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-1- 2102645 DYNAM C TYPE MOS MEMORY DEVICE BACKGROUND OF

TH ENTION This invention relates to a dynamc type MOS (Metal - 5

X ~Semi conductor) nmenory device. In a dynami ¢ type MOS nenory device in ..

whi, the operation of selecting a word_kine and a data line IS%QE@%’ (
g e

I n-accordance with a predetermned timng signal, this timng si

brought into, 10 for exanple, a high level at the tine when the
operation. of a corresponding address buffer circuit has ended and when it €
has beconme possible to sBYNaRMIONEYRE' IO MEMARY BatadE ne by means of an
address decoder circuit. In response to the nign rever—of the timng 15
signal, the gates of word line- and data |ine-selecting swtch MOSFETs

which are to be selected by the address decoder circuit are brought into a
sel ection | BACRGRQURD aQFt MBENENUENBION. The timi ng signal can be delivered

froma suitable 20, . control ciircuit which_is started by a signal such
as a menory st ar IEghRVentiopprelaiss qﬁnﬂaﬂﬂQaWkﬁiE%Pﬁué?stMgﬁﬁéﬁ of

“the %ollomﬁ s L fothe tiHing siygnal i s anerated 25 in the state in
whi of the odEbAP-SPERGPRARGEPE); hemery Weyics.

. In a dynamic type MOS memory device in which
:the operation of selecting a word line and a data

'L, line is performed in accordance with a predetefmined
timing signal, this timing signal is brought into,

50 for example, a high level at the time when the operation
Of.a corresponding ad&ress buffer circuit has ended
and when it has become possible to select one word
line and data line by means of an address decoder
circuit. In response to the high level of the timing

15 signal, the gates of word line- and data line-selecting
switch MOSFETs which are to be selected by the address
decoder-ciréuit are brought into a selection level
such as the high level.

The timing signal can be delivered from a suitable

2% gontrol circuit'which is started by a signal such as-

a memory start signal. '
In this case, however, notice must be taken of
the following: |

If the timing signal is generated

25 in the state in which the output signal level of the



"address buffer circuit is undetermined, the gates of the word line- and .
data line-selecting switch MOSFETs are supplied with signals of undesired
Jevel at the time when the operation of the address decoder circuit 5

- Qas not ended. As a result, the gates of the selecting switch MOSFETs of

word lines and data |lines which are not intended to be sel ected are
brought into the selection level, and ®-plurality of nenory cells are
selected at the sane tine. 10 Accordingly, there are required

timng signals of desirable timng which operate the circuitry nornmally

i rrespective of the dispersion of the characteristics of elenents in the
addr ess buf faddrese bufer abrewte cke wadeterménedw thangatre variation of
the el enment cha- 15 racteristics ascribable to tenperature changes,
supply vol t % threciesdi bire- caed dpea line-geleeting sWateBnMPSFELS cuit
of the address buf$€i,c'rcuit, t he address decoder iirc It etg. as
described alfte,SYPRLIed i FHER| $ieRals gEnupdesired level atptheqo oy tine

101 Ch VS, SUIELGh SRk LROSEEeLLB A TR HRELEY LR B Lt o1 e
;th' rSn;g ﬁrsﬁeg“f?rzi@yse@%@ angge Yhedshic! Schlt goded BE 2hE" %ie_k'ﬂ?m&' reult
switch MOSFETs of word lines and data lines which are not
intended to be selected are brought into the §election
. level, and a plurality of memory cells are selected at
- the same time.

10 Accordingiy, there are requifed timing signals
of desirable timing which operate the cifcuitry normally
irrespective of the dispersién of the characteristics
of elements in the address bﬁffer circuit or the address
decoder circuit and the variation of the element cha-

15 racteristics ascribable to temperature changes, supply
voltage fluctuations, etec.

When utilizing the control circuit of the

address buffer.circuit, the address.decoder circuit
etc. as described above, the timing signal is generated

20 with a delay time which is sufficiently longer than the.
maximum delay time that is determined by the dispersiomn
and variation of the element characteristics. However,
this forms a serious hindrance when it is intended to
operate the circuit at high-spéed.

23



According to the present invention there is provided a dynamc type MOS

nory device conprising: a plurality of gate lines; a plurality of .
;%s?stance el ements which are 5 connect ed between the respective gate e
| Mes and a reference potential point and each of which has a control ~/

terminal; a circuit node to which i supplied a timng signal; a plurality
of selecting switch MOSFETs each of 10 which has a gate el ectrode and a ..
drai n-source path conhesoxding WeethePresenttinvedting shesspdsti ve sai ov
gate line; a first drive circuit for generating_driving signals each of
which is suBEPVééeﬁoatﬁynﬁﬁgﬁé&MPﬂaﬂé%eﬁ%ﬂpﬁye@?YbaﬁscﬁFPFhélgﬂFecting
switch MOSFETs; a timng signal generator, for generating the timng signal
which is brought to2aPdiggilyt¥oldtfatevein®8bstantially in synchronism

wi th conpletion of an_operation of said first drive circuif; and 20

a second drive cirBuPlURRLFY &&itRE TIPS e hgPENERaPARR &Rfch delivers
a contrQI nal forn¥%%ycing 3&$ resi stance of, each. of thﬁ resi stance
e

elenents_mzéﬁnfﬁgtff w?F@ha ff%ﬁgﬁﬁﬁﬁv?OQ%F%r h%?ﬁrﬁ?_ @ level. The
present | nveRLR Wl bR AG 10580 D thd Nedtn 0BT cfichak! APy vy of

exanple with reference to the acconpanyl ng- W ngs, erein’ Fig. 1is a
bl ock di agr gghetodneemihanr;ed formof a dynamc type menmory system

a circuit node to which is supplied a timing signal;
a plurality of selecting switch MOSFETs each of
16 which has a gate electrode and a drain-source path
connected between the circuit node énd a respective
said gate line;

a first drive circuit for generating driving

signals each of which is supplied to the respective gate
15 electrodes of the selecting switch MOSFETs;

a timing signél generator'for:generating_;he
timing signal which is brought to a supply voltage level
substantially in.synchronism with qompletion.of an
operation of said first drive circuit; and

20 a second drive circuit which receives the timing
signal and which delivers a control signal for reduéing
the resisténce of each of the.reéistance eiements when
the timing signal is brought to a predetermined level.

The present invention will now be described in

25 greater detail by way of example with reference to the
accompanying drawings, wherein:

Fig. 1 is a block diagram of one preferred

form of a dynamic type memory system;



“-4- Fig. 2 is a block diagramof one of the integrated circuits @i)_
constituting the DRAM I C array shown in Figure 1; Figs. 3A and 3B are R
«di agrans of operating 5 waveforns in the nenory device of Figure 2; Figs.
"5A and 5B are detailed circuit diagrams of essential portions of the
arrangenent of the IC shown in Figure 2, Fig. 6 is a diagram showi ng the
operating 10 principle of the enbodinen? of Figures SA and 5B; Figs. 4A and

ggf_’_are di agrans of operﬁ%%g%rf%géérgfégf Haé\@g?d rf_cgh%_h%ff ﬁih%ures 5A and

and Fig. 7 is a diagr atrng wav M- e circuit of Figure

6. 15 . : ) t L b
descri bed w tlﬁtreggé& e%;%rgéqé%?gﬂhghg&@glgﬁgﬁ%@Jﬁ\ggf‘ mng¥v tﬁe

dynam c menorighshstEMridise systemis constructed of a D-RAM | C ARRAY
(herein- below, termed "D-RAM'), and interface circuits di sposed 20 between

the D-RAM and a centralpfypcesgidg umstat8caehgrahel e operaRd ngCPU', and
not shown) in a conputer. The DDRAMis construcCcted of a plurality of

i ntegratad Ciwattd forierin ntled anemebPr @yvoc@doEoFibGre @ips 1Al - OB
each of which has a nmenory capacity 25 of n kilobits. The IC chips are
arrayed in mrows and Bigs unsis.addcHB dangl fletalhded BAkiclnds diagrams
| of essential portions of;the arrangement of the IC
shown in Figure 2;

Fig. 6 is a diagram showing the operating

10 principle of the embodiment of Figures SA and 5B;

Figs. 4A and 4B are diagrams of operating wave-
forms in the cifcuit of Figures 5A and 5B; and

Fig. 7 is a diagram of operating waveforms
in the circuit of Figure 6.

15 The arrangement of a dynamic memory system
will now be described with reference to Figure 1, which
shows a block diagram of the dynamic memory system.

This system is constructed of a D-RAM IC ARRAY (herein-
below, termed "D-RAM"), and interface circuits disposed

20 between the D-RAM and a central processing unit (herein-
below, termed "CPU", and not shown) in a computer.

The D-RAM is constructed of a plurality of
integrated circuit (hereinbeldw; abbreviated to "IC")
chips ICl1 - ICmB each of which has a pemofy capacity

25 of n kilobits. The IC éhips are arrayed in m rows
and B columns. Accordingly, the D~RAM has a

capacity of (n x m) words x B bits.



-

a ss receiver RAR a colum address receiver CAR, an address receiver.

A a decoder DCR, a RAS control circuit RAS-CT, an address mnultipl exer s
ADM: .a refresh synchronous generator 5 RSG “a refresh address counter
RAC, a data bus driver DBD and a control circuit CCT. The RAR receives
address signals [err] - A anong address-@-gnals A0 - Ak transmtted from

the CPU, and converts theminto address signals with timngs adapt- 10 4.
ed for the operating timngs of the DDRAM The CAR receives address

signals Alerr] -the 2HPBPELBE- eii%aiessa&aahsrahehehresékre%&v@emverts

theminto address signals with timngs adapted for the operating
timngs of RAR, DaRAMudR address réBeidbR CARSI ¥AS addedesss relc@izler A +l - A
anong t he address signals Alerr] - Ak, and converts theminto address

signal s wi tADR,tandegededapCrg ﬁoRAsheonpebat cirpgiti BASgESTQf anhe D- RAM

The DCR deIivers chip selection control signals 20 CS[err]- CS[err] (m
= 2k ) for sédEesSngulbépléxehiABMMAahrafrhehDsﬁnbhrbnonssg@ﬂ@gaw@rthe
address signals [err% supplied fromthe address receiver ADR.  The RAS-CT
del i vBrs chR§Gsesete UﬁsglgﬂdrssanqoﬂnﬁﬁadBAgssaldﬁtédb@ﬁnér§wgﬁals with

tim ngs adagted for
BD and a control circuit C-CT.

cg&%ﬁlty of (n x mM words x B bits. -5- The interface-circuits are a row

The RAR receives address signals_A0 - Ay among
address signals Ag - Ay transmitted from the CPU, and
converts them into addréés signals with timings adapt-

10 . ed for the operating timings of the D-RAM. The CAR
receives address signal_s'Ai+l - Aj among the address
signals A0 - Ak, and converts them into address
signals with timings adapted for the operating timings
of the D-RAM.

15 The ADR receives address signals Aj+1 - A, among
the address signals Ay - Ay, and converts them into
address signals with timings-adgpted_for the operat-
ing timings of the D-RAM.

The DCR delivers chip selection control signals

20 CS; - €S (m = 2k-3y for selecting the IC chips within
the D-RAM, in reéponse to the address signals Aj+1 - A
supplied from the addfess receiver ADR.

The RAS-CT delivers chip selection signals and
row address introducing signals with timings adapted for

25 the operating timings of the D-RAM.



25 the operating timngs of the D-RAM -6- The ADM nul ti pl exes t____
address signals Alerr] - Al and Alerr] in tinme sequence, and delivers thear
to the DDRAM The RSGis a circuit for determining the timngs 5 ° at
whi-ch the menory information of the D RAM-igs refreshed. The RAC delivers
refresh address signals [err] for refreshing the nenory information of the
D-RAM The DBD is di sposed between the CPU and the D-RAM and controls a

data bus by receiving a WE signal. 10 The G CT delivers signals
for controlling thEhaf 8P¥neuilténdaxraCthADRAARASSCT18DBDSadg B- RAM Si gnal s
which are applied fromthe CPU to the interface circuits include the

address signakBd[ &g} ref;edn gimat sspyABLerERBANEeliNe gy them 5
enabl e signal WE,_a nenory start signal MS, etc. The address signals [err]
are signals f5° §BPeBrRAY-addresses within the D-RAM The refresh grant

[ | REFGRNT i [ | .1 f hi t I_nf, ' ithin th
D AAM The wite ohipl B8 dfak ALY ogv 48tSERRRYn sAG FABSARE: r icti on

i gnal f t he,d ' : | MS i ' I
or atarting the hishy yhirnraoty 1876 FERROK e het Bl AF (Tedrpodad.
i nput/output data gpet RgcdabeiPepshbehesANARALEsEN81ERY1IANG [ e gD RAM A

refresh request -
for refreshing the memory information of the D-RAM.

The DBD is disposed between the CPU and the D-RAM,
and controls a data bus by receiving a WE signal.
10 The C-CT delivefs signals for controlling the
aforementioned RAC, ADM, RAS-CT, DBD and D-RAM.
Signals which are applied from the CPU to
the interface circuits include the address signals
Ao - Ak’ a refresh grant signal REFGRNT, the write
15 enable signal WE, a memory start signal MS, etc. The
address signals AO'— A are signals for selecting
addresses within the D-RAM. The refresh grant signal
REFGRNT is a signal for refreshing the memory information
within the D-RAM. The write enable signal WE is a
22 ‘read and write instruction signal for the data in the
D-RAM. The memofy start signal MS is a signal for
starting thelmemory operation of the D-RAM. Input/output
data D, - Dy are input/output data on the data bus
which connects the CPU and the D-RAM. A refresh request

25 signal REFREQ is a signal for requesting the refresh of



%

2 X signal REFREQ is a signal for requesting the refresh of -7- the
y information within the DDRAM Now, the construction of the address

SI s within the dynam ¢ nenory systemw || be explained.: The, address .
signals [err] transmtted fromthe 5 CPU (ot shown) are substantial |l w_
divided into two sorts within the dynam-<€7+frenory system the address

signals [err] and the address signals Al+ - Ak One sort of address S|gnals

[err] are used as address_signals which are appli‘ed to the address

term nal s 1(khe memgry h@f%@@'@-‘stmewlthém pBewDtRAM.t he D-RAM The ot her
sort of address signals A +1 - are processed into chip selection signals
[err] which are zﬂfﬂh dehe ocqu‘%t%%‘é?n?%al‘-‘%eo%dflﬁesﬁcséﬁnﬁésw thin the

D- RAM 15 address signals Jerr e further divided into the
two sorts of'ithin Jhg ef@%?’g%a‘?%m‘f r?y%{‘n é}ﬁ' berexpladneds signals A0

- A are allotte ot 0 | of he menor X ar W t hin
the I C chip, whiﬁyqrﬁég%#r%iéé %% A tra?%miTgaé fﬁ??o%ﬁéd to the
colu sel e t ation of the
dyna%nc nemc)%%}pgﬁ er%}f\va )’?}%él%éaergf rléééslgs:?lgﬁél s [err]

transm tted ucPBdria *w;thln the dynamic memory system: the address

signals Ay - A; and the address signals Aj+l - A

3
One sort of address signals AO - A, are used as

address signals which are applied to'thi address terminals
10 of the respective IC chips within the D-RAM.
The other sort of address signals Aj+1 - Ak are
processed into chip selection signals §I§1 - §K§; which

are applied to the RAS terminals of the IC chips within

the D-RAM. ,
15 The address signals AO.- Aj are further divided
into the two sorts of address signals Ay = Ai and

A - A,. The address signals AO - Ai

i+1 J
are allotted to the row selection of the memory matrix
array within the IC chip, while the address signals

20 A - Aj are allotted to the column selection of the

i+1
memory matrix array.

Now, the operationlof'the dynamic memory system
will be explained.
The address signals AO'- A; transmitted from the

25 CPU are divided into g - A, and Aj g - Aj, which are



25 CPU are divided into [err] and [err], which are respectivel y= -
applied to the ADM t hrough the RAR and the CAR Thereafter, when a row -
address strobe.signal [err] has becone a certain level, the row address -~
signals 5 [err] are delivered fromthe ADM: These row address signals
[err] are applied to the address terninaLg_of the IC chips within the

D-RAM At this tinme, the ADM does not delrver the columm address signals
[exs] because it is put into a proper arrangenment in advance. 10

‘Subsequent | yrespentikellyeappliednab hae agmoron HORPRSIHAR ldiel to the
aforenentioned | evel, the colum address signals err]Jare delivered in
response frotheh8ARDM and are simlarly applied to the address term nals of
the IC chips within the DDRAM 15 At this tinme, the row address
signals [err] areThered€tever whehr enrpomWe addivie sBhadroblee sdgurads RAS gnal s
[err] and [err] are applied to the address termnals of the IC chips within
the D-RAM i nh@pnBesanBepAceerkaibspaoNgd t ghensowoaddress| gignalsf the RASH
signq%. If a refrgsh conargt siggal Lerr% is_not applied to the ADM and t he
RAC, The reffesh AgdREEsIEINEFEd[ EFPP 4P ADM-deflheSCcdoM SRATSSADM The
chip sel ecti Lgpals A +1 - A are.convert 25 y the into the
chi p selecti%£g§5g€r80 §i6ha?§e applleg %o %ge address Qermlna s

of the IC chips within the D-RAM. At this time, the

ADM does not deliver the column address signals Ai+1 - Aj

because it is put into a proper arrangement in advance.
10 ' Subsequently, when the §K§; signal has become

the opposite level to the aforementioned level, the

column address signals 4; ., - A; are delivered in '

response from the ADM and are similarly applied to

the ﬁddress terminals of the IC chips within the D-RAM.
15 At this time, the row address signals Ag - A; are not

delivefed from the ADM.

Thus, the address signals Ay - A; and A; . - A;
are applied to the address terminals of the IC chips
within the D-RAM in time sequence in response to the

20 levels of the §K§; signal.
If a refresh cqntrol signal Rcs is not applied
to the ADM and the RAC, the refresh address.signals
Ry - By are not delivered from the ADM. '

" The chip selection signals A, - A are converted

J+1
by the DCR into the chip selection control signals

n
\Ji
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-9- [err] which serve principally for select- ming the I1C chips within t he

The signals [err] are converted by the RAS-CT into the [err] signals
Wi their delivery timngs controlled. The [err] 5 si-gnal s are used

as chip selecting signals and row address introducing signals. The [err] ;J'

signal is supplied to the 1C chips [err] of the first rowin the DRAMin
comon. Likewi se, the [err] signal is sdgpplied to the ICchips IC - 1CnB
of the mth row in conmon. 10 Now, the operation of setting the ~

addresses in the I1C chips of the DDRAMw || be explained. First, the row

Chipe ot nES mabead® & U SR RN o slgedT, ony
accor dance dFEnthe 4 SHipa, Hidhln, she HRA o, A, MR by 5 6
signal's [erghel RobGRRRAACH ng};geﬂzms%&* 9B ¢ d KBS o a1 s

si gnal ,

the row

ess si err] "are introduced i nto

[err] of thﬁiEhr%heEQWdEmibQ%KDtRﬁHhFEh%oh WY e

[err] are applied to the ICc

I ps be

dd
ore the [err] signal hdre, Ismhat

n
mection

signal s

this prevensighhsi Akreodged @8 ehip selecting signals and row address

10

15

20

25

introducing signals. The §K§I signal is supplied to the
IC chips ICl1l - IC1B of the first row in the D-RAM in
common. Likewise, the §K§; signél is supplied to the
IC chips ICml - ICmB of the m-th row iﬁ_common.

Now, the operation of setting the addresses in
the IC chips of the D-RAM will be explained.

First, the row address signéls Ay - A; are applied
to the address terminals of all the IC chips of the
D-RAM.

Thereafﬁer, among the iASl - RAS_m signals, only
one signal, e.g., the §K§I signal is brought into a
certain level in accordance with a row address strobe
signal §K§; and the chip selection signals Aj+l - Ak‘
In response to the predetermined level of the §K§I
signal, the row address signals Ay - A, are inﬁroduced
into the B IC chips IC1l - IC1B of the first row in
the D-RAM. The reason why the row address signals
Ay - Ay are applied to the IC chips-before the §K§I
signal here, is that this prevents the introduction of

false row address signals which might occur if the



55 -~ false row address signals which mght occur if the -10- [err] N
signal were applied before the row address signals [err]. Subsequentl|y»lt he
¢olum address, signals [err] are applied to'the address term nals of Q '

the IC 5 chips of the DDRAM Thereafter, when the CAS signal, whiC

. delayed fromthe [err] signal has been brougtit into a certain |evel, the

colunn address signals [err] are introduced in response into the BIC
(ps of the first rowin 10 the D-RAM The reason why the col um

ad ress signals [err] are applied to the ICs before the [err] signal here,
IS the sane asEgge t apove [

addr esses of nennly§£§§?ge?%£§ g@%{g§?2§e5§¥ﬁ Qﬁ 98 ?%@F%QL gp?“?%e 15
first rowin the D-RAM are set. None of the other IC chi ps mnthln t he D- RAM
except those indthe #irst row are sel ected, because the [err] signals are
held at the opp05|tSubanﬂemtﬂyhetheveﬁlumntaédﬁwéa sigmals 201

Next, the operation of witing data into the nenory cells correspond?ng to
the addresses awe %Pklk%d:rt@e%h%b@ﬂ@r¢%s peerminels wEnalhetE E€gnal is at
a predetermned | eve for exampl e, the low |l evel. The reading operation is
per f or me¥ wherch msw_f he D-RAM.

Thereafter, when the CAS signal, which is delayed from the
§K§I signal,has'been brought into a certain level, the
column address sigpals Ay - Aj are introduced in
response into the B IC chips of the first row in

10 the D-RAM. The reason why.the column address signals
141 - Ay are applied to the ICs before the CAS signal
here, is the same as the aforementioned reason.

A

By the above operations, the addresses of memory
cells to be selected within the B IC chips of the

15 first row in the D-RAM are set.

None of the other IC chips within the D-RAM

except those in the first row are selected,

because the RAS, - RAS_ signals are held at the opposite
level to the level of the §K§I signal.

20 - Next, the ope:ation_of writing data into ;he
memory cells correspbnding to the addresses set as
described above is performed whgn the WE signal is
at a predetermined level, fbr example, ;he low lg&el.

The reading operation is performed ﬁhen the WE

25 signal is at the dpposite level to the above.



: signal is at the opposite |level to the above. During witing
prationsinput data DIl - DIB fromthe CPU are witten into the B

dressed nenory cells. At this tinme, output data DO1 - DOB fromthe D-RAM
are controlled by the 5 VE signal so as ndt to be delivered fromthe
DBD. Durirg readi ng operations, the data-DOl1 - DOB corresponding to the B
addressed nenory cells are read out fromthe ADM At this tinme, the input
data [err] are controlled 10 by the [err] signhal so as not to be -~
delivered fromth t g..t RAM Refresh Operation In the nenory cel
circuit of the D-%KBFHE %F%QgPQ;nfornation Is stored in a capacitor, such
as a MOS capaggktatiohs, iput datdedIrm DEBciwdieshe GPE &hargpstEear ease
with time on account of a | eakage current. A problemhere is that when the
charge | evelimtar idep B diddyrdssed manory ndeklsi i oot "dHig htihe | evatpubas
becone | ower than a reference level for discrimnating information "1" 20
and "0" (| odaltevd@Ol as DOE fimom| theofDtRAM cire roteeddbbed by theerroneously

di scriminated as "0". In order to keep the information "1" stored,
ther®fore, tie sdigadesSnasd N e ke résshiste tad ofrom helye dBBPease bel ow t he
reference level. The refresh operation must be 25 execut ed at

| east once withi nDdherg pégaTAgI on storage |
operations, the data DO1 - DOB corresponding to the

B addressed memory cells are read out from the ADM.
At this time, the input data DI1 - DIB are controlled

10 by the WE signal so as not to be delivered from ﬁhe

DBD to the D~RAM.

Refresh Qperation

In the memory cell circuit of the D-RAM, a bit of information
is stored in a capacitor, such as a MOS capagitor, in

15 the form of charges. The charges decfease with time
on sccount of a leakage current. A problem here is that
when the charge level corresponding to, e. g.,
information "1" (high ;evel) has become lower than
a reference level for discriminating information ™%

20 and "O" (low level) as the result of the charge leakage,
it is erroneously discriminatéd as "O". 1In order to
keep the information "1 " storéd, therefore, the charges
need to be refreshed before they decrease below the

reference level. The refresh opération must be

25 executed at least once within the information storage



-12- time of the nenory cell to be conpensated. Now, the refresh operat(éED;
W | be described with reference to Figure 1. The refresh synchronous )
denerator RSG transmits 5 the refresh request signal REFREQ to the CPU
ouce every period determ ned by the information storage tinme divided by the
nunber of refresh cycles . (The nunber _gh-refresh cycles is equivalent to
the nunber of word lines connected to a colunm data line.) 10

R receiving the REFREQ the CPU transnits the refresh grant signal

RE GRNT Altho gﬂ ng% ﬁéth8§%9§|¥eiis% %nngehs sSo constructed as

not to deliver e Wi e enabl e”si gnal e menmory start signal M at

this tinme. Upon recgiying &h%engQBNE ebaeleanwill %r Qeéisleri@tlel Provi des

- the refresh control S|gna Is to be applied to the address

mul ti pl exer ADM €8 ﬁgfbraﬁcgheorgigasa address counter RAC. Upon receiving
the [err] signal, the ADM supplies the DRAMw th the address signals [err]

excl usively for reffhehraﬂresh syaehronphacgenerstera@dGe tranisgrilss A - A
for random access use. Refreshing nethods in DDRAMs broadly fall into two
cl assi f5 cat i onthe Onef péshhesqgiess sbghed REFRERcHot tber €FPeonceeceveny of
the 1C chip array are successively refreshed. 25 Thi s nmethod has the
advant age t hat PeF@dpdrterminads byhheoinformation storage time divided by the number
of refresh cycles . (The number of refresh cycles
is equivalent to the number of word lines connected
to a column data iing;)
10 Upon receiving the REFREQ, the CPU transmits
the refresh grant signal REFGRNT. Although not particularly
essential, the CPU is so constructed as not to deliver
the write enable signal WE and the memory start signal
MS at this time. Upon receiving the REFGRNT, the
15 control circuit C-CT provides the refresh control
signal Rcs which is to be applied to the address multiplexer
ADM as well as the fefresh address counter RAC. Upon
receiving the Rcs signal, the ADM supplies the D-RAM
with the address signals RO - Rﬂ exclusively for refresh
20 use in place of the address signals Ao - Aj for randcm
access use.
Refreshing methods in D=-RAMs broadly fall into two
classif.ications. One of them is a method in which the respective

rows of the IC chip array are successively refreshed.

25 This method has the advantage that the power consumption



C%a- required for the refresh is low, but it has the disadvantage that the
period of tinme required for the refresh is long. The other nethod is a
met'hod in which the whole IC chip array of the DDRAMis refreshed at the ~
same.- 5 time. An arrangenent for executing this nethod is not shown
in Figure 1. For exanple, the addressagignals [err] fromthe address
receiver are applied to the RAS control circuit RAS-CT w thout passing

t hrough the decoder DCR, and all the output signals RAS1 - RASm 10 oF
the RAS- CT i@ ieqUaldly ithel r GRIdraiis [1rue) biderelyad ot88! @cdad@binthge! Cs

of the [err] ‘at the sane tine. Thus, the refresh is effected. The advant age
of this nekhed ithe Pririldee dferjian deduired efpy rih fosfidsh red reshgl s

short, whereas 15 t he di sadvantage is that the power consunption is

hi gh. There wi | IThzow the rexalthioted & he meflreas Mo paiiadh othé nwiidlee mat ri x array
within the IC of the DDRAM The refresh address signals [err] are applied
fromthe ADQG tchipheraddr ofs ther H-RAM i ndfrdsharhigh.ti?® same Thereafter,

t he RAS signal assunes a certain |evel, and the 2 row addresses of the

| Comatrix &imgy add srreagsmealy oy axechting tthis mefhod hs @t si gnal

lies at the opposite level to the above.. The inforpation jn the nenory

cel I's conn8be¥d iy FHEUTE dot edFof*APLle, theAANESS F1804d3 i fied by a

sense anplh;hir-(ﬂitf%%%W%Le address receiver are applied to
the RAS control circuit RAS-CT without passing through

the decoder DCR, and all the output signals-RAs1 - RASm
10 - of the RAS-CT are brought into a certain level, thereby
to select all the ICs of the D~-RAM at the same time.
Thus, the refresh is effected.
The advantage of this method is that the period
of time required for the refresh is short, whereas
15 thé disadvantage is that the power consumption is high.
There will now be explained the refresh operation
in the matrix array within the IC of the D-RAM.
The refresh address signals RO - Ry are applied
from the ADM to the address terminals of the IC chips.

20 Thereafter, the RAS signal assumes a certain level,
and the 2¢+1 row addresses of the IC matrix array are

successively selected. At this time, the CAS signal
lies at the opposite level to the above. The information
in the memory cells connected to the selected row

25 addresses are amplified by a sense amplifier (not shown)



"-14- so that their level differences of "1" and "0" may be expanded. The -
anplified information are witten into the nenory cells again. That is,@&
-the refresh is performed. The [err] signal is not transnmitted to the D RAM *
"and the DBD during the refresh operation. Therefore, no data is inputted
Tfomor outputted to the DBD. Figure 2 sfidws the circuit block of one ICin
the D-RAM and Figures 5A and 5B show the nore detailed 10 circuit
arrangement of the I1C. The circuit block of Figure 2 is fed with supply
voFtages from a power source not shown, through the supply voltage

recei vi ng t aonithalts theiny lavel] difif efertdes IdE "MHe gmdwet0'Sagee i ncl udes a
.battery for ensuring operation while the 15 power switch is turned off.
The IC in t be fexpanceds cdhet mamplddicfd dnfionmeripn sregensitatéemg bl ock TGB,
a nenory array MARY, a sense anplifier SA, a colum switch circuit CGSW a
data i nput Haftoethy Bemeryarceldst @mgaisuf f dhavol;s,a thevfresh decoder

R-DCR, a columm decoder, C-DCR, an address buffer circuit ADB, and a
substrate bil#s Pe3ifozgedgenerator [err] The menory array MARY is known in

(selfs and (e detorked dendl 8l 1on, Qe A eI, WGP 20 1S
and the DBD during the refresh operation.' Therefore,
no data is inputted from or outputted to the DBD.
Figure 2 shows the.circuit block of one IC in
the D-RAM, and Figures 5A and 5B show the more detailéd
‘ 10 circuit arrangement of the IC.

The circuit block of Figure 2 is fed with supply
voltages from a ﬁbwer source not shown, through the supply
voltage receiving terminals Vcc and Vss of the IC; The. power
source includes a battery for ensuring.operatioﬁ thle the
15 power switch is turned off. | | |

The IC in the figure is constructed of a timing
pulse generating block TGB, a memory array M-ARY, a
sense amplifier SA, a cplumn.switch circuit c-sw; a
data input buffer DIB, a data output buffer DOB, a row
20 decoder R-DCR, a column decoder C-DCR, an address buffer
circuit ADB, and a substrate bias voltage generator

Von-G.

BB~
The memory array M-ARY is known in itself, and
the detailed description of;the arrangement thereof

25 is accordingly omitted, It is constructed of a plurality



- -1 5- known nenory cells which are arrayed in the shape of a matrix and
/ h of which has the 1-MOS transistor cell structure. Anong the plurality.
menory cells arrayed in the matri x, menory cells arranged 5 o
t he sane colum have their selection tefninals coupled to one word >~
line in common, and menory cel |l s1&-ranged in the sane row have
their data input/output termnals coupled to one data line in common. The
word line forns the row |line of the nmenory 10 array, while the dataw
line forms the colum line of the nmenory array. Further, as shown in the
figure, the&NOWR MLRFRTECHLhRWRIFY SrecRrIegedsinohber 8BARE of a RAS

' I t S-G whjch i t ed 15, trob
ol onal (horaf it ket oF CBLER | Bhs RSy AAHOREBRTRLAEPT  er i nal
RAS of the |G, ' = SG whih.ch i s db
col u(r)m adgrce% ! git[rrg{f!ei]‘%ﬁ%lg%g?}‘r?@g\&%gé%%%%EﬁeﬁkF%?’IP -r§§§%$ﬁg ed %/_h?ou_gh
an exter nalartrea[ &‘%’!n m%ﬁ@%'gtvﬁiﬂnal d%i—}ﬁf@{-ggc%ﬁf@ gQr the circuit

RAS-SG a sign gener at or ich is opera y S|gna?%gaglivered from

thesci rcui tis RASS@ a8 CAZ XKk Pe I SREL M &4 Lo £006H Ok e ShgARY s gener at or
RI'WSG which is operated by a signal delivered fromthe circurt SG and a

wite contrgdusliginao (died aidw®! Dive 2n commoh £r s VE) memebyed through an
external termnal WE. .
cells arranged in the same row have their data
input/output terminals coupled to one data line in
common; The word line forms the row line of the memory
10 array, while the dsta line forms the column line of
the memory array.

Further, as shown in the figure, the timing pulse
generating block TGB is constrﬁcted of a RAS signal
generator RAS-G which is operated by a row asddress

15 strobe signal (hereinbelow, termed RAS) supplied through
the external terminal RAS of the IC, a CAS signal
genefator CAS-3G which is oper#ted by a column address
strobe signal (hereinbelow, termed CAS) supplied through
an external terminal CAS and a signal delivered from

20 the circuit RAS-SG, a signal generator SG which is
operated by éignals delivered from the circuits RAS-SG
and CAS-SG, and a read/write control signal generator
R/W-SG which is operated by a signal delivered from
the circuit SG and a write control signal (hereinbelow,

25 termed WE) supplied through an external terminal WE.



-16- The signal generator SG provides various signals responsive to the RAS
signal (hereinbelow, ternmed RAS-group signals) and various signals ;
fesponsive to the [err] signal (hereinbelow, terned CAS-group signals). 5
The operations of the various circuits constructed of dynamc circuits are
controlled by the RAS-group signals and thg-CAS-group signals. The various
si.gnals in the RAS-group signals and the CAS-group signals are respectively

set.-as follows 10 by way of exanple (1) RAS-group Signals The
RAS’group signal s 4 S etc, is an addre S buf fer
control signal cﬁ %Sﬁg:ﬂill &g%basp aé%oéféﬂgﬁarggglﬁﬁff BrER Thi s
control signal, Sgdl LRin her or not
t he row addressGJ gna Vsé supp o an ﬁ%ﬁg%}%ﬁ%% dg?gggabuf fer ADB

are transmtt ¢AS-@ridi é&&ﬂkigﬁkﬁn&?¢X¥ious s1§HQPQSb89pBH§ithe row 20

address signals supplied to the external termnals of the IC are the

signals [err] tdermsd TS sigdder (R intbebow) goetmed eCchb- Ffoﬁﬁnsigﬁﬁlhgd
and inverted | evels which correspond to the address signals [err] and which

are seg at thé&uppnmﬁnatmansenﬁﬂﬁheZGarlous circuits ¢enstrustadwofd |ine
control signal_ which i's supplied
' dynamic circuits are controlled by the RAS-group signals
and the CAS-group 31gnals.
The various signals in the RAS-group signals and
the CAS-group signals are respectively set as follows
10 by way of example:
(1) RAS-group Signals

2

The RAS-group signals consist of signals ?LR’ X’
¢%A etec.
¢hR is an address buffer control signal which
15 is supplied to the address buffer ADB. This control

signal ¢AR is uséd as a signal for determining whether
or not the row address signals supplied to and latched
in the address buffer ADB are transmitted to the row
decoder R-DCR. Supposing that the row

20 addréss signals supplied_to the exfernal terminals of
the IC are the signals Aof- Ai,_the_address_buffer ADB forms
signals ags Ea_to ai,'E; of non-inverted and inverted
levels which correspond to the address signals AO - Ai

and which are set at the appropriate levels.

25 ¢X is a word line control signal which is supplied



-17- to the row decoder R-DCR. This control signal |err] is used to
term ne whether or not a signal fornmed by the row decoder R DCR i s

ansmitted to the menory array MARY in order to select 5 . the row
address of the nenory array MARY. [err] is a:sense anplifier control ~
signal, which is a signal applied to t&-sense anplifier SA and driving the
sense anplifier SA. (2) CAS-group Signals 10 The CAS-group

signals consist of signals [err] [err] etc. [err] is an address buffer )
control signal which is supplied to the address buffer ADB. This control

signal [errqigha!Sesh ageco8e8NALDERL dEheENcBhRGoMN QB 11P or not
the columm address signals supplied to and | atched inthe addr ess buf fer
ADB are traisnidé&dtbodebernvhdnwhdenadebrCnbER. Supposi ng that the

colum address signals supplied to the external termnals are the signals
[err], the addrekgndlffermedBbyothe, roiwkdecedetroRt-DERabeve, 20

signals [err] of non-inverted |level and inverted | evel corresponding
thereto. [etrgngminted| temthei memorynarvhysMgABY whi ohder tappkledtto the
decoder CG-DCR  This control signal [err] is used to determ ne whether or
not 25 therey| addresptefi sbecRererYspgRay MoAR¥d by the col um

¢PA is a sense amplifier control signal, which
is a siénal applied to the sense amplifier'SA and driving
the sense amplifier SA.
(2) CAS-group Signals
10 The CAS-group signals consist of signals 9%0, ¢Y’
¢OP etc. '
?AC is an address buffer control signal which
is supplied to the address buffer ADB. This control
signal ?AC is used as a signal for determining whether
15 or not the column address signals supplied to and latched
in the address buffer ADB are transmitted to the column decoder
C~DCR. Suppoéing that the column address signals
supplied to the external terminals are the signals Aj;+1 - Aj.
the address buffer ADB forms, likewise to the above,
20 signals a; ., E;:T to a5 ZE of non-inverted level
and inverted level corresponding thereto.
¢Y is a column switch contbol signal which is.
supplied to the decoder C-DCR. This control signal ¢Y

is used to determine whether or not

25 a column switch selection signal formed by the column



‘decoder C-DCR is supplied to the colum switch circuit CGSW [err] is a .
data out put buffer and output anplifier- control signal. This signal i'.'-'_:-
Applied to the data output buffer DOB and to an output anplifier OA WNZLE
k%;provided I f necessary and which serves to transmt read-out data-from
the nenory array M ARY to an out put dat_alé_err]- termnal. indicates a data

| nput buffer-control signal. 10 Thi's" signal is applied to the data
ngut buffer DI B and serves to transmt wite-down data from an

i nput data termnal Din to the MARY. [err] indicates a data output

buf f er - cont A8L°8eFN & DCFhils suppdiieds t@phitesalmmswidich 1sireuit out put

buf fer DOB gnd serves to prevent the read-out data from being
del i vered t & t¥e data out put (Dout) term nal Dout during the witing

220 Ko Yoo W SN SR i SRR A, & B P D e 1
will be exp%gbggglw%ggﬁkgtg{%ﬂqg Eﬂg%gﬁ E%ring di agrans of Figures 3A and

3B. First, ret gnal” i"s *broug into the low | evel, the row

addrgss si gpah3ik@rth 3he A4RE! bedptt burre® Hol (i Ydn IGILPyRl s of the

| C. hese address
amplifier OA which is provided if necessary and which serves

to transmit read-out data from the memory array M-ARY
to an output data (Dout) termina15

¢

indicates a data input-buffer-control signal.

RW
19 This signal is applied to the data
input buffer DIB and serves to transmit write-down

data from an input data terminal D;, to the M-ARY.
Foy indicates a data output buffer-control signal.
This signal is applied to the data
15 output buffer DOB and _ serves to prevent the
read-out data from being delivered to the data output
(Dout) terminal Dout during the writing operation.
Figures 3A and 3B are timing diagrams of the IC
shown in Figure 2. '
20 Now, the operations of the respective circuits
of the IC will be explained with reference to the
timing diagrams of Figures 3A and 3B.
Fiﬁst, before the RAS signal is brought into the
low level, the row address.signalsA0 - A; are supplied

25 to the external terminals of the IC. These address



-19- signals are supplied to'the address buffer ADB. Wen the -RAS si gnal
been brought fromthe high level to the low level with a predeterm ned

t gt ng, the signal [err] properly delayed, is provided in response, and 5

the row address signals [errJare latched in thé address buffer ADB. In N/

addition, the row address signals [err]_igg [err] fornmed by the address

buffer ADB are transmtted to the row deCdoder R-DCR The reason why the RAS

signal is delayed with respect :10 to the row address signals [err] ifw

this manner, is to reliably introduce the row address signals [err] into

t he address $ighals AdDBe asupplieddtesthe addrkesnbuffgradDBy. When t he

signal [err] has_been delivered as stated 15 above, the row address

signal s [ errihe oS [ igpakrkaguppencbrevghkef samdsbedbigh bemel The row

decoder R-DCR has internal nodes, which gorresgon to the word |ines_of the
memory arr aytdv ke beié 19vehe¥ihd anPERISFETBIBEGnEIPARY . pFRENELGRALSt at es

20 in gdvance. _Wien fhe row, add Lgnal s_have_b lied, onl
the sel ect o ARG A °THE FRASTRAT ABJBESTAIBRa: PoRPAREDAS! FOBCR arc |eft ~

o o R S SEeL £ VEL Bl 15 L | RS Bl B T
The control éﬁéﬁ@gs[ﬁﬁfjefsAﬁEPViﬂﬁda&&iﬁioﬁ,pEﬁQePSQHEaﬁgess
signals a,, a5 **°°* and a,, a, formed by the address
buffer ADB are transmitted to the row decoder R-DCR.
The reason why the RAS signal is delayed with respect
10 to the row address signals Ao - Ai in this manner,
is to reliably introduce the row address signals Ay - A4
into the address buffer ADB as row addresses in the
memory array.

When the signal has been delivered as stated

?AR

15 above, the row address signals a,, 55 ++-+ and ag, E;
are supplied to therow decoder
R-DCR. The row decoder R-DCR has internal nodes which
correspond to the word lines of the memory array M-ARY
one to one and which are brought into precharged states

20 in advance. When the row address signals have been
supplied, only the selected ones of the internal nodes
in the row decoder R-DCR are left intact at the precharged
level or the high level, and the remaining unselected

internal nodes are brought into the low level.

25 The control signal ¢k is provided after a predetermined



-20- delay tinme after the control signal- [err] has been delivered. The
delay tinme of the control signal [err] relative to the control signal fAl
is properly set in-accordance with the operating characteristics of the
decoder R-DCR 5 When the control signal [eror] has been provided,
signals which correspond to the signals aROthe respective internal nodes of
the row decoder R-DCR are supplied in response to the correspondi ng word

| iges of the nenory array M ARY. - If the row address signals have 10

(i ™+ 1) bits [ o ai,_the punber of the.word lj4nes in.the ary aryay
M ARY is corr eéfg)%?ﬁ']iﬁi #@ﬁ"g afker tgfegf’fl.%m;c%&%%laﬂ'glstm ?‘ﬁgt oSa @rﬁﬁ{?rﬁ 1
word |ines whi C p r hgeal f oGl + bits is
brought into t eesgéégiiggﬂ?eéglkgg Fﬁgkgggpgﬁifél ?; %gﬁﬁﬁégﬁxﬁgdecoder
R-DCR. Among the gbiERbL!YighaTBOIYigehhdpeR1NE e TRHR ¥ RN ARY, only
ones coupled to the selected word ABnes are seléected. As a result, the data
lines in the rmedBhythér e HRighararhbebribeIBECHIVEhROLSPt ddkSadpt RLFERET
i n accordance 20 wth information previously stored in the selecte
menmory gel ls cwu@meﬂheheontnolV&Egnalng hygscekekencppetidedsd signads 1- MOS
transistor cell is enployed, the capacitance val ue of a capacitor serving
as i nformat i orWBioh agernespend tai hheheignadeyatethei respegdiaei vel y snal

25 as is,well known, so that a potential change given from
internal nodes of the row decoder R-DCR are supplied in

S

£
>
~ A

response to the qorresponding word lines of the memory
array M-ARY. If the row address signals have

10 (i + 1) bits a5 to a;, the number of the word 1ines;“
in the memory array M-ARY is correspondingly set at | }
21+1. Accordingly, that one of the Zi+1 word lines
which corresponds to the row address signals of (i + 1)
bits is brought into the éelection level by the output

15 of the row decoder R-DCR. Among the plurality of
memory cells in the memory array M-ARY, only ones
coupled to the selected word lines are.selected. As
5 result, the data lines in the memory array M-ARY
have their respective potentials determined in accordance

20 with information previously stored in the selected
memory cells coupled thereto. When a memory cell constructed
as a 1-MOS transistor cell is employed, the capacitancé
value of a capa¢itor serving as information storage

means within the memory cell is comparatively small

25 as is well known, so that a potential change given from



-21- the selected nenory cell to the corresponding data line is
"ﬁa-aratively smal | . Upon | apse of a predeterm ned delay tine after the
‘aarol signal [err] has been delivered as described 5 - above, the <
e anplifier control signal [err] is provided, and the operation of the-/
sense anplifier SAis started in responsge. The information signals applied
to the respective data lines of the nmemory array MARY are anplified by the
operation of the sense anplifier SA 10 Upon | apse of a *ay

Pt it PERLLRL ] QPS8 SO GAALTUEERTT, < 00 .
15

signal s [ erqsl, Ars s%qyﬂ' i c§§§ ternal term nals. After -
the tine ddffﬁgq%hic t%é?%%ini of the colum address signals [err] at the
external term ngjpidlapse of RUSrSdPE ORMiRE adliPy Chme! @Bk, S brought
into the low level. The reason why the [err] signal is delayed wth respect
to the col WAe abHissl Jigrds has bederd¢liveréd Sadbaeeéribsqto reliably
i ntroduce the address signals colum addresses in the nmenory array into

t heSaddr es st ,erthdDB eams @ ranigie £ s e geomigro Wiehgndik Bs gppdbvhasdabeen
brought fromthe high level to the low |level, the sign [err] properly

del ayed 25and thed spamatided of) themense anpitlifier cA ubhe stdadreds isi gnal s

response. The information signals applied to the respective
data lines of the memory array M-ARY are amplified
by the operation of the sense amplifier SA.
10 Upon lapse of a predetermined time after. the
row address signals A.O - Ai have been supplied to
the external terminals of the IC as described abo#e,
the column address signals Ai+1 - Aj are supplied
to those external terminals.

15 After the time during which the levels of the column
address signals Ai+1 - Aj at the external terminals
are made appropriate, the CAS signal is brought
into the low level. The reason why the CAS signal
| is delayed with respect to the column address signals
20 Ai+1 - Aj in this manner, is to reliably introduce
the address signals as column addresses in the memory
array into the address buffer ADB as in thé'foregoing.
~ When the CAS signal has been brought from the high
level to the low level, the signal ¢hc properly delayed

25 is provided in response, and the column address signals



"-22- [err] are latched in the address buffer ADB. In addition, the colum
address signals [err] and [err] forned by the address buffer ADB are =
-supplied to the col um decoder C-DCR 5 When the signal [err]
further delayed fromthe signal [err] has bgen pt ovi ded, a signal for

sel ecting one of the plurality of data |i ié§~of the menory array MARY is
supplied in response fromthe col um decoder CDCR to the colum sw tch
circuit GSW 10 In this nmanner, one address in the nenory array
MJARY i s appoi nt,ed by the .caw : H%?F S w, .1 he
readi ng and wri tAﬁmj opé\rjaﬁ%n%agg?l%?ﬁé’%g%ﬁ?@gﬁts ese?fiﬁ)Deéo\lfoabIg%/e wi ||

be expl ained W blagh%ion, thdf @bINmS LAY Bighaald 1 QUr g3 ... ..
respectively. In the reading node, the WE signal is héi*d at e high | evel.

This VE signal igfidse .Jed0esmed by aheu@ddres shitgif fleav elDE ¥y @ugia iGAS

signal assumes the |dw | dvel. 20 When the signal [err] has been
brought into théohithle lcelamnsdesedeentd-DCRa t he signal [err], the output
anplifier OAis activated in response, As a result, the information
signal rgad out fronWhien $becstigiadddhefurdherhdedayedy faomtes signalv ARY
is anplified byhe output anplifier . .The

¢hc has been provided, a signal for selecting one

of the plurality of data lines of the memory array
M-ARY is supplied in response from the column decoder
C-DCR to the column switch circuit C-SW.

10 In this manner, one address in the memory array
M-ARY is appointed by the row address and the column
address.

Now, the reading and writing operations for the
address set as described sbove will be explained with

15 reference to Figure 3A and Figure 3B, respectively.

In the reading mode, the WE signal is held at
the high level;- This WE signal is so designed as
to assume the high level before the CAS signal assumes
the low level.

20 When the signal ¢bP has been brought into the
high level subsequently to the signal ¢,

_the output amplifier OA is activated in
response. As a result, the information signal read
out from the selected address of the memory array

25 M-ARY is amplified by the output amplifier OA. The



-23- output of the output anplifier OAis delivered to the data out put
ermnal Dout through the data output buffer which is provided if .
fiecessary. The readi ng operation is conpleted by bringing the CAS signal 5

into the high level. In the witing node, the:WE signal is held at the | oV

| evel . The signal [err] is brought i ) the high levelas a result of
bringing the WE signal and the CAS §g%£al into the low |l evel. 10 Wheg -
the signal [err] has been brought into the high level, the data input Bt
buffer DIB is thereby activated. As a result, data corresponding to the
data supplied to the input data termnal Din is supplied to the nmenory
array M AREpUY @fjitidieutpit dnplifidd WA Ss debivered tdie col utm switch
circuit GSW and it is witten into the nenory cell ‘'sel ected

Wi t hin t ltherelaray cartput MeAfidndIn D he vehtdugh mide, ddte ouvput ed si gnal
[err] of the signal RWis b[OUQMZQé%C)the | ow | evel . The 20 dat a

out put bbrffren svhirckotiisy %Y ised Hifs neggadann. t hevreadingode,
accordingly, no data is read out. The circuit of_gne enbodi ment shown in

Fi gures DRexaFism iis mampleiad px heinginedhs M rwigral | GFETs

(I nsul at ed- Gat Fielqsg%{e t Transistors) represented by N-channel. 25
MOSFETs (fdCalthe itk V&mductor Field Effect Transistors).

In the writing mode, the WE signal is held at
the low level. The signal éRW is brought into the
high levelas a result of bringing the WE signal
and the CAS signai into the low level.
10 When the signal tRW has been brought into the high
level, the data input buffer DIB is thereby activated.
As a result, data corresponding to the data supplied
to the input data terminal D, is supplied to the
memory array M-ARY through the input buffer DIB
15 and -the columm switch circuit C-SW, and it is
written into the memory cell selected within
the memory array M-ARY.
In the writing mode, the inverted signal 3;; of
the signal éRW is brought into the low level. The
20 data output buffgr is inactivated by this si%nal EE-.
In the writing mode, accordingly, no data is read out.
The circuit of one embodiment shown in Figureg 5A
and 5B is principally constructed of N-channel IGFETs
(Insulated-Gate Field Effect Transistors) represented by N-channel

25 MOSFETs (Metal Oxide Semiconductor Field Effect Transistors).



:-24- The nenory cell (M CEL) for each bit consists of an information
storage capacitor Cs and an address sel ecting MOSFET [err]. The i nformat
J"1" or "0" which is retained by the menory cell corresponds to'5 t he
state in which the capacitor Cs is charged and“the state in which it has
W6 charge, respectively. The M CELs are arrayed in the formof a matrix in
| arge nunbers. The drains of the address-gglecting MOSFETs [err] of the

M CELs arranged in the same rows 10 are connected to data lines DL[err]
eC. in conmon, while the gates of the MOSFETs [err] of the M CELs arranged

i h I | i . :
Verory arraye [elPe SRECTE TRLh MCORET Eot cascr BLFI ePaFtebe ofF momor y
Il's. 15 . Al gh.th ' . Lal tricti th 128
cets of dara™ nEerRrk oMY Su%ER FRRSIFDECkE FRR; R ABHEERB N and 128
i . . : . :
word |ines Lgié&ﬁgﬁg USSFET dl. a¥higfﬁg?€égggéﬁhtype VS genory devi ce

havi ng 20 ry capaC|My ough not especially
restrlcted,wﬁgghdeggdffga{ﬁ@a]b n@h+eﬁéﬁo ag§81f88§£égéﬁﬁgga§°to del i ver

- conmon selection signals to a plurality o I nes. For exanple, in

ordersto setketstiie f DWruMDERl the@egapheitor(€frls éndpgbadesnder circuit
whi ch is constructed _

the state in which it has no charge, respectively.

The M-CELs are arrayed in the form of a matrix
in large numbers. The drains of the address selecting
" MOSFETs Qy of the M-CELs arranged in the same rows
10 are connected to data lines DL, etc. in common, while
the gates of the MOSFETs Qu of the M-CELs arranged in
the same columns are connected to word lines WL, ; etc.
in common. Memory arrays M-ARY, and M-ARY, are constructed
of a plurality of'meﬁory cells.
15 Alfhough there is ﬁb special restriction, there
are 128 sets of data iines DL, = DL;,g (not
shown) and DL; - DL{,4 (not shown) and
128 word lines WL, , - WL, ., and WL, ,
= WLy ¢, in a dynamic type MOS memory device having
20 a memory capacity.of 16 kbits.
Although not especiélly res;ficted,_row decoders
R-DCR1 and R—DCR2 are so constructed-as to deliver
common selection signalé to a pluraiity of word lines.
For example, in order to select the four Qord lines

25 WLl?l - WLlwﬁ' a unit decoder circuit whiéh is constructed



»25- of MOSFETs [err] and which receives 4 bits of address signals [err] is
,Easposed within the [err]. The output of the single unit decoder circuit is _
16p|ied t hrough M SFETs - QL3.to a row switch RRSWL2 which is o
constructed of MOSFETs - Li kewi se, - the out put of the R-DCR 2i s~
supplied to a row switch [err] The R—Swgg or R-SW2 is supplied with the
signal [err] through a row swtch R SW1 %r [err] which is controlled by a.
sel ection signal forned on the basis of the 3 bits 10 of address v

i | ' h Thus, .of the word | d is
celoat e a1of OSFRTs (R0t 56 8o sRhAarEE B, 165 RR 1, bR SR hte mOdE o8 6 |1 e
t of 128 | ted. The, d Li 15
?gspgctivel%f%ﬁg eﬁ%ﬁ ﬁﬁ?ﬁeb¥géb§pé$8§aggﬁﬁépfg F%ELFbFnT a#@e[e?;f as are
d i bed i Py i d- t en LEi ' . 49- 45649
o Shpanese EAE 08 RdrORRERE Lilt b ABERAER BREoRRECH S SRpRad el D1

constituti ngaihese @t | atch CiggUkt $oRO0switcn RAYG ar LABRGENENt S

i dentical to dﬂ%fanot er,sg% oneabf them s cggétﬁyc?é§ df MOSFETs[err] A
uni § circuiis consdtiuéteg ¢heMBSPERE Qéhe-squ;.apnhke&ihe,t kaeR DCR2) is
constructed of a prechargi ng MOSFET [e ﬂ] anflfdriving MOSFETs [err] which
receive 25 output ta HMdrRsBcaéghalsuﬁplidehbsaunbw ewﬁmuhtRGBWEgtes

The R--Sw12 or R-Sw22 is Supplied with the signal ¢x

through a row switch R-SW11 or R-Sw21 which is controlled

by a selection signal formed on the basis of the 3 bits

10 of address signals ay, a4 and ag in the R-DCR, (R-DCRZ).

1

Thus, one of the word lines WL1_1 - WL1_64 and WL - WL

_ 2-1
is selected at the timing of the signal ?x. In this

2-64

manner,one word line out of 128 is selected.
The word lines WL,_, - WL, g, 8nd WL,_; - WL, g,
15 are respectively provided with groups of latch circuits
LACH1 and L_ACH2 as are described in detail in Japanese
Laid-open Patent Specification No. 49-45649 or Japanese
Laid-open Patent Specification No. 51-147224. Unit
circuits constituting these groups of latch circuits
20 have arrangements identical to one another, and one
of them is constructed of MOSFETs Q52 - Q54.
A unit circuit constituting the R-DCR, (the same

applies to the R-DCRZ) is constructed of a precharging
MOSFET Q1, and driving MOSFETs Q2 - Qs.which receive

n
Uit

the address signals a, - 8g- This unit circuit operates



-26- as a ratioless type logic gate circuit. The output signal of the unit g
circuit is transmtted to the gates of MOSFETs [err] etc. constituting th:éﬁ@
Jerr] and [err] through cutting MOSFETs [err] 5 whose gates are

supplied with the supply voltage [err] Read-out Signal Quantity The

read-out of the infornmation fromthe M CH26-s perforned by turning the

MOSFET QM "on" thereby to couple the Cs to a common colum data |ine DL and
1Q -~ by subsequently sensing how the potential of the data line DL

chiahges in accordance with the quantity of charges stored in the [err].

Supposi ng that the potential precharged in the stray capacitance QG0 of the
data |ine DES & FREXOISSSy V@& j‘@_glf’elgra]teaﬁd'l'icf"]tthe inform 15 ation

stored in the Jegr] is."1" (patential . substanti.ally equal_to Vc he
porential (VoL ihe gitert sieRelloe srt SRt S CAE rriapatih

potential [err uri t I pg, that i wh T QM has been
br ought - i nt %ot ]ﬁg@, §r?'r&gsst g’?e.ﬁﬁggg thg%ét hegZHa%&c' %%nfs&?tt%'ﬁ:énf ormation 20
is "O (O t hegler r hndOr-swbeco r 5 deynot es ot he gate
vol t age ofv%ﬁg BCEEE? %gFSF gﬁglregﬁ?ong %H?§§ﬁ§|§9§§ 1S &0 ne FET
[err]s HereiﬂhohaegdtkgeaeecguPpuweanwﬁ&a RBleCBUPPLyOollkagdatye |.ine DL
determ ned by thelogic "1" of the nenory cell and 25 th&cbotentlal of
the data |ine DLRdadebtitn8dghylt Qaantity

The read-out of the information from the M-CEL
is performed by turning the MOSFET Qu "on" thereby
to couple the Cg to a common column data line DL and
10 by subsequently sensing how the potential of the data
line DL changes in accordance with the quantity of
charges stored in the_Cs. éupposing that the potential
precharged in the stray capacitance C0 of the data
line DL is the supply voltage VCC’ and if the inform-
15 ation stored in the Cg is "1" (potential substantially_
equal to V..), the potential (VDL) "1" of the data line
DL remains substantially at the potential Vcc during the addressing,
that is, when the MOSFET Qy has been brought into the
Yon" state. On the other hand, if the information
20 is "0 (0 V), the (Vy) "0" becomes {Cq'Vgg = Cg (V,, - Vyy)} Co-
Here, V denotes the gate voltage of the MOSFET Qy’ and
Vth the threshold valﬁe of the MOSFET QM' Herein,
the difference between the potential of the data line
DL determined by the logic "1'" of the memory cell and

25 the potential of the data line DL determined by the



-27- logic "0" of the nmenory cell, in other words, the signal quantity
2fY] to be detected, is: [err] Assuming that [err] the signal quantity )
rr] becones: [err] In a menory matrix of high packaging density and | arge’

capacity, nenory cells are nmade snmall and a | arge nunber of nmenory cells ~

are connected to a common data line. Thegefore;, [err] holds, that is,

[err] 1s 10 ~avery small value. Accordingly, the signal [err] is &

very slight signal. Reference Signal for Reading A dummy cell D-CEL is

enpl oyed as reference for detecting such mnute signal. The D-CEL is
fabricatedlegic "O" gfidthet memegife ChdAuf 48t OLNST &OMEiSLi 3 and with the
sanme design_constants as thgse of th NEEEL, except that the capacitance

val ue of asééﬁaéiﬁBFn§£¢V54HBd§°aBﬁr§§t &9 R&Ff of the value of the C

. Before addressing, the CDis charged to the ground potential 2

0
other electrode is fiax d=tQV¥£QL1Qy—a(NggﬁﬁﬁnAeCQNdi992% )af§4p%al o
a i“ne

variation hV which is Yiven om'the D o one &olu
during the, addr essi L s,,exprgssed the followng simlarly to the
variation $37PL38 ?ﬂ%kngwnFyecePlPg¥V818ﬁégoﬂg§nﬁﬁ$yggpg @5%Pgﬁﬁ'of DW

&g = (Voo = Vip)-Cg/Cy

(the

5

In a memory matrix of high packaging density and
large capacity, memory cells are made small and a large
number‘of memory cells are connected to a common data
line. Therefore, Cg & C4 holds, that is, CS/C0 is

10 a very small value. Accordingly, the éignal AVS is
a very slight signal.

Reference Signal for Reading

. A dummy cell D-CEL is employed as reference for
detecting such minute signal. The D-CEL is fabricated
15 under the same manufacturing conditions and with the
same design constants as those of the M—CEL; except

that the capacitance value of a capacitor Cp is made

approximately half of the value of the CS. Before

addressing, the C_ is charged to the ground potential

D
20 (the other electrode is fixed to VCC) by a MOSFET Qp,-

Accordingly, a signal variation AV_ which is given

R
from the D-CEL to one colum data lineDL during the addressing

is expressa by the following similarly to the variatim AVS

of the memory cell. V denotes the gate voltage of

DW



-28- the MOSFET [err] and [err] the threshold voltage of the MOSFET Q
[err] Assumng that [err] the variation [err] is 5 expressed by the
following: [err] Since, as stated before, ‘Cds is set at about half of C,
AR i s approxi mately equal to half of [err] The 4 nformation "1" and "O'
can.accordingly 10 be di scrim nated, dependi ng upon whet her the
potential change which the nenory cell exggts on the data |line DL is
snalsl er or larger than that [err] of the dummy cell. Arrangenent of Various
Citcuits 15 SAl indicates a sense anplifier which enlarges the
di fference of thacMOBEEENRipalb éﬁén&@g'dé@él&ﬁﬁ%?%ﬁ%@ ¥§ litage ofaddieessi ng,
In a sense period that. is determned by the timng signal (sense
anplifier-con¥p§FE§i8@gP) [err] (the operation of the sense anplifier wll
be 20 described later). The input and output nodes of the sense
anplifier are coupled tgva paiV @f—CU Péﬁﬂggd data lines [err] and [err]
The nunbers of nenory cell's to coupled to"the data lines DL1 and DL1 are

made equal in order _to enhangce.the detection,accuracy.b .
equal i zi ng stray cﬁﬁﬁgw%ﬁﬁcggaﬁn Dme“cgmﬂPeﬁQﬁt§F§1 éﬁg% 2AQIR s
5 expressed by the following:
Avg = (Voo = Vin') G447 Co

. Since, as stated before, C is set at about

ds

half of C AVR is approximately equal to half of

g?
AVS. The information miw gnd MO" can accordingly

10 be diécriminated, depending upon whether the potential
change which the memory cell exerts on the data line
DL is smaller or larger than that (AVR) of the dummy
cell. '

Arrangement of Various Circuits

15 SA1 indicates a sense amplifier which enlarges
the difference of such potential changes developing during
the addressing, in a sense period that . is determined -

by the timing signal (sense amplifier-control signal)

¢

PA
20 described later). The input and output nodes of the

(the operation of the sense amplifier will be

sense amplifier are coupled to a pair of complementary
data lines DL, and ﬁE:. The nﬁmbers of memory cells
to be coupled to the data lines DL, and 5f; are made
equal in order to enhance the detection accuracy by

25 equalizing stray capacitances in the complementary data



H

2% lines [err] and [err] As shown in the figure, one dummy cell D-CEL is
c@linl ed to each of the lines [err] and [err] One of a pair of dummy word
|iwes [err] and [err] is selected by the output of the [err] or [err] in 5.%
order that when the nenory cell coupled to one of the pair of conpl enentary/
data lines [err] and [err] has been selected, the dumry cell may be coupl ed
to the other data line without fail.-@geration of Sense Anplifier. 10 o
The sense anmplifier SAL has a pair of cross-coupled MOSFETs [err] and T

differentially agglifies_Lhe m nute signals omﬁng to their positive
feedback optr@$iBhy ah@ Pbsitide $BHBatR bPer ALEBRSHsOBLafBAYat the sane

T S R T
t he datg l'ine p%%%ﬁ??aﬁspﬁgfegﬁiﬁgﬁm§nsggégggéegybﬁﬁe—neﬁggy%@éhL20r t he
QY el il Lhe BPURSGNGehE pOERETR2BcR, o ALpRRiely OV rate.

and the | ower ne” pot ent 'S Iomerem at I'gB rate. Thus, the
di fd er enc e, igd megis Hager Mhlﬁeﬁavg%né@ﬂl ¥bep1eliNtbNbfeMBENGhe VL has
|l overed to the threshold voltage of the cross-coupled NCSFETSE t he
posi tive fmerbask enffPémewtaPy data Fiwles DBy ahe BOY RhstBeeRositive
f eedback operati on,
selected, the dummy cell may be coupled to the other

data line without fail.

Operation of Sense Amplifier.

10 The sense amplifier SA, has a pair of cross-coupled
MOSFETs Qgg - Qggs and differentially amplifies the
minute signals owing to their positive feedback operation.
The positive feedback operation is started at the same
time that a MOSFET Q89 begins to be rendered conductive

15 by the timing signal (sense amplifier-control signal)
¢PA' Owing to the starting of the positive feedback
operation, the bigher data line potential (VH) of the
data line potehtials determined in advance by the memory cell
or the dummy cell during the addressing is lowered

20 at a very low rate, and the lower data line potential
(VL) is lowered at a high rate. Thus, the difference
between V., and V

H L

VL has lowered to the threshold voltage VTh of the

cross-coupled MOSFETs, the positive feedback operation

is expanded. When, in this manner,

25 ends. At the end of the positive feedback operation,



*.30- VHremains a potential which is smaller than [err] and which is
greater than [err] and [err] finally reaches approximately 0 V. The storet
.information of the menory cell sub- 5 stantially destroeyed during the
'Qggressing is restored again (rewritten) by the potential [err] or [err]
produced by the sensing operation of the sense anplifier. Conpensation of
Logic "1" Level However, when the data 13%® potential VH has 10 becone
i n excess of a predeterm ned anount |ower than [err] a mal function in which
i is read as logic "O' takes place as the reading and rewiting are

repeat ed seyeral ti,nes. LA GgtiLve restqre citcuit, is provided for
preventi ng &ehle TR Qﬁpeﬁlﬁgn@?ﬁlﬁbs 1fs sma(ilelro “%‘56’55’0@@3? he
potential [errl..selectivel t he, pot ent. L . i,t hQut. exerting any

i nfluence o%&%%g 63t§ﬁ??§ﬁ¥ %gﬁP]%&hd 2*%?#i¥%f%%ﬁ%¥lﬁ%§%ﬁfﬁe varactors
whose capaci . end@pendi ng upon the applied voltages. Logically,
It may be cgk§?§§§ggggggtotgg capacitor is 20 formed by a higher

vol tage with ref gpangeotad! B8 fobhatishd ofolhadse keaid gugl by a | over
vol tage. The active restore operation Is as state elow. I'n the follow ng

descrsi pti ongthatibleys des tebyedN\RIHiNRL Ghd tadéwq% o B 13 std1e
addressing, the datayline 25y [err] is brought 1nto the hfbh |§@%1i n
accordance (rewritten) by the potential VH or V. produced by the

sensing operation of the sense amplifier.

Co@éensation'of Lég;C'"l" Level

However, when the data line potential Vy has
10 become in excess of a predetermined amount lower than VCC'
a malfuncﬁion in which it is fead as logic
"0" takes place as the reading and rewriting are repeated
several times. An active restore circuit
is provided for preventing the malfunction. It functioms
15 to boost only the.pdtential Yy Selectively to the
potential V.. without exerting any influence on the
potential Vi- Cp1 énd Cgo indicate MIS type varactors
whose capacitances change depending upon the applied voltages.
Logically, it may be considered that the capacitor is
20 fofmed by a higher voltage with reference to the threshold
Qoltage.vTh and not by a.loﬁer.voltage. |
The active restore opefétion is as stated below.
In the following description, for the sake of convenience,
it is supposed ﬁhat, during the addreséing, the data line

23 | DL1 is'brought into the high level in accordance



[ i s brought into the reference |evel by the dumry nenory cell. Timng

ts of various timng signals to be referred to in the following 5 P
description are shown in Figures 4A and 4B. The.data lines DL1 and DL1 and\,
the varactors CBl and [err] are charged when M SFETs [err] are held
conductive by the high level of a data Ii3¢ precharging signal [err] 10 .
Subsequently, when the sense anplifier SAl1 has been brought into the e
operative state by the sense anplifier-driving signal_ _[err] the charges of
the.data I|wetnLth&rénfhemeby°al§dﬁaP§e@h@hm&mﬁ¥miﬁ?LWDSM@P%QHr] Si nce, at
this time, the data |line DL1L is at the hi | evel , .t he MOSFET (B6
is held in the dake diReeDL,ThE&r BFroMgh ttﬁg¢€h§P§e§Q§ nenee, eyalor CB2 are

al so di schar In effect, this operates as a-

ed. rac
capaci tor. @WHefP eaﬁP@WVtﬂﬁmﬁﬁﬁlpFé hﬂ@ﬁ&ﬁ(& gﬁﬁstﬁgrgﬁﬁgﬁ
[ifi t t t 1) h
been brought PHES EHEPALENEPeDE: ?ﬁ'ﬁ‘%&r B e R e I e s

ralsed inr e I e lje Vol tage [err At
thiPtine, ?%ggggﬁégg& 8he, S%IS{JP T b&/@%&? @4 |§pl?§pt 25 [ |]nt act at
the low |evel be%ﬁUsﬁaEQelYﬁEQCb@q eRé @Eﬁsaﬁﬂtthe varactors CB,

and CB

-§§§‘MAth the information "1" of the nenory cell, while the data |line

2 are charged when MISFETs Q79-- Q82 are held

conductive by the high level of a data line precharging
signal ;;E.

10 . Subsequently, when the sense amplifier SA, has
been brought into the operative state by the sense
amplifier-driving signal ¢%A’ the charges of the data
line ﬁf: are thereby discharged through the MOSFET Qgg-
Since, at this time, the data line bL1 is at the high

15 level, the MOSFET Q86 is held in the '"on" state. Therefore,
the charges of the varactor CB2 are also discharged.
In effect, fhis varactor'CB2 no longer operates as
a capacitor.

When, after the amplifying operation of the sense

20 amplifier SA1, a timing signal (active restore-control
signal) ¢acT has been brought into the high level,
the gate potential of the MOSFET Q83 1s raised in response

to a greater level than the supply voltage V At

cc’
this time, the gate potential of the MOSFET Q84 is kept

25 intact at the low level because the varactor CB2 does not
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*.32- substantially operate as a bootstrap capacitance. |In response to the_.-
gate potential of the MOSFET rai sed above the supply voltage, th '
data line [ekr] is.supplied with the supply voltage [err] through thtis ’

: ET [err] That is, the potential of the data ¥ine [err] is restored to
[err] In this enbodinent, in order to attain a fast operation, as shown in
Fi gures 5A and 5B, MOSFETs [err] whose gdﬁgg'are supplied with the timng

10 - signal [err] are disposed between the ground potential term nal and
the respective word lines [err] and [err] and dumry word lines [err] ([err]
not shown). Shistantialdy Speredofasaah dfoatetMISFERa¢taicés sBr to be
sufficiently 15 greater than the high |evel output inpedance of the
timng signalref@nssa dio viliecIBate me bendivy of ithe FET @igreaigedr]

Al t hough there is no special restriction, the "aon" resistance of_each of
the MOSFETs @Pove dhe SYPRiY Joditafiny the data il Rlaote | shrphied

ter than t.he qutput inped f 4 he ab ircuit i inth

Cireurt of ¢ MR HAY iReRd sn PR GHP IOTRR Rasor the sare

. MSh 130 o - | ith th

o8 i o Ibks 932 enPRehelad0 of P HLL LR, Y hdd Red e
to V... -

cC
In this embodiment, in order to attain a fast
operation, as shown in Figures S5A and 5B, MOSFETs
Q38 - Q49 whose gates are supplied vith the timing
10 signal 3;5 are disposed between the ground potential
terminal and the respective word lines WL,_, - WL, _g4
and WL,_, - WL, g, and dummy word lines DWL,_,, DWL,_,
(DWL,_;5 DWL,_, °°°°* not shown). The "on" resistance
pf each of the MOSFETs st - Q49 is set to be sufficiently
15 greater than the high level output impedance of the
timing signal generator which forms the word line
control signal ¢X' Although there is no special
restriction, the "on" resistance of each of the MOSFETs
Q38 - Q49 should desirably be set at about 10 times
20 greater than the output impedance of the above circuit
if, as in the circuit of this embodiment, about
100 word lines are provided.
For the same purpose, MOSFETs Q32 - Q35 are also

disposed for common word lines with the R-SW interposed

11
25 therebetween.



%
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?33- Also on the data line selector circuit side, MOSFETs [err] etc. which

fegei ve the timng signal [err] are disposed between the ground potenti al
Jgéﬁinal and the gates of data line selecting MOSFETs [err] et.c. 5 - *
- FOr't her, MOSFETs [err] are provided for conmon:data |ine selecting |ines v~
with the CGSW interposed therebetweds~ Hereunder, the reason why these
MOSFETs [err] etc.. are provided will be described with reference to an 1e-
operating principle diagramof Figure 6 and an operating wavef orm di agr am
of Figure 7. In order to facilitate understanding, the R.SWas in Figure 5A
is not illustrat&ksSe ol Hie edesta | hine ggeteetoncedrevhll §idencMOBERTE [err]
Is directly applied 15 . t.o MOSFETs %srrL_Althou h ngt_especially
restricted,apti¥pac® s yridtl GRecebYe [ ERG | L1BINE B HERR Lt Re 8F8nal “[err]

5 ConSt kb oS, 1R SHE AR B FRpal 5o VBRM LT L
MOSFET ' | h ' |

subst ant | aitiye B €AY, 08 DLOR e P ErHRIULERERS | s 2i876 BF GG [brr]
and 53 Doot SiALEAPILMNE CBF Whaoh bfe dhrRPRR DS IRSIdIe 02t € and

source of the MOSFET QL I nverter circ err] for
form ng theidt#dlithe selecting lines with the C-Sw, interposed

therebetween.

Hereunder, the reason why these MOSFETs Q38 - Q49 ete. .

are provided will be described with reference to an
10 operating principle diagram of Figufe 6 and an operating
waveform diagram of Figure 7.

In order to facilitate understanding, the R-Sw11
as in Figure S5A is not illustrated in Figure 6. 1In
Figure 6, accordingly, the signal ?X is directly applied

15 to MOSFETs Q24 - Q'

Although not especially restricfed, a timing signal
generator CC1 for forming the signal ¢X is constructed
of MCSFETs Q103 and Q105 whose gates are supplied with
the addreés buffer control signal ?AR through a cutting

20 MOSFET Q102,~MOSFETS Q104 and Q106 whose gates are
supplied with the signal EZE substantially delayed and
inverted with réspect to the above signal ¢hR’ and
a bootstrap capacitance CB3 which is disposed between
the gate and source of the MOSFET Q103.

25 An inverter circuit CC, for forming the timing



-34- - signal [err] to be supplied to the gates of the MOSFETs [err] ete‘
I's constructed of a driving MOSFET QLO8 whose gate receives the word ||n¢$b
scontrol signal [err] formed by the timing generator circuit, and a
recharging 5 MOSFET Q whose gate regei ves the i nverted address
buffer control signal AR As shown in Figures 3A and 3B, the control signal
[err] Is held at the | ow | evel when the RAS signal is not received, that
~when the RAS signal is held at the 10 high | evel. 1In contrast,

he | h | hi i h

EI m ﬁgntsrgnaF g ﬁk&%ﬁaéuppgti t?‘(?r At ﬁgl (fi"%F ﬁa’tehii&%ﬁsszatee by
-the high | t NCSFET
hord i o™ he Bagr+ Bug, 8T Bk TpHal ‘e‘@’gﬁr el Fq'n%e'agﬁﬁ”ﬁtr“ IOSFET Qiga |

Therefore, | {Bsgvides & LBECYREY khae oo A G '@W'eve' The

boot strap capacitance CB has its one term nal he oW-IeveI of

the control ghenak B?r%hethiﬁwﬁé Egneratortbgr%UE%'nﬁnﬁcﬁFgPéaﬂg% W% has

its other held at thé low level by the MOSFE her ef or e, |t
pl acegl in thMOSFEQhQFﬁ dwnbabegafbereaeeweertﬁbranwbr&earhdh@%sets derlng

.NCSFET Q108 held in t "of f" state by the low level of the
buffer control signal ¢AR'
As shown in Figures 34 and 3B, the control signal
¢AR is held at the low level when the RAS signal is not
received, that is, when the RAS signal is held at the
10 high level. In contrast, the control signal ?ZE is
held at the high level.
At this time, the timing.signal.generator CC1
has its MOSFET Q406 held in the "on" state by the
high level of the control signal 3;; and has its
15 MOSFET Q105 held in the "off" state by the low level
of the control signal.¢AR. Therefore, it provides
the word line control signal $y of low level. The
bootstrap capacitance CB3 has its one terminal held
at the low level of the control signal th through
20 the cutting MOSFET Q102 and'has its other held at
the low level by the MOSFET Qo Therefore, it is
pléced in the discharged state.
The inverter circuit CC, has its driving MOSFET
held in the “off" state by the low, level of thé

Q08
25 word line control signal ¢X and has its HOSFET Q4



ZED ‘ word line control signal [err] and has its |40SFET -35- held in

t "on" state by the high level of the control signal [err] Therefore, it
provi des the control signal of high level. The respective word |ines of the %
menory array 5 M ARY are held at the |ow | evel because the MOSFETs U
[err] connected between them and the g#36Ad point of the circuitry are held
in the "on" state by the high level of the control signal [err]. The .
cutting MOSFET QLO2 mai ntains the "on" state 10 when the potential of =y
that one of the source and drain el ectrodes thereof which acts

subst ant i s Vd afn t fige s'owses@@@ttsﬁdﬁiéShi%tgflewﬁnofheheowﬂgﬂ:ai of the

gate electrode thereof, that is, the thres d voltage thereof wth respect

to the suppighgbt@ili alTHerdford, 1Pt proendées othéhgohtyst sagRL1CI recuit.
Accordi ngly, wien e signal AR has subsequently risen to the high level, a -
si gnal [(Hiag abrhigipaneirely. t hereto is supplied to the gates of the MOSFETs
QL03 and [err] As a result, the MOSFETs QL03 and QLO5 are 20. br ought

into the "on" Skhe esespedtive reomsd Limesicofintke rmémorpeareen t he MOSFETs
QL03_and 04 connected in series is properly set in advance, so that the

pot enti al WARharehekd jathcthe Loy lewel hesmume CheMASBETB04 is hel d at

the I ow | evel . chordinghg, J e bootstrap capacitance .
Q38 = Qg conrected between them and the ground point

of the circuitry are held in the "on" state by the
high level of the control signal Buc-
The cutting MOSFET Q02 maintains the "on'" state
10 when the potential of that one of the source and drain
electrodés;Fheréof which acts substantially as the
source electrodé‘isnlowér than the potential of the
gate electrode tﬁereof, that is, the threshold voltage
thereof with reépect to the supply potential Vee in
15 case of the illustrated circuit.
Accordingly, when the signal ﬁAR has subsequently
risen to the high leﬁel, a signal éAki corresponding
thereto is supplied to the gates of the MOSFETs Q03
and Q105' As a result, the MOSFETs Q103 and Q105 are
20 brought into the "on" states. The trans-
conductance ratio between the MOSFETs Q103 and Q104 connected
in series is properly set in adﬁance, so that the potential
of the common juncture of these MOSFETs Q103 and Q104 is held

at the low level. Accordingly, the bootstrap capacitance

23 CB3 is precharged approximately to the high level of



£25 CB3 is precharged approximately to the high I evel of - 36- tHggB f
signal AR The signal [err] falls with sonme delay with respect to the e
.signal [err] whereby the MOSFETs QL04 and QL06 are brought into the "off"
"states. OM ng to the bootstrap 5 operation by the bootstrap capacitance
3, the signal [err] is raised to a |l evel higher than the supply voltage,
for exanple, approximately 2 [err] (wB&-e [err] denotes the supply voltage,

and Vth the threshold voltage of the MOSFET QLO3) In this case, subject
to the 10 | evel of the signal AR being close to the supply voltage V
c, when.the leve| of the signal [err] has been further raised as stated
above, the E%?t?+§? QL02 is brought into the "off" state in response.
Accord- ingly, the cha n th boot st rap_capagi t ance rr] 15

are inhibited frbn ot a%ae@ ﬁaﬁ%’e P oS ome B‘Bgé}’iﬁb&ap’é?ﬁPFgﬁ It the
MOSFETs [ er [ he word control

si gnal [err#gdﬁ$|ver ﬁﬁ%%£€¥i %ﬁﬁiﬁ%gégﬁ%r 104 %?éc 10620 woul d

be as shown, ot FLg 7. i 8£S '
accordance mnth t§gatr2ﬁ%%gﬁtu%ta%%€ r%t#%gﬁetn%%%n% Egh&%ﬁéﬁgatﬁggbgnd
at the Sanﬁoﬁéf@ti&@tbi hﬁ\mﬁsiﬂﬁ]céﬁacltﬂi@élgﬁﬁ {:RetgfgﬁQﬂ" state,
and it rises abruptly tTo the VCC | eve

éAR' is raised to a level hlgher_than the supply voltage,
for example, approximately 2 VCC - Vth (where VCC denotee
the supply voltage, and Ven the threshold voltage
of the MOSFET Q103). In this case, subject to the
10 level of the signal ¢AR being cloee to the supply
voltage Voo, when the level of the signal éAR"has
been further raised as stated above, the cutting MOSFET
Q102 is brought into the "off" state in response. Accord-
ingly, che charges stored in the bootstrap capacitance CB3
15 are inhibited from being discharged during the boosting
operation. .
"If the MOSFETs Q38 - Q45 were removed from
the circuit of Figure 6, the word control signal ¢X
delivered from the timing generator circuit
20 would be as shown by a broken line $y' in Figure 7. It
rises gradually in accordance with the transconductance
ratio between the MOSFETs QIOS and-Q106 at the same
time that the MOSFET Qg5 is brought into the
"on" state, and it rises abruptly to the Voo level

25 since the MOSFET Q06 has been brought into the "off" state.



. since the MOSFET [err] has been brought into the "off" state.

7~ If this is allowed to happen, the word line control signal [err] is .
brought into the high level at a time when t he operation of the RDCR =
controlled by the control signal AR has not fully ended. The word 5 v/
line control signal [err] is brought3Tmto the high level at a tine at
whi ch those MOSFETs anong the MOSFETs [err] which are to be brought into .~
the "off" states have not been sufficiently turned "off", with the resul t™

that 4 he potentipd oid s WO fbudd\ b Iagited LIRS SILIDSALRE G AL - 1 S

somewhat raised. Due to the undesirable Tise the word line potential, a

plurality ofighfRIom, 68l lbrRGHY i e Higin 1dvl o€ setagd ed at the sane
time. As a result, the information in the nmenory cells is destroyed. In

contrast, s4idh undesihedldp@reiticm tofopdiatR<DCH TontroXined Bt occur in the
circuit shown in Figure 6. More specifically, the selecting switch MOSFETs

[err] etc. tamee coalitdroln stilgnalog’, stesenat |fulile ouvled et i The ofordie operation
of the R-DCR, and besi des, the‘ﬁi&FETs [err] etc. held in the "on" states
ar e Sar r angédnisecapdrolhsizgmal ‘Px A& haught vigrtep |thediighl ereXyround poi nt
of the circuitry., Therefore, even when the MOSFET has been brought
into the "8k itdPe akswiiich:thaseMaHETe among ther ¥OS Lant? Q6siWHEN [err]
can rise toward the high Ievel only slightly. By ma¥ of exanpl e, even when
the "on" r &Pt Redorought into the "Off" states” have not
sufficiently turned "off", with the result that the
potential of the word lines to be rendered unselected
10 is somewhat raised. Due to the undesirable rise of
the word line potential, a plurality of memory cells
coupled to one data line are selected at the same time.
As a result, the information in the memory cells is destroyed.
In contrast, such undesirable circuit'operation
15 does not occur in the circuit shown in Figure 6. More
specifically; the selecting switch MOSFETs Q24 - Q26 ete.

are held in the "on" states till the completion of the

operation of the R-DCR, and besides, the MOSFETs Q38 - Q45
etc. held in the '"on" states’are arranged between the
20 respective word lines and the ground point of the circuitry.

Therefore, even when the MOSFET Q105 has.been brought
into the "on" state as described above, the word line
control signal ¢X can rise toward the high level only
slightly. By way of example, even when the "on" resistance

25 of each of the MOSFETs Q38 - Q4s is set approximately 10 times



25 of each of the MOSFETs [err] is set approximately 10 tines @
greater than the "on" resistance of the MOSFET Q as stated before, these™ "
!MOSFETs [err] are connected in the parallel form and. hence, their

c\gpbi ned parallel resistance becones sufficiently smaller than the "on" 5
r&si stance of the MOSFET QL0O5. For exanple, 100 MOSFETs which are di sposed
.in correspondence with 100 word |ines and®which are connected in parall el
have a conbi ned parallel "on" resistance which is below 1/10 of the "on"

reSistance ofg ldie, HOYERE, (14 Inorfe G dlitos 11 B0 HosEREVE! OF the
ow | evel bel ow

control si gnaﬁ err] can be suppressed to a 1% of the

[err] level. ' P RIS | evelgq of S& I gna
[err] it is Sggg%eéffégﬁbevﬁej’nﬁt he 8%‘%335?4;?&@ th%"'?)l%%lity §ted 9

- lines from baimgHeipgsad liedediorat) \and thence, their Alonbind® gaXR péier the
conpl etion of the operation of the R-DCR, one selecting switch MOSFET

corr espondi ngretsd stttamoso bk dones  tsm i csisdrecd e dsmd e re xitvgn ethé heoMOSFET i s
left "on", and all the other MOSFETs [err] etc. are brought into the
"of f" 3st at es reBis bamee lofthdhe0 MOSFET ®yyqol Bimyredanimske] 100 MQPFERS in

response only to_the MOSFET through the NCSFET}% held in_the "on"
state. SinceYWHeh gre digposadcdrvicannespamdence with s10Qiyordent |y

reater than_that of th FET [err S
g lines and d%fggsare %on&eé%ed in parallel have a combined

parallel "on" resistance which is below 1/10 of the
"on" resistance of the MOSFET Qi05° Accordingly, the
10 level of the control signal ¢X can be suppressed to
a low level below 1/10 of the Voo level. .Owing to
the suppression of the level of the control signal ¢ ’
it is possible to prevent the potential of the plufﬁlity
of word lines from being raised undesirably.

15 At a time TDCR after the completion of the operation
of the R-DCR, one selecting switch MOSFET corresponding
to the word line to be Selected, for example, the MOSFET
Q24 is left "on", and all the other MOSFETs Q25, Q26 etec.
are brought into the "off" states. The word line

. 20 control signal ?X is suppliéd in response only to
the MOSFET Q38 through the MOSFET Q24 held in the
'on" state.
Since the "on'" resistance of the MOSFET Q38 is
sufficiently greater than that of the MOSFET Q105 as

25 described above, the level of the word line control



25 foom descri bed above, the level of the word line control -39- signal

[ “rises substantially to the [err]" level even when the MOSFET B8 is

i n e "on" state at the time [err] Thus, the word line control signal *
[err] can be 5 automatically raised to the high level in conformty «_/
with the conpletion of the operation af3gthe R-DCR Wen the word |ine

control signal X has risen to the high level at the tinme [err] the —

inverter circuit [err] has its MOSFET [err] brought into the "on" state i
10 resﬁ?h%ﬂ- e LUt 1 P14 Nend Ny er t Ly &1 M gPbh CC2 which
has been hel d at t¢H% h‘rﬁ Iéj\j&eﬁt y the f/DSFET- QlO@Ccoél‘{?oI?g%}‘by t he

control si qikén [tHd INOSFEY %h,tisj o $Re b | ypte byt thige MBRET [err] Al
the MOSFETs [err] are broug into the "off" states or high 15

i npedance es by the low | evel output of the inverter circuit CC2.

Thus, the line control signal [err] can be autpomatically raised to the
Vcc | evel in corfiersyi thhenwiwdrad Hamomundirahn sifgridie ecshive of the R-DCR
When controlling the rise of the control 20 ignal [err] by neans

of Bhe MOSEEESMadicaldy aed@ddd dievdiigh Jeveld sin enfdarmity execute a
desirabl e circuit operation as described hereunder. Anong the MOSFETs [err]
t he MOSFETWaitdudike icomp Lefdongof diha ongration rhuthefRtBERR- DCR has a

When the word line control signal 9y has risen
to the high level at the time TDCR’ the inverter circuit
002 has its MOSFET Q108 brought into the "on" sﬁate in
10 response. The output signal of the inverter circuitcc2
which has been held at the high level by the MOSFET
Qg7 controlled by the control signal'ﬁzg is brought-
into the low level by the MOSFET Qqpg: All the MOSFETs
Q38 - Q45 are brought into the "off" states or high
15 impedance states by the low level output of the inverter
circuit CC,. Thus, the word line control signal ?x
can be gutomatically raised to the VCC level in conformity
with the completion of the operation of the R-DCR.
When controlling the rise of the control
20 signal ¢X by means of the MOSFETs Q38 - Q45 as described
above, it is also possible to execute a desirable
circuit operation as described hereunder.
Among the MOSFETs Q24 - Q26', the MOSFET brought
into the "on" state by the output of the R-DCR has a

25 channel layer induced in a channel forming region under



*25 channel |ayer induced in a channel formng region under -40@£;.
its gate electrode. As a result, it has conparatively great capacitances=*
«(hereinbel ow, terned "gate capacitances") between the gate el ectrode and
"the source and drain electrodes. In contrast, the remaining MOSFETs brought

into the "off" states have no channel |ayer induced under their gate
el ectrodes, and hence, they have only comdd@=atively small and substantially
negl i gi bl e capacitances between the gate el ectrodes and the source and
drain ele

the g ovel CaiEFarpartEedn v Mk feEFEt L BeaPrantl i oom oo
boot st rap captert aneads ShEQENY, COEGr SEbEaTORT LERASE Beks, LApfe! FRRee s
Q@4 is br OUQWetﬁ&mt E#é]f e S§Pd S Ryad hgn@u{,ﬁ)élt én S%E?D% Lhe gate

capaci tances of err] are charged by t out put

si gnal of tfﬁbi%é%?bdﬁﬁiﬂfiﬁfﬁbﬂtﬁﬁsﬁﬁ the ﬁéﬁﬁiﬂ&n%ImogtEf§r5+oﬁgh£he hi gh

| evel . Accordingly, when the control signal [err] been
subseguent | y imtseghd otdfien e ghtéeviedve tite cladneDt bayenl indutsgé MOSFET (24
Is raised to a potential which is higher than the I evel of the contro
signal [err] undemetheionr gate ctlegfreiev and yhencen theysayetenly
capacitances. céﬁpéggéaéé{§esézf%néﬁémgégiizﬂ;£§f3§%negllglble capacitances
between the gate electrodes and the source and drain
electrodes. _ _ |
10 since the control signal §, is raised to the high
level substantially with the end of the operation of
the R~DCR as described above, the aforementioned gate
capacitances act, in effect, as bootstrap capacitances.
Assuming by way of example that only the MOSFET
15 Q,, is brought into the "on" state by the output of the
R-DCR, the gate capacitances of the MOSFET Q24 are
charged by the high level output signal of thé R-DCR
before the rise of the control signal ?X to the high
level. Accordingly, when the control signal ¢X has
20 been subsequently raised to the high level, the gate
potential of thé-MOSFET Q24_is raised to a potential
which is higher than the level of the control signal ¢k
by the chgrged voltage previously given to the gate
capacitances. At this time, a cutting MOSFET Q10 is

25 brought into the "off" state by the same operation



25, brought into the "off" state by the sane operation -41- as in

t utting MOSFET QL02' so that no discharging path for the gate
cggggitances is formed. Onvng to the rise of the gate potential based on,

so to speak, the self-bootstrap effect as described 5 above, the v/
MOSFET (24 operates to transmt the control signal [err] to the word line
[err] without any substantial voltage4loss in spite of the fact that it is~
of the enhancenent node. The level of the selected word line [err] is 10 "

Cor  osponddit i i (e CTe BB R 0 per s TRRERe o8t affnefher, val ue
appr oxi m&gﬂl}%ﬂf% th?e %%%F@éaﬁé%@i’ﬂ’}@gg i?er#‘l“% ce the level of the

sel ect ed ime 1SS raised, 1nfornatfon 15 char ges of
sufficiently gr : | eV, [t r | t | t paci tance’
[err] of the rreqrrgilydéeﬁ tgisee'slﬁ%%/\% ﬁ |%u$¥e\féaﬁé§€%+€%%lopﬁse§& ETs than
the MOSFET R4 R Ey¥hik N OFAS-bdSEdtrap SeBé Pt a sl fys@pivage capacitance

20 i's formed as stated above. ~ Accordingly, the gate potentials
of 4hese MaWdvks, ajre 'MOSFER @ﬁ%m@&m_ tdetrdniDt Eh@nedbntesl] has been
t

raised to the high level. If control signal [err] is changed as
i ndi cat ed Isigried ifhoken tieeidm Fines VT, 1 hel gatwt cappcatbstastial
voltage loss in spite of the fact that it is of the
enhancement mode.
The level of the selected word line WL1_1 %s
10 raised to a value apﬁroximately equa} to the supply
voltage VCC’ in correspondence with the control signal
?x which is raised to a value approximately equal
to the supply voltage VCC‘ Since the level of the
selected word line is sufficientlyiraised, information
15 charges of sufficiently great level are written or

rewritten into the capacitance C, of the memory cell

S
as shown in Figure 5A.
In the other MOSFETs than the MOSFET Q24 among
the MOSFETs Q24 - Q26" substantially no gate capacitance
20 is formed as stated above. Accordingly, the gate
potentials of these MOSFETs are not raised even when
the control signal ¢X has been raised to the high level.
If the control signal ¢X is changed as indicated

by the broken line in Figure 7, the gate capacitances

25 of the MOSFET Q,, are not sufficiently icharged at the



25 _ of the MOSFET [err] are not sufficiently charged at the -4%(59
time when this control signal [err] begins torise. It is therefore
~difficult to sufficiently raise the potential of the selected word line. At
tthis time, the higher potential of the source of-the switch MOSFET [err] in
t\ﬁé menory cell is limted by the gate potexfzal thereof, that is, the
potential of the selected word line and the threshold voltage thereof.
Accordingly, even when the data |ine has been sufficiently brought into the

‘high | I, inf ' h b ' | 0 ' h
remory capaci (it atten 1o bt i B B URLTES | Flat e Thecoraing
to the ab ' t ' ' - b

el ayed Tor ApraTA BRI RIS (BF SRR P Ra R Lod 00187

RDCR as 15 of thd) ddie d¥dPydd Qié&%.t hags 118 OPeiRd | gfhffhi effi rcuit can

be rendered fast. Moreover, the wor i ne control sigh err] can be

raised to thediditivalr WHd Houdrdd WY Nhe svidecH | Medpmt i @nsief the
operation conpletion tines of the ADB and the R-DCR as are Mscribable to

t he disper si whe2themory afeldl dreriimi e Henles gate mdisargeba BnthéheoSyppl vy
vol tade fluctuations. Therefore, no mal function occurs in the circuit. The
above descri gitiadn iiss, dilie @odientlial taf tthe dmlediond werdclime apdration.
the threshold voltage thereof. Accordingly, even when
the data line has been sufficiently brought into the
-high lével, information charges to be written or rewritten
10 into.the memory cépacitance CS have only a comparatively
small value.
According to the above embodiment, the word line
control signal ¢X need_not.be delayed for a predetermined
tiﬁe after the end of the operation of the R~DCR as
15 in the prior art, so that the operation of the circuit
can be rendered fast. Moreover, the word line control
signal ¢X can be raised to the high level whilst following
up the fluctuations of the operation completion times
of the ALB and the R-~-DCR as are ascribable to the dispersion
20 of elements, the temperature changes and the supply
voltage flucfuations. Therefdre, no malfunction occurs
in the circuit.
The above description is quite-similar to the data

line selecting operation.

25 . Accordingly, when this invention is applied to both



“Accordingly, when this invention is applied to both 43
t\¥X word line selector circuit and the data line selector circuit, the .
timngs of both the selecting operations can be qui ckened,” so that a still ~
faster nmenory access cycle can be realized. 5 : Thi s invention is/
not restricted to the foregoing enbodi ments, but .the signal for turning
"off" the MOSFETs [err] etc. may well be predeternlned del ayed timng .—.
signal, otherw se than being forned byt MOSFET Q108 in the latch form ae
descri bed above. 10 Whi | st the inverter circuit CC2 shown in
Fi gure 6 coris¢i wordslianeubkelaettioz! loi rcatiitolaesd the adata i himeder to render
the power consunption of the circuit low, it may well be replaced with a
rati o circuseléotehi chrchit,ethepltdmings MISKOEIQHe esldsting gat e
connected to its drain. -44- As described above, as the ratio between
t he conbi ne*PgtabliPRE Fapi beaqvd ckededhe sedihatarm stokl heasteml e resistor
is made greater, the effect increases nnre Therefore, the invention is
partlculafIWe%%EYuPCFSFSacafﬂ&nF@ntFﬁb iz&fbry device of large capacity.

5 This invention is not restricted to the
foregoing embodiments, but the signal for turning "off"
the MOSFETSs Q38 -'Q45 etc. may well be a predetermined
delayed timing signal,'otherwisé than being formed by
the MOSFET Q,,o in the latch form as described above.

10 Whilst the inverter circuit cc, shown in
Figure 6 constitutes a substantially ratioless circuit
in order to render the power consumption of the
circuit low, it may well be replaced with a ratio
circuit in which, for exampie, the MOSFET Q107 has

15 its gate connected to its drain.



*This invention can be extensively utilized for dynamc type MOS nenory
devices in which the word line and/or data |ine selecting operationis = -
-performed in accordance with predetermn ned tinmng signals. -45- CLAI Ms:
"1l. A dynamc type MOS nenory device conprising: “a plurality of gate |ines;
é‘ﬁlurality of resistance el enents whichare connected 5 between the
respective gate lines and a reference potential point and each of which has
tontrol termnal; a circuit node to which is supplied a timng signal, a

pturality of selectinghfmjtch MOSFETs each of which has a gate el ectrode
and a dr ai n- sour ce AFat3eSEHRES aPoVe HASWEDS M1 bekweanode and a

respective sghg géhBihbACparallest rdbivCaficeCdhll the 9eE86dbhkd @i Vi ng
signal s each of which is supplied to the respective gate el ectrodes of the
sel ecting swehehsMiBEETPeshistoni Dy wmagealgregaterit @hel @f reerchiaktira@sklde
timng 15 signal which is brought to a supply voltage | evel substantially

i n synchronisoreit hThenpfereontbé invepbiani da parsacdliirigt udeifud circuit;
and a second drive circuit which receives the timng_signal and which
delivBrs a cborral dyngnde toper¥@dcmegorkiedevicespEt dar8eortapachtyh. t he

resi stance el enents, when the,tining signal is_ brought to a predeterm ned
| evel . This invention can be extensively utilized for

dynamic type MOS memory devices in which the word line
and/or data line selecting operation is performed in

accordance with predetermined timing signals.



2. Ad ' ype MOS nenory device according to Caim1l, wherein said gate

Iingﬁ‘include word | i or selecting nenory cells of the device. 25 3. A
dynafic t ‘m‘ \MWT““W ce according to Claim2, further conprising: a

| at ch cirx " prrovi ded in correspondence wth each said word |ineg_/
and whi ch rfakés the word line a - 46 - | ow i npedance when non-sel ect ed

and a high i npedance when sel ected by detecting a signal appearing thereon_

4.

precedi ng wherein said gate lines 5 i nclude data |ines for

sel ecting nmoyy.cells of th vice. 5. . A dynam ¢ type MOS menory
devi ce accg“radi#]gdxlbarﬁ’rﬁ/ YR g‘fgﬁe%e%?%‘ée%?‘ﬁ’gc%lcé?%%glﬁfé?ei n sai d second
drive circuit | nargd ) inverter circuit having an out put
node which is agmfe%f%p“at%ya%p&ﬁ%’er m ned charging |evel before
execution of £ian o Pé”éfjséérggé‘geférﬂé}?is IHEER fre Gonnectea A

dynam c type nenory “devi ce according to any one of the precedl ng

clai mg Whediderfate Fedsddt 11081 G G81CPL 10 £ B Sa AP+ &rede pAEEE1 15 7.
A dynam c type MOS nenory device according to any one of the preceding

cl ai ms, wWhssinth @ed deddh SOf Whikch 4 <€ U tcomet ol ese i wallly ess decoder. - 8.
A dynam c type MOS nenory device according to
a circuit node to which is supplied a timing signal,
a plurality of selecting switch MOSFETs each of which
has a gate electrode and a drain-source path connected
10 between the circuif node and a respective said gate line;

- a first drive circuit for generating driving signals
each of which is supplied to ;he respective gate electrodes
of the selecting switch MOSFETs;

a timing signal generator for generating the timing
15 signal which is brought to a supply voltage level
substantially in synchronism with completion of an operation
of said first drive circuit; and
a second drive circuit which receives the timing signal
and which delivers a control signal for reducing the
20 resistance of each of the resistance elements when the
timing signal is brought to a predetermined level.
2. A dynamic type MOS memory device according to Claim 1,
wherein said gate lines include word lines for selecting
memory cells of the device.
25 3. A dynamic type MOS memory device acéording to Claim 2,
further comprising:
a latch circuit which is provided in correspondence

with each said word line and which makes the word line a

A dﬁnanic type MOS nenory'éévice according to any one of the '~

T

~
=



‘Caim7, wherein each of said driving signals i s supplled“ZU‘rU~%he

respective gate el ectrodes of said selecting s ETs t hrough a (égb
cutting MOSFET. 9. A dynam c type MOS nen%@ ﬂﬂtﬁ"ﬂntlally as
descri bed her ei n mnth reference to Figures 1, 2

acconpanyi ng drawi ngs. 25 10. . - Qsconputer |nclud|ng a femdry device
'accordlng to any one of the preceding clains.
&f- low impedance when non-selected and a high impedance

when selected by detecting a signal appearing thereon.
4, A dynamic type MOS memory device according to
any one of the préceding claims wherein said gate lines

5 include data lines for selecting memory cells of the device.
5. A dynamic type MOS memory device according to
any one of the preceding claims, wherein said second
drive circuit comprises a dynamic type inverter -circuit
having an output node which is éharged'up to a

10 predetermined charglng level before execution of an
operation of said timing signal generator.
6. A dynamic type MOS memory device according to
any one of the preceding claims, wherein each of said
resistance elements comprises a MOSFET.

15 7. A dynamic type MOS memory device according to
any one of the preceding claims, wherein said first
drive circuit includes an address decoder.

- 8. A dynamicltype MOS memory device according to
Claim 7, wherein each of said driving signals is supplied

20 to the respective gate electrodes of said selecting
switch MOSFETs.through a cutting MOSFET.
9. | A dynamic type MOS memory device substantially
as described herein with reference to Figures 1, 2, 5 and
6 of the accompanying drawings.

25 10. A.computer including a memory device according

to any one of the preceding clains.




