-1 - 2116338 " A dynam ¢ random access nenory" The
presenzwkﬂyention relates to a dynam c RAM (random access nenory) which is
construgted of a MOS (netal -oxi de-sem conductor) integrated c'r%#L;d 5
The dy gwi' RAM (hereinafter referred to as a "D. RAM) incIEd#Q,@;p&é&ality
of meno cells for storing inforiation. The nmenory cell- is constructed of,%?
for exanple, a capacitor for storing the information in the form of A
charges, 10 and an insulated-gate field effect transistor (hereinafter
referred to as a "MOJREmi¥ rdMEom ' a88L8E0menokg™ Sel ecting an address. In
the DDRAM which is fornmed on a sem - conductor substrate, the charges

stored in the 15 capacitor within the nenory cell decrease with tinme on
account of |eakage current. In other words, the information stored in the
menory cell is lost with the lapse of tine. In order to keep the correct
informati on 20 st Ghed present gvmentieh| relates hecasdungmic performthe
so-cal led_refresh operation in which the information stored in the nenory-
cell is RBYd (sandper gccesss memar whythicRdiangonstruGEréten into the sane

menory cell . -2- The refresh operatjon of nory cell.s
y of a MOS %me ;i-oxide—seéicon uctor)n?nte rated

circuit.
5 The dynamic RAM (hereinafter referred

to as a "D.RAM") includes a plurality of memory

cells for storing information. The memory cell
is constructed of, for example, a capacitor for
storing the information in the form of charges,

10 and an insulated-gate field effect transistor
(hereinafter referred to as a "MOSFET" or "MOS
transistor”) for selecting an address. |

In the D*RAM which is formed on a semi-
conductor substr;te, the charges stored in the
- 15 capacitor within the memory cell decrease with
\_ _ time on account of leakage current.' In other words,
the igforﬁation stored in the memory cell is lost
with the lapse of time.
In order to keep the correct information

20 stored in the memory cell, it is neéessary tonperform
the so-called refresh operation in which the information
stored in the memory cell is read out before lost,

‘is amplified and is rewritten into the same memory cell.



|n a D-RAM of 64 kilobits is carried out by.a circuit having a self-r
function as described in, for exanple, a Japanese nagazi ne "Denshi Ciffg;EL
5 (El ectronics Technology) Vol . 23, No. 3, pp. 30-33. The D RAM
described in the literature has an exterpal terninal for the refresh
conttol . Wen a tefresh control signal of predeterm ned |evel is

appM-ed to the external terninal a plurality 10 of nenory cells within

the D- RAM are autonatlcall ﬁﬁnﬁf : \ he external
termnal for the refresh co mus qr#é% ocat. e;&éﬁn?ﬁ@y%%b“%o that the
cost of the devige d rﬁ“l@ﬁ@%f '614 QOISR Gad G ¥ £l tdiee el Ot er nal

termnals: 15 he D. RAM of° 64 kilobits referred to above is

desi gnedt o oper a{Rgk ni tah s?elSﬁ-ngalﬁ-ém\muW&e adieseibed tihas a reduced
nunber of external termnals (e.g. 16) by adopting an address nulti- plex

system That is,for dxanmplessead Japangse kegm 2ihef " Oén gh nSGi Jleswenor y
capacities of D.RAMs have becone large with the progress of sem conduct or
i nt egrated @& r cUiBleatotorieay\Techno gy Htc dfalt ng?3, ok, RRsi ble to
manuf acture a D. RAM having a 25 large capacity of, e.g. 256 kilobits.

-3- However, theGnidrer Tie R 1RAMderrRiRed siyrishe TitRraeere dag he D RAM

of such | arge capacit
9 é% exegrnal terminal for the refresh control.

When a ;efresh control signal REF of predétermined
\;. : level is applied to the external terminal, a plurality
10 of memory cells within the D-RAM are automatically
refreshed. 1In this case, however, the externél
terminal for the refresh control must be located
in the DFRAM so that the cost of the device incfeases
in correspondence with the number of external terminals.
15 The D+RAM of 64 kilobits referred to:
above is designedfto-OPerated with a single power
source. .Moreovef, it has a reduced number of external
terminals (e.g. 16) by adopting an address multi-
plex'system."That'is, it is encased in a package
20 of 16 pins. | |
The memory capacities of DeRAMs have
béébme largé with the progress of-semigonductor
'integrated. circuit technology. It has accordingly
becbme possible to manufactufe a D+RAM having a

25 large capacity of, e.g. 256 kilobits.



as 256 kilobits increases as conpared with that for the D. RAM of 64
kllo- s. Therefore, even 5 when the nultiplex systemis adopted for the
D. RA 256 kilobits, it is difficult to install this D RAMon t-he sanme .

package’ of 16 pins as that of the D. RAM of 64 kil obits.
t he D. RAM of 256 kil obits enpl egrng the address nulti -

More specifically,
10 plex system ’;},

requires 9 pins of address signal termnals, 2 pins of address strobe

signal term nal s yoRR%eGAhe jnd?dlﬂér‘)fofr %@.Q/s"wdft Qi termnal (W), 1-
pin of output signal termnal (DOUT),, 1 pin of input signal term nal

[err]) sdgeal spireduifr@iir Thd T8 RAM bF lseidh Nalrye adbauilty these pins

16. Therefore, the D-RAM of 256 kil obits becones inconpatible with

t he D. B&AM266 &4 llobidls tincrehses \aa cothpafiied Wi tdf tiset on the user side. In
order . to permt the self-refresh operation 20 as described above, the -

tota

D. RAM deed¢hieo Do®AMumS i6ad kiilidbittise r Shegelf camnt rentersi gnal
special external circuit for formng the refresh control signal

-Therefore, a

REF nust be
is

| 08at e¥hent $hge MulEiplraysYRten Agr édopted fath the A RAM circuit
undesirabl e. Myr eover, the signal. REF to be supplied to the external
-4- te ﬁ%ﬁlﬂ%tﬁ%@ll S IokeadRstadlly thisat | y in this case,
whi ch bsig %? %Ei%g%%ﬂ:a @aHG pins as that of

10

15

20

25

the D*RAM of 64 kilobits. More specifically, the

D.RAM of 256 kilobits émploying the address multi-

plex system requires 9 pins of address signal terminals,

2 pins of address strobe signal terminals {RAS, CAS),
1l pin of read/write signal terminal (WE), 1 pin

of output signal terminal'(DOUT), 1 pin of input
signal terminal Din) and 2 pins of power source
terminéls, and only these pins total 16. Therefore,
the D*RAM of 256 kilobits becomes incompatible with
the D+RAM of 64 kilobits and is very‘difficult of

use on the user side.

In order to permit the self-refresh operation

as described above, the D+RAM needs to be supplied

with the réfresh control signal. Therefore, a special
externalucircult for forming the.refresh control
signal REF must be located outside the D*RAM. The
increase of such external circuit is undesirablé,

Moreover, the signal REF to be supplied to the external

X



t he access cycle of the nenory becones |onger than is necessary. Mre
specifically, the wiring in 5 a printed circuit board on which the D RA!
is installed; has a conparatively large wiring capacitance and thus fqiﬁggg
.heavy | oad. The signal delay accord- ingly develops in.the wring. Thi
results in the restriction that the signral- REF to be supplied to 10 the

D. R4 cannot ‘be made quickly. A DRAMis used as the menory of, for

CHETBI €. 2, COMP s A 0L Il 1596521 POudtilod VA IR U1 TP

which is central a processing in uter,

controlled on thg hagis AssyShgitr! Akds ASCOLL Pl dqvt AFEEFad 0 the D.
RAM by the CPU is permtted at a periodical timng which is determ ned by

the operating chajad@idsd iGicd dhecKElhehdby SySéamas | >€t€haf's a
result, the timng at which the 20 CRPU can access the DORAM is periodically

set. This can beismelammalry hatMdhe spaesticaline thdAM bindg hen CPU i s
controlled by a timng signal having the certai.n period (a timng signal
havi ng t he shne periotat @l nenor ybeaod sen penichl)thdah<RAM i is Fgstral Ed 8 of
t he acconpanyi ng draw ngs shows a waveform  5- diagramof a timng signal
AC whi ch sti pul dtass a ronpR il skarge | wir big t greaFLFdnge tard D. RAM  The
start of the access to the D.RAM by the CPU ) : o
thus forms a heavy 'load. The signal delay accord-
ingly develops in the wiring. This results in the
! restriction that the signal REF to be supplied to
O h h 1 b lied
10 the D*RAM cannot be made quickly.
A D*RAM is used as the.memory of, for
example, a computer. A central processing unit
(hereinbelow, termed "CPU"), which is central to
data processing in the computer, has its operation
15 controlled on the basis of system clocks. Accordingly,
an access to the D*RAM by the CPU is permitted at
a periodical timing which is determined by the
operating characteristics of the CPU, the system
clocks etc. As é result, the timing at which the
Zb CPU can access the D¢*RAM is periodically set. This
"can be so deemed that the access to the D-RAM'by'
the CPU is controlled by a timing signal having
the certain period (a timing signal having the same

period as a memory access period). Part A in Figure

25 8 of the accompanying drawings shows a waveform



*

s not_effected when the timng signal ACis at 5 a high level, and it is
allo only when the timng signal AC falls. Information is witten into

or r out fromthe accessed nenory address of the D. RAM when the timng
signal/AC is at a low |l evel. The CPU accesses the D.RAM once in one 10 or
nor e cycles of the timng S|gna5 AC in accordance with a program In thg;f;
case where the CPU accesses the D.RAMin two cycles of the timng signal

AC, by dapgohmenEnpl eimiagDsReMails AOwhdetestdpulatiee thal | of the signal
ACin the first cycle but is 15 accessed in the fall of the signal AC in
t he nextmempcieacvessoperipteofalthe CPU tfox rtheh®-BARAM such as a decoder,
sense a lifier, input buffer, output buffer and tim ng generator CIrCUIt
are 20 Thenstaust of §hed?§§ﬁ=§§ &or dhier BAM by EhewCGPE r educi ng t he power
-d|SS|pat|on various circuit nodes in the dynanmic circuits are put into '
precharQédn9Fa?§§eFﬁeng§ﬁBeth&n&lgFégbﬁ&ﬂﬁé& A& ﬂééﬁéttlvely proper |evels
.The precharglng time

'|nt ?Sa?g 6Fﬂuﬁ8V9 gféﬁé g ré%ﬁ%l QH}Y|¥Hﬂﬂaﬁ§QAM *q8%et within a
time intgryal ﬂEr 091 8N antf%?mwwn' $ " Ur 13955555840 or

read out from the accessed memory address of the
D*RAM when the timing ;ignal AC is at a low level.
The CPU acceéses_the D-RAM once ip one - 2’
10 or moré cycles of the timing signal AC in accordance
~with a program. In the case where the CPU accesses
the D*RAM in two cycles of'the timing signal AC,
by way of example the D*RAM is not accessed in the
fall of the signal AC in the first cycle but is
15 accessed ‘in ﬁhe fall of the signal AC in the next
cycle. |
Various internal circuits in the D+ RAM
such as a decoder, sense amplifiér, inpﬁt:bdffer,
output buffer and timing.generator-circuit, are i\’ '
20 constructed of dynamic circuits with a_view to.
reducing the powér dissipation.  Various circuit
nodes in the dynamic circuits are put into prechérged
.States in advance, aﬁd are changed to respectively
proper levels in the subsequent active periods‘of

25 time.



'Sy the CPU. The precharging nmakes it possible to 5

shorten the access

time of the DDRAM The tine interval of witing or reading information in

the DDRAMis deternmned by a time interval during which the DRAMis
accessed by the CPU.- The access period of the D. RAM consisting of the t\
ti-me” intervals 10 is changed in proportién to that. nunber of cycles of

ti mwng si gnal

i nt erval

whi ch the DSRAMSROTION dhRSREP IS e i EhS

i nt erval

circuits thereoﬁ

AC which is determ ned by the program Accordingly,

for the prechar gigh idkddiarRGGRS TiRRY 1%t Sy ANANEG D a

predeterm ned rel ationship proportional 'to that 15 nunber of cycles of
timng signal
timng signa
| onger in a conauttemeofin trvalerdutring syhcedh ther DeRMMpliss ik saccessed
m cr oconput er,
because t he operbalt ithe §ibd Fhey prRgharaing mlmsr it passidnke diso the
frequenci es of systemcl ocks are |ow. Accordin ,_ the time interval during

AGattions iihtiriimoiadditd i Py meRAM hergpaesdwdvicthime
AC, nanely the basic period of the nenory access becones

than in a |arge-sized conputer of high operating speed

M-her Myreime t he tine

the tine

t he

whi ch th U g|v s the DDRAMin order, t echarge t i nt er nal
o S e

required for

wi'th the advanc

o

10
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20

25

ng Orr&3qLRg i"rﬂ i 30 ally

i’%ﬁ*ﬁp# ddeiniernal, of iyl s Wi BRAMS A hpr t ened

the D-RAM is accessed by the CPU. The access period
of the D*RAM consisting of the two time intervals

is changed in proportion to that number of cycles

- of the timing signal AC which is determined by the

program. Accqrdingly, the time inteqﬁyal for the
precharging in the access period is changed in a
predetermined relationship pfoportional to that
number of cycles of the timing signal AC which is
determined by the progfam.

The period of the timing signal AC, ﬁamely
the basic period of the memory access becomes longer

in a computer of low operating speed, for example,

" a microcomputér, than in a large-sized computer

of high operating speed because the operating speed
of a CPU in the former is low and also the frequencies
of system clocks are low. Accordingly, the-tiﬁe.
interval during which ﬁhe D-RAM is not accessed

by ‘the CPU, in other words, the time interval which
the CPU gives the D-RAM in.order to precharge the

internal circuits thereof, becomes longer.



integrated circuit technology. The precharging tinme 5 interval TpR given
to t . RAM by the CPU has therefore becone |onger than the tine interval
T whi is actually required by the internal circuits of the DD RAM That

is, t time of the difference between both the tinme intervals has becone

|l ong. 10 The difference tinme hasyna significance for the DDRAM and is, so&
to speak, a dead tine. It is an object of the present invention to overc

t he above di sadvantages and to provide a D-RAMin which the refresh of a
plurality of_nennﬂwei&imdlﬁnﬁervaut teictaially ye rlegutieeddnifiolrout i ncreasi ng

t he nunber of external termnals, which is capable of perfornmng at a
hi gh sp@@@chﬁﬁﬁyﬂﬁrﬁ?q(;ﬂﬂﬁgnﬂﬂe§éﬁpuﬂﬁ§eﬁ¢|Gﬁe D&Y haspr ovi ded a dynami ¢
random access nmenory which has 20 nenory cells that need to be periodically
ref r eshNOGtANEG NIt the AdvEREemens HBfo GG CORGYCEREi r prechar ged states

and thereafter Q;o thei.r eratln sta§§§ and.an external term nal which

is suppHQQfQHQH? ﬁ%ﬂﬁﬂ%&; 89%igndPCaRESTRAEANY £388ssed 25 i n
respansg t 8 alddr;éﬁ e tr%bq: %I .ijnp%lynq_hgagﬁuah)alsrst | evel ; said

dynam c ran omac@ERss nenory inc a pul se generator

whi ch gqg@x%tf%%er Hd e qt&na%% WA @9leSGliied lht&%r%qqrqss stfobe si gnal

bei ng ma _
which is actually requlred by the 1nterna1 c1rcu1ts -

of the D-RAM. That is, the time of the dlfference
between both the time intervals has become long. o
10 The difference time has no siénifiéancé fér_the
D-RAM and is, so to speék, a dead time.
It is an object of the present invention
to overcome the above disadvantages and to provide a
D-RAM in which the refresh of a'plurality of memory
15 cells is éutomatically effected without increasing
the number of external terminals, and which is
Capable of péfforming at a high speed.'
- According to the present invention, there ' -
is provided a dynamic random accéss memory which has |
20 memory cells that need ﬁo be pe:iodiéally réfreshéd;
internal circuits that are_broughf into their
precharged states and thereafter into their operating
states, -and an exterﬂal';erminal which is supplied
'with an address strobe signai and which is accessed
25 in response to the address strébe_signal being médela
first level; said dynamic random access memory' -

including:



L]

second level different fromthe first level; and (b) an address count er\\
which forns refresh address 5 data by counting the refresh pul ses oqégﬁg
feom the pul se generator; whereby a refresh timng of the nenory cel
specified by said address counter is deterqigeq solely by the refresh
put’ses output fromthe pul se generator, the generator 10 itself being

render ed operative whenahha aHdkeSgenbralersiaieh gane&aiegdraesegﬂ beYSLs
wi t hout the need for an external térm nal dedicated exclusively to refresh

control. The autb@oa idete@ftiagh the’ addreRer b@robet B@gaREr BblingSmaliet e fir st
prechargi-ng the internal circuits of the 15 D RAM (tine interval Tp),
subsequent | y r efseesindnd ededi Gdd ferenty feem thet fiestnileredl; padr]), and

t hereafter executing the precharging again (time interval [err]). These
operations of the autorti)i @ eddeeisscicosnterawbipbr formsdreifrksh abddresae
interval T which is afforded to the D RAM by the PR 20 CPU in order to
precharge thé | fadendly souaring thg xgfreshhpulsesi Suspuss frpa sheokrulre
refresh circuit, the refresh of the desired nmenory cells in the D RAMis
carried out wit/SPeREddad tine. Therefore, the CPU can access the D RAM
in the effect, as a static ?AM 25 (chereinbel.ow, ?erﬁed "S RANTL In IR
addition,.this D RAM di‘”ts"ﬁé-'ﬁ s AFEFTESE EAMERSI Ofi §he PRRRPTYoFeLAE SRESHAAPR
refresh Contr0|6§5§é(§“éaaiés% E%%nk%&qu'ﬁ%thBéNLBagb@Q1y by-%hé refresh

. pulses output from the pulse generator, the generator
k/} 10 itself being rendered operative Qhen-the address strobe
| signal is at said secpnd level, without the need'for an
external terminal dedicated exclusively to refresh contrél.
The automatic refresh circuit performs the operations
of the first'prechargiﬁg the internal circuits of the
15 D RAM (time interval ?P), subsequently refreshing desired
- memory cells (time internal TR), and thereafter executing.
.the precharging again (time interval TP). These operations -
of thé automatic refresh circuit are performed within the-
Q;/ , time'intervai Tor which is afforded to the D RAM by the
- 20 CPU in order to'preéharge.the internal circuits.
Owing to the provisién of the automatic refresh
circuit, the refresh of the desired memory cells in the
D RAM is carried out within-the-dead time. Therefore, the
CPU can access the D-RAM in the effect, as a stati¢ RAM
25 (hereinbelow, termed “S RAM")." 1In éddition,,this D RAM
diséenses with the control signal REF for the external

refresh control as required in the foregoing D RAM having



+

the self-refresh function. Therefore, it is not necessary to provide any

speci aj—~external circuit outside the D RAM I'n the D-RAM capacitances
such arasitic capacitances which are coupled to wiring 5 Feads .
formed/)/n the internal circuit thereof becone conparatively small because

possi bl e to render the transmi ssi @n-speeds of signals conparatively high.
More specifically, in the 10 case where the control signal REF is -
supplied o] e a ' Lt to M a before, the
operatinéhépggg?orgfhggg.ExkrﬁgghfnitggggﬁPpﬁé’tﬁgngkiéggon speed of the
control sigeakaREFtef peboWak aRyMspedB1 exAerphdi BIhyyiguch externa
control 15 signal is dispensed wth, and hence, the operating speed of
‘the D-RAWutsiakl epedptaalMe rairpednel D-BANEr chparBtanceki ghky retain the

i nformati on of the respective nenory cells, the D-RAM nay be so constructed
as to peaboparasiaddi thpaaltifdcesr ehiekhavpecaupdedaltsowiniagt i me i nterval
that is determned by the conbination of the state in which the DDRAM i s
not SaccedesdshyormedChty she thsesnatleciimculiitchhelreofi tieagmei gnal AC i s hel d
at the lowlevel. In order to permt the additional refresh 25 operation,
a det ect 6PMRRFAGLVeLYr SHeddcPrRgUPE the ¥ird®g BgadiearPU has occurred is

| ocated within the D RAl ' _
' %%bricated by Igltechnology. It is therefore

"the-wiring |leads are fabricated by IC technology. It is therefore i3; 

-

&/

possible to render the transmission speeds of signals
.comparatively high. More specifically, in the
10 case where the control signal REF is sﬁpplied-frém'
the external circuit to the D.RAM as stated before,
the operating speed of the'D-RAM-is limited byﬂthe.
‘transmission speed'of the control signal REF of slow
transmission. Accordingly, such extefnal control.
15 signal is dispensed With, and hence, the operating
speed of the D-RAM is allowed to be raised.
In order to more reliably retain the
information of the respéctivé Memory cells, the D-RAM ;ﬂ;
‘may be so constrq;ted as to perform an additional |
20 refresh operation.also in a time interval that is
deterﬁined by the combination of the_state;in which
the D-RAM is not’acCeSéed-by the CPU and the state
in which the timing signal AC is held at the low
level. 1In order to permit the additional refresh
'25, operation; a-detéctor circuit for deiecting if.ﬁhe
| access by the CPU has occurred is located within

the D*RAM.



- 10 - The output signal of the detector circuit is supplied to the

automatic refresh circuit as, e.g. an operation control signal.. In
agcordance with this arrangenent, when it has been detected by the detectgg.
5 circuit that the D-RAMis not accessed, the automatic refresh circ

| s=€onti nuously operated. Part B in Figure 8 of the acconpanying draw n )
showg the waveforns of the refresh operati B: The i ni num val ue of the
precharging tine [err] allotted 10 to fhg D RAM by the CPU is stipul ated
by the tim.ng signal AC Supposi ng that the D.'/RAM has been accessed until
atinme [err], the prechargThg etitphé Bhgeehabfckheudesecheresfircaist ast ed
in response to the fact .that the timng signal AC is brought to the high
level 15 at theSUPRELEEr tP. theTREtPBRERShrEHERAN 6ATFY1St APbe§ & ANtime
t1l at which a predeterm ned prechiLgLng'Eerio? [érrL has Iagsegi The :
refresh operati on®PET@hdeR SPPATPLNE8iBBRL} at “RhPEROLIBPEReMerRi fBdSr ef r esh
period [err] has | apsed. he_ precharging,of the.internal circuits is
Cvarted a the ti RETEEEPPeRa: HPeR TP ooRarg Ry B Eraby ok e derBSER « ne
time [err] should l,t ab nd,heho a; L [ whi - ss to
the D RAM i o per mer ot CRaErPnRebIRRMTLL! BB Ll SEEbslbat LRy, SuraSaRTs |

to the tinme [err] pegrEBeeclipract EBQBO%?iBHSﬁE&gCBEFGE@QdEi”E interval
which is required by the internal circuits of the RAM In the case where

the D-RAM has not been acc@ag@dB in Figure 8 of the accompanying
.K,f drawings shows.the wavefqrms of the refresh operation.'
T The minimum value of ﬁhe brecharging-time TPR allotted
10 to the D-RAM by the CPU is stipulated by the timing
signal AC. Supposing'that the D-RAM has been accessed
luntil a time tO’ the precharging of the internai
circuits thereof isustérted'in response to the fact
that the timing signal AC is brought to the high level
15 at the time t,.. The refresh operation is started. at
a time t1 at which a predetermined preéharging period
‘I‘p1 has 1apsed. Thé refﬁesﬁ operation is ended at a
\/’ . iime té at which a predetermined refresh peridd TR.
has lépsed. " The precharging of the internal circuiis
20 is started at the time té again. Thé precharging
operation started at the time t, §hould desirabiy end
"before a time tj at which é re-access to the D-RAM
is permitted. Accordingly, the time interval sz
from the time_tz.;o the time t3 is made longer than
25 the precharging time interval which is réquired by

the internal circuits of the D-RAM.

In the case where the D-RAM has not been accessed
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- 11 - at an accessible tinme [err], that is, in the case where the D. RAM

has been accessed in spite of the change of the timng signal ACto the
| o el, the refresh operation is perfornmed again as indicated-by a .
bro line in part B5 of_ Hgure 8. In this case, the precharging of

the internal circuits has aLreadj'ended when the timng signal AC fal{s-t;;
fromthe fhokicbeysivie thgel oW, | engt. 1 8CCORAL Rl ¥asth@nhapt OtREI C refresh

circuit is so constructed as Po |nnediafely performthe refresh 10 e
.oper atbopaMfhasendesbeed meseegedelihsspitknofiddhti 6Rangbeorethesh operati on
and the precharging operation may be carried out a plurality of timnes

w t hi ntihengi skgnalleACatoTRhe lbw bvslgasbhe aeftashl opgratioenory cells
can be refreshed within the tine interval TR 15 The present

i nvent Lsnperformed seadnsasi badicatgdehvea Hepken byneaynopaekakple with
ref erence_to the_acconpanyi ng dramﬁngs, wherein:- - Figure 1 is a block

di agr aff of 1&urer 8¢ préFngéé'FéﬁﬁvoF & PrRaRprgang of the  rFigures 2 and 3

ef o ' f expl ai ni t d and It ti f th
D RaM LRERFRTh SEGRPELS: hafyRiE A PeehdBHOHR=T, 0P A-EhD8 ng one form of an

SO GRS AESRaTHE hn, e hag.herar HOUFRR SoRSeeRLS b !

di agrans®each " showing o p portions of -

the ULOEBEEnEEy! CEReChbEbhhE 1E' UFR elnl 81AckaYelar godi agram for -

expl ai ni n
constructed as to immediately perform the refresh

10 operation of the desired memory cells. In additidn, _ k)-
the refresh operation and the precharging operation may
be carried out a plurality pf times within'the tiﬁe
intérva; TR' In this.case, a pluraiiﬁy of memory cells
- can be.refréshed-within the time interval Tg.
15 The present invention will now be described in
greater detaii by way of example with reference to the
accompanying drawings,-wherein:— o
Figure 1 is a biock diagram of a first preferred
form of a D-RAM; o - | -
20 Figures 2 and 3 are waveform diagrams for .
explaining the read and write operations of the D-RAM
shown in Figure 1{
Figure 4 is a block diagram showing one fofm of
an aﬁtomatic refresh circuit;' |
25 | _ Figures 5 and 6 aré'circuit diagrams each showing
other preferfed forms of the essentiai'portions of the

automatic refresh circuit;

Figufe 7 is a waveform diagram for explaining



-12- the automatic refresh operation; Figure 8 is a waveform di agram for
expl aining the operation of a D RAM and Figure 9 is a circuit diagramo
sgcond 5 formof a DDRAM Referring first to the D-RAM shown in Figu f%;
1, the bl ocks enclosed with a two-dot chain line are forned on a singl
seri-conduct or substrate by known sem conductgr _production techniques. 10
Thesd RAM has an earth terminal which i s confiect ed to the earth potenti al
GND of the circuit, a power source terminal which is supplied with a supply

vol tage VDD such @ggegﬁkomghgg p@@pgghpgbeyg&qbﬂal whi ch delivers a read
data signal [err], an input termnal 15 which is supplied with-a wite

data signal DIN a wite ceagupe Beigl Bakawkifehn disgpRhi edrwekblaininge
enabl e signal WE, a control ternminal which is supplied with a col um

address strobe si ghal oG48ataonontr al Dt @AMi;nahdwhich is supplied with a row
address strobe 20 signal RAS, and address input termnals which are
supplied with address signﬁﬁsurerﬂ]isoa[eﬁrFUQﬁ Hdéegyamopér g] senond
mul ti pl exed fashion. Al though the D-RAM shown has an automatic refresh
circuit 12 t@ be &68Brpbed PaR8M. it does not 25 have an external control
termnal to be exclusively used for controlling the circuit 12. o
: Referring first to the D-RAM shown in Figure 1,
the blocks enclosed with a two-dot chain line are
formed on a single semiconductor substrate by known
semiconductor production techniques.
10 - The D-RAM has an earth terminal which is
connected to the earth potential GND of the circuit, a
power source terminal which is supplied with a supply
voltage VDD such as +5 volts, an output terminal which
delivers a read data signal DOUT;'an input terminal
15 which is supplied with a write data signal D, a
write control terminal which is supplied with a write
enable signal WE, a control terminal which is supplied
\_/ ' with a cdlumh address strobe signal CAS, a control
terminal which is supplied with a row address strobe
20 signal RAS, and address input terminals which are
supplied with address;signals Ao to Ai or Ai+1 to Aj
in multiplexed fashion.
Although the D-RAM shown has an automatlc
refresh circuit 12 to be descrlbed later, it does not

25 have an external control terminal to be exclusively

used for controlling the circuit 12.



-13- The supply voltage delivered froma power source.unit (not shown) is
suppl jegd across the power source termnal and earth term nal of the D RAM
Thusfwayious internal circuits constituting the D-RAM5 are brought -
into gl r respective operating states. The output term nal, input :
termnal, control termnals and _address terminals of the D-RAM are coupl ed,
to a CPU (not shown) through™a Control | er (not shown). The arrangenent_of\ér
menory array 1 is the 10 same as a known one, and has a plurality of menory
cell's arranged i n Therstupply voRAcgeofdeliyeredbrirareld pawerforned into a
one-MOS transistor/cell structure, whereby each of the nmenory cells is
conposed Seurs es ntidhi(mg tvebopindndiss tsgipp lded & cfsdcitthey Masterr et ai ni ng 15
i nformati on. The gate of the switching MOS transi stor acts as the sel ect
terni nal SOUIGFe YR land eardn ferdidad &ft Lhes Bie™at a i nput/ out put
term nal ,of the nmenory .cell. The sel ect termngls of .th ry cells in -
the mat r BUe WEEHRRES df S5 Ay & ARG Y GO LITHARE Jie Btk the data
I npwt / out_put hnal; r t atg ] e aderr]-[err],
ord oo SRl B TSty el iha et det orm ne a
ref erenc 0 Ll 4l : I n fr.am I l1.5.« The word
Q'h%wto% e t.e'?‘nﬁ‘?x%q.,l 3n8>l\'.\tt %rgr!k iirfz0M (e %rg@éxrag

lines W - are respective assi gned row §Ees. These:
wor d |in%%da%@dress terminals of the D-RAM-are coupled to a | -
CPU (not shown) through a controller (not shdwn). |
- The arrangement of a memory array 1 is the | R‘J
10 same as a known one, and has a ﬁlurality of memory
'cells.arranged in é matrix. Each of the memory cells_
is forﬁed into a one-MOS'transistbr/cell.structure,
whereby each of the memory_cells is composed of a
switching MOS transiséor,'and a capacitor for retaining
15 information. The gate of the switching MOS transistor
acts as the select terminal of the menmory cell, and
the drain acts as the data input/output terminal of the
memory cell. The select terminals of-the memory .

cells in the matrix are connected to word lines wo - wk,

20 while the data input/output terminals are connected
0’ Do
also includes dummy cells which determine a reference

to data lines D -D_, D .  The memory array 1

m? “m
potential in reading out data from the memory cells.
The word lines WO - Wk are respectively
25 assigned row addresses. These word lines are

connected to the output terminals of a row decoder and



connected to the output termnals of a row decoder and - 14 - driver 3.
The data lines [err], [err] -[err],[err] are connected to a colum swtc
t.hrough a sense anplifier 7. One set of adjoining data lines, for exaﬁ%é?)
[err] and [err] 5 * are paired. - The respective pairs of data lines a
asSigned colum*addresses. =~ The paired data |ines are selected by the
coFﬂhn switch 6. The illustrated interrall4ci-rcuits, such as a row address
buffer 2, the row decoder and driver 3, a 10 col um address buffer 4, a
colum decoder and driver 5, the sense anplifier 7, a data input buffer 10
and a data out putdrdy®res-11, are constructed of dynamic circuits in order

to reduce the power dissipation of the c%rCULLs. ThﬁL is, these internal
circuits have 15  circui £ 08 8fdRt $1866hDge Poechugi Me PBE CPRRECLESr s

(not shown) which are dynam cal.ly.drivyen. Prechar I -Qr, bring

these internal citcdi € PWPOSVH§¥P Sré@ﬁgyééd%s%§%§§P%§%§§€gﬁ¥k?r pupggs

for bringing themnte Gheid; ARE" ALAT134ALES (a1 deldpier o Lhompr 20

si gnal " gener at or §, he “si‘gnal " generat or 8 del'ivers the préchargeSul ses to

be supplieddo theg rHaFtrr"&fﬁl. Ci TR\l 1resplel tHORPPRIE o Bt R t@NaRGR sOfarkche row
address strobe signal [err] fromits'lowlevel to its high level, this

signal 25  bei ngssuippledde@ dl@mnhadreeisral. t emMiidnglaitfed ke taeMings are

selected by the column switch 6.
. : .The illustrated internal circuits, such as a
| row address buffer 2, the row decoder and driver 3, a
10 colﬁmn address buffér 4, a colﬁmn decoder and driver 5,.
the sense'amplifier_7, a data input buffer 10 and a
data output buffer 11, are constructed of dynamié
circuits in order to reduce the power dissipation of
the circuits. That is, these internal circuits have
15 circuit eleménté-suéh aé precharging MOS trahsistors
(not shown) which are dynamically driven. Préchafge
pulseslfor bringing thése internal circuits into their
N/ precharged states, and.control pulses for-bringing
them into theif operating states are delivered from a
20 signal generétor 8. |
The signal generator 8 delivefé the pﬁecharge'
pulses to be supplied fo the internal circuits, in
responée to the change of the row addréss strobé signal
RAS from its low level to its'high level, this signal
25 being sﬁpplied to the éxternal terminal of the memory

chip. The signal generator 8 also delivers the



chi p. e signal generator 8 also delivers the - 15 - control pul ses
in res to the row address strobe signal RAS and the col um address
st robe nal CAS. Figures 2 and 3 are waveform di agrans show ng the
operations of the read cycle and wite cycle of 5 the D- RAM shown in
Figure 1, and the operation of thg D-RAM w || now.be described with =,
reference to Figures 2 and 3. Fir ? “the levels of the respective row V7
address signals [err] - [err] are set at such levels in 10 order to ,
sel ect t heontwoddduésesofinardeppned kenbhg cewl addrkiss sheobenory array 1.
Thereafter, the RAS signal is nade the |ow | evel. The signal generator.
circuit ssi@BRéi RAStanp réhér?@éuﬁﬁ angS§§85fPQP§v§dé§aé €88trol signal
[err] in response-{o the f of .the 15 - RAS SI nal . When t he si gnal
[err] has been proVir8&88%St eaPSMPaGHPe§§VSGPFEr a@ﬁé@élﬁQPWéPgreferred to

as "R-ADB"') whi ch has bee eviou X h t he prech eg state is
br ought |ﬁ 8 ?ﬂ%rSSénglﬂg g%ﬁtgeaas Xcﬁgsﬁpg wfﬁéer8%C Péss S|gnals
[errk - ]RaﬁEMZQh aPRLi e LR tﬁe §n?D§h% %ﬁ%raﬁﬁ%ﬁegngﬁge
response t om1a ress Si 6na generates

i nternal ﬁdﬁﬁﬁ5§1§igﬂéh5bEEBELcrLBEB]wltkePEk _LﬁE%]t%fFH BURegnd fal se

l'evel s. e reason why the RAS signal Is na ater than the 25 . row
address spggalsaferr] -[err] is in order to ensure

First, the levels of the respective row
address signals AO - Ai are set ét sueh levels in. _ "QJ
10 order to select the row address of a desired memory
cell within the memory array f. Thereafter, the RAS
signal is made the low level. The'signal generator
circuit 8 (hereinafter referred to as "SG 8") provides
a control signal éARO in response to the fall of the
15  RAS signal. When the signal éARO has been provided,
the row address buffer 2.(hefeinafter referred.to as
"R-ADBﬁ) which has been previously held in the
precharged sﬁate is brought into ﬁhe operating state.
As a result, the row address signals Ao - Ai are |

20 applied to the R-ADB 2 and latched therein. In

response to the row address signals A0 - Ai, the

R-ADB 2 generates intérnal address signals

a., a~. - a., a. of true and false levels. The
0 0 ~i i :

reason why the RAS signal is made later than the
25 row address signals AO - Ai is in order to ensure

a reliable supply of the row address signals



+

a reliable supply of the row address. signals 16 - [err] - [err] to the
R-ADB. Next, the signal [err] delayed by a predeterm ned period of time
amith respect to the RAS signal is applied to the R ADB. Upon the = :{D
generation of the 5 signal [err] the internal address signals [err],
[€rr] -[err], [%err] produced by the R-ADB are transnmitted to the row -
deeoder and driver circuit 3 (hereinafter referred to as "R-DCR'). The
" R-DCR 3 decodes the internal address signal’s F@rr] [err] - [err], [err].
Anongst - t he decoded 10 signals of the R-DCR 3, onIy t hose which are to be
sel ected remain afy theAhIQQ lkeelR-pdd the others which are not to be
sel ected are broug@t tolthe low | evel. Subsequently, a signal [err] which

is delayed 15 by a predefeaity te@ ReEned. of, 1 idea ayeldh byespgiteded dritined
~signal AR is delivered fromthe SG 8. &ﬁ t he generation of the signa
- [err], the decodegesiigalos frdmeedr ity wmngcBCRoBummeﬁﬁﬁammgﬁdkxigC)the r ow
address lines of the nenory array 1 (hereinafter 20 referred to as
"M ARY"). The reppdieshya haesiRgiddIB.[ er Upans Wel @peenaitilon edfpddie to the
signal [err] is in order to operate the R-DCR 3 after the operation of the
R-ADB 2 has éndedsigngd. thigs e iienned address isdansd SVapRY ) is.3get .

That is, one row 25 address I|ne in the MARY 1 is selected by one
a; produced by the R-ADB are transmitted to the row

decoder and driver circuit 3 (hereinafter referred to
k(}' ' as "R-DCR"). The R-DCR 3 decodes the internal

address signals agy a5 - a;, a

i Amongst the decoded

10 signals of the R-DCR'3, only those which are to be
selected remain at the high level, and the others
which are n;t to be selected are brought to the low
level. |

Subsequently, a signal éx which is delayed

15 by a-prédetermined period Qfxtime with respect to the
signal ¢AR is delivered from the SG 8. Upon the
generation of the signal éx, the decoded-signals.
formed by the R-DCR 3 are transmitted to the row
address lines of the memory array 1 (hereinafter

20 referred to as-"M-ARY"). _The_feason why the signal
éx is delayed with respect to the signal éAR is in
order to Opefate the R-DCR 3 after the operation of

~ the R-ADB 2 has ended.  In this way, the row
address in the M-ARY 1 is set. That is, éne row

25 address line_in.the M-ARY 1 is selected by one

high-level signal amongst the 21""1 output signals of



hi gh-1 evel signal anongst the [err] output signals of -17- the R-DCR 3.
Next, data signals corresponding to the information of "1" or."0" read out
fromtReDrjespective menmory cells, which are connected to the seletted 5
single detv address line in the MARY 1, are anplified by the sense’

anpltfier 7 (hereinafter referred_jorﬁs "SA 7"). The anpllfylng operathvf
of the SA 7 is started upon the generation of the signal [err]. At . a - -

correct tinme illustrated by the 10 waveformE in Figure 2, the respective"
level s of thtfe RediGhim® -address signal s [err] -err] are set at such levels as

sel ect the colum addres f. the d hereafter, when
t he CAS signal has g&ahﬂnﬁ%§ ?eﬁﬂﬁr%ﬁf%§ ﬁ%gprovﬁﬁ% a S|gnal [err]

from15 t.h the cal def e r lied t
the col umt c?d'rneas 3 f?fgr *(*W;’%’gl g%f tStZréd err e ot]haes r[e%r‘{f][gB r‘pe4agpd| © °
| at ched t Wy g&en&%%@tg@adhé Sdmdadater than the

col um address S|gngls [err]- Jerr] 1s in order to 20 reliably supply the

C- ADB i t hs {18 £ M Ak 591 S INen Se1ds NAERY Ol Uraredghiesisried the menory
array. Subsequently, a signal[err] delayed with respect to the CAS signal

i's delivergd dHomddse SaBlifder i1 (Serpa ikt rdffer@dD® 4s  Upon the 25
generation of the signal AC the CADB 4 transmits . _
"SA T"). The amplifying operation of the SA T is -
- started upon the generation of the signal 6PA’
At a correct time illustrated By the ' : (%)
10 waveform E in Figure 2, the respective levels of the
column addrees signals Ai+1 - Aj are set at such leve;e
as select the column address of the desired memory
cell. Thereafter,'when the CAS signal has been made
the low level so as to provide a signal éACO from
15 the SG 8, the column address signals A1+1 - Aj are
applied to the column address buffer (heteinafter

referred to as "C-ADB") 4 and latched therein. The
reason why the CAS signal is made later than the' Q:)
_column address s1gnals Al 1 - Aj is in order to

20 reliably supply the C-ADB with the column address
signals as the column address in the memory array.
-Subsequently; a signal ﬁAC delayed with
respect to the CAS signal is delivered from-the sG 8,
and it is applied to the C-ADB 4. Upon the

25 generation of the signal dAC’ the C-ADB 4 transmits

internal address 51gnals 33,010 3441 -.aj, j



internal address signals [err], [err]- [err], [err]; - 18 - 7~
correspondi ng to, the columm address signals, to the colum decoder an )
driver circuit 5 (hereinafter referred to as "C-DCR 5"). The C-DCR
generates [err] decoded signals by an operation simlar to that 5 of theé
R-DCR 3. Anongst the decoded signals, one which corresponds to the
coﬁﬁination of the internal address signall8 s brought to the high |level.
Next, a signal [err] delayed with respect to the signal [err] is applied

to the CG-DCR 5.  cbppaspbadgegetat tpe eb1dfint hedpks8akikRalk, thecdecoded
signals are delivered fromthe GDCR 5 and transmtted to the nultiplexer

or- col um switch ¢bgumhndétedertandedriteBWeirbuit bn(hbresihw@yert he col um
address in the MARY 1 is set, i.e. one of the bit lines in the MARY 1 is
sel ected by the 1BeCesred. tonasnkGePORall) ess Thet BeDORARYgénesases by such
setting of the row;a¢ddress and the colum address. Next, the read and wite
operations for thé-setdadadedsshEnalpebyeanrpbenathoyr eamétagetai thapo

A read node is specifijed b§ the high level of the [err] signal. The WE
signal is made thefnhtBe RabeR Bef or bmepastchiesdgrafefssigaaleneondw | evel .
Preparations for t ead _operation_ar e YE si to

the high |evel. wEﬁEérﬁPﬁﬁgﬁ?oﬁgs ﬁﬁeﬁhgﬁggvgxggékg Iﬁgsgggeﬁnb?ﬁggﬂl to
the high Ievel address signals is brought to the high level. Nexi,
; a signal dy, delayed with respect to the signal CI%
&J_ ' is applied to the C-DCR 5. Upon the generation of
10 the sighal 6y, the:deCOded signals are delivered from
the C-DCR 5 andlﬁransmitted to the multiplexer or
column switch (hereinafter,'termed "C-SW"™) 6. In this
¢+ way, the column address in the M-ARY 1 is set, i.e. one
of the bit lines in the M-ARY 1 is selected by the
15 C-3SW 6.
. One memory'address in the.M-ARY 1 is set by
such setting of the row address and the column address.
( - | _ Next, the read and WPiﬁe opefations for
~ the set address will be deséribed'in'greater detail.
20 _ A read mode is'specified by the high level
of the WE signal; The WE signé1 is made the high
level before the EK§'§ignai is made the low.level.
Pfeparations'for the read operation are'made by
bringing the WE signal to the high level. Aécordingly,

25 when the WE signal has been brought to the high level



- 19 - in advance, the read operation gets ready before one address of the

M ARY A aps set by making the CAS signal the |ow |evel. As a result, the
periotine for starting the read operation can be shortened. 5

When a“sfgnal [err] which is a CAS-group signal. OP has been provided from
the SG 8, an output anplifier (notgshown) which is included in the data =<5
out put buffer circuit.11 (herelnafter referred to.as "DOB") is responS|vePy'

d, | ti t f 10 _th ad ly,
"formati 30 SHUBAFEA FRR0GEAC RESEREIPNSERHSI TRREY By ORE EF| vatod out pu

anplifier d ?g(?gpkf% _#h?fqrggt ap bihﬁgLaﬁgggggagFg gh the DOB 11 to

t he data ou err ern1na peration is

ef fect ed. slégayhgﬂetEchﬁgvﬁﬁgnalAgaﬁ p@%ﬁg@ Eﬁehggpﬁbﬁvﬁk AL

operation en te node is specifie evel "of the WE

signal . tAmsi @88l skarElinkS theoprght bsePaelbhgbaheselsherBﬁeME signal of
| ow | evel and the 20 CAS. signal of |ow |evel he signal [err] is

appli8d to the dataWheﬁputsbghﬁeréébrﬁuhthl@s(BeCﬁBDFP ap seggaLed to.
as."DIB"); The DIB is activated the signal [err] of high |evel, and
then tranbast beani peogatadf foomt heei 8GUB,dahac@Eput] pmpeifisal to the C SW.
(not shown) which is included_in-thé data output buffer -
circuit 11 (hereinafter referred_to as "DOB") is
responsively activated. Information read out frdm' g;
10 the set address, namely, information sﬁpplied through
the C-SW is amplified by the activ;ted_dutput
amplifier. The amplified information is delivered
through the DOB 11 to the data output (Dout)
terminal..  Thus, the read operation is effected.
15 When the CAS signal has become the high level, the
read operation.ends;
A write mode is specified by the low level
of the WE signal. A signal 8py 1S brought fo - —-
the high level By the WE signai of low level and the |
20 CAS signal of low level. The signal &, is applied
to the data input buffer circuit 10 (hereinafter
referred to as "DIB"). The DIB is activated by.the
signal'féRw of high'level, and then transmits write data
from the input data (D; ) terminal to the C-SW.
25 The write data is transmitted to the set address of -

the M-ARY 1 through the C-SW. As a result, the



in 25 The wite data is transmtted to the set address of the MARY 1 =,

t hrough the G SW As a result, the -20- wite operation is perfo@éﬁy
Iln the wite operation, the DOB is inactivated by being supplied with
inverted signal of the signal RW nanely, the signal [err] of low level.
Thus, 5 the data in the wite opera&0 on is prevented from being read out.
Th&respective clocks signals [err], [err] are forned on the basis of the

‘addr ess strobe suyyﬂesdﬂ@@ﬁgydyuy peAFon¥al ) in the S&E which receives
10 these address strobé signals as preV|oust stated. The cl ock signal

[err] is fornmed on the basith ahd he it Ypwralt i the QORULs SigRA1Vaed
the SG8 .in the read/wite clock pul se generator (RWSG 9. The D RAM

descri bed above ity fedvigletipgltitedl witthe tduet dnblert edefsrigsia lciaft wite 12
‘(hereinafter referred to as "REF 12") which does_not require any increase
in the nunber of sdgredna, t.emamedlys, dhet rsaghaRAMRthmef R D2 vfedr.vs  dlhacsk
and address signals necessary for the refresh operation, on the basis 20
of the RAS $i gnatlhea#@rt@stlrt Hédh e rides operEtid on qnsalps*esrwmecrrf%rhetm
external termnals. A block diagramshowing a preferred formof the REF 12
i's shown in Fi guFr&34 OUfhe operati ons

The respective clocks 51gnals éx éY are
formed on the basis of the address strobe signals
U . (RAS signal, CAS signal) in the SG8 which feceives_
10 these address strobe signals as'previously steted.
The-clock'signal_éRw is formed on the basis of the
WE signal and the output signal from the SG 8 in the
read/write clock pulse_gehefator (R/W-SG) 9.
| The D-RAM described above is provided with
15 the eutomatic refresh circuit 12 (hereinafter referred
to as "REF 12") which does not require any increase
in the number of external terﬁinals of the D-RAM.

The REF 12 forms clock and address signals
necessary fof the_refresh operation, on the basis _

20 of the RAS signal amongst.the address strobe signals
supplied from the externel terminals;

A block diagram showing a preferred form
of the REF 12 is shown in Figure 4, The operations
of the. REF 12 will now be descrlbed w1th reference

25 _to Figure 4. |

The RAS signal supplied from the externel



*

of the REF 12 will now be described with reference 25 to Figure 4. The RAS
si gng¥73upplied fromthe external - 21 - termnal is applied to a pul se
gene circuit PG The pul se generator PG forns a pulse [err] which is .
producetd with a delay of the period of tinme required for precharging the
internal circuits of the DDRAM 5__ with respect to the rise timng of the
RAS signal to the precharged IeVe@1(fhe | evel of the supply voltage VDD) ‘4’
and which is brought to its reset level in synchronismwth the fall of the
RAS si gnalttermifiad fisr mppflieidr cw & plndwe gsneoasbructieduse PBat an internal

10 address strobe signal [err] (the inverted signal of the RAS signal)

formed i nTheep8&s® igensuwptiore®Gt Jorms pubydsgedgr whdchP&si n order to reset
the pulse [err]. The pulse 6 is used as an operation start 1 signal for an
osci | | at oPTOAMERP: WaEE a deRaYo&Si Uhgt 8eTi9dRE tdPRsr§APArsd [err] which
sets a refresh period. * The period . of the pulse [err] iIs set so as to
have a pré&ét@FﬁFh@HgﬁéﬁiGhﬁf1&F§F§?&nC%FFHlfésBgcfhfo%fﬁéMnennry access
period T which _has been-or . wll. be ,described, wt ference to Figures 7

bra 85 | WRhD5esRelE el enY rele iRk AT, 57 BASck TBTALe Ganer at or
gf;ﬁgﬂtat%ﬁ%;g%Qcﬂgg%%%sl%qgﬂtQthCQQVelm@?ntBQesBBbi? LShthglas been

Vpp) and which is brought to its reset level in
synchronism with the fall of the ﬁig signal. The
form of circuit shown is constfucted'so that an internal
10 address strobe signal RAS% (the invepted Signal of the
RAS signal) formed in the SG 8 is supplied to the
pulse generator PG in brder to reset_tﬁe pulse 61.'
" The pulse 61 is used as an operation start
signal for an oscillator cifcuit 0SC. The oscillator
15 O0SC forms a pulse dz which sets a refresh period.
The period of the pulse d, is se;léo_as to have a
predetermined ratio of division with respect to the_
memory éccess period T which has beén'or will be _ ;‘)
described with reference to Figures 7 and 8. The
20 'pulse dz is transmitted to a clock pulse generator
SG' and a refresh address counter COUNT. _
When the pulse éz has_beeh_brought tqithe
high level, the clock pulse generator SG' forms
clock pﬁlses required for performing ﬁhe refresh
25 operation, namely, clock pulseé 8y' and dp,’

corresponding to'the'respective clock pulses 6X and



hi gh level, the clock pul se generator SG forms cl ock- pul ses requir d)
performing the refresh 25 operation, nanely, clock pulses [err] an Fﬁﬁr
.corresponding to the respective clock pulses [err] and - - 22 - [er used
in the ordinary operation cycles. The clock pulses [err] and [err]' are
respectively supplied to the R-DCR 3 and the SA 7 shown in Figure 1. The
niwber of .the pulses [err]. to be supplied 5 to the counter COUNT
corresponds to the nunber of refresh cycles. The nunber of the pul ses
counted by the counter corresponds to a refresh address. Accordingly, the
counter COUNT suépgs¥Sedl yni f8eeRERLArNe OPErRESIPNaGICdSES by Eb@ntlng t he
refresh cycles. 1Q The ciunt out put signal s of the couynter COUNT a

transmitted to t fdO58dPELSeSnfyl BBEnPpal's 35, Fﬁ@pﬁcﬁéﬁeéy su?ﬁél€8unter
COUNT is construcgte asqgunter circuigt, of the scal e..g. 2i +1 A
'mJIti.pIexer'-(not%?hg\ﬂﬁ)Rf'B?g g 889|ﬁ& §Atﬁ kﬁ@?e%& léﬁgls del i vered from
the R-ADB 2 or the addressq¢§i,0 elivered fr t caunter sS

| ocated on the address |npuﬁbtg§hﬁﬁgI°f gh% uﬁﬁggR?e Q§ b8 ggnged

mul tiplexer fr tfae tBeD@Buﬁt@es cbbsrroe%rp@-fe's%n%nttrooItlh%d nidhblehe caddr ess
strobe signal 20 S. The counter COUNT has its address signals

transmtted.to t%fﬁe@ﬁchvc\l/@QD t hehaddiasers ooheesipgnadlesRABunt eat t he
“high | evel. On the ot her hand,
by the counter corresponds to a refresh address.
- Accordingly, the countér COUNT'SuccessiVely increments
~ ‘the réfresh address By cdunting the refresh cycles.
10 The count output signals of the counter COUNT: are
| transmitted to the address input terminals of the
R-DCR 3. The _counter COUNT is consiructed of a
counter circuit of the scale of, e.g. o1+l
A mhltipléxer (not shéwn) for selecting
15 the address signals delivered from the R-ADB 2 or
 the address signals delivered from the'counter COUNT
_ is located on the address.input terminal side of the
/ R-DCR 3. The multiplexer for the R-DCR 3 has its
operation controlled by'the address'strobe_signal'
20 RAS. The counter COUNT has its address signals
transmitted to the R-DCR- 3 when the address strobe
signal RAS is at the high level. On the other hand,
-the address signals of the R-ADB 2 are transmitted
| to the R-DCR 3 when the address strobe signal RAS is
25 ai the low level.

Figure 5 shows a circuit diagram of a



the agdres)s signals of the RRADB 2 are transmtted to the RRDCR 3 when the
- addr eg robe signal RAS is 25 at the low level. Figure 5 shows a circuit

diagraswief a .- 23 - preferred formof the pul se generator PG as well as s
the oscillator OSC A fundanental circuit arrangnent constructed of
N-channel MOS transistors is quyg in order to sinplify the expl anation. i};
When the circuit 5 arrangenent 1s to be realized as an integrated ' 4

circuit, various nodifications may be made. The pul se generator PG

conprises gherd ohé@W g €b £MENE Spu s dMEFedérisbst Rt d€rié1Whigh has the RAS
signal applied to its gate, and a capacitor, C 10 constitute an integrator

circuit. tHdeooeipLitsr gDSE. A ok fhedamé i RtOirSuiCUatrasgmgd ied to the
gate of a driving MOS transistor [err]. A predeterm ned delay tine for
the RAS sigmmstrscted of MpphamehtMOy tednsihstohe isnehowmsirant of the
integrator circuit 15 and the threshold voltage [erré of the driving M3S
transi st orof@er]to sipphelY cthe cexmbanpbionof tWeerrtRe ngiM3E & r ansi st or
[err] is a load MOS transistor [err] which is driven by the RAS signal

The ou?put2BTFREEMENBIi$heC| PR reat 12 cftan [BRYEr2kedppiieto an 20

I nverter circuit mhigh congrises a driviqg MOS transistor [err] -and a |load .
MOS transi $R0FORRrPPILTLIGREIONE JIRY tRE n2%F - of this inverter circuit :

(Lerrl) The pulse generator PG comprises the -
following elementé. A MOS transistor Q1 which has
the RAS signal appliéd to its gate, and a capacitor C,
10 constitute an integrator circuit. The output signal
A of the integrator circuit 1is applied to the.gate
of a driving MOS transistor-os. A predetermined
delay time for the RAS signal_is set by .appropriately
setting the time constant of the integrator circuit
15 and the threshold voltage v, of-the'qriving MOS
transistor 05; Connected to the drain of the driving
MOS transistor 05 is a load MOS transistor Q, which
is driven by the RAS signal. The output signal B | ' g;,
of the inverter circuit (QS, 02) is appliéd to an
20- inverter circuit which comprises a driying-MOS
transistor Q, and a load MOS transistor Q,. The
output terminal of this inverter circuit (06,-Q3)_
delivers the puls_e-é1 which rises with the delay of
the period of pime required for precharging the
25 internal circuits of the D-RAM, relative to the

timing of the rise of the RAS signal to the precharged



delivers the pulse [err] which rises with the delay of the period of tisf®
required for precharging the 25 internal circuits of the DDRAM rel at (2

t.0 the timng of the rise of the RAS signal to the precharged - 24 -
| evel . In order to synchronize the fall of the pul se [err] with the RAS
signal, there are provided a Fesetting GFET [err] which is connected

‘bet\ween the capacitor C and earth of "tfie Circuit and whose gate is supplied
5 wth the [errl signal, and a resetting MOSFET [err] which is connected
in parallel with tR¥edrivi A POderr Aaspgnehrpeietahbiewfisasd g4t ehkasulhe
[err] signal applied thereto.=As previously described, the RAS signal is
that inverted sigﬁalwahtﬁEeRﬁéssF@ﬁ&?lmhFgﬁrﬁa§”6e8ﬁ016deﬁoﬁnﬁﬁsﬁﬁt#ﬁé' SG

8. The oscillator,cirenifh OSE i ses three jnyerter circuits which
connect od i n the YEPRERt Oa PIAGE STRGNPLYEBd| BRFCFE ARBI FERSES PRcCoat os

Cireuits - accor Bnoryr “fnetokfel FAFbt Bt PABRE REKE, &8, hBRTERE ot o

circuits. Accordi-ng the oscrl r rns a

ci-rcuit. whi chghasyibg ehargagndss of 24 [S, OSE] Nl t HON, s
control | ed bysthewpulse [erf]] S§%§gééi?%ésa[igé%kﬁ%hgegg??Fgrb&tFg%ﬁpng a

predeterm ned oscikl abhrecpedi 8 BaPa2PelCRuPheehtodhNeinBSRBS! L¥EnkRN¥ELEEr
circuits. The oscillator OSC further -includes a resetting MOS transistor
[err] which has thg @ndrﬁhe‘sgnghtapph‘sedhEORAs1 signal applied thereto.
' As previously described, the RAS1 signal is
igj. - that inverted Signal'of the ﬁﬂg_signél which has been
10 formed in the -SG 8. - |
The oscillator circuit OSC comprises three
inverter circuits which are connected in the form of
a ring. The pulse d1 is applied to the gates of
load MOS_transistors QS to 016 in the respective
15 linverter qircuits. | Accordingly, the oscillator
IOSC forms a controlled oscillator circuit which has
the start and stop of its oscillating operation
contfolled by the pulse 61. Capacitors 02 to C4 for
attaining a predetermined oscillation period are
. 20 coupled to the respective invertér circuits. The
| 6scillator 0SC further includes a resetting MOS
transistor Q,, which Has the RAS1.signal appliéd to
its gate, in order to reset the oscillation output
pulse 8, of the oscillator in synchronism with the

25 RAS signal.

Next, the operation'of'the circuit shown



Its gate, in order to reset the oscillation output pulse [err] of the
oscillator in synchronismwth the 25 RAS signal. Next, the operation of
CTIrcui t shown - 25 - in Figure 5 will be described with reference to
t he formdiagrans of Figure 7. First, the RAS signal rlses to the high
ereupon the precedi ng nmenory cycle (neﬁbry access 5 period) s
7 and the next nenory cycle (nennry access period) T is started. | "
response to the rise of the RAS S|g%§I the integration output- signal A
rises as shown in waveform B (signal A) in Figure 7. When the integration
out put si gnat Bigase 19 willebeheesthebéagwith hresépenceotdagee[err] of the
[err] transistor [err], the pulse [err] rises as shown in waveformC .
(si gnal [erwqyefﬁrmuguaerams ofjpbhgthe €hange of the pulse [err] to the
high level, the oscillator OSC_iLs activated. As a result, the 15 pul se
[err] is formed as %hﬁﬁhs|hhﬂa36$o?hﬁﬁﬁ%sfgﬁ%§ Bolhhﬁlﬁhgﬁ ¥evelhing to the

rise of the pul se é& % gh | evel . f rtse characteristics and
period of tYReDHTIRLR } ?r?r%?%d e?ﬁ?ﬂ%ﬁ BYCthe' LORAULEL ANERSS0
charagcteristic the r ect nsistors_an e capacitances of
the ¢ pac:f%lré1s %Lsi?tﬁ??ﬁg tﬂé E%mfk m?ﬁﬂfy ?%?ggxgﬂﬁPg Ythe fast rise

of the

access period) T is started. In response to the
rise of the ﬁﬂg signal, the integrétion output signal
A rises as shown in waveform B (signal A) in : r
Figure 7. When the integration output signal A has

10 reached the logic threshold voltage V, of the MOS

L
transistor 05, the pulse ¢1 rises as shown in
waveform C (signal 61) in Figure 7. Upon the

change of the pulse 6, to the high level, the

1
oscillator OSC is activatéd. As a result, the

15 pulse ¢2 is formed as shown in Waveform D (signal 62)
in Figure 7, owing to the rise of the pulse ¢1 to

the high level.

' The rise characteristics and period of the’ N

pulses 62 are determined by the_conductance

20 characteristics of the respective MOS transistors
and theicapacitanceg of thelcapacitors constituting
the oscillator 0SC. For exémple, thé fast rise of the
pulse dz'is permitted by raising the charging rate
of the capacitor Cq. _The'high-level duration of

25 the pulse 62 is determined gy the discharge rate

of the capacitor C, which is decided by a driving

a



pul se [err is permtted by raising the charging rate of the capacitor
[err]. The high |l evel duration of 25 the pulse [err] is determ by
tshe di scharge rate of the capacitor [err] which is decided by a drxﬁﬁiil
- 26 - MOS transistor [err],the charging rate of -the capacitor [er I th
i s¥'deci ded by the | oad MOS transistor (@, aE% t he threshol d vol tages of the
ransi stors. 5 The pul se [ér Ras | ow | evel and high | eve
durations T1 to T which lie within the menory cycle (nenDry access period)
T. The pul se [err] h _ ,OW | I t eryal [err].
Wthin this time in{qgrsvgkgrgtrlrsfggl 110 e th‘"%qﬁﬁ hg@ 8¢ é Snse del ay
tinme of the pul se gea ratiebrPE_a €;Qs r nal
circuits are precharggd The pa|§§lkgr%9 ﬁbkkﬂég bgsgﬁ Elg Pgéel in the
time interval T2. thansbsori ag,i Ahar vak IBrebh6135volﬁsgé§sbfoeﬁéati0“ i's

performed. . More specifically, “the address signals fromthe counter
€ircuit COUNT shownMPB Ergusiéstomse applied to the R-DCR 3 shown in Figure
1. The R- 3 receives the address signals and the signal [err]’

delivered from 20 t he SGEhﬁnphlﬁetﬁg REE dpwclievelaaddt hégkbyeselects a
group of nenory ceIIs determ ned by the address signals. Information from
the selected group durations T1 to T6 which lie within the memory cycle
(memory access period) T. .
The pulse éz is held at the low level'in the
time interval TT‘ Within this time interval T1,
10 “namely, within the response delay time of the pulse
- generator PG and the oscillator 0SC, the internal |
circuits are brecharged.
The pulse pz is held at-the'high level in

the time interval-Tz. In this time interval T the

29
15. refresh operétion is performed. More specifically,
the address signals from the counter circuit COUNT
shown in Figure 4 are applied to the R-DCR 3
K“; shown in Figure 1. The R-DCR 3-receives the
: | | address signals and the signal dx' delivered from
.20 the SG' within the REF circuit,; and thereby selects
la-group of memory_célls détermined by the address
signals.. .Information-from the selected group
'of'memory cells is.applied to the sense amplifier
SA shown inuFigure 1. The sense amplifier SA
25 amplifies the information in responsé to the
Signal dPA' delivered from the SG'. - The amplified

information is written into the group of'memory

cells again. Whgn the pulse 62 falls, the counter



of menory cells is applied to the sense anplifier SA shown in Figure 1.
The sense anplifier SA 25 anplifies the information in response to the

sigml\[err]' delivered fromthe SG. The anplified information is

Wi M into the group of nenory cells again. When the pulse [err] falls,

t he TOunt er - 27 - circuit INT shown i-n Figure 3 perfornmd the counti fre:
operation in synchronismwth e falling edge of the pulse. As a resul tv

the count value of the counter COUNT is updated by +1 (or -1). 5

The pulse [@GLL % %@%HQ QBBHQ“% t?l?ﬂ?elg Qs thize tine interva
[err]. I n"Fesponse thereto e circuits the RRDCR 3, the SA 7,

operated | ncbtlﬁt&?ﬂgr %%*ér@l%%ﬁt @n s%%h%mw @q@h luhe FR19a9g Where the
read or wite 1s 1 performed in the nmenory cycle (nenory, access peri od)
T, the RAS gihgeabfi $nehapnged.t o @keal owshavsl ta icedimatveduey a solid-line
curve RAS in Figure 7. It should be noted that the precharging of the

i nternal cibfuithe stomnted COUNTe itsi mpdiarttest byl Hlerlrdr ¥51) . nust be over
when the RAS signal changes to the low | evel. Therefore, the period of the"
pul se|§ [err] is set The oodfser @ tyls\MatSlﬁltfhe?f‘rwty 'Cc%/cqhee Ien the RAS
signal is caused to fall, the pulses [err] and [err] are responsively reset
to the |ow 2gvel igvdhe time datesyadnde - theInS|[ A g Hergh 'P '[er_r]y are

the circuits of the R-DCR 3, the SA 7, operated in -

the refresh opération are precharged.

C

.In the case where the read or write_is
10 ﬁerformed in the memory cycle (memory access periodf
T, the RAS signal is changed to the low level as
. indicated by a solid-line curve RAS in Figure 7.
It should be noted that the precharging of the
internal-circﬁits started in the time interval T3
15 must.be over when the RAS signal changes to the low
level. Thereforé, the period of the pulses 62
is set in conformity with the memory cycle.
When the RAS signal is caused to fall, the !
pulses 61 and ¢2 are responsively reset to the low
20 level. In consequence, the signals dx"and ¢PA' are
no longer provided from the REF circuit. The WE
signal and the CAS 5ignal; which are required for
the write or read operation, are changed subsequently
tb the fall of the RAS signal. | Upon the. changes
25 of thése signals? the signals necessary for the
write opehation or the signals necéésary for'the

read operation are'provided from the R/W SG 9 and



no | onger provided fromthe REF circuit. The VE signal and the CAS

signal, which are required for the wite or read operation, are changed <\ -
subsequently to the fall of the RAS signal. Upon the changes 25 of €%3:>
these signals, the 'signals necessary for the wite operation or the sign

ngcessary for the read operation are provided fromthe RFRWSG 9 and - 28-
tfg/ SG 8 shown in Figure 1. At this tinmezgthe address nultiplexer |ocated
“on the address input termnal side of the R-DCR 3 selects the address

- signals supplied fromthe address buffer R-ADB, 5 - because the RAS

signal i's.at the |bhel 8GeB. shoFheineRbgyreelll sp&tlthéd bymehethedress .
signals [err]- - [err] is selected fromw thin the menory array M ARY, and
information is MW|@ﬂéneﬁﬁt@uéﬁlpéaaeéuﬂoﬁﬁéﬁﬁtﬁ@ Hefprjdeess. 1npdhat s,

the wite or read operation 10 nformation into or fromthe nenory
cell, expl ai ned mnPﬁPPéPé}eﬁégethFFBGrg ECBr3SSBé?6F§ the gdAFPed out. On
t he other hand, in_the not ngg ted | he nenory

cycle (nmenory 15 Sl%BégESSBBPibaf ?EPP]Eﬁhqaaﬁﬁ§§§l rs ﬁ *at the
2;22 lfxgloggl:falgﬁcgﬁféﬂgbgcggscon ﬁggggfgtgggglF§¥gigué$O7 Thégn;hlfhe
pul se [err] is caupghlohy kbl EBeEH?lﬁbgby'éﬁé'aaarégg §iBRals Ag = Ay
| is selegted from within the memory array M-ARY, and
N _ information-is written into or read out from the
memory cell. That is, the write or read operation
10 of information into or from the memory cell, explained
with reference.to Figure 2 or 3 before, is. carried
out.
On the other hand, in the case where the
D-RAM is not selected in the memory cycle.(memory
15 access period) T, the RAS signal is held at the high
level as it is, as indicated by a broken line in
Figure T. In this case, the oscillator circuit 0SC
N continues to oscillate. To this end, the pulse ,
is caused to rise to the high level in the time
20 intérval Th_again. Then; the refrésh operation
.. -fdr a group of memory cells specified by the row
address in the counter'count subjectéd to +1 (or -1)
is carried out similarly to the case of the time
- interval T,.
25 ' In the time interval T5 during which‘the
pulse éz ié held at the low level again, the

precharging operation of the internal'circuits_of



20 i nterva

[err] again. Then, the refresh operation for a group of

menory cells specified by the row address i.n the counter count subjected to
is carried out simlarly to the case of the tine interval T2. 25
interval [err] during which the pulse [err] is held at the | ow

+1 (or -1) .
I n “tlne
l e gai n,

[err]. The refresh operation of a g

D-RAMis performed again simlar éy to the case of the tine interval
up of menory cells having the row

address further subjected to +1 (or -1), nanely the updated 5

addr ess, |s
operation s

hifts to t ext nenory cycl e.

CHE" DORIRO 15N pehiobinl Sk &l ybhy o cahie © rouit

hencéforth, simlar

refresh

oper at I ons

are repeategs /c\ﬁeorcdtn@glm,tehnﬁvatlh¢3case Nﬁéerr%ﬁr@%hr%@r%rtl\w o 10
operation is performed in a certan nenory cycle (nmenory access perlod)

only one retr gpbupperfamemoriys cedlls ¢chvdulg tard row tkikirease where the read
perfornmed, three refresh operations (of three different row
addr esses) duetbarr isad jegtedl3o +1 (or -1)fi guamely ithea upidadgid di agr am of
ion of the fundamental circuit arrangenent shown in Figure 5.

or wite is

a nodificat
The cibrcuit

10

15

20

25

rgfrgﬁgengﬂre§ﬁowﬁs|@qmﬂynmgdsln the time interval
T

memory cycle.

Thenceforth, similar bperations are repeated.

Accordingly, in the case where the read or write

operation is performed in a certain memory cycle

(memory access period), only one refresh operation:

is carried out, and in the case where the read or
write is performed, three refresh operationé (of

three different row addresses) are carried out.

6° Then, the circuit operation shifts to.the next

Figure 6 is a circuit diagram of a modification

of the fundamental circuit'arrahgement shown ih
Figure 5. o

The circuit arrangement shown.in'Figuré 6
comprises a pulse.generator PG-which is similar to
thé'pulse generator PG shown in Figure Sz.that is

which consists of MOS transistors Q1 to Q7, and a

‘delay circuit DELAY which is coupled on the output

side of the pulse _enerator EG.. An output signal
delayed by the delay circuit DELAY is fed back to
the pulse génerator PG. The output Signal of the

delay circuit DELAY is fed back to a driving

t he prechargi ng operation of the internal circuits of - 2%

9

a



conprises a pul se generator PG which is simlar to 20 t he pul se
PG shown in Figure 5,.that is which consists of MOS transistors
err], and a del ay circuit DELAY which is coupl ed on the output

gener at or
[err] to

side of the pulse generator PG _ An output signal delayed by the del ay

cifcuit DELAY is fed back to 25 thgggulse generator PG The out put

-si'gmal of the delay circuit DELAY is f
transi.stor 016-mhich i s arranged in paraIIeI

pul se gen

er at or

back to a driving - 30 -

with a capacitor Cl in the

PG and the del ay CI rcw%@ﬁm}y %slan et C%é[fqntpgarﬁ%esle % elrgélorl

~oscillator circuit. cap O PErd od”pftﬁ@ep!pig§e§e,{ée,qﬂop

the circu

intervals
circuit,

be ¢lgid gy ecrdad from

it arrangenent shown 1n Figure 6 Is deternlneJq%y a Iag t1 me which
isset by an integrafipé féédvhdk CBiSdt 16n OftHd el Mierdpdsimt aind err] -
~and. the capacitor Cl1, 10 and a delay tinme which is set by the del ay
circuit DELAY. Werehé hg¢eldy ctirc sioWELAY Regnstei tuties irsesk fddre, td ne

[err],

[err] and [err] are set by neans of the integrator
and $he tioenirmeklediesdbllatdrereircyiyr] ik [erjodiraf ddte by
means of the delay circuit. Wth this enbodi nent, the automatic refresh

operation can be efPet$es ‘é\g't h‘&ltb$r4ﬁlw¢fge‘bn§r@kt@?%aﬂllt¢éwﬁ nal therefor.

_Therefore

by way

10

15

20 -

25

arrangement shown in Figure 6 is depermlned by a lag
time which_is?et by an integrator circuit consisting
of the load MOS transistor Q1 and the capacitor C1,
and a delay time which is set by the delay circuit
DELAY. |

Whebe the circuiﬁlshown in Figure 6 is

used; the time intervals T1, T3 and 'I‘5 are set by

T2, Tq'and T6 are set by means of the delay circuit.
With-this_embodiment, the automatic
refresh operation can be effeéted without providing
any external términal'thefefor.' Therefore, by way
of example, a D-RAM of 256 kilobits with the
automatic refresh funétion added thereto can be
installed on a package of 16 pins.'”
'In'addition; in the case of a D-RAM of
64 kilobits, there is one surplus pin after the
refresh function has been added to the D-RAM.- .By
utilizing this pin, therefore, ahbther new functidn

can be added.

-means of the integrator circuit, and the time intervals



of exanple, a DDRAM of 256 kilobits with the 20 automatic refresh
functlon added thereto can be installed on a package of 16 pins. In

ion, in the case of a D-RAM of 64 kilobits, there is one surplus pin
the refresh function has been added to the D RAM 'By 25

ing this pin, therefore; fpother new functfon can be added. - 3leyg
hernore, the refresh operatlon Is effected in accordance wth -the puléé'
[err] formed by the internal circuit. Therefore, the tine intervals

[err], [err] can bepgeindtamsrili Noch s dien opeERL den Speeds 5 of the
respective internal circuits, and the nenory cycle T can operate. nore

qui ckly. dffeedEe®rin Ca/@d@rdmmrmmcms pels©dy., depemeld bpon the machi ne
cycle of the central processing unit (CPU) of th%-conputer in which the
D-RAM i s tisedintlérndl d¢hragtor di Mtgredese bl the ot bbe almtar R RAM whi ch can
satisfactorily cope with enhancing the operating speed of a one-chip CPU
such as, Tor gam$mebea$ﬂ$c¢%ﬁﬁﬂﬁ&ﬂ&wup0nth%o?%?raEFﬁEesPﬁ% gontrol signal
REF as in the prior art_is dispensed with g gsten1contro

circiht caf beesrespestive internal [F?@@P%Eﬁ’b%ngséﬂ i i88B%t antial ly the

sane nmanner as that of a
as the cycl can oper'astt:gtmor'e qu1¥¥lfn It I_S Int ended to-l_'lse the D-RAM

The memory cycle (memory accesslperiod) : ' -
depenas upon thé machine cycle of the central processing
‘unit (CPU) of the computer in which the D-RAM is used. ' ; \J--
10 It is_accordingly possible to obtain a D-RAM which can
satisfactoril& cope with énhancing the opérating
sbeed of a one-chip CPU such as, for example, a
micfocomputer._ Moreover, sinée the cqntrol signal
HEF as in the prior art is dispensed with, the memory
15. system control circuit can be simplified, and the
D-RAM can be used in substantially the same manner
as that of a static RAM. |
When it is intended to use the D-.RAM as the
memory of a.largg-sized computer of high operating .
20 speed; the automatic refresh operation described above
cannot, in effect, be satiéfactorily performed. In
the large-sized computer, the-ﬁemory access period is
set toibe short since a high operating speed is
required. Accordingiy, the time interval, which is
25 allotted to the D-RAM by_ﬁhe CPU in ordéf to precharge

the internal circuits of the D-RAM, is shorter than



menory of a |arge-sized conputer of high operating 20 speed, the automatic

refresh operatiqon descri bed above cannot, in effect, be satisfactorily
perforned. tn the |arge-sized conputer, t he menory access period is set(§§§£>

be short since a high operating speed is required. AcCordineg, the ti
“igterval, which'is 25 allotted to the D- by the CPU in order to
'prbéharge the internal circuits of ‘the DDRAM is shorter than .- 32 -

that which is really required for precharging the internal circuits of the
D.RAM  Wthin &hek #h3grbristreelilot seqaiiredt fos gretheugingotbgecute the

refresh operation. However, this does not _always nean that the 5 above
descri bed D RAM &QHHBPaBeCéﬁﬁpﬂé& ) ﬁPQhDSBégd us¥d thfReSECRAR ﬁHQFﬁg

included in the REF t,.th f t he_ pul dth of
the RAS si gnal b BRORACERVALgUAE 8ooR iEraRMSe S, RarcpkS eRE T8oERRbu

whi ch consi sts og ? tiBpegrator circuit conprising. the MOSFETs [err],
[err] and the cap of CI, and the MOSFET [err] receiving the output

'signal of the '“tegrator Chbwever C%RléedB%gdnéi EE%a?E”BEXnOEh%@ethe
| ar ge- si zed computer of high operdting spee In order to

permt such gsesapbhe dekesiidbleDt RAM b&hﬁb%abebﬁmﬁmQeGeEQChQ@hCBb@BHt s
set to be slightly longer than the tinme interva
uses. _
The D-.RAM having included in the REF circuit,
_iy} _ the.circuit for detecﬁing the pulse width of the RAS
| signal as shown in Figure 5 or Figure 6,.that is, the
10 circuit which consists of the integrator cirﬁuif
comprising the MOSFEIS'Q1, 04 ahd_the capacitor C1,
and ‘the MOSFET Q5 receiving the output signal of the
integrator ciréuit, can be used as the memory of the
large-sized computer of high 6perating speed.
15 In order to permit such uses, the
| detectable time interval by the detector c1rcu1t is
set to be slightly longer than the tlme interval which
is reélly required fqr precharging the internal
circuité of the D-RAM. The detection.time of the
20 detector c1rcu1t is set by the 1ntegrator circuit and
the MOSFET 05 receiving the qutput thereof.
With this measure, in the application to
the microcompﬁter of low operating speed, the signal
61 is dellvered from the PG when the RAS signal is at-
25 the precharged level. As a result, the automatic

refresh is carried out. In contrast, in the



Is really required for precharging the internal circuits of the D RAM
etection tine of the 20 detector circuit is set by the integrator

uit and the MOSFET [err] receiving the output thereof. Wth this

syre, in the application to the m croconputer  of Iom1operat|ng speed, -
signal [err] is delivered fronrthe PG when the RAS signal 1s at 25 t b,
precharged | evel. As a result, the3dutomatic refresh is carried out. I\#
contrast, in the - 33 - the appllcation to the large-sized conputer of

hi gh operatin f he SI al err IS npt delijvered. fromthe PG '
Accor ol ng 1 AP RAARE 3 Sbdrrasrtr g Samirh S R " T hi s
case, the ?@@ @gﬂgl r glgtsly qggnrlonal D RAM
That is, Ar% he e{i%) escrl%ed{%dat hlggiconstc% J%ere%rmry cells are
ref reshed e iy £k dtﬁ!éémdmarneﬂ‘aqséwésﬁ dnner as in
t he conveﬁﬁyonal D- RAM fﬁé ¥ Therefore, the agﬁbe descri bed D. RAM
has very wdig sap l;ﬁr&idéﬁtﬁ A THindders das@didie a1 mms W [samw be

descri bed. By way of exanple, in Figure 7, the pulse 15 J[err] for the
refresh oper adimilarayndrmer pig smmmerstmnamm {RAM | evahaturing the tine

I nterval s [err] [err] and [err]. Alternatively it may be a pul se mhlch
becones is, in the above described D-RAM, the constituent

memory cells are refreshed by, e.g. the so-called ﬁﬁg
only refresh in the same manner as in the conventional : I
D-RAM.
10 Therefére,'the above described D-RAM has very
- wide applications.
A number of modifications will now be
described.
By way of example, in Figure 7, the pulée
15 62 for the refresh operatioh may be a pulse thch is
at the low level during the time intervals T3, TA and
T5. ' Alternatively it may be a pulse.which bécomes
the high level during only the”time interval T2. Q:ﬁ
Such pulses'cah be formed, for example, in the hay
20 that the éhange tb the high level in the time
. interﬁal T4'or_in the_time intervéls T4 and T is
limited by employing the pulse éz.of the oscillator
circuit OSC and by means-of a logic gate circuit, a
counter circuit as predetermined. ’
25 | Further, in Figure 4, the counter circuit
i+2

COUNT for thé_hefresh operation may be made a 2 -scale



the high Ievel during only the time interval T2. Such pulses can be forned,
for exanmple, in the way 20 that the change to the high level in the time
bnterval [err] or in the time intervals [err] and [err] is limted by .ég\
enpl oying the pulse[err] of the oscillator cirtcuit GOSC and by means (0¥
logic gate circuit, a counter circuit as Bredetern1ned. 25 _
Fuggher, in Figure 4, the counter circult éIIMW for the refresh operation

may be nmade a [err scale 34 circuit, which provides address signals for
the refresh operafiBAuih,onhjchherpvideshaifiressonégorisulfari oheof

counting. In this case, the ?eneratLon of the pulse 5 - [err] may be _

i nhi bited by the RBSFeSNgRAPEFBRAPNLiR SngKakhef FiRstcBadfepfcPneuit.  This

innecessary execubTERUOREERR PEr FEURELHEL ar; on i n relation to. e g. the
ul 'S¢ wi ot h detector oiroui FoohitrGBP8H PeRSPRRERELPRort theoPalsEg
ot enti on status BavtEgone, HRTpEELEChY Tonk ik ks LhEks LORLTRIR Yigne1
swi tched so 15 asotOtREi toliffer et LpENI OPET AThO8SHPEnERerbBR tRLEr Val s T4

and T6 in Figure 7. Also in this case, a reduction in power consunption
can be achi eved, advantage that current consumption attributed to
the unnecessary execution of the refresh operation in
A relation to, e.g. the memény cycle can be reduced.

10 It alSo allows one to provide a pulse width
detector circuit constructed of a timer circuit, so as
to switch the refresh periods upon detecting the fact
that the memory retention status has been held for
a long time. That is, timings may be switched so

15 as to omit the refresh operations of the-time
intervals T4 and T6_in Figure 7. Also in this case,
a reduction in power consumption can be achieved,
which reduction is attributed to the fact that the
refresh operation is executed unnecessariiy: .

20 | The system structure of the D-RAM can also
be modified in a humber of.wéys.

Figure 9 is'a block diagram of a modified
form of the automatic refresh circuit. 12. Although
the automatic refresh circuit 12 of'this embodiment

25 corresponds approximately to that shown in the

embodiment of Figure 4, it does not include the signal



whi ch reduction is attributed to the fact that the refresh operation is

ut ed unnecessarily. 20 . The system structure of the D RAM
) jal so be nodified in a nunber of ways. Figure 9 is a block diagramof a
d¥fied formof the automatic refresh circujt 12; Al t hdugh the automatic

resh circuit 12 of this enbodi nent 25 corresponds . approximately to #x
that shown in the_enbodlnent-oBSFrgure 4, it does not include the signal
-35- generator SG as shown in Figure 4. A pul se generator circuit PG an -

-osci | | at olgehielr@litidr SBC yd shok@UAREF ighuir@uist, COUNT are the same as those |h

Figure 4. The output signal [err] of the 5 oscillator OSCis supplied

to the signal genera& @ulde Hemedagwal cierariat ®G,8 ahawsictis liatioer nal circuits
" constructed appropriately so that it regards the output signal [err] of the
osci | | at orciE8Qids (BPseud@ rconndedr eds catito6@UdiTgaaie. thel sagaddi tion, the
operation 10 of the data output buffer DOB shown in Figure 1 is not
requi red @ iti@sehdn dtiane dper atliign outpAdc Gdd@madl ¥o t I dihgnal generat or

8 has a sui t abl_e |nh|b|tor circuyit in order to hibit the delivery of the
si gnal® [ erdSCidd@&FAESS 115 Suarddisded itts %“ﬁge EFE L GH é"s? ‘15 strobe

tsihgggl - TPﬁeogﬂgh: %%mern%wattoa}y rRRdenent ilntFelr%ure 9 resenble

circuits constructed ;ppropriately so that it regards |
thé output signal 62 of the oscillator 0SC as a pseddé
row address Strobe.signal. In aﬁdition, the operation

10 of the data output buffer DOB.shown in Figure 1 is not’
required during'the refresh operation. Aécordingly,
the signal genératOr 8 has a suitable inhibitor
circuit.in order to inhibit the délivery of the'signal'
dOP even when it is supplied with the pseudo address

15 .strobe signal. |

The operations of the circuit arrangement
in Figufe 9 resemble théSe of the circuit arrangement
in Figure 4.
When the row address strobe signal RAS

20 supplied to the external terminal 6f the circuit
érrangement has been brought from the loﬁ level to
the high level, the'signal generator 8 generates
precharging pulées'for_putting_the internal circuits,

. shown in Figure'1;.ihto their pfecharged states.

25. The signal RAS1, which is-brought'to the 1ow_1evé1
in response to the change of the row address strobe

signal RAS to the high level, is provided from the

: -~

-



in Figure 4. Wien the row address strobe signal RAS 20 supplied to the-
external termnal of the circuit arrangenent has been brought fromthe
Level to the high level, the signal generator 8 generates precharging(f?ég
pul ses for putting the internal circuits shown in Figure 1, into thei R«
precharged stateés. 25 The signal [err], which is brought to the |ow |evel
inﬁg%sponse to the change of the row addr@ss strobe signal RAS to the high
| evel , is provided fromthe - 36 - signal generator 8. In response to
them the pul se generator PG delivers the signal [err] simlar to the
signal 6 1 in Figg§ignal Beaegesior &.or TBCresiponses tiohe hreaf,r edle pullse [err]
of high level in response to the 5 output signal [err] of the pul se
generator PG | n BESEEALETt 8Gt Heligrrssivhsulsi@ngld he sdimjlalr dendhat or 8
delivers the control gglses.geﬁn], Lerr]. In this case, the control pul se
a®1ddScFilgy

[err] is not deli7&BB gRafove. Therpsciddason §5& &eldvers s
Whi ch i s deci ded By°t RETRESR PUISE Bacoh REoARIEH ol 5 8onsenda Ane
Cerri romtng ni ShFEE! pienkl BORITRES! Buldle® RRAR AR pEOC TP O °°
produces the precharging pUh§e§eE96nQQt%EthEh?e?Q%%%nihlse 6., the

signal generator 8 deli;ebs the control pulses dx,

) In this case, the control pulse éOP is not

CE PA"
. delivered as described above. The refresh operation
10 is executed by the control pulses dx, éPA'
Aftef a predetermined time interval which
is decided by the oscillétor 0SC, the refresh pulse
éz is again brought to the lpw level. In response
to this change of the refresh pulse 62 from ihe high
15 1level to the low level, the signal generator 8 produces
the preCharging pulses for pﬁtting the internal.
Circuits,‘shown in Figure 1, into their precharged
N ) states
If, in sbite of the lapse of a predetermined
20 time interval since the start of the precharging
operation, the D-:RAM @s not accessed, that is, the
external row-éddress strobe signal RAS is not m;de
the low level, the'refreéh pulse ¢2 of high level is
 delivered fﬁom the oscillator 0OSC again. In response

25 thereto, the refresh operation is restarted.

In the case where the external row éddress



circuits, shown in Figure 1, into their precharged states If, in spite of

the-kapse of a-predetermned 20 tine interval since the start of the
pr thg ging operation, the DDRAMis not accessed, that is, the the | ow

|- ewe the refresh pulse [err] of high level is delivered fromthe
osci tl ator OSC agai n. In responge 25 thereto, the refresh dperation is#=_
restarted. In the case where the external row address - 37 - strobe W

I h bee d he high |l -eyel he. |
por opr | aPbraBfL F CEn B B8 s?§°Féé5§ﬁE%8eﬁge§rav.ﬁaé Freh 1RE L gna s
gener at o & piei fob N gyogéggpstiaEegegstéb In ordar to

cause the pul’'sé generat or espondto onprPﬁseax?e?nal row address

strobe sigagbonkiget)opphvEASE FRORCLREOKLHRELLT QBNLDE: 5}oBals gener ator 8 .
o g

is made responsive t0 e externa FOM/ad ess s e signal, but not- to

the refresh pHkSemBOdORedbeoti FERLFeall angenent of the enbodlnent shown in
Figure 9 does not need the signal generator SG as shown in Figure 4, which

meanssthat it is pokai bréerotbedanset brenpulee géneracurt Pel esents.
respond to only the external row addreés strobe signal,
the signal RAS1 to be proVided'from the signal ' : -
generator 8 is made responsive to the external fow
address strobe signal, but not to the refresh pulse e
10 ¢2. |
The circuit arrangement of the embodiment
shown in Figure 9 does ﬁot need the signal'generator
SG' as shown in Figure 4, which means that ii is

possible to reduce the number of Circuit elements.



- 38 - CLAIMS. 1. A dynam ¢ random access nenvry~ﬂchh_ng§~gEHE£¥00eIIs

that need to be periodically refreshed, internal circuits that .are ught

iknto ‘their precharged states and thereafter into tjﬂmmgu”ﬂg tes, >7/
4 4 g si gnak

and an external terrinal which 5 (s supplied with
and which is accessed in response to the38ddress strobe stgnal made a
fingt |evel; sgrdIsgnam ¢ random access. nenory including: (a) a pul se

t whi ener gt es._ref.resh pul ses upon detecti t he address strobe
g?gﬁgﬁ-g;inglﬁgdg a sgbgigaTbcl§98$°8i?Fg?gﬁthW8ﬁ¥tﬂgngr§?sl@9@PFyaﬂ@1¥%)

an address coughgt WakaNthOpESpEeibATRaRIgY £, haalY  GpuRLPI L hE, el resh

pul ses output fromthe pul'se génerator: whereby a refr ngbfuthe

menory cells spagifhed b3olynsaidtaddness EPHEEQE?Eétﬁgéﬁégigﬁg éﬁéf%%f%@f

the refresh pul ses output fromthe pulse generator, e generator I
bei ng renderediaper gheie vbepathgaddaees, Shh@b&nsStgPatni § eérﬁ§ﬁ91ﬁﬁﬁﬂaﬁ

level without the need for an external termnal dedicated exclusively to
refresh cont folls 80pRlied wAtHyannadd:aﬁd0§tﬁ656$§i§ﬁﬂpranapﬁpiéhnggto
claim1, further including: (c) a timng pulse generator which generates
prechar- ging pgpsegedoinbreagbngesabdthqteddae53|;tnobe sigmal hisding made
precharged states, when the address strobe signa! i s made 25 the secopd
level, and whi BnfyEREr AP¥S1EoRRE G dpnareg Fandomi agress seémornt backlding:
circuits into their o?erating states, when the address strobe signal is
made the first |evel a) ap lse_generator which generates refresh pulses
K_f' upon detecting the address strobe signal béing made a second
10 level different from the first'levelg and
(b) an address counter which forms refresh address
data by counting the refresh pulses output from the pulse
generator;
whereby a refresh timing of the memory cells specified
15 by said address counter is determined solely by the refresh
pulses output from the pulse generator, the generator
‘itself being rendered operative when the address strobe
signal is at said second level without the need for an
external terminal dedicated exclusively to refresh control.
20 2. A dynamic random access memory according to claim 1,
further including:

. (e} a timing pulse generator which generates'prechar-
ging pulses for bridging said internal circuits into their
precharged states, when the.address strobe signal is made

25 the second level, and which generates control pulses for

bringing-éaid internal circuits into their operating states,

when the address strobe signal is made'the first level.



-39- 3. A dynam c¢ random access nenory according to claim?2, wherein
sakd pul se generator which generates the refresh pul ses conprises a first
C?%ﬁlt whi ch detects the second |evel of the “I nal, 5 and =,
a ond circuit which i's started by a detect,i M’;mim muFfl rst

cuit and which generates the refresh pul se ats trtime.s 7~
dynani ¢ random access nmenory accordBfg-to claim 3, wherein sald second N,
circuit conprises a 10 controlled oscillator circuit whose start and stop -

are contrglled by theaqabast 9anaehpat:ce§ssaeﬁto§yr akcbkhgHEt towher eby the
refresh pul'ses are periodically generated in a tine interval during whi ch

the addreg3ash Qe whiegeah saiangalcbegeneeadorevlichlgeherates A dynamic
random access nenory .according to claim4, wherein said first circuit '
i ncl udes aheelraf reishcpiull selsi cbmprisenshi fired byraniknwhdehtor circuit,
whereby the refresh pul ses are generated after end of a precharging
operationdetesasdtMEtQenahdcﬂe&aﬂt9f2®hﬂhadﬂrBSSssarDbé ehgnallhe address
strobe S|gnal has been nmade.the second | evel. A dynam ¢ random
access 3neAdfy aasesofdh §irguitawhish &ﬁeﬁ&?ﬁtﬁdtbﬁealﬁ?éﬁ?éFOBetmeen one
refresh pulse to he del. vereg fromsaid gon | ed OSCI||at0r 25circuit and
I

“anot her t 8uPYSy e&@éﬁtﬁﬁra CHEFEAT] anfay lF ngEPeERLRS,t Pere i nterval

which is Ee?%E%%qu sepr%p rglt m%?ld i nternal - CIrCUItS ' _

4., A dynamic'réndom éccess memory according to
'claim 3, wherein said second circuit comprises a

10 controlled oscillator circuit whose start and stop
are controlled by the detection output of said first
circuit, whereby the refresh pulses are_periodically
generated in a time interval during which the address
strobe signal is made the second level.

15 5. A dynamic random access membfy according to.
claim 4, whérein said first circuit includes a delay
circuit which is constifdted by an integrator circuit,
whereby the refresh pulses are generated after end
of a precharglng operatlon of said 1nterna1 c1rcu1ts

20 which is started when the address strobe 51gna1 has
been made the second level. |

6. A.dynamic random acéess memory according to
claim 5, whérein'a time interval betWeeh one refresh
pulse to be delivered from said’cohtrolled'oscillatgr

'25circuit and another to be subsequently_deliVeréd is

made longer than a time interval which is required

for precharging said internal circuits.



. [

i-40- 7. A dynam c random access nenor laim 2, wherein
sai d pul se generator. which generates the refresh pul ses includes a del
¢circuit whith is constituted by an |ntegrator uﬁﬂuﬂuuguﬁ the 5
refresh pul ses are generated after the end of lﬁﬂ"atlon ot sa
internal circuits which is started when the address 5t r'obe si*fgnal is e
the/second | evel. 8. A dynani ¢ randlonraccess nenory according to 10
_ claim2, wherein said pul se generator whi-ch generates the refresh pulses S

constltuted by g, controlIgddgﬁﬁhkgaggﬁ?ghrgg&ésghgéﬁngeg@ééfﬁ3ﬁ

controll ed by thé address st nam ¢ randon access

nmenory constr UC&QQﬁ.SzSutoﬁéﬁaihagﬂdaﬁuhsé e58ndes€bt ki vh then&f £E&LCE tO
and as illustrated in the acconpanyi ng draw ngs.

the refresh pulses includes a delay circuit which is

constituted by an integrator circuit, whereby tHe
5 refresh.pulses are generated after the end of a
precharge operation of said internél circuits which is
started when the address strobe signal is made the
second level. |
8. A dynamic randbm access memory according to
10 claiﬁ 2, wherein said pulse generator which generates
the refresh pulses is éonstituted by a controlled
oscillator circuit whose operation is controlled
by the address strobe signal.
9. A dynamic random access mgmqry constructed_
15 substantially as herein described with reference to

and as illustrated in the accompanying drawings.




