they are and are not controlled at all by 
the synchronizing signal control deviee SC. 
A way of information control (circulation, 
left shiift, right shift) in this .feedback type 
dynamic memory is similar to pulse number 
control in dynamic memories as described 

25 above, but differs at a point that the switch­
ing signal '1>1 need not be applied when the 
contents of the .registers X and Y are pUt in 
a quiescent state because when the clock 
pulses lfi2 and lfi3 are being applied iniforma-

30 tion 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-

35 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 

40 charge which corresponds to a bit of in"'. 
.formation, . are c<>nnected in cascade and in 
which said stored information is shifted in 
sequence upon introduction of clock pulses 
each before said electric charges. disap~ar, 

45 means for generating periodically and succes­
sively said clock pulses which transfer said in­
formati<m and which controA the propaga- · 
tion of said information, means for gener­
ating instruction signals which designate the 

50 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 
MOS-type field effect transistor can be sus-

55 tained the occurrence of said clock pulse to be 
atplied to said dynamic memory correspond­
irig to said kind of instruction and thereby 
for causing said propagation of said informa­
tion to be varied and desired effective shioft 

60 operation performed. · 
2. An information control system, in acco.rd­

ance with Qaim 1, in which said control 
means interrupts at least one clock pulse of 
said plurality of clock pulses :for onJy a sped-

. ; 

fie period according to a desired shi<ft to be 65 
performed, to control propagation of the in­
formation in the memory. 

3. An infotmation control system, in accord-
ance with· Claim 1, in which said dynamic 
memory is synchronized with a plurality of 70 
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 75 
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 stages is 
switched by a plurality of clock pulses, and 80 
:a plurality ()f such memory units are con- · 
nected in cascade according to a required: 
number of binary digits to be stored. 

s.··An information control system, in accord-
ance with Claim 4, in which a bit interval 85 
tb of the synchronizing signal is selected 
according with a formula: 

where t is a time period for which the memory 
element will correctly transfer information to 90 
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 95 
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 100 
for returning information in the second-stage 
to the first-stage. 

8. An infoi:mation control system, in accord­
ance with Qaim 4, in which each memory 
unit includes one MOS type field effect tran- 105 
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, 110 
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~ US 
stage in a· memory unit of the dynamic 
memory, and said switches insened between 
the memory units being driven by a plumlity 
of clock pulses of different phases and only 
the clock pulses applied to the latter switch 120 
being modified. 

11. An information control system, in 
accordance with Claim 2, in which said 
dynamic memory is fonned so as to transfer 
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.. ... ,,,.~ 6 ililN ;:3~ :NnJnf~tion contr0Lsystem:t.in:accord-T2~:·one sto~ing•tran~ist0rT2s is added: in the· ance -with·.Claiin 1, in Which Sa..id dynamic <>Uql'\}t s.ideY·T~ist()~s T 24, T2G and T2o' memory j11 syncllronized ~th a plurality· of 70 operate as, swit:ehirig'.element11 and. transistors·. clQclS pµIses-·having·the ·same:perioo but dif:-T21, T2s and Ti!~ operate as load resistance•. ~eren(:phases~ - • •: · . : .;,,; v< . '· ·. cICmen(~.~ .· ... J)~e:·;··~ir~ts are only .different : · .. :\f!:.~~~-i-~fOnnation controJ .. system;· m ·accord•. 10 in'. the :kind .~ switdiing signal but are.per .. a.itce Witll<iQaim 1, in: •Which: said ·dl'namic fecily .i.dciiticalin the·f.~mdamental operation~: memqry :mcludes at least two MOS type field 75 Iri>'any. ·case;· $Witdllrig · control of circulation.·.. effe:ct. Jraii~{~9'1"S· ·at. least· one for• a firit-stage and· read~in ~ provid.ed' abcording to existence. ani:i · if :1¢a$t ;·i:lne : otherdor .a.; second-stage to· 
15 

of- tlie: clotjc pillse 1/11· . . . . -Coilstiti,1~¢' ~vmemory unit for storing· a binary.• . Fi~ 13 represents phase relationship of digit;:·a·:.path'between said illlemory:.8tages is. the:)above>d~ ptilse!l·~1:. !/>2 and !frs· switcliecFby::a pluraJjty~of •ctook:Cpu:tses, ·and 80 ·'.In ·:.one : appli~µQn. _ :<irf the invention the: a: ·:plUraHty~ of:.such ; memory: units> a:re con­switching signals.: .P~ · lliJd ·c/>a ··are maintained· nected · in cascade: iiecotding to :a· nquired .· · as'.they···a¢:i~·arfD,oteootroLied at all by nUinber>·or binary.digits ~o be stOred/ '.· · 20 the>8yncJirQiiizi,ng sign~l control device SC. 5.'Ai). ~Orinatfon controhystepl, in·~rd-A' .way Of ''ill!f~ittion:' contr~l (cirrulation, ance>~wit~ 'qaim :4i· in :which' Q bit'. mterVal 85 left:: :iihiift; : right' shift) Jn this feedback type t.;•: Oif: the .synchionjzinir. 11.ignal <is selected dyhalnk: memory is: sirriUar to pulse number aecordii1g with· a fofulilla: . " . control ifr · d~k · Ip,dnOries as desoribed : ·' .· ·. ·· · -·· · · 25 above, but difi'~ _a{a< point that ·the switcll- ·· .. , .. •. ·· :. 4: > ing signal ct>/ Ii~.· .A~ be applied when the - "'' ' : ti,·.< .. ·.·· .. n_N,' ··;··. · . · contents ()If: the regi11te:rs:x and Y are .put in ·· · ··. ..... . ·· · a"quies¢Cnt· 11i3.te, 'becau8e when the clock · ·· . . · •. pwses 1/12. and l/Ji(li]:¢J~eing applied iniforma- where•t1s a time periocffor:which the memory 30 tion is su~ained cirq;ifapngly through the feed- element wfU, ~p.rrectly: t:ra.rl$fer' information to 90 ·back path by two MOS type field effect the:next·tr8risistor and·nN i$ the total number transistors. · · · of the<riie!Do.ry .units• in the··memoty •. , .. -" .· :· ·.. · .· .. ,:·~;.·' ... 6/ :An; iDf()l:riatio:µ. OOii~l sj1steniJ ·:in: accord-: f11~1ni!!a~~: ~tem, oompris- r~~~:~::·~=e:~ t~ '=~:~eetc!u~!t 95.: .3S ing a dynamic ~Ory. in 'which a plurality, of the ~cfr):nemory unit'· Qf said:•dy.namic corres~g to ·the deSired number f#. bits. ~ll:l9.ry;: ·:::c.: ·. · , . .. . · .. · . · to be . stored~ · Qf MOS .type field effe;ct t:ran.-. : _ : .·. ·. 7, An 'iriformation :c(>nti-Ol syst~,Jn a:ccord­sistors, each · h~ving: a ~te internal . .oapaci- · : aoce with· Claims 4 and 6, in Which: said feed­tanc:e for tcinPO:rarjly storing an electrical back loop is .switched by anQther clock pulse 40 charg~ which -cort:esp0nds to· a bit of in- for returning• information in the secorul-stage !formation, are <:"9i11:1~~ted in cascade and in to the first'"~tage. . which said stored: inforri:lation is shifted in 8. An information con,trol system, in accord:. sequence upoii #it~llcPOil of clock pulses ance with Claim 4, iri which· each memory each before· said/electri~ charges disappear, unit incl\ld.es one MOS type field effect tran=-45 means for gm.e:tating'~odically and succes- sistor executing memory operation in the out­sively said clock pwses:which transfer said in- put side of the second-stage. formation and vvhitji. control the propiiga- 9. An information con'®l system, in accord-tion of ·said information, means for geimr- :a.nee with. Claim 4, in which switches are in­ating ins:tfuction ;signal~ ,which designate the serted in ~e paths between the memory units so kind of effective .·~ift :!>peration to be per- in said dynamic memocy and at least one fonned, a;tid COritr()l'rilc:itns for varying fur a clock ptilse .·applied thereto is modified only specific pe).riod. c)f JiitJe and within the time for a specific period. during which sai(f• inlfopnation stored in said' 10. An · imformation eontrol system, in MOS-type field. clfe(;i: transistor can be sus- accorQarice w#h Claim 9, in which a switch SS tained the 0CC1,1ti:ence.' Of said clock pulse to be is insert¢ •~~en the ·first-stage and· second:.. applied to said clyJiairiic memory ooJTespond- stage in.'a ·iinemory unit of ··the· dynamic ing to said kindi(>f:jlist:tiJction and thereby memory, jllld·.said switches inserted between for causing said; propa~tii,>n of said infonna- the mel)i~: . .µn:its being. d_riven by· a plurality tion to be variecL an(l ;desired effective shift of clocl<·-pulse( of different phases and. only 60 operation pei.fOtiJ:ied~ ,·. . the· clock pUl.s~s applied to the latter switch 2. An hiform;a.1:ion cootic>l system, in accord- being n1o:clified. ance wit$ CJ.iiim• 1,· in..Lwhich said conttol 11. An infonnation control 11ystem, in means interrupts. at !Cast ·one clock pillse of accordatj.te. with Claim 2, in which said said plura1ity of ~ock piilses :for oaj.y a spe-ci- dynamic m¢ln!>fY is formed so as rc;i; tr~er ,. "i: ---~·;: - ·.. 
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its· stored· iriforination to ·the right every 13: An information control system, in 
time the· clock" pulses are applied, said clock . accordance with Cl.aim. 12, in wbigh_gates are 
pulses bting applied to said memory ror provided in the paths through which the clock 
only a period corresponding to the required pUllses are to be led into the dynamic register 40 

5 number of digit shift positions when the and said gates are controlled by the result of 
memory content is transferred to the right, discrimination of the timing signals, operation 
Md the synchronizing signa:ls being inter- control instructions and clock pulses in the 
rupted fol'. only a period corresponding . to control· device. 
the required number of digit shift positions 14. An iilfurmation contro~ system, in 45 

10 when the memory content is transfemd to the· ace<>rdance with Oaim 7, in which said feed-
left. · back loop in the memory unit is switched with 

12. An information control .system in an -a time delay, the switch between the memory 
electronic computer, provided with a dynamic units being switched in a phase different 
register in which a plurality, correspondiii.g to therefrom, and the memory being synchronized 50 

15 the desii:'ed number of bits to be stored, of by use of "thtee clock pu:be$ having different 
MOS type field effect transistors, each. hav- phases and· only the occurrence of cloak pulses. 
ing a gate intern-al capacitance of tempor- for driving tli.e sW'itch ·between the memory 
arily storing an eleci:ric charge which corres- units. being mod:i1ied. 
ponds to a bit of information, are connected 15. An infonnation control system, in 55 

20 in cascade and which upon introduction of. accordance with Oaims 4 and 11, in which 
successive. clock; pulses ·before stored electric the MOS type field effect transistors pro­
charges disappea-r shifts said infonnation. in viding stomge and the switcheS' for switch­
order in synchronization with said dock pulses, ing · the information transihission paths are 
an arithmetic unit for processing the arimeti- constituted by MOS :field effect transistors 60 

25 cal operation of said numerical information -and ·are integrated in a semiconductor inte­
in said register to provide ai result, an opera- grated circuit.· · · 
tion generator for generating instructions 16. An in[On:nation control system substail­
necessary for the arithmetica:l operation pro- tfaJly as described · with reference to the 
cesses, a timing generator for specifying accom~ying dmwings. 65 

30 weights of digits of the numerical infom1a~ -
tion, and a control device !for_ discriminating 
between respective states of the timing sig-
nals, control means responsive to operation A. M. & WM. CLARK, 
control instructions and clock :pulses to modify 5, Stone· Buildings, 

35 at ·least one clock .pu!se of said plma:lity of Lincoln's Inn, 
clock pulses ifor only a specific period. London, W.C.2. 
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