SEM CONDUCTOR MEMORY DEVI CE 2 14775 6 The present invention
“relates to a sem - conductor nenory device. The device may be e.g. a ”/sﬁ
dynam c random access nmenory (hereinafter referred to as dynamc RAN}.[éf;

A dynam ¢ RAM has one or nore nenory arrays consisting of a plurality o
megory cells, and address % r.Ci [ ing appr dpdiAYE gﬁmry
calt;'s fromthe nmenory arra gm%%Wéﬁgshgh%%yzgkr%gg?m gnal s. ilg”a! ham ¢
RAM each nenory céll consists of 10 an insulated gate field effect

transistor (hereinafter referred to as MOSFET) and a capacitor. Since each

menory cell has a rel ati vgley pY@ldntUiRRntQbne k@TReS. tid & Seialatively
easy to formmany nmenory cell's on a sem conductor chip, and to thereby

fabricate a mernautrdiavdmbry Iqvdeest ormage deadae may Menvevegr., aan i ncrease
in the nunber of menory cells fornmed on the senm conductor chip results in

an increase indymamidrirendsn dooess mematiynd heretina facar e edereddér asrcui t
whi ch selects the appropriate nenory 20 cells of the nmenory array. |In other
Wwor ds, the aredyramig &AM). t he address decoder circuit increases. The
increase in the area occupi ed by the address decoder circuit inmposes a
limtation ih nenory sizé \GYEORIE R P aFa@ney OF MOTFe "M@ TERYECi ty i s

accompanyi ng ACSHAIGE NS @5 RHROr G CIdRReE IGEIda” AL SRR has
al ready been decoder circuits for selecting appropriate memory cells
Kv) from the memory arrays, on the basis of address signals.
| Inla dynamic RAM, each memory cell consists of
10 an inéulatea gate field effect transistor (hereinafter
referred to as MOSFET) and a capacitor. Since each
memory ceil has a relatively small number of elements,
it is relatively easy to form man§ memory cells on a
'semiconductdr chip, and to thereby fabricate a memory
15 havihg a large storage capacity.

However, an increase in the number oé memory
cells formed on the semiconductor chip resultsé in an
increase in the'nﬁmber of elements making up tﬁéiaddress

" decoder circuit which selects.the appropriate memory
20 cells of the memory array. In oﬁher words,-thekérea
& occupied by the address decoder.circuit increases. The
increase in the area occupied by the address decoder
circuit impoées a limitation in memory size .when a
memory having a large storage.capacity is to be formed
25 on a relatively small semiconductor chip. |
Fig. 8 of the accompanying drawings is a diagram

of an address decoder circuit that has already been



-2- devel oped by the inventors of the present invention. The address

decoder circuit of Fig. 8 is used for the X systemin a dynam ¢ RAM havi ng

a storage capacity of, for exanple, about 256 K (262144) bits. 5

That @yrini ¢ RAM of 256 kilobits has four nmenory arrays each having a
storalge gapacity of 64 K (65536) bits2 €ach of these nmenory arrays has

65536 nory cells arranged in the formof a matrix, wth data |ines bei nge
provi ded for each of the nenory cell rows, 10 and word |inhes being

provi ded for _each of _the QE%D cell colyms. In this, case,.L each of the

I .
memory ar r aySeRatorPed DS HIVERECTS AF | FResPIATERE 6L TSI hes to Wi n

th dd d ' it of Fig. 8 15 1} | ect.ed

adar oss. o1 grin FIBFRTRC STt T PRbE SE Do Bets SToRh PR AN i ca
I h | : | l'i ed

from the addvEeeonceadR iee; AT RAPLRe ST0E0HEe MG Rtr G0 '

sel ected. 20for example, dbSufdsisesg feeoflgf)chieyit is used in comon for
the two nmenory arrays. Therefore, the above- mentioned.dynam ¢ RAM of 256 °

kilobits §s provided vihit t aPnafils cRAMAS£0RS6 Ril6bits BAOWorn Fig. 8.
The address decoder circuit has a first address decoder circuit DEC1 25
and a secondmemdressrrieyedesckti havitg DERtofhige f cagéchtylregs6dlekoder "
circuit DEC consists of four unit address decoder circuits DEClerr] to
DEClerr], (65536) bits. Each of these memory arrays has 65536

memory cells arranged in the form of a matrix, with data

lines being provided for each of the memory cell rows,

10 and word lines being provided for each of the memory
cell columns. 1In this case, each of the memory arrays
has, for example, 256 data lines and 256 word lines W0
to W255.

In the address decoder circuit of Fig. 8, word

15 1lines are selected by address signals from the 256 word
lines, and select signals are supplied only to the
selected word lines. Therefore, select signals are
supplied from the address decoder circuit to the memory ~/
cells that are to be selected.

20 The address decoder circuit is used in common
for the two memory arrays. Therefore, the above-
mentioned. dynamic RAM of 256 kilobits is provided with
two address decoder circuits shown in Fig. 8. The address
decoder circuit has a first éddress decoder circuit DEC,

25 and a second address decoder circuit DECZ.

The first address decoder circuit DEC, consists

of four unit address decoder circuits DEC to DEC

137
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-3 - receives conplenentary address signals axO, axl and decodes them
Therefore, a MOSFET desi gnated by the conpl enentary address signals axO,
axl is selected fromthe MOSFETs Q [err] to (Jerr], and a select timpg -
signal "is selectively formed 5 fromthe four select timng signals [erf
to<[err]. In this way 64 word lines &are selected fromthe 256 word
Awerd line is selected by the second address decoder circuit DEC2 fronlthe

b | ected 64 d | dd
Seﬁétﬁe;ecﬁﬁpflem%“vksa@é?@i@ R Aceraes Fa0cIS PaDe; 84 PRPoBSRds®
I npu erm na e
and produces arﬁ‘cﬁﬂ puﬁ%ﬁ’réa‘;ﬁ s’siﬁg Lﬁ%ﬁd%}%n%gﬁglgckgt t&?%sggﬁgggﬂ/&h%ﬂl

that is coupl ed 4 ddie ordild 1y _‘%ad"’“ g 1o cedl eetadenthaioskens. ol g

select timng signa ans y to the word line that +80t o

be sel ected. The gecond pAdy %%ﬁé!ﬁ:cqsi%r@ 3 4inla 106G seQreitike19f £64meai t
addr ess decoder mliﬂﬁts DEClerr] to DECJerr] which each select a

Cor respondi rg gm0 ftHO&E dide e lbdt NEioning me_.;rﬁllsarﬂ% ghteber jaf dni this
address decoder.circuits are required, a 20 relati Iaﬁbé anount of

el ectric power wasy GENorell.lites mmmeitomorqueem aordaddness A
signal an consists of a pair of internal address signals, i.e. consists of
an internal addweess lsimmals aeledted by dlisstsencnd addnesshaesoferh carcuit
external address signal An 25 supplied froman external unit, and an

i nternal addr eREG) dfiram mhe«mb,qve#%lm%t%mrq idased iThepsesond

relative to the external address, sngnal Therefore
A address decoder circuit DEC decodes complementary address

10 signals gxz to ax7, receives through an input terminal a
select timing signal corresponding to the decoded signal,
and produces an output from its output terminel which turns
on a MOSFET that is coupled to the word line which is to be
selected. Therefofe, the select timing signal is trans-

15 mitted only to the word line thaf is to be selected. The
second address decoder circuit DEC, consists of 64 unit
address decoder circuits DEC200 to DEC263 which each select
a corresponding one of the 64 word lines. Since a large
number of unit address decoder .circuits are required, a

20 relatively large amount of electfic power is-consumed.'

_The-above—mentioned complementary address signal
an consists of a pair of internal address signals, i.e.
consists of .an internal addreszs signal an which is
substentially in phese with an external address signal An

25 supplied from an external unit, and an'internal address
signal an which is substantially inverted in phase

relative to the external address signal An. Therefore,



-4- the conpl enentary address signal axO consists of an internal

conpl enentary address signal axO and an internal address signal axO which
is inver{ed in phase relative thereto. In the follow ng description,
theref’?be, the 5 address signals are expressed in the above-nentioned
manner e internal conplenentary address signals axOto ax7 are formed by
an address buffer circuit (not shown). The internal conplenmentary address™*
signals ax2 10 to ax7 are supplied to a relatively |arge nunber of unit
address decoder circuits as nentjoned above. Therefore, the |oad of address
buf fer ci rcdite iGRIRIERNeNtagyh FSAFERS pianad axf <ansists of afrcyit

requires a relatively extended period of time tq forminternal 15
conpl enent arlﬁ‘tftfd‘ragsscqé‘?pg‘r?é‘}eé‘,tadﬁ’d e?&eeﬁ}%fa%oﬁé?oatqr% a%y eI ani ¢
‘RAM i ncr eases, . _The pr.esent _invent.i qn .seeks t ovi de a sem,cqQnduct or
menory devi @?qrﬁa’ %isclﬁr}aﬁe aéﬁrbr g"tr}‘l""tc%stJ'rsuc?’tnﬁ’reerocl‘Egd ST 1A% d %’131 At"ve to the
prior art arhangenents; : | | S 30V 8 0vidgi ee ect neans
which are i rchtherC(;etrr?rafectSIendztg]oé ﬁ%ﬁ@ﬁ%ﬁg@sﬁlﬁﬁlﬁﬁar@e{}%ﬁ%ﬁ& é&%l signal to -
the secorsl $RIfEsITRARa Ul @O SRIKRC RS ARt idndgnal to the
third select nmeans, and all three receive signals froma control neans. The
25 sel ecti oma@inex particular nenory cell of a nenory array may then be nade
on the basis of the outputs of the three sel ect neans.

The internal complementary address signals

ax0 to ax7 are formed by an address buffer circuit (not
shown). The internal complementary address signals ax2

10 to ax7 are supplied to a rélétivgly large number of unit
address decoder circuits as mentioned above. Therefore,
the load of address buffer circuit increases.
Consequently, the address :-_IZIzr circuit requires a
relatively extended period oZ zime to form internal

15 complementary address signals, and the.speed of operation
of the dynamic RAM increases.

The present invention seeks to provide a

semiconductor memor§ device in which the circuit structure A
is simplified relative to the prior art arrangements.

20 It achieves this by providing three select means which
are interconnected so that a first select means transmits
a signal to the second select means, the second select
means transmits a signal to the third select means, and
all three receive signals from a control means. The

25 selection of a particular memory cell of a memory array
may then be made on the basis of the outputs of the three

select means.



This construction makes it possible to reduce the nunber of unit decoder
circuits. The present invention also nakes possible a menory device which
consunmes | ess electric power than prior art devices and 5 which may epefate
at higher speeds. Enbodi nents of the present invention will now be {_Z2-/
destri bed, by way of exanple, with refederce to the acconpanying drawngs,
inthich: Fig. 1 is a block diagram showi ng a dynanmic 10 RAMbeing a first
enbodi nrent of the present invention; Fig. 2A is a block di agram showi ng a
part of the dynamic RAMqf .Fig. 1; Fiq.. 2B is a circuit .di.agram_show ng a
ooy cell: a5 o Hnia donkruckicn maked Gt dRan it ey H A eos
decoder circui - AAGITR] s ..and r.d lvens VWOU, DD,
Fig. 4 is a ci ﬁt(l:%él Bﬁg?%’aeé’?gkeéﬁ%&vﬁ hage%r?%gj(frlgsgg‘u %c'od\grﬂecip%us:é?‘&- DEC[err],
and a [err] dri; ] - : : ; | | 1 litapdi agr am
show ng an addrl\é’ian%gggl]dgrqgé rm(%tq}ﬁs >€°5|zsé§1eﬁagf’&é“°i§§ ?e?il?gjﬁhtgihagram of a
dynam ¢ RAM beidih stime@C Qe s @t fwdhanire $ilor Ru@Ndedices @nd’ is a
circuit diagram showi ng an address 25 buffer circuit X-ADB; Fig. 8 is a
circuit di agi arapdleonwimay adpeiddecst dded@dar spPaeds.t that was devel oped by

t he inventors of - 6-

b Embodiments of the present invention will now

be described, by way of example, with reference to the

o accompanying drawings, in which:
N

Fig. 1 is a block diagram showing a dynamic

10 RAM being a'fifst embodiment of the presént invention;

Fig. 2A is a block.diagram showing a part of-
- the dynamic RAM of Fig. 1;

Fig. 2B is a circuit diagram showing a memory
cell;

15 Fig. 3 is a circuit diagram showing an address
decoder circuit X-DECZ, gate circuits GCU, GCD, and word
drivers WDU, WDD;

K/5 ' Fig. 4 is a circuit diagram showing an address

‘decoder circuit x-rzcl, and a Hx driver ﬂx-DRV;
20 o Fig. 5 is a circuit diagram showing an address
R _ decoder circuit X-DEC3:
' Fig. 6 is a circuit diagrzm of a dynamic RAM
being a second embcdiment of the present invention;
Fig. 7 ‘is a circuit diagram showing an address
25 bpuffer circuit X-ADB;

Fig. 8 is a circuit diagram showing an address

decoder circuit that was developed by the inventors of



the present invention prior to the present invention and has al ready been
di scussed; and Fig. 9 is a plan view showing a | ayout of a dynam c RAM

bei ng 4.t hird enbodi ment of the present 5 invention. In the description of
Fi g. fiégbve it was assuned that the MOSFETs (Jerr] to err] were all

of th channel enhancenent type~ 6Similarly, in the sub- sequent o
description of enbodi nents of the present 10 invention it will also be

assuned that the MOSFETs are of the n-channel enhancenent type, unless
ot herwi se stated. However, the present |nv ntion is naot limted tg t he use
of such Nosﬁﬁ?sprleﬁelﬂntg inyention prigr: 9 &os PEGSSindeyaiF P8 223%ot - dash

line are fo%ned n en%pon uctog S bstr te by a known technique for
fabricating 45 & 58 5&5? §8r§t d & CUIt In Fig. 1, furthernore, the

main circuit bl ocks arg desgcr |sb%d 13 ot Q‘ie‘éﬁ%hto%%gt ge)iawtdefl n practice,

be forned on the sem co ductor trate 1, M ARY1

to MARY4 dg ?mta%ur@mw bHindyY a %@ﬁ'i’dh@\ﬂﬂ?ﬂuﬁ@@dfe ;ﬁ‘aéée%,t al t hough it -
is not essenfial for themtod have that nunber of ceIIs Wth this nunber of

cell s, heweygrenith®ndynam ¢ RAM has a storage capacity of about 256
kKilobits. As will be 25 described later in detail with reference to Fig.
2B, a nenory cell has In slec@estcarimitian, ofn Fimputsd @bogwe ittemasnal , a MOSFET ©
for selection, and a capacitor for 7
assumed that the MOSFETs Q to Q were all of the
100 119
n= channel enhancement type. Similarly, in the sub- _
sequent description of embodiments of the present
10 invention it will also be assumed that the MOSFETs are
of the n-channel enhancement type, unless otherwise
stated. However, the present inverticn is not limited
to the use of such MOSFETs.
In Fig. 1, the circuit tl::cXks surrounded by
15 a dot-dash line are formed on a sericonductor substrate
by a known technique for fabricating a semiconductor
integrated circuit. In Fig. 1, furthermore, the main
circuit blocks are described in the way that they would, .
in practice, be formed on the semiconductor substrate.
20 In Fig. 1, M—ARY1 to M-ARY4 denote memory
arrays each having 65536 memory cells, although it is
not essential for them to have that number of cells.
With this number of cells, however, .the dynamic RAM has
a storage capacity of about 256 kilobits. As will be
25 described later in detail with reference to Fig. 2B, a

memory cell has a select terminal, an'input/output

terminal, a MOSFET for selection, and a capacitor for



storing data. A control electrode (gate el ectrode) of the MOSFET is
coupled to the select termnal, one electrode of the MOSFET is coupled to
the input/output termnal, and the other electrode is coupled to the 5

capacitor for storing data. In each nenpry array, e.g. the menory ar ™
M ARY[err], the menory cells are arranged in the formof a matrix off=t¢ws

an®'col ums of nenory cells. As will be discussed later in detail wi
reference to Fig. 2A, 10 word lines are forned for the nmenory cel

col umms, and copl STRNM A, datﬁ.lr.}étx{ﬁlaréié&i f(‘gljaé& 1B g Lelds T ows.

The select termnal’s of a pl ura nmenory cells”in the sane menory cell
colum are coupliRd MosFEEMOIS dduifl ddaio ithd s ol d¥midiel g y cel |

colum. 15 Terminals on one side of the word |ines are coupled to output
term nal s of a oM¥etrbde/asf Wié MOBREE iersupbéd ayo i eiriputsfdliudts of

the menory cells to be selected receive a select signal fromthe word

driver WU vi a wemiinalnesandlheheefarhesr 24l erterade tie omupled o&d [thedl ums in

the menory array is selected. The data stored in the selected nenory cells

are transnm 6t eccaraaiton droresiomling &l enentary data a

lines. A sense anplifier is provided for each nenory 25 cell row. The sense

anplifier amplifies the SiyrRACHMERR LTI Fy the PINMNY FTEHE nenory

cell row. Therefore th%’data transmtted fron1the‘§ejected nnny - 8-

. M-A Yl the memory cells are arranged in the form of a
) matrix of rows and columns of memory cells. As will be
N _ discussed later in detail with reference to Fig. 2A,

10 word lines are formed for the memory cell columns, and
complementary data lines are formed for the memory cell
rows. The select terminals of a plurality of memory
cells in the same memory cell column are coupled to a
word line that is provided for the memory cell column.

15 Terminals on one side of the word lines are coupled
to output terminals of a word driver WDU.

In the memory array, select terminals of the

'L/ memory cells to be selected receive a select signal

. from the word driver WDU 7ia word lines. Therefore,

20 one of the memory cell columns in the memcry array is
selected. The data stored in the selected memory cells
are transmitted to the correspoﬁding comr _ementary data

& lines.

A sense amplifisr is provided for each memory

25 cell row. The sense amplifier amplifies the signal on

the complementary data line of the memory cell row.

Therefore, the data transmitted from the selected memory



cell to the correspondi ng conplenentary data line, is anplified by the
correspondi ng sense anplifier. In Fig. 1, a plurality of sense anplifiers
provi ded”fagr a menory array are represented by a circuit block SA It 5 is
pr ef erjak that the operation of the sense anplifiers is controlled by a
timng\signal [err]. The data anplifd ed by the sense anplifier SA of the . .
menory Il array MARY, are transmitted to a colum switch CSWerr] whi Cf
sel ects dat £¢¥lorte Hh RN FeRPI NP e @ide 25 silgid s i om a

colum switch drjver DL. .The selected data are transmjited tq an input &
Gt Ut ol r CATBIAELSR Gai i CHRF SRS TWaSE e MBI 44 (b above
description s dealt ] t r r.ray Y[ er ot her

t hree mam)ryﬂ%E ;ir'r aayqu{\]‘i%wx{]oo%%fg%%oar aléfzioegégoﬁgérﬁlc#ée% élér}et e sane
manner as t n*g;:gpr they re,.i I Aok putgcircuit
receives da?n;e r ma)eé:ala(;‘# %%@%ﬁoﬁny aerJysa,e cll.rgﬁu receol vegé% our sets of

data. The ijPHrEPHPIE HAC HHe et EY tHd Qédsd Umplecoding the 20
conpl ementary address signals ax8, ay8. In a reading operation, one of the
four sets ofidlaichtroldeiEded Biniey cagiagnt ary address signals ax8,

ay8, and is transmtted via an input/output té&¥hinal DINDOUT. In a witi ng .
operation, the data sUl® idedtd and itfhieed riputth® @gnde camelifiern EA he

i nput/output termnal Derr]/Dlerr], is transmtted to a conpl enentary
conmmon dat a dfi thejeEnarst apldy array HARhe e yrranirektted grmalas ax 8, ay8.

Therefore, the data is transnmtted to one of .
column switch C—SWI which selects data from the amplified

. N T

10 data in response to signals from a column switch driver ~

CSDL. The selected data are transmitted to an inputl&

éutput circuit via a complementary common data line.

Although the above'description ~2s dealt only

with the memory array M-ARYl, the other =—-rz= memory
15 arrays M-ARY2 to M—ARY4 are also constr.ozzz3i in the same

manner as the memory array M—ARYl. ThereZore, the input

& output circuit receives data from each of the memory

arravs, i.e., receives four sets of data. The input &

output circuit has a decoder circuit for descoding the o

| I8
]

complementary address signals ax8, ay8. In a reading
cperation, one of the four seﬁs of data is selected
by the complementary address signals ax8, ay8, and is
ransmitted via an input/output terminal DIN/DOUT’

In a writing operation, the data supplied to
25 the input & ouput circuit via the input/output terminal
DIN/DOUT' is transmitted to a complementary common data

line designated by the complementary address signals

ax 8, ay8. Therefore, the data is transmitted to one of



-9- the four nenory arrays in response to the conpl enentary address signals
ax8, ay8. The data transmitted to the nmenory array is transmtted to a

conpl ementary data |ine designated by the colum switch driver CSD, and N
then to 5 a nenory cell.selected by a select signal fromthe word driver \
WD,”and is witten therein. The input-&autput circuit transmts the dal 2/
frbﬁ1the conpl enentary ‘cormon data |line to the input/ output term nal
Dierr]/Derr] othérihsrhemdie dntayd rinn tdepdile | P WHe Wdnl driintiaial

DI N DQUT to the conpl enentary common data |ine in dependence on the
potential of tiaddoess gibdndI_VEES), dyshovBheidataddrassnintiddertoittheui t
X-ADB and a.Y-address buffer .circuit Y-ADB. External address 15 signals
Alerr] to Al er rhemery taemayri is ctransnikted #&thire wrnnifdmantany datax-lADB and
to the Y-address buffer circuit Y-ADB via external termnals Alerr] to
Alerr]. The X-@esieratediherthe reelumx siE-¢hidoidire LShe ang &hen t&ddress
sognal s Alerr] to Alerr] nchronfsmwith a timng signal [err]

form 20 conp%en%rﬂ‘%ﬂ‘?/r%m‘b?le%sg/%]r‘iﬁ%ﬁ‘é kfiérar]selloe%ﬁ@s‘tﬂg“aclhef%")%t word °
Simlarly, the g’addr buﬂier CIFC it Y- ADB introduces the external

addr ess si gnal s*&Y ?’6 y’rﬁ:ﬁ'f’b’n SR i ng si gnal [err] to

form conpl ementary addr Si
Y-address buffer ci rcui ?ﬁg% V%A%IB acy&oéj&ces Qer% rséesgrsghsel gna % at a
time lagging be ot eljr{%odu i ety f &mfd @l da X3 toT'lﬁ@fl%ﬁzt/t he

dynam ¢ RAM of t nt uses "an address nultiplex system
\,‘ output terminal D

IN/DOUT or transmits the data from the

10 1nput/output terminal D to the complementary

IN/DOUT
comnon data llne in dependence on the potentlal of timing
signal gRW'

Fig. 1 shows an X-address buffer circuit X-ADB
and a Y—addrese buffer circuit Y-ADB. External address

15 signals AO to A8 are transmitted to the X-address buffer
circuit X-ADB and to the Y¥Y-address buffer circuit Y-ADB

via external terminals A0 to AS‘ The X-address bﬁffer

e

circuit X-2DB introduces the external address

n

ignals A
to Ag in synchronism with a timing signel ﬂay to form

20 complementary address signals =30 to ax8 of the system.
Similarly, the Y-address buffer circuit Y-ADB introduces

- the external address signals A0 to A8 in synchr:nism with

a timing signal ¢ to form conplementary addreszs signals

_ ay
ay0 to gj8 of the Y system. The Y-address buffsr circuit

25 Y-ADB introduces external address signals at a time lagging
behind the X-address buffer circuit X-ADB. Therefore, the

dynamic RAM of this embodiment uses an address multiplex

system.



- 10 - It is desirable that the conplenentary address signals axO axl| of
the signals axOto ax8 are supplied to first X-address decoder circuits and
sel ect-xtim ng signal drivers X-DEC[err] and [err]-DRV respectively, the 5
coaneéé\tary address signals ax2 t X6 are supplied to second X-address
decodgr /circuits X-DEC2, and the dbﬁﬁféhentary address signal ax7 is
supplied to third X-address decoder circuits X-DEC The remai ni ng
conpl enentary address signal ax8 is supplied to the 10 i nput & out put
circuit as nentioned l4er 1 i Qgﬁ% | i ith
reference to Fig. 4, teﬂé %%r%?f%—%ﬁdéregga%e%er c#r%tﬁtsélgynﬁ%éesc%m timng
signal drivesigngiFG.and 4:e1 rdf ENe r&Ciaes ayer¢b ldxe £04 enlpglidag signs:
[err] and 15 the corpl eneéntary address signals axOQ ™~ axl, and selectively
form a sel edio tfiBdYY 3+ 41t e s I e cada (o ¢ @itk £ Ssendl eselest cf intitid

X-DEC[err] can be regarded as made up of a plurality of unit decoder ,
circuits as sigrnalbelmendsDetPEG) eandvi 4 DRV redpectniceslyp, Rg 3. In this
enbodi ment, one unit decoder circuit is provided for eight word lines. In
the enbod? nesempidmendary addresecoignad a2 ste @xborre csyrRl tedk- DEC2 has
32 unit decoder circuits._ The second_X-address decoder circuits X-DEC2

decode the 2P RfAReFTaddresrirdrcodery 2t ecuids (5BEG, « aARF sl y out put

signals (decé)cgjn%‘p <=_'Sn|\ n‘éj‘alrs gc?dagehs?s gsa:ut.gena(t: r;af_::%"} tJ'.Ss %Jpgfzqeg% third

“-r

X~-address dgcoder circuits X—DEé3. The remaining
complementary address signal ax8 is supplied to the
10 input & output circuit as mentioned earlier.
As will be discussed later in detail with
reference to Fig. 4, the first X-address decodsr

circuits and select timing signal drivers X-IZI. =nd

ﬁx—DRV receive a word line select timing sigrsz: ?X and
15 the cohplementary address signals ax0, axl, anc
selectively form a select timing signal.
The second X-address decoder circuit X-DF 2
can be recarded as made up of a plurality of unit N,
decoder circuits as will be mentioned later with
20 reference to Fig. 3. In this embodiment, one unit
decoder circuit is provided for eight word lines. 1In
the embodiment, therefore, the second X-address decoder
circuit X-DEC, has 32 unit decoder circuits. The second .
X-address decoder circuits X—DEC2 decode the
25 complementary address signals ax2 to ax6, and supply

output signals (decoded signals) to the gate circuits

GCU and GUD.



Each of the gate circuits GCU and GUD can be regarded as a plurality of

unit gate circuits, as will be described later in detail wth reference to .
Fig. 3. In this enbodiment, one unit gate circuit is provided 5 for eight
word |ines. Therefore, each of the gate circuits has 32 unit gate cuiit s,
in“a simlar way to thé second X-addrekl decoder circuits X-DEC2. 7 J

i e vi dual decoder circuits of the second X-address decoder circuit - DEC2
supply output signals 10 to their corresponding unit gate circuits in the

t ircuit GCU, d to_thei di t th t
OTTeurt GoD. ane un't doBOBB OF | Fher SRR chacHaks, HEH a8l EPR,2aR0bE dod Tor

bstanti al | lines. 4 i t
Gecodathe contPeilade bocg pliraicy ot unylngaBd WOkbdesgigs Grifyl (o

s formed by oge WakbrdBeadeacsl’ ehl dethiehyl tnoebeateacly g, 3.

conpl enent ary address signal's fromthe 32 unit decoder circuits. Therefore,

only the 20 twenuphisJamBo8imEHt] Soh® Whiehghbe &ekeGitSiangkotvsdeapplied
are selected fromthe 64 unit gate circuits. The two unit gate circuits

sel ected proodugerseligrt wbgaal snébat BrRéeefotayreatht bE ehghtawverd |ines on

t he basis of output signals of the third X- 25 address decoder circuits

X- DEC3. Each o€irbeiterHadr32ensivDght¥DEicanibe,r égandedmadaa phwyral ity of

unit word drivers. In this

to the second X-address decode; circuits X-DECz.
o The individual decoder circuits of the second

~ X-address decoder circuits X—DEC2 supply output signals

10 to their corresponding unit gate circuits in the gate
circuit GCU, and to their corresponding unit gate
circuits in the gate.circuit GCD. One unit decoder
circuit can be regarded as belng provided for
s:bstantially 16 word lines.

15 - The 32 unit decoder circuits decode the
complementary address‘signals ax2 to ax6; i.e., a -
seslect signal is formed by one unit decoder circuit

(% which is selscted by the complementary address signzls

frém the 32 unit decoder circuits. Taerefore, only the
20 two unit gate circuits to which the select signal is
supplied are selected from the 64 unit gate circuits.
The two. unit gate circuits selected produce
* select signals that select four of the eight word
lines on the basis of output signals of the third X-
25 address decoder circuits X-DEC3-

Each of the word drivers WDU, WDC can be

regarded as a plurality of unit word drivers. 1In this



- 12- enbodi nent, one unit word driver is provided for eight word |ines.
Therefore, as with the unit decoder circuits, each of the word drivers has
32 u itdﬁprd drivers. One unit word driver is provided for each 5 unit gate
circ rt)\ the ratio of 1 to 1. Each unit word driver receives out put

[ $ ¥roma corresponding unit gat® Ttircuit, and with output signals
fromthe first X-address decoder circuit and select timng signal driver
Y-DEC[err] and [err]-DRV. A unit 10 word driver receives select signals
fromthe unit gate circuit so as to select four word, lipes, and selects one
of the four %Wﬁ’ *T?&E'cﬁp?rﬁpbﬁév%r%féY+¥950h%I%ﬁ@%&éﬁ@ gﬂﬁr%%%h%ignals

As nenti oned

Z)t;(?@e?xl)heag‘gojfsﬁgﬂjz’g%gvgr %%%ée‘i%‘g%‘?l?%gg{é%‘rg??ég?wa? %ﬁﬁ?@eri s designat ed

by the conpl agddr.es | | X 7 dx 4 by the

addr ess dec&ggga%?g%hits §Z§£§$%€r éf% gfigig% 2€$e%%s?¢ﬁ#ﬁ%5§?gnal driver
[err]-DRV, oftfyedls O rend tud woea WoF fv & | VeTp V¥ addag ol €asOWN oOn the

| eft side of Fig. 1. 1In this case, one of the 256 word |ines constituting
the menorsy aifdy ARG £esignon eehdyrdbeoceofipl eeent ary address signals axO
to ax7 is also selected by the address decoder circuits X-DECL to X-DEC3,

25 select timng sigreaclkranvet yerd |dbRver ga¢eeivesudott 3D sdginabs d dri ver
WDD, that are shown on the left side of Fig. 1. At substantially the sanme
tinme, a wordfrémea desryespending unit gate circuit, and with output

signals from the first X-address decoder circuit and
select timing signal driver Y-DEC, and ¢X—DRV. A unit
10 word driver receives select signals from the unit gate

circuit so as to select four word lines, and selects
one of the four word lines on the basis of the
complementary address signals ax0, axl, and suppli:=: =
select signal thereto.

=15 As mentioned above, one of the 256 word lirs=ss
of the memory array M--ARY1 is designated by the
cocmplzmentary address signals ax0 to ax7 and is

to S

n

elected by the address decoder circuits X—DECl
X-DEC3, select timing signal driver ﬂx—DRV, gate

20 circuit GCU and word driver WDU, that are shown on the
left side of Fig. 1. 1In this case, one of the 256 word
lines constituting the memory array M-ARY3 designated
by the complementary address signals ax0 to. ax7 is also

selected by the address decoder circuits X-DEC, to X-DEC

1
25 select timing signal driver ﬁx-DRV, gate circuit GCD and

3l

word driver WDD, that are shown on the left side of Fig. 1.

At substantially the same time, a word line designated



- 13 - by the conplenentary address signals axOto ax7 is selected from
each of the nmenory arrays M ARY2 and M ARY4 by the address decoder gi+ecuits
X-DEC[err] to X-DECJerr], select tinming signal driver [err]-DRV, ggte~
circuits GCU, 5 GCD, and word drivers WDU, WDD, that are shown on b
ri.ght side of Fig. 1. The conpl enent ar 3aedress signals ayO and ayl of the
sigfial s ayO to ay8 forned by the Y-address buffer Y-ADB are supplied to the
first Y-address decoder circuit & 10 select timng signal driver Y-DEC &
[err] -DRV, the conplenentary address signals ayaerr] to ay6 _are supplied
to the second BYYa8bresompdepgatagyr adiresspedgnadsd axie teo@H7edent ary

addr ess si gnal LS 35 i o the.third Y-address decader _circuit
VDEGs rhe r 88REshRq° 1R8I BRch oF Epkl Wehoty 8TEESE, BEARYS 4B ot <
out put circuitya nt.t,0 Lek. i3S P l€ i t i_|

Y- addr ess decoge§Rg§r%Hi?ﬁgngapkggéeFg%?hgfnkﬁgggggﬁaﬁ ?%Fﬁe?%Y%BE%Féfr]
and [err]-DRV gegeeenslifminiedipRainarsone ﬁanb@v,agg%g hechlit$t céygddr ess
decoder circuit and seiect timng signal dr&ver X-DEC[err], and [err]-DRV,

t he second 5Y- addDgsandewodar deiiketst wisulEWBDI, S tBamks hi-eCs@dwh ohhehsane '
manner as the second X-address decoder circuit Y-DEC[err] is constructed in
t*he same mannerigbtt BédehpfdFXgaddress 25 decoder circuit X-DECerr].

Al so, the gate circuits GCL, GCR are constructed in the same nanner as the
gate circuits GCU, GCD, Zh& chmpdemgntiazyi adirgssveigng@dblay0 and ayl of

o the signals ay0 tc.g_yS formed by the Y-address buffer Y-ADB
are supplied to the first Y-address decoder circuit &

10 select timing signal driver Y-DEC & #4,-DRV, the
complemehtary address signals ay2 to ay6 are supplied
to toz second Y-address decoder circuit Y-DECZ, and the
ccrrzzmantary address signal ay7 is supplied to the
thirZ Y-address decoder circuit Y-DEC3. The remaining

15 address signal ay8 is supplied to the input & output
circuit as mentioned earlier.

It is prefesrable that the first Y-addresss

1]

\_ decuder circuit and the select timing signal driver
Y—DEC1 and ﬁY—DRV are constructed in thé Séle manner as
20 the first X-address decoder circuit and select timing
signal driver X-DECl, and ﬂX-DRV, the secord Y-address
decoder circuit Y—DEC2 is constructed in the same manrer
- as the second X-address decoder circuit Y-E$C3 is
constructed in'the same manner as the thiré X-address

3
GCR are constructed in the same manner as the géte

25 decoder circuit X-DEC.,. Also, the gate cirzuits GCL,

circuits GCU, GCD, and the column switch. drivers CSDL,



- 14 - SCDR are constructed in the sane hanner as the word dri vers WDU,
WDD. The second Y-address decoder circuit Y-DEC[err] may be considered to
be a pliirality of unit decoder 5 circuits. In this enbodinent, it is

pref er/apbe/ that one unit decoder cirggit is provided for 16 pairs of
conpl ¢feptary data lines. Thereforg, *The second Y- address decoder circuit

has 6 nit decoder circuits. Each of the gate circuits GCL, GCR may be 10™
considered to be a plurality of unit gate circuits. Again, it is preferable

that one U”iéﬁﬁﬁt rEiESHEEﬁﬁ§¥850Yh EﬂefgéméiHQLnEgL£§49ﬂePQHPéG”E”tary

d
data |ines. erefore, eac the gate circuits unit gate circuits.
15 arivB88sURbl, dgspder circuits of the second Y- address decoder
Y-DEC2 correspond to the unit gate circuits constituting the gate circuit

GCL in aratio of 1 torhe 888chdr¥headcesseapoddetocipeuidi ¥-pBLtg circuits
constituting the gate circuit GCR at a ratio of 20 1 to 1. Thu$ the
out put si gnainayobet heonsidexistotler bei acpitsaditysapphnét decvder
corresponding unit gate circuits in the gate circuit GCL, and to the
correspofdi nginabitgat eIni thist embpdihengat dtciscprefeoRblEathatdf t he
colum switch drivers_ CSDL, CSDR 25 can al so be regarded as a plurality of
unit col um St eRilrfeepder| airfpsteiBoBrABAGedoReTubpt PREFENMESW tch
driver is provided for eight gairs of '
complementary dat ines. Therefore, the second Y-
address decoder circuit has 64 unit decoder circuits.
Each of the gate circuits GCL, GCR may be
10 considered to be a plurality of unit gate circuits.
Again, it is preferable that one unit gate circuit is
provided for eight pairs of complementary data lines.
Therefore, each of the gate circuits has 64 unit gate
circuits.
15 The unit decoder circuits of the second Y-
address decoder Y-DEC2 correspond to the unit gate
cuits izuting the cate circuit GCL in a ratio
oi 1 1o 1, and further correspond to the unit gate W
circuits constituting the gate circuit GCR at a ratio of
20 1 to 1. Thus the cutput signals of the unit decoder
circuits ars supplied to the corresponding unit gate
circuits ir. the gate circuit GCL, and to the
corresponding unit gate circuits in the gate circuit GCR.
Each of the column switch drivers CSDL, CSDR
25 can also be regarded as a plurality of unit column

switch drivers. 1In this embodiment, one unit column

switch driver is provided for eight pairs of



- 15 - conplenentary data lines. Therefore, each of the colum swtch
drivers consists of 64 unit colum switch drivers. The unit colum swtch
drivers are provided for .the unit gate circuits on a rate of 1 to w\é.ynd
hence output 5 signals of the unit gate circuits are supplied to e
.corresponding unit colum switch dri%érs. 32 of the 64 unit deco
“frcuits of the second Y-address decoder circuits Y-DEC2 are used for the
menory arrays MARY[err], MARY[err]. Therefore, 32 unit 10 gate circuits
in the gate circuit GCL correspgonding to the _above 32 unit dec

d
circuits, anB°BRlERPPtgsYedatpcdinesin Ther§irEes; FEGH: O&ck 02P2§88nding
to th b 32 it d d Ircuits,. I, d_f .
ot Shove 32 Uil L USRI CLASH B e Akt U3t BT a1 s
column swi Lchydr et CRPbnfOLLATRANE: 10 d2eliBlbydRkl FoiCHhES uhc! N

gate circuit uni t columm swi tch ers in the colum swtch

«driver CSDR gaikeepordiRg bd 32rdRel ofafe e NGUahE hankle ctdp@tCi rcuit GCR,
are used for 'the 20 nmenory arrays M ARY1, M ARY2. The remai ni ng unit
decoder cigceignalked® Rheduadie gaiteCdirudh@d Le@Risippd iwd toc@hemm switch

~drivers, are used for the other nmenory arrays M ARY3, M AFY[err]. For ease

“ of expl anat i ebrreseochdlihgwiung t2codemnr isptiteh dedversi.th the parts of the
circuit used for the menory arrays M ARY1l, M ARY2. The parts used for the
menory arrays M ARY3, BRARY¥4 tdyee Sthandgmdegoder circuits of the '

second Y-address decoder circuits Y-DEC2 are used for

L{.

the memory arrays M-ARYl, M-ARYZ. Therefore, 32 unit
10 gate circuits in the gate circuit GCL corresponding to
the abové 32 uﬁit decoder circuits, and 32 unit gate
ci;cuits in the gate circuit GCR corresponding to the
above 32 it Jdecoder circuits,. are also used for the
memory arzz"s M-ARYl, M-ARYZ. Also, 32 unit column
15 switch drivars in the column switch driver CSDL

corresponding to 32 unit gate circuits in the gate

()

circuit GCL, and 32 unit columh switch drivers in th
— column switch driver CSDR corresponding to 32 unit gate
circuits in the gate circuithCR, are used for tra’
20 memory arrays M-ARY, M?ARYZ.

r
- i The remaining unit decoder circuits, remaining

~—
gate circuits and remaining unit column switch drivers,
are used for the other memory arrays M—ARY3, M-AFY4.
For ease of expianation, the following
25 gdescription deals with the parts of the circuit used

for the memory arrays M—ARYI, M-ARYZ. The parts used

for the memory arrays M—ARY3, M—ARY4 are the same as



-16- those used for the nenory arrays M ARY1l, M ARY2. The 32 unit decoder
circuits of the second Y-address decoder Y-DEC[err] decode the '
conpl ementary address signals ay2 to ay6, and only one of the 32 unit 5
decoder’ circuit designated by the con gnentary address signals fornms a

sel ect{ “Stgnal . The second Y-address decoder Y-DEC thus forns sel ect signals.
to select/eight pairs of conplenentary data |ines of the nenory arrays

M ARY[err] and MARY[err]. 10 These sel ect signals are supplied

to unit gate CthEse!§séd 16F O GméhdFy!dridds ORIARBPOMIAG 10 the unit
decoder circuits that have fornmed the select” signalst’ and are supplied to

the unit gate circuits iphéh®2oabt Cdésoddr GR-dpds ad 5 O rdasNd
thereto. 15 The individual gate circuits receiving the select signals form

sel ect signal syvwadéhesse| éetodenryebdEChadecodéd tive rcomblemenptanent ary data
lines on the basis of the output signals of the second Y-address decoder
circuit Y-DECadditesThasgnabe aydlive dawé, iand omlye ene caf ttheB2 mrdduce

sel ect signals_to select four of the eight pairs of conplenentary data
lines on tHe bdefeder ¢hecebhpiesisnatsd doiirthe complementarsaddness gnal s
produced by the unit gate circuits in the gate circuit GCL are supplied to
the 25 correspdHdRays uFPEME ot Lﬁﬁl%%t%%ﬂ%ﬁfver'gh? nSeFRNT of TAAALSSS ch dri ver

O S b AT o oSELECE-ShONBhSs PEOTHS °CePUct "1 L BB S LS il
pairs of complementary data lines of the memory arrays

M-ARY. and M-ARY

1 2°

10 These select signals are supplied to unit
gate circuits in the gate circuit GCL corresponding to
the unit decoder circuits that have formed the select
signals, and are supplied to the unit gate circuits
in the gate circuit GCR that also correspond thereto.

15 The individual gate circuits receiving the select
signals form select signals which select four cf the
cicht pairs of complementary data lines cn the hasis
~f the cutput signals of the second Y-address decoder ~—/
circuit Y—DECz. Thus, the individual unit gate circuits

20 produce select signals to select four of the eight
Dairs of complementary data lines on the basis of the
complementary adcress signal av7.

Select signals produced by the unit gate
sircuits in the gate circuit GCL are supplied to the

25 corresponding unit column switch drivers in the

column switch driver CSDL. Similarly, select signals

produced by the unit gate circuits in the gate circuit



-17- CCR are supplied to the corresponding unit colum switch driver in the
colum switch driver CSDR The individual unit colum switch drivers .
receive signals fromthe first Y-address decoder circuit Y-DEC ef#] 4
5 unit columm switch drivers receiving the select signals pro
signal s which couple ‘only one pair oflTonpl enentary data |ines destgnated
Yy the output signals of the first Y-address decoder circuit Y-DEC[err] to
a pair of conplenentary conmon data lines. Thus, of the four 10 pairs of

conpl enent ar ata lines .desjgnated by select signals fromthe unit gate
circui ts, onfRoRs paPRIReeh st i G SRREP IR SIS GHRATEY by the
compl ement ar . Aq4A %S HdNAlrS O Mne 'S SUP EE G THHT Hne
conpl enent ary "comon data I'i nes. e various ti'mng signals

menti oned abQy: Aol Nl I | ARAH AV QeI SRAAN on of the

device, are generated by a timng signal generator | e timng signal

generat or TG #@ & HeN & ifridt NG-addHtA S dbddie At add{as y-Pebe shgnal RAS

of the X 20 system supplied via an external term nal RAS, dn address strobe

si gnal CAS ofunite c6laifi ewitgpldreitrersn faretuimy e (¥ IEd@IsiGha1and a

wite enable signal WE supplied via an external termnal WE. Fig. 2Ais a

" bl ock di agr arpriddusst sEtlient isidgdaldetdiich updneronlar rane MadRY[ceffr] and its

peripheral circuits. As described with reference to Fig. 1, each
complementary data lines designated by the output signals

of the first Y-address decoder circuit Y-DEC, to a pair
of complementary common data lines. Thus, of the four

10 pairs of complementary data lines designated by select
signals from the unif gate circuits, only one pair of
complementary daza lines designated by the complementary
address signals z:7, ayl are coupled to a pair of
complementary ccm~on data ‘lines.

15 The various timing signals mentioned above,
and other timing signals required for fhe operation of

the device, are generated by a timing signal gensrazcr.

Al

4]

N TG. The timing signal gene;ator TG forms the timing

| signals using an address strobe signal RAS of the X

20 sgvestem supplied via an external terminal RAS, an
address strobe signal Cas of the Y system supplied via
an external terminal CAS, and a write enable signal WE
supplied via an external terminal WE.

Fig. 2A is a block diagram illustrating in
25 detail the memory array M-ARY1 and its perfpheral

circuits.

As described with reference to Fig. 1, each



of the second Y-address decoder circuit Y-DEC2, gate circuits GCL, GCR, and
colum switch drivers CSDL, CSDR corresponding to the nenory arrays M ARY1,
M ARYZ, ﬁas-SZ unit circuits. O these unit circuits, Fig. 2 shows 5 only

a1 coder circuits UY-DEC[err]1 DEClerr], four unit gate circuits
UGCR[err], UCGCL[err], @rr] corresponding to the two unit
decoder circuits UY-DEC[err], UY-DEC[err] and four unit colum swtch
drivers UCDL[err] UCDR[ err], UCDL[err] UCDR[err] corresponding to these
unit gate 10 ¢ Y a Y[ err]

£ G ssed%% o seadéd e: ”EDW ¢ Mﬂ?

has 65536 rrermry cells are arrange |n t ormo I'x of 256

rows and 256 calAdWiks ASd@d e, caam)lc%mraremcma dflnﬂér@cébr,ar edox med
for each row, 15 and a wor d Ilne is forned for each col umm. Therefore t he

menory array MoARRéspcndirmyitiechd tremdty earrra@s)fm-@mu;ll ,ermr;tmr% dafsa | i nes
Derr], Derr] to E{err], Derr] and with 256 word lines [®rr] to [err]
O the 256 pai¥ wfitcanptaners ar Ofldthedd nesl 2@imenti tnedrapove, sidws.  2A
shows two pairs of conplementary data lines Dierr], Dierr], Derr], Derr]
that are to3berdel dotedmrhit sidandersiqirdu is dﬁi:d%ﬁ!:ﬁ/ i HbYtﬂECtzﬁol um
switch driver UCDL[err], and two pairs of co enentar data l1nes Derr],
Dlerr], O err foumD®rY gakd HrecdidHd&pct 129G Rmal s
produced by the unit colum switch driver UCDL[err] CI the 256 word |i nes,
Fig. 2A shows oyineskonding kb -the two unit decoder circuits UY-DEC,4»

[

UY~DEC , and four unit column switch drivers UCDL,,
231 0 o,
UCDRO, UCDL31, UCDR31 corresponding to these unit gate

10 circuits.

As mentioned earlier, the memory array M-ARY,
has 65536 memory cells M that are arranged in the form
of a matrix of 256 rows and 256 columns. A pair of
complementary data lines D, D are formed for each row,

15 and a word line is formed for each column. Therefore,
the memory array M-ARY, is provided with 256 pairs of

g’ t° D55, D an

ccomplementary Gata lines D -
255

on =
withn

(o]}

0'

- W s F to 1 )
256 woré lines LUO to T 55

Of the 256 pzirs of. complementary data lines

g1
‘ \,

20 mentiored above, Fig. 24 shows two pairs of complemsntary

(o}

ata lines D S_ that are to be selected by

o’ Por P7r 7 >
selsct signals produceé by the unit column switch driver

UCDLO, and two pairs of complementary data lines D248'

Dy4gr Passr Dass
25 signals produced by the unit column switch driver

that are to be selected by select

UCDL31.

Of the 256 word lines, Fig. 2A shows only 16



word lines WO to [err] and [err] to [err] that will be selected by -
signal s produced by unit word drivers [err] UAWDU30 which will be desgfkhed
| ater with reference to Fig. 3. 5 Fig. 2B illustrates an

enbodi ment of the nenory cell M which consists of a select termninal coupled
to-a word line W an input/output terniBat that is to be connected to
eisther one of the pair-of conplenentary data lines D, D, a NCSFET err]

and a capacitor wontl 11hesgyg 0 WyekeanfoHgogh Fﬁewb@EFEﬁhT%rY} } %oupled

to the select termnal, one 1np ut/out put el ectrod

coupled to the BRPEEESE: Bt SFéPﬁanﬁF-gnéﬁl PHQEBFﬁ rbY HB?JY’/WS 5;%39%3‘%0-
trode of the MOSFET [err 1s ¢ ed ca o] h

RAM of this enb8&PRegnt U p3osw 5@ ﬁ?i? EégFgcgﬁgFét%3gm%rV¥t%rf%§gﬁ
folded bit Iine ar%ange I'n such an arrangenment, a pair of

conpl enment ary défh Pne (e g.[err]) are arranged in parallel with each
other. As s?omn in Fiog. F%é 5Belﬁ@B§Eé§HEQu5nt@hﬂbdgﬂent'69|§h9fmémory

plurality of menory cel M are coupled to either one of the pair of

conpl ementary dafd 1l MGhiks EbnatsesdbRyat 8edeptedetpifhDedoupled fopair of
I nput/output termnals of a sense anplifer is coupled to the pair of

conpl ement ary - dgfezd i138e Werah ihbetyontpudnekeriiaal?bhatpisf toabey
consists of a pair of input/output termnals and MOSFETs (JQerr] to [err]
The gate of NSFicbnheictkdand keliehdraioneobfMBBEEPaffert] campleneptadyt dabae
of the pair of input/output termnals and the drain of NCSFET &err] and t he
gate of MOSFET 1lines D, D, a MOSFET Q25, and a capacitor C he gate

e 10 electrode of the MOSFET QM is coupled to the select terminal,
one input/output electrode of the M&ﬂﬂﬂfgzs is coupled to
the input/output terminal; and thé other input/output elec-
trode of the MOSFET Q.- is coupled to the capacitor Cy.

In the dyna=:: 72 of this embodiment, it is
15 preferable that the r=-cry array has a folded bit line

arrangement.

In such an arrangement, a pair of complementary

¢zta lines (e.g. Do and DO) are arranged in parallel with
(N sach cther. As shown in Fig. 23, the input/output term-
' _ 20 inals of a plurality of memory cells M are coupled to

either one of the pair of complementary data lines DO' 50
according to a predetermined rule. A pair of input/output
‘terminals of a sense amplifer is coupled to the pair of
) complementary data 1ines DO'.BO' The sense aﬁplifier
25 . preferably consists of a pair of input/output terminals and
M&ﬁﬁﬂs Q17 to Chg. The gate of MJﬁEﬂ'Q17 and.the drain of
MOSFET Q18 are coupled to one of the pair of input/output

terminals and the drain of M&ﬂﬂﬂ?Ql7'and the gate of MOSFET



- 20 - QL8 are coupled to the other input/output term-nal. The source of
MOSFET Cﬂ? and the source of MOSFET QL8 are connected in comon, and are
the earth potential of the circuit via a MOSFET [err] that is
contr k;g -by a5timng signal [err]. pa Precharging MOSFETs Qerr],

h are provided between-a2fpower-source voltage Vcc and the data- .
[err] and their swtching operation is controlled by a timng

signal 0 (gr ecaeéggggg§éaneb)t e%ﬁgs%%uﬁu@ﬁ{ﬂ:n e@ailel.CO'

switches arélfrovid et ween t e palr o ary comon data |ines
[err], [errboag@el Be MOBFE®S 0CONBhA- tHENS8LYcEOBFDMOSRER bi NegreDL, CDL.
The gates of the MOSFETs actlﬁa as colum swi tches recei vel® signal [err]
fromthe uncbnaektued $w tefméhi, vehd| 8ké] colpled to the ésrtRrpdthatipai r of
conplenmentary data lines [err] the other pairs of conplenentary data |ines
D[err] to pértheacérahstd piavhdeSEETthgnbhatcbbIeonarsenee bgpaifier,
prechar gi ng MOSFETs, and MOSFETs acting as colum sw tches. 20 I n
t he nenory &imapg shensélﬂ % .termnals of a plurality of nenory cells of a
menory cell colum are coupled to the same word line (e.g., [err] ).
Therefore, the nenor¥reehaxging MAEFRFY Qed 10 cortuimh rﬂ-:@elm@‘aldﬁﬂ ect signal
froma unit_word driver via the word_|ine 25 [err The ot her nenory cel

col ums havBeﬁwgﬁnbéeﬁoﬂﬁﬁsFPHEFEdVPﬁtFﬂ% ggneaﬂﬁnﬁﬁ? @ét%hélﬂ%ﬁDPy'cell
col urm d'SCBSSandaQRelr l@9%8Q198t0829a ibh 1sgco§€}o?1g3ng¥ Cetlmigg

51gnakngp\(precharglng signal). MOSFETs Q3, Q4 acting as N

-

10 column switches are provided between the pair of comple-
mentary common data lines DO' 50 and the pair of comple-
mentary common data lines CDl’ CDl. The gates of the

MOSFETs acting as column switches receive a signal CLOI
from the unit column switch driver UCDLO.
15 As for the pair of complementary data lines

DO' BO' the other pairs of complementary data lines D1

Dl to D 557 5255 are also provided with memory cells,
2 sense amplifier, precharging MOSTETs, and MOSFETS
acting as coluamn switches.

20 In tre memorf array, the select terminals of a
plurality of memory cells of a memory cell column are
coupled to the same word line (e.g., WUO)' Therefore, !
the memory cells of a memory c211 column receive a

u

select signal from a unit word driver via the word line

25 WUO' The other memory cell columns have also been
constructed in the same manner as the memory cell
column discussed above.

Though not shown in Fig. 2A, a dummy cell is



- 21 - coupled to each of the data lines. As is well known, the dunny
applies a reference potential to the sense anplifier during the rea
when a nmenory cell is selected with its input gu
bei ng connected to one of the pair of conplenentary data

operati on.
5 termna

a dummy cel
sense anplifier receives a potential corresponding to data stored in
sel ected nmenory cell, and the reference 10 potential fromthe dumy c
In the dynam c RANIof t his enbodi nent,. the_second X—a dres§gdﬁcoder c

[err] sel ects GREPAESt ke 83ChnPE Yhecdatpcdines- As[ds,pe

constitute the

Ther ef or e,

connected to the other daBd Fine is selected. Accordingl

cts _one unit

circuits [err] 38 B&#%C§hﬁ&ﬁL88 é?Ftﬁf§e$ﬁ§e85FepenggﬁFHGgﬁs%plg 3
oD o " §eReEoRlals 2907080356 Oféﬁf gehgihG BelheiAle Thbtlibie TV

GCD, and mord

Fi'vers acco I ment  of

present in entigay, %émbgfgr eE1&h§s3 eqabkedecq%ﬁr 1‘E'sr q&xlph%/[:ﬁrcbht

[err]

of the second X-

ess decoder circuit X- are shown in

being unit decedeniahnCYelifgl ebhheaRddl @6F bne Shet%albadeca@er 25 ci
UX- DEC230 consists of a five-input NOR gate circuit made up of five drive

MOSFETs Q44 t ocQnpteneatagybahvaeninks ,out Auinmyi ced 1] eohheatddeant hhe

10

15

20

25

other data line is selected. Accordingly, the sense
amplifier receives a potential corresponding to data
stored in the selected memdry.cell; and the reference
potential from the dummy cell. |

In the dynamic RAM of this embodiment, the

second X-address decoder circuit X-DEC. selects one of

2
the 32 unit gate circuits TZIT. to UGCU31 which
constitute the gate circuit ZI7, and selects one of

the 32 unit gate circuits UGC:0 to UGCD31 which
constitute the gate circuit GCD.

rig. 3 illustrates the second X-address
decoder circuit X-DECz, gate circuits GCU, GCD, and
word drivefs WDU, WDD according to an embodiment of the
present invention.

Only two of the 32 unit decoder circuits
of the second X-adcress decoder

UX~-DEC to UX-DEC

200 231
circuit X'DECZ'are shown in Fig. 3, being unit decoder
circuits UX-—DEC230 and'UX-DEC23i; The unit decoder
circuit UX-—DEC230 consists of a five-input NOR gate
circuit made up of five drive MOSFETs Q44 to Q48

connected between the output linesl.2 and earth

\

y, the
t he
el l
ircuit

PEFRT whi ch

gate

ey

to
Fig. 3,
rcuit



- 22- potential [err] of the circuit, and a prechargi ng MOSFET which is
prOV|ded -between the output line 2 and the power-source voltage [err]. The
smntch' waeperation of the precharging MOSFET Q49 is controlled by a tining
=(precharglng si gnal) [errb2 _ Other unit decoder circuits are

al so onst ‘ucted in the sane manner aS the unit decoder circuit UX- DEC230:- -

t should be noted that different conbinations of internal addr es¥
signals are supplied to the unit decoder circuits. 10 Ther ef or e,

only that unpétgﬁﬁpgﬁrvclrsslEh&hbsbchitqeahanatggeEMa£a§n§OM@éﬁﬁ@ntary
address signals ax2 to %6 forns a select signal of the high level and the

ot her unit d@ggdﬁhlﬁhrﬂglfaﬁofr@ﬂéﬂnbatﬁeéﬁCth&I gaapatofiihber [ ounbevel .
Accordi ngly, select signal is 15 supplied to only ore of fhe 32 unit gate

circuits [ert&etpo@er+$oofceheogaagecv §U|tTﬁﬁlbwanqhangebpetasignal S
al so supplied to only one of the 32 uni't gate circuits [err] to [err] of
the gate cirefiith¢eprechapgingaMPBEETWAgY iRecPntephipdabilr assiviggal s 20
ax2, ax3, ax4, axb and ax6 are at a low level , only the unit decoder
circuit Ferrflg@abd02§gcaa§§%@atssﬁgﬁép f;,-a AFBARTI BOEF. deREfAeFore, the
select signal,is plied fo two unit gate . circuits err t hat correspond
to the unit ﬂ%E%HbF C?Fﬁu?isPeFPPStﬁﬁcged in the ?ﬁ@ ulf “SﬁtéSC|rCU|t

LU0 Constgh Py 8835 8he ahE s PR TR Rah gL o SphGevb i aRelEg Vel Y
be noted that different combinations of internal address
signals are supplied to the unit decoder circuits.

10 Therefore, only that unit decoder circuit
which is designated by the complementary address signals
ax2 to ax6 forms a select signal of the high level and
the other unit deccder circuits form non-select signals
of the low level. Accordingly, a select signal is
15 supplied to only ore of the 32 unit gate éircuits
UGCU0 to UGCU31

nal is also supplied to only one of the 32 unit

of the gate circuit GCU, and a select

ate

(f!
[19]

«Q

-

circuits UGCD, to UGCD

0

For exam:zle, when the internal address signals

m

20 zx2, ax3, axd, ax5 and ax6 are at a low lewszl, conly th

cnit decoder circuit UX-DEC prcduces a select signal

230
at a high level. Therefore, the select signal is
supplied to two unit gate circuits CGCU30 and UGCD3o
that correspond to the unit decoder circuit UX-DEC,44-

25 The unit gate circuit UGCU30 consists of
transfer gate MOSFETs Q,g to Q;c which selectively

supply decoded signals produceﬁ by the corresponding

31 of ths gate circuit GCI. Y

-



-23- unit decoder circuit UX-DEC230 to the corresponding unit word driver

[err], and resetting MOSFETs (B6 to Q43 provided between each of the output
terminals [err] to [err] of the unit gate circuit UGCU30 and th ahth 5
potential of the circuit. “~The eight transfer gate MOSFETs Q (t . can

be--di vi ded into two groups, i.e., divi#@d~into four transfer g FETs

Q@8- to [err] and four transfer gate MOSFETs [err] to [err]. The switching
operation of the four transfer gate MOSFETs 10 @8 to (@1 and anot her

group of four trapsfer gate T, _ Q r o] IR '
conpl enent ary Hﬁﬁﬁeéeﬁ9g?ﬁe %%?%E%§s§%n8#§23PeF§]g?%oﬁ?%gégpﬂpégni-address
decoder circuif Lker TRe: eLgh sett] a bg_di yyded

substantial ly %ﬁ%o ?égdl glg%gugg?ﬁﬁgﬁré?ﬂs%%??ﬁgiﬂésgg$gg?gr9?6,vgf whi ch

the switching gperabigyilsacoatiwebhedabl bbetnbgBakpax’tpraddacd Ry the
third X-addresS4decoder circuit [err] .and four resetting MOSFETs ferr] of

whi ch the switebi Nﬁ egetaki @Aitsgaest eﬁ)kbaﬁitbyGCbg 2@Bndstheakaaxh. The
sSwi tching operatioffi of the resettig MOSFETs of th ge two groups is
control |l edsi n potenpliadentatyienahinenit. Th&hewetighingrepsfari gatef the
transfer gate MOSFETs Q to Q (or MOSFETs [err] to (B5) and the
resetting MOSFEUDSFERS Qgo(89 Qqg SAD beod2yided3ynts &WeAt BEPMEErin a
conpl ementary manner._ For_ i nstance, when the transfer gate MXSFEJs 28 to
@Bl (or B2 toices) diwidgdndatenfopketrpRgéps, gate MOSFETs Qg to
. Q31 and four transfer gate MOSFETs Q32 to Q35. The
Pr switching operation of the four transfer gate MOSFETs
10 Q,g to Q,; and another group of four transfer gate
MOSFETs 032 to 035 are controlled in a complementary

manner by the output signals ¢x7; Ex? from the third
" X-address decoder circuit X-DEC3. T=z2 eight resetting
MOSFETs can also be divided substznzizally into two
15 groups; four resetting MOSFETs Q40 ool Q43, of which
the switching operation is controlled by the signal
ax7 produced by the third X-address decoder circuit
N X—DEC3, and four resetting MOSFETs Q36 to Q39 of
which the switching operation is controlled by the
20 signal ax7. The switching operation of the ressttinrg
MOSFETs of these two groups is controlled in a
complementary manner. The switching operaticn of the
- ' | transfer gate MOSFETs Q28 to Q31 (or MOSFETs Q32 to
) and the resetting MOSFETs Q36 to Q39 (or Q0 .to

Q35

25 ) is controlled in a complementary manner.

Q3
For instance, when the transfer gate MOSFETs

. d on, the transfer
st to Q31 (or Q32 to Q35) are turne



- 24- gate MOSFETs (B2 to B5 (or [err]) are turned off. In this case, the
resetting MOSFETs B6 to B9 (or Q40 to Q43) are turned off, and the

/fi,ng MOSFETs [err] to Q43 (or QB6 to QB9) are turned on. 5
Wt gate circuits are also constructed in the same manner as the

circuit [err] discussed abkes Wien a select” signal at a high - .

produced fromthe unit decoder circuit [err], the unit gate 10

circuits UGCU30 and UGCD30 transmt the select signals to four of the eight
output term nals on t basis of qutput signals of {h hi rd

X- addr ess dé{:agt eﬁ&#&ﬁ%m 35 %ﬁoer p(&&a(r%‘t? 3‘?3]0’? tfqﬁﬂe%lﬁefp{rt
termnals t j t el 'gn?:. 1 transmited is
changed tc glqvw(;dv}\}%]%ev%eselsfy 1:tei’}‘flée Iféese ﬁ%w%ﬁ 3’.0 Sdﬁlo(vr\l%srt éfﬂ(bxanpl e of

the third X-add ess LeCqdfindd IS | drfd 'dneVi &b OOy Hdsrnd wp, uni t

decoder circul t$X-DEC30 and [er r'] The unit decoder circuit [err]
consi sts of WETS(C[Iergg% deerg ] Wi subsda@ndd al |y forma push-pul |
i nverter, and a4p’rechar 6ng T [err] which is provided between the

output lisne 3 and thegmseramictrgetey dirgeiferade £ingb dondtdctidie

swi tching operation is controlled by the timng signal [err]. The 25

ot her unit decdder saEme wmannd¢ BECYhe saidhgatet@drdud tt HEG manner as
the unit decoder circuit [err] As shown in Fig. 5 however, different
addiisepssed. above. :

i nt ernal

10

15

When a select signal at a high level is produced
from the unit decoder circuit UX*DﬁC230, the unit gate
circuits UGCU30 and UGCD30 transmit the select signals
to four of the eigﬁt output terminals N, to Ng, on the
basis of output signals of the third X-address decoder
circuit X-DEC,. The potential of the four'output
terminals to which the select signal has not been
transmitted is changed tc a low level by the resetting
MOSFETs.

Fig. 5 shows an example of the third X-=adiress

ceder circuit X-DEC, which consists of two unit J:iccder NN

15

3
circuits UX-DEC30 and UX-DEC31. The unit decoder circuit
TV LT P o ' 2} 3 selve+ ant 3 -,
954 D~C30 consists of MOSFETs Q59, Q60' which subsiantially
form a push-pull inverter, and a precharging MOSFET Q58

which is provided between the output line and the

3
power-source voltage V.. and of which the switching

operation is controlled ky the timing signal ﬁp. The
other unit decoder circuit UX-DEC31 is constructed in

the same manner as the unit decoder circuit UX-DEC30.

As shown in Fig. 5, however, different internal address

4



- 25. signals are supplied to the MOSFETs that constitute the push-pul

i nverter.

“high | evel

Therefore, when the internal address signal ax7 (or ax7) changes
to a high level, the unit decoder 5 circuit UX-DEC31 pr
signal Ox7 at a high level (or UX-DEC30 produces a sel eqt

),

uces a sel ect

)

and the unit decoder ci&cast-UX-DEC30 prod

ei ght word |i nesgmals her @asuppbied hto cong| OSFEDS ythaltresnstigute the,

l.e., the unit 15 gate circuits UGCU30 and UGCD30 transmt sel ect S|gnals

to four of thepeshpublit puvertesinals N1 to N8 on the basis of the

conpl ementary address signal ax7. Qutput signpals produgced by the upit gate
circuits are supplied to 7 EE?H ?%gﬂ??%e§%gnaQ

word drive

gi ght transfer2®

f 0 N1 of
BondFHES a%ﬁ??gg =PRCat - BHPESSEE kb %ﬁégf%g?%eﬂéaE%%Fll.A% ferr

of the tra
the corres

r

of the corresp?ﬁg Pg HP'?ﬁdﬁﬁederggbéﬁUéé gmg%g%ggosyéﬁ%%ggggn§{eg gate

MOSFET Q28

10

o
W

25

S e gaBe e trans gat e
high level), and the unit decoder circuit UX—DEC30

produces a non-select signal Ex7 at a low level (or
UX-DEC31 produces a non-select signal ﬁx7 at a low
level).

Therefore, the unit gate circuits which receive
output signals from the third X-address deccder circuit
X-DEC, select four of the eight word lizss cn the basis
of the complementary address signal ax7, i.=2., the unit
gate circuits UGCU30 and UGCD30 transmit sslect signals
to N 6n the

1 8
basis of the-complemsntary address signa

to four of the eight output terminals N

ax7.

(o]

Output signals prcduced by the ;nit gaze

circuits are supplied to the corresponding unit word

[o))

rivers. The unit word driver UWDU3O corresponding to

-+
(1]

unit gate circuit UGCU30 consists of eight transfer

3¢}

ate MOSFETs on to Q27 as shown in Fig. 3. The gate
of the transfer'gate MOSFET on is connected to the
output terminal N1 of the corresponding unit gate circuit

UGCU. . and to the output line QZ of the corresponding

30
unit decoder circuit UX-DEC230 via a transfer gate MOSFET

Qzé. Similarly, the gate of the transfer gate MOSFET

nal [err] at
_ a non-sel ect
singnal [err] at a low Fevel (or UX-DEC31 produces a non-select signal 0x7
at a low 10 level). Therefore, the unit gate circuits which receive output
signals fromthe third X-address decoder circuit X-DEC select four of the

a

FﬂéeEBF?es%Bﬁﬂlﬁﬁeuh?Fe he uniit
rak] ol REERETL PhARges ot e Rion aletafuEln whEE deesqRE' oLt



-26- @1 is connected to the output termnal N2 and to the output line

[err] via MOSFET [err] the gate of the transfer gate MOSFET [err] is
connecteéd to the output terminal N3 and to the output line [err] via MOSFET
[err]gégg so for 5 MOSFETs @3 to_C%g and the gate of the transfer gate
MOSFE 7 is connected to the outpuf®termnal [err] and to the output |ine-
[err] via MOSFET [err]. The select timng signal O 'of the first ~
X- addr ess decoder circuit and the select timng signal driver X-DEC and 0

-DRV is x 10g supgl esﬂnéeteaets' eRkr 8depat eafmlehttae hhansbetngat e
MOSFETs 23 aAl (27" the select timng signal 0x01 is2supplied to one

el ectrode of ogf ﬂtOhﬁ@eﬂtraﬂgfﬁosﬁﬁi‘eQNDFFEﬁé §B2eaBE £RE' tihesset ect

ti mng signal err] is sapplled to onedlectrode of each of the transfer
gate 15 MOSEEds BSFBIMOQLY5isandnhbetsadl e6t thenbugpst goakmisal INL s
supplied to one el ectrode“df each of the transfer gate MOSFETs [eTr] and
[err]. The candespobbengutput Lines? Eevnk MOSFETr%&gFeandnaecfed to -he

ot her el ectrode of each of the 20 transfer gate FETs [err] to [err].
The ot her Sunf@SHBF4 @§5v§©sQ§ge andothengetacefdtha trensher gaker as the

above unit word driver UADU30 en a select signal is produced fromthe
uni t decoderM9$?§3l@zfe+?]c°ﬁﬂﬁ°§ﬁdlﬁPthﬁl°HHHPES§EE§1§an§Q a%% at a | ow
| evel is sup

signals are ﬁgﬁeau i éé% Eagﬁée@§§g§§ &esnln '] B Ehm 2$Iect

timing signal ngO of the first X-address decoder circuit
and the select timing signal driver X-DEC and ﬂx-DRV is
10 supplied to one electrode of each of the transfer gate
MOSFETs Q23 and Q27, the select timing signal ﬂxOl is
supplied to one electrode of each of the transfer gate
MOSFETs Q22 and Q26' the select timing signal gxlo is
supplied to one electrode of each of the transfer gate
15 MOSFETs Q,, and Qge and the select timing signal gxll
is supplied to one electrode of each of the transfer
gate MOSFETs on and Q24.

The corresponding word lines W to W

U240 U248 N~
are connected to the other electrode of each of the
20 transfer gate MOSFETs Q59 to Q,4- The other unit word
drivers are also constructed in the same manner as the
above unit word driver UWDU30.
When a select signal is produced from the
unit decoder circuit UX—DEC230, and an internal address
25 signal ax7 at a low level is supplied to the third

X-address decoder circuit X—DEC3, select signals are

to N, of

produced from each of the output terminals N 4

1



-27- the unit gate circuits [err], [err],'and the potential of other output
termnals N5 to N8 falls to a low level. Therefore, of the eight transfer
gate MOSFETs constituting the unit word drivers [err] and [err], -5 the

transfer gate MOSFETs [err] to [err] are turned off, and the gr@rgsfer gate
MCBFETs Q to Q@3 are’turned on. Acéo?aiﬁgly, the word |ines " and W
réeei ve the U243 D243 select timng signal [err] via the nsfer gate
MOSFET 23" the wofd lines [err] and [err] receive the select 10 timng

EATRCHINER RE DR T o foat U R i

[err] receive mng st gn 0'via thR 'transfer gate MOSFET Q

and th d ] . i i ;
e wor bgeégﬁgfkégﬁﬂﬁt{E%%*}ﬁﬁgg'“? EBeNgekigia;F§1991§w9nabeierr]

via the transfer. be descri bed

later in detaipnukbBotef ebeNeRet 8i§h8. t#anstetngateumosekest tining signals
[err] to [err], only one select timng signal designated by the -

conpl ementary adfseséutiggaktheauplitawbrasdehaageduWDULjeahdgiWwDBygl by the
first X-address decoder circuit 20 and select timng élgnal driver [err]
and [err]. 5F0thénstanseermganetMQSEBTecthinbngzgignaltp@nﬁp p€fat a high
level, a select timng signal at a high Ievel is t.ansnmtted only to the
word |ines W248d Wbg48rankfiest jatewdPEEETEh@,geFecR ki AFRGEEFERAI OBF the
high level 25 is supplied to only those word l'ines W 243, WD243 of Bhe
mermory ‘array whcehrdiadd¥si §hat ¥arBylinescYophgneRtlaly43 receive the

_ select timing signal ﬂxOO via the transfer gate MOSFET
FG Y 3

_ Q23, the worq 1iTies WU242 aéd Who4o Yeceive the select

10 timing signal ngl via the transfer gate MOSFET Q55

’
the word lines WU241 and WD241 receive the select
timing signal §_,, via the transfer gate MOSFET Q,,

r
and the word lines WU240 and WD240 receive the select
timing signal ﬂxll via the transfer gate MOSFET on.

15 As will be described later in detail with
reference to Fig. 4, of the four select timing signals
| : ngO to gxll' only one select timing signal designated
L by the complementary address signals ax0, axl is changed
to the high level by the first X—éddress decoder circuit
20 and select timing signal driver X-DEC1 and ﬁx-DRV. For
instance, when the select timing signal ngO is at &
higch level, a select.timing signal at a high level is
- transmitted only to the word lines Wy5,3, Whoyse In
other words, the select timing signal of the high level
25 is supplied to only those word lines WU243' Wooa3 of

the memory array which are designated by the complementary

address signals ax0 to ax7. Therefore, the word lines



address signals [err] to [err].

to the word line [err],

Therefore, the word |ines - 28-

[err],
[err] are selected. When a select timng signal at a high level is supplied

menory cells are sel ected whose select term nals

are coupled to that 5 word line._ Jge_potential of the data |ine coupled

to th

¢¢ upon the data stored in the nenory cells. |h this case,

cel |
data |ine,

Then, the sens

{ lyaput/out put termnals of the selected nenory cells varies in
i

anpl

M@ze&;aﬂﬁ‘fy@r@oéemd:eédis applied to the other data line.
[T1er coupled to the pair of data |lines operates,

the potential di fWhereresdleskchining ppdgnal atta higheslevelaifd ified. As
nentioned above, the conplenentary data lines [err] to 15 [err], [err],
assune a pai FUBRl ifpteneirt 9 dat iR i esy sle TEFRELFPV & P onpl ement ary

address signals ayQ to ay7 is, selected, by, the first Y-address decoder
circuit ang %"ef%‘“c‘%/e‘%i“?ﬁ?%e SYHRTFE dreTRinad pEse a?ff:l'l‘f]e?cf]t%e%@rfd and third

a du
oupled to the other data line which forns a pair with the first 10

and

i

Y- addr ess decoder, circuit,s_ Y- . Y-,DE coJ um switch, G SW col um
sui teh ari veroren e gie Bt idher SR G I R RR R but put

[ it recelyes; ' 'ng.gﬁ; t he
gl):rgrlarrent ar%ﬂgdlcﬁ%g%@g%%gax‘ rtﬂ-ﬁcl)i%x , ay%y?%ﬂaégefﬁrgémt e 01&?/5

arrays [err]y2Biestoh
to CD4, [err]

memory cells. In this case, a dummy cell is coupled to

10

20

25

the other data line which forﬁs a pair with the first
data line, and a reference potential is applied to the
other data line. Then, the sense amplifier coupled to
the pair of data lines operates, and the potential
difference between the pair of data lines is amplified.

As mentioned above, the complementary data lines DO'EO

0256' D256' assume a pair of complementary data lines

designated by the complementary address signals zy0 to
ay? is selected by the first Y-address decoder circuit

and select timing signal driver ¥-~DEC. and ﬂY—DRV,

1

second and third Y-addrz=ss decoder circuits Y-DECZ,

Y~DEC3, column switch C~-SW, column switch driver CSD,
and gate circuit GC. Consequently, the input & cutput
circuit receives the data stored in the memory cells
designated by the complementary address signals ax0

to ax7, ay0 to ay7 from the four memory arrays M--ARY1

to M-ARY4 via complementary common data lines CDl’ Cﬁl

CD

to CD -

4'

Upon receipt of complementary address signals

menory
[£&pdnddfcs ONpb e MBI adye £ vBrdlatp dHdes [err], [err]

[WEEE 2

to

-



Upon recei pt of conplenentary address signals -29- axO axl and a sel ect.
timng signal [err] fornmed by the timng signal generator TG (refer to
Fig.. 1), the first X-address decoder circuit and select timng signal

driver [err] and [err] produces four select timing 5 signals | T to
[erT] These select ti'm ng signals [e??]’to [err] are supplied téiiéfaunlt
word drivers [err] to UMDU31 and [err] to UADD31. Fig. 4 illustr n
enbodi nent of the first X-address decoder circuit & select timng signal

Col vot Lo opEbl agl and & perecti€ihihg)sLgRat! sz%ﬁ%‘i'%x fgeuit and
X- addr ess decod%&m%gcg%gnger aneard%o@fé bper§opphe ﬂeafiﬁ@és

signal s axO, axl ct timng S|gna driver err |ch 15

recei ves out put xshgak§sofebBaet! E§i'cﬂ<;adéﬁ&3§eﬂéé@d€im£h? Cé'iénh?r r] and
the select timng signal [err] and which produces the select timng

signals [err] tarfeeg] XIDBCEI BAl X aDHVepsodecedefotr I e8l éc¥X- Dhtig@pnsi sts
of four unit decoder circuits UX-DECLO to 20 [err] Fig. 4 illustrates in
det ai | one5un|tsdgnamsrﬁg BC“DtgL?i‘] Phesbesébectuhimingcsilgnaksrcuits.
The unit decoder circuit Ferr] consists 10 of a two-input NOR gate circuit
which has two dfiyg WMOSPE]s @62 suppliedptedthetweih vhedodrpuersine [err]

25 and earth Botentlal Vs of the circuit, a precharging

WDUO to UWDU31 and UWDD0 to UW D31. 1gf 4 illustrates

o an embodiment of the first X-address decoder circuit &
~ select timing signal driver “-DECl & ﬂx-DRV.

10 - The first.x-address decoder circuit and
select timing signal driver X-DEcl_and ﬁx—DRV consists
of the first X-address decoder circuit X-DECl which
decodes the complementary address sic¢nals ax0, axl,
and the select timing signal driver ﬂx-DRV which

15 receives output signals of the first X-address decoder

"circuit X—DEC1 and the select timing signal ﬁ
"which produces the select timing signals Exao to C....
Y o The first X-address decoder circuit X-DEC,

consists of four unit decoder circuits UX-DEC to

10
20 UX-DEC 13° Fig. 4 illustrates in detail one unit

" decoder circuit UX-DEC of the four unit decoder

o , 10
circuits. The unit decoder circuit UX- DEC10 consists

. f a two-input NOR gate circuit which has two drive
MOSFETs Q52' Q53 coupled between the output line-i‘1

25 and earth potential V_,_, of the circuit, a precharging

Ss
- MOSFET Qc, which is coupled between the output '].ine.f.1

and the power-source voltage V and the switching

cC



MOSFET Q which is coupled between the output line [err] and the
power - sour ce voltage Vcc and the sw tching - 30- operation of which is
controlled by a timng signal (precharge signal) [err] and a cut MOSFET
&1 of.~whiych one el ectrode is connecfed to the output line [err] and the
gate elegtrode is coupled to the power-source 5 voltage [err], The other.
uni t ggﬁg er circuits UX-DEC11 to UX-DECI3 are al so constructed in the sane
manner\as/t he unit decoder circuit [err]. It should be noted that internal
addr ess si gnadgerft i o /MOy ¥ntaRY 1d@® buRPIdiad nigo sag@@10f the unit
decoder 10 circuits. Therefore, of the four unit decoder circuits, only
one unit decodafecharyd tsidemilgnd 6d dnd taheuo MusHEM Ly ofdebhdash Signal s
axO, axl produce a sel ect signalpét a high level, andthe other unit

decoder circuintss glrastredendrs seineectedyrial $het catpmt lligwe } gvelnd The sel ect
timng signal driver [err] consists of four transfer gate FETs [err].

The sel ect tithengatigedledtaiade iis aaupliasd to tdhee pawsstseyacsf each of the
transfer_gate MOSFETs [err] to [err].. The select, 23 timng signals
[err] to [er P8 r\agircedFer Ghltate Wtitedeqosan Sde O teadK-8ECyhe

transfer gate [err] t err The, switching operations of the
transfer gaté 18 @"J(‘,eor?tqr%ﬂ IcéJd’sﬁfut%edcd'l”r ﬁ%"ﬁ‘g MGRPEXdecoder
circuits. Thélassr);t}}lge éz:ﬁgitﬁ:giaer&&t}ercqfc%tOfU)g—%Ec the transfer J3Le MOSFET (b4

is controlle 10° shoul
noted that internal address signals of different

combinations are supplied to each of the unit decoder ~
10 circuits. Therefore, of the four unit decoder circuits,

only one unit decoder circuit designated by the

complementary address signals ax0, axl produce a

select signal at a high level, and the other unit

decoder circuits produce non-select signals at a
15 low level.

The select timing signal driver HX—DRV consists
of four transier gate MOSFETs Q54 to Q57. Th2a select
timing signal ﬁx is supplied to one electrode cf each Y,

of the transfer gate MOSFETs Q54 to Q:7. The select

29 timing signals ngO to gxll are produced from the other

[

lectrode of each of the transfer gate MOSFETs Q

O

in

- The switching operations of the transfer gate
MOSFETs are controlled by the corresponding unit
decoder circuits. Thus the switching operation of

25 the transfer gate MOSFET Q54 is controlled by a signal

produced by the unit decoder circuit UX-DEC the

107
transfer gate MOSFET st is controlled for its



produced by the unit decoder circuit [err] the transfer gate MOSFET (B5 is
controlled for its -31- switching operation by a signal produced. by the
unit decoder circuit UX-DECl11l, the sw tching operation of the trgnsfer gate
MOSFET is controlled by a signalhgéoduced by the unit deco Egt rcuit
UX-DEC12, and 5 the’transfer gate™ FET Q is controlled for—Tts

sW-t chi ng operation by a signal produced by the unit decoder circuit [err]
Therefore, of the four transfer gate MOSFETs, only one transfer gate MOSFET

desi ted by the, I t add d
Ther ef or . aysepéaf"{v‘?ﬁ%?s%ﬁa? %ess FLOBRL AR Ay Mty o0 on
|l evel while thejselect %gikoa elngtﬁgré&fﬁkﬁ&gg etdeiyprse | ines.

- Therefore, mhlle “FRESe 'on o morblflnes 'S bel ng c ried out, any one

of the select tkﬂbngréﬁsfékggéké hesEErtQ 0L Ednedoridd aby | vl gndDr

I nstance, if the Interna ress signal s°8x0, axl is at a OM/IeveI t he
uni t “decoder ci peHihcb@r by BhEOUAEE ceshest csicnat MM+DECf€FS£ﬁdonIy the
MOSFET B4 to be turned on. Therefore, the sel ect- ng signa

[err] is psoduceﬁeaaransebecgatennongmgQE% as aohtgblle&efotext# via
the MOSFET (4. As nentioned above, the unit decoder circuit is provided
With the cut MOSwEEchéng] opeThtiohoby, aosiagal oproducedibyobiet vt f uncti on

of the transfer gate 25 MOSFET, the high-level value of the select timng
decoder circuit UX- DEC13 Therefore, of the four

transfer gate MOSFETs, only one transfer gate MOSFET
designated by the complementary address-signals ax0,
10 axl is turned on.. Therefore, a select timing signal
ﬁx is produced which is at a high level while.the
select operation.is being carried out for the word
lines. Therefore, while the selection of wcrd lines
is being carried out, any one of the select timing
15  signals ﬂgoo to #.,, is at a high level.
. For instance, if the internal address signals
ax0, axl is at a low level, the unit decod=sr circuit
-oduces a select signal which causes only

10 PY

the MOSFET Q54 to be turned on. Therefore, the select-:

L UX-DEC

260 timing sigral Q is produced as a select timing signal

_ . 5 . e SEET
at a high level ngO via the HMOSE Q5

TR 2

As mentioned above, the unit deccisr circuit
¢ is provided with the cut MCSFET QSl' Therefcre, owing
" to the self-bootstrap function of the transfer gate
25 MOSFET, the high-level value of the select timing
signal ngO can be brought substantially egual to the

high-level value of the select timing signal ﬁx. When



signal [err] can be brought substantially equal to the high-Ievel value of
the 'select timng signal 0 x Wen - - 32- a signal at a high level is
applied-to the gate el ectrode of the transfer gate MOSFET G4 via the cut
MOSFETI\B(r], an inverted layer is Egrned under the gate electrode of the
transf te MOSFET 4 There- 5 fore, a capacitor is formed between -
the gate el ectrode and the inverted |ayer, and is electrically charged. | ™
the select timng signal [err] is changed froma lowto a high |level to

select a word Il t o] [ t rade transfer gate
VOSFET pa i o T4one AR ROhEh SkBl 28 oR eek Bae e e ch i o

el ectrical |y .qhatgede 02Cehdl REh¥srbbegRebeRbs@ETOh Seleqt thentng signal
[err] becomes approximately equal to tﬁe pot enti al 8t sel ect timng signal

: I n ot her M@Gmiv%ge havehveptedcauged by Ebemkhr agBekdthé  vol tage of
the transfer gate ET can be reduced. Since the potential of the gate

el ectrode of ghlte Eﬂen&teﬂegafetNESEEIn&éer]gatbsﬂQSFEmeQ§ut MIbetd- [err]

is turned off. This makes it possible to prevent the di 5Charge of electric
charge fsom tflegegapacapecited is formed bebweeni bbeé bektewelecthedeperati on
for selecting word lines in the dynam c RAM of the first enbodi nent of the
present i nvedfidokhei AnyeaitefcLrygRTwi eRAFL§selectyisalweshrRgedddr ess N
strobe signal_ RAS rises to 25.a high | evel , .the timng si%ngllgsnerator TG

produces If the select timing signal ﬁx is changed™ fro
to a high level to select a word line, the potential o
of gate electrode of the transfer gate MOSFET Q54 is ~
10 raised due to the action of the capacitor which is
electrically charged. Accordingly, the potential of
select timing signal ngO becomes approximately equal
to the potential of select timing signal ﬂx. In

other words, the level loss caused by the threshold

voltage of the transfer gate MOSFET can be reduced.

’-.J
w

Since the potential of the gate electrode of the

transfer gate HOSFET Q54 rises, the cut MOSFET C._, 53

-
-

tuorned off. This makes it possible to preven:t ths S

discharge of electric charge from the capacizcr.

[
[

Described below is the operation for sslecting

word lines in the dynamic RAM of tke first embocdimen

ck

(V2]

of the present invention, in conjunction with Figs.
to 5. -
When the address strobe signal RAS rises to
25 a high level, the timing signal generator TG produces
a timing signal ﬂp at a high level:. Due to this

timing signal ﬁp, a parasitic capacity is precharged.



atimng signal Op at a high level. Due to this timng signal [err] a

parasitic capacity is precharged. As the precharge signal O rises.to a
high |l evel, the prechargi ng MOSFET 0 is turned on during the preﬁhiiging
period. Therefore, signals at a high | gyel are produced fromthe uf

decoder circuits 5 UX-DEC to UX-DECiI37of the first X-address decoder
civtuit X-DEC1. Al the transfer gate MOSFETs Q54 to &7 of the select
timng signal driver [err] are turned on. Also, since the precharging

MOSFETs (Jerr] are tuAgeghgn P¥cﬁa9%§cgﬁéﬂ§1Sﬁgn@iségrE$ adtigh10  high
| evel , signals at a high Ievel re produced”fromPhe unit decoder circuits

UX- DEC to U\ BPEE1, tRE BPBcharging MOZBET!HE, SEE ONErMeddst egsr tieg oder
circuit X-DEC2. Therefore, the unit gate circedts receive signals at a

hi gh | evel fromhbkepgeehasgongi pgriiodt denedeforé)csigmalerat 45hign=00 to
31). Since the precharging NCSFETS [err], [err] have been turned on by a
prechar gi ng si ghatrel areappoBiagkdl €vei, theguait fecodentcirdtuibs| evel are
produced fromthe unit decoder circuits [err], [err] of the third X-address
decoder cirsuitUX-DEC3, 20 UXTREC;g angfbhegétésk(§#¥§§r?%§r@egﬁd@he uni t
gate circuits are turned on, and S|gnals at hi gh I evel forned by the unit
decoder circuitSifenif ZrBEE ansﬁﬂﬂtébetBr?ﬂéfaﬁt%aﬁ¢e¥?$%ﬁg§ Q4 the

transfer gate NCSFETS 0Oto 7
g Q57 C% the g%legt tlnlng 51g%a1 driver ﬂ —DRV are

turned on. Also,_since the precharging MOSFETs Q49,

Q49' are turned on by a precharge signal ﬁp at a

10 high level, signals at a high level are produced from
the unit decoder circuits UX-DEC200 to UX-DEC231 of
the second X-address decoder circuit X-DECZ.' Therefore,
the unit gate circuits receive signals at a high level
from the corresponding unit decoder circuits'UX-DEC2n

15 (n=00 to 31). Since the precharging MOSFETs QSB, Q61

have been turned on by a precharging signal ﬁp at a
high level, signals ¢x7, ﬁx7 at a high level are
W/ predeced from the unit decoder circuits UX~-DEC,,.

UX-DEC,, of the third X-address decoder circuit X—DEC3.

31

20 The transfer gate MOSFETs Q to .- (Q.,, to 2,
2 35 28 35

8 )

f the unit gate circuits are turned on, and signals

(]

O

:t a high level formed by the unit decoder circuits

{'J
b

* UX—DECZn are transmitted to the gate elect;odes of .
the transfer gate MOSFETs on to Q27 (on. to Q27,)
25 of the unit word drivers. Therefore, the transfer

gate MOSFETs on to Q27 (on. to Q27.) are turned on.

At this moment, the timing signal generator TG forms



25 of the unit word drivers. Therefore, the transfer gate MOSFET
are-turned on. At this nmonment, the tining signal generator TG forns
34- a sekect timing signal Ox at a low level. Hence, select tining

evel are supplied to the wyd Iines. Next, as the address

at a(low
sign
si gnal ~generator TG produces a precharge signal Op at a |ow |l evel a

timng sig

Is 5 changed froma high level to a low level, the timng

nal

0 at a high ax level. In response to the timing si

[err] the X-adsklesst htiriarg )6iAPRY X | cduced extleved . adidness 10

AO to A8, and produces conpl enent aryxaddress signals axO to ax8 that

s'[err]
signal s
strobe
nda
gnal
signal s

correspond t ;selact g aaignals el aaddvesevwslgeres sagpldedgtoDescri ption
wi Il now be given of_the operation when the X-address buffer X-ADB has
fornmed i nter néhe Mrd Jdddress signals [err] at a high level (and, the

I nternal address signals e%r% ax3 to ax8 are at a Jow lexel). Sinc

internal address signdl®&%erd

circuit 20

conti nue? to

t he ot her

10

15

uni

the .aéjrdé%ﬁsd %Wh#’exﬁéﬂna&m%% H€ unit
B I TR S T N
éignal generator TG produces a precharge signal ﬁp

at a low level and a timing signal gax at a high

level. In response to the timing signal gax' the
X-address buffer X-ADB introduces external address
signals A0 to A8, and produces complementary address
signals ax0 to ax8 that correspond to the introduced
external address signals A0 to AS8.

Description will now be given of the operation
when the X-address buffer X-ADB has formed internal
address signafs ax0, Txl, ax2, ax3 to §x8 at a high
level (and, the internal address signals ax0, axl, ax2,
ax3 to axB8 are at a low level).

Since the internal address signals zx0, axl
are ata low level, only the unit decoder circuit
UK—DECIO of the four unit decoder circuits UH-DEC
to UX—DEC13 cantinues to produce a select signal at
a high level. On the other hand, the other unit
decoder circuits UX-—DEC11 to UX-DEC13 produce non-
select signal at.a low level, because the internal
address signals @ax0, axl are at a high level. There-

fore, only the transfer gate MOSFET Q54 of the MOSFETs

Qs4 to Q57 is turned on and the other thrse [OSFETs

e the
decoder
[err]
er hand,



decoder circuits UX-DEC1l1l to UX-DEC13 produce non- select signal at al
| evel , because the internal 25 address signals [err] are at a high{
There- fore, only the transfer gate MOSFET 64 of the MOSFETs [err] (to’”
[err] is turned on and the other three MOSFETs . 35 [err] to [err]
tufned off. Since the i'nternal address3xsignal s [err] to ax6 are at a | ow

| evel, only the unit décoder circuit UX-DEC230 of the 32 address decoder
circuits 5 of the second X-address decoder circuit X-DEC receiving a
conmbi nation of internal address signals_ [err] to ax6 continues to produce a
sel ect signal aﬁsaqﬂ&sjm,t"a‘?{beg‘f Tt her unit decoder circuits form

non- sel ect signals at ow J.evel r ef i I | ect
signal) at a high | evelsaicr{ocn iénhueesl toer;gek Sﬁapﬁz?eesft Og?{}éélsuﬁz 'gglat%(% ‘circuits
UGCU30 and UGCI%% | t C Ci b te HE i 103 ddifa et her hand,
signal s (non- se_‘gc ’Eés)irgggr\éa]fas#rgatlcgﬁl ow 1e'vecfr_ﬁ§)re ept lsuppl_i_ ed to the other
unit gate ci rCUc'S-:i':.ScJ-ﬁt uk{ee t he corags PPN di Y ladddelcifidGist s [err]
{n=00 to 29, 31). Since the i9®rnal address signal [err] is at a high
| evel , the unitoflegpsese Soid Wtadde dd 3 codsd Bigcdic N-OBC & evedivymay
(select signal) [err] at a high 20 | evel between two unit decoder
dircuits constid utdmigindeidhict 2atosichal sadiboaxtersigmadis @{Br @x3, @o t he
ot her hand, the unit decoder circuit [érr] produces

ax6é continues to produce a select signal at a high

. level, and the other unit decoder circuits form non-

e select signais at a low level. Therefore, a signal
10 (select signal) at a high level continues to be
supplied to the unit gate circuits UGCU30 and UGCD30
from the unit decoder circuit UX-DEC230. On the
other hand, signals (non-select signals) at a low
level are kept supplied'to'the other unit gate circuits
15 from the corresponding unit decoder circuits'UX-DEC2n
(n=00 to 29, 31).
Since the internal address signal &x7 is at a
L_/ high level, the unit decoder circuit UX-DEC30 continues

to produce a signzl (select signal) §x7 at a high

[ ()
«w
[
(1]

el between two unit decoder circuits censtituting
the third X-address decoder circuit X—DEC3. Cn the
other hand,. the unit decoder circuit UX—DEC31 produces
¢ a signal (non—éelect signél) ¢x7 at a low lgvél.
Therefore, the transfer gate MOSFETs Q32 to
25 Q35 of the eight transfer gate MOSFETs in the unit

gate circuits UGCU3O, UGCD30 are maintained conductive

and other transfer gate MOSFETs QZS to Q31 are rendered



a si gg

transtér gat
of the eight

(non-select signal) [er]r at a low level. Therefore, the

tran&éﬂ gate MOSFETs [err] to 25 @B5 of the-eight transfer -gate MOSFETs
in tRe,;unit gate circuits [err] are maintai ned conductive and ot her
e MOSFETs 28 to (Bl argerendered -36- nonconductive. Al so,

resetting MOSFETs in the unit gate circuifs [err] the

resetting MOSFETs Q to B9 receiving the internal address signal

a high | eve

are turned on, 5 - and the resetti ng MOSFETs [err]

to Q43

[err] éfi

recei vi ng t hedansondvsitiyedr edd soi,godl the7eigbtt ueseitonyg. MBSFER® resetting
] are turned on, the potentials of the output termnals [err]

MOSFETs [err
fall to the
MOSFETs [err
[err] Then,

ddr thhep Sindivt gate CAECEBEst YEUng - oPECPRg «t FBASFer 10

] of the eight transfer gate MOSFETs in the unit mord
FSAEOT M

gat e
drivers

SEEFTS Gasl HPeRap WﬁF@HVPP§e§ BolB AFBALI evel is

d d f t I t.h | ect t
o YR LIPS Bt it 1
b7l G okt CGEEIEER, o

déress eco r crrcurt [err]

mekes only t%ée%ﬁqt atdd'Pe%% B %iﬂ%'l a[xerr ra]re te%r%dao%gh hgveheZO

select ti
has been %QH

-cur sel ect timng S|gna S err

sel ect ed, an@éé&ﬁd@@@ﬁﬂm@ J 5%d @3 Birehthewel on, the

potentials of the output terminals N, to N, fall to

" the earth potentlal, thereby turning off the transfer

10

15

25

gate MOSFETs on to Q.5 of the eight transfer gate
MOSFETs in the unit word drivers UWDU30, UWDD30.
Then, a select timing signal gx which rises
to a high level is produced from the timing signal
generator TG; i.e., the select.timing signal ﬁx is

produced as a select timing signal ¢x00 from the

select timing signal driver ﬂ -DRV via the transfer

g:
O

G FEy Q54 which has been turned on. In this

<

W&

the Iirst X-address decoder circuit X- DuCl makses
only the select timing signal ngO be at a high level

~f the fcur select timing signals to % ...
o : ng si9 Pro0 T i1

*herefore, only the word lines WU 247,.WD247 are
s=lected, &nd their potentials rise to a high level
in respense to a selected timing signal Ex. ivhen
the level of the select timing signal ﬁx is raised
by the bootstrap_circuit, level loss caused by the

threshold voltage of the MOSFET may be reduced by the

self bootstrap function of the transfer gate MOSFETs

of the

Therefore, only the word l'ines [err] are

Lj .



In response to a selected timng signal [err]. Wien the | evel -of the

select timng signal-0x is raised 25 by the bootstrap circgi-fj Fevel |oss
caused by the threshold voltage of the MOSFET may be reducg¢d’by A he self
[

bootstrap function of the transfer gat ¢ MOSFETs - 37 - and the

| evel of the select tining signal is “tPan3Snitted to the word Iines W247,
7. Here, the MOSFET (B5 works as a cut MOSFET whi ch, when the gate

.voltage of the MOSFET @7 is raised by the self 5 bootstrap function,

prevents the gaie vo? geagao Beigge?NégpﬁﬁgdféPe%@etme%%dgf g;i circuit

UX- DEC230. Al t h664h trans ate err] have urned on,
the word lines pergk é?QnM@éée&OtM\D@ﬂé WEE8! YEn0OMwEE! eCtyys] gnal Suddte 2 10

| ow | evel and aré& not selected, because the select tlﬁﬁﬁg sighlls Jert]

are at a |ow | e¢ak. MBEBETQ g|W§2k9t§§_ancﬁﬂbﬂdSﬁtmtwwicﬁhewﬁﬁkkﬁﬁé buf f er
circuit X-ADB, i.e., shows circuit diagramof a part of the device which

forms the 15 gaﬁpleumnageyoﬁddhesmongmaQ X2s upaise@ciey pthofsé hf
external address signal A2. In Fig. 7, an afiplifier 1 receives the address
signal A2 ahd abpetsteapefunttagse,\peévenvdutbe pyte veltagacEromwl t age
gener at or circuit (not shown , and 20 produces an address signal a2 in
phase with the bgisgndplaveredstei hal upktadecedendeteeeiti YhalPETey4] of
phase inverted relative_to the external address S|§nal A2.

Although the transfer gate MOSFETs Q24 to Q26
have been turned on, the word lines WU244 to WU246'

A~ and WD244 to WD246 receive non-select signals at a
10 low level and are not selected, because the select
timing signalé ngl to gxll are at a low level.

Fig. 7 illustrates an embodiment of the
address mulier c1rcu1t X-ADB, i.e., shows a circuit
diagram of a part of the device which forms the

15 complementary address signal ax2 upon receipt of the
external address signal A2'
In Fig. 7, an amplifier 1 receives the address

-

_ sional Az and a reference voltage Vref produced by
a reference voltage generator circuit (not shown , and
290 produces an addréss signal a2 in phase with the external
adéress signal A, and an address signal @2 of phase
inverted relative to the external address signal A2'
= The address signals a2, @2 are supplied to an ocutput
_circuit that will be discussed below.
25 The output circuit consists of MOSFETs Q84’
QSS' drive MOSFETs Qggr Q7 of which the operation is

controlled by address signals a2, &2 supplied via the



The address signals [err] are supplied to an output circuit that wll be
disiii?ed bel ow. 25 ‘The output .circuit consists of MOSFETs [err]

QB54/Qyfi ve MOSFETs [err] of. which the operation is controlled by address

sig [err] supplied via the =38g-MOSFETs [err] and a pair of

MOSFETs [err] of which.the drains and gates are connected together ina =
crossed manner. Wen the external address signal A2 is'at a 5 hi gh A
| evel, the anplifier 1 produces an address signal a2 at a high | evel and an

‘addr ess si gnaMOBPETSE Qg4a Qgg@lgﬁ@la pdberef MesSFETS Eﬂ'(}ofls turned
on, and the MOSFET B7°rs ttrned off. A timng signal Tat a hi gh

| evel , whi ch whiphotheedrbdynghandi gatgs axrd Oconseged tnq&ﬂhﬁrninﬂ rcuit TG
to introduce the address signal, is transnmitted to the gate of the MOSFET
[err] Theref oaegcrohged/OBrENeB9 is turned on, and the MOSFET [err] is
turned off. Hence, an internal address signal ax2 at_a high level and an

i nternal address si gndheRekh¢ external ;addneseveignak By obiced dromthe
output circuit. Here, the MOSFETs %err are cut MOSFETs_that are provided
such that thehkﬁﬁFE?VE} Bhe rmp i FHehr baRERIPFRS st raddit st rsdFHainct i on.

const ruct ed | A2 AE 2aESRaREr LA dHEn CRPRET TS et b v,
low level. Therefore, the MOSFET 086 is turned on,
and the.MOSFET Q87 is turned off. A timing signal )
gax at a high level, which is produced by the timing v/
10 signal generator circuit TG to introduce the address
signal, is transmitted to the gate of the MOSFET 089‘
Therefore, the MOSFET Q89 is turned on, and the MOSFET
Qgg is turned off. Hence, an internal address signal
ax2 at a high level and an internal address signal ax2
15 at a low level are produced from the ougput circuit.
Here, the MOSFETs Q84' Q85 are cut MOSFETs that are
provided such that the MOSFET Q86 or Q87 will produce
the self bootstraep ‘unctlon.
Other complementary address signals a:e formed
20 by circuits that are constructed in the same manner
as the circuit described above.
According to this. eﬂbodlnent, the consumption
of electric power may.be reduced since the number of
"unit decoder circuits is small.
25_ Since the number of MOSFETs served with the

internal address signals is small, the load for the

output circuit may be reduced. Accordingly, it is



According to this enbodi nent, the consunption of electric power
reduced since the nunber of unit decoder circuits is small.. 25
Since the nunmber of MOSFETs served with the internal address si
small, the load for the output circuit_my be reduced. Accordingly, it is
-39 - possible for the output circmt3%(Tforn1coanenentary addr ess
sikghal s havi ng predetefnined potentials within short periods of tine.
Accordi ngly, the dynami c RAM nay operate at high speeds. 5 Fig. 9

is-a plan view of e - | recd = circuit
GCU and word dr ?/%%%, E%?%%é éaoggrpgggon 0 .htgd uffﬁ%‘& @g@ﬁ%ﬁ“eﬁ%ﬁi ts
DEC230, DEC231, ' | | 1.5 £ %é@g{ﬂi | 1+ A1, M &l S
[err] that are i%&é%%gémﬁgﬁf%%éﬁg{ge E{I]ne I g. 9,nﬁcebd;%%tsl\g3§?r#e1§8\gﬁdi ng to
the circuit el eggpte Sdrfdds of ¥ @nddeNAesbiyiddls, Saife SyHMic Ram Fig. 9,
a region Sub surrounded by a two- dot dash line represents a p-type

senm conduct or SM§§tépéﬁaté£at wigh respeads. surrounded by broken |ines
represent n- type semi conductor regions fornmed on the p-type sem conductor
substrate Sgb. The n-typiegsedn toradystan viezy ol fhe secavlircaddgssn, a
drain regicn and a wiring layer for the MOSFET. Regions surrounded by 20

a dot-dash |inedecpdesentiredtttXiREC) y kRl el pdFGErand sqtiche silicon

| ayers fornmed on the sen - '

driver WDU, which correspond to the unit decoder

o circuits DEC230, DEC231f unit gate circuits-UGCU30,
~ UGCU,,, and unit word drivers UWDU,,, UWDU,, that are
10 shown in Fig. 3. 1In Fig. 9, the parts corresponding
to the circuit elements of Fig.'3 are denoted by the
same symbols.
In Fig. 9, a region Sub surrounded by a two-
dot dash line represents a p-type semiconductor substrate,
15 and regions surrounded bf broken lines represent n-
type semiconductor regions formed on the p-type
semiconductor substrate Stb. The n-type semiconductcr
b _ ragions form a source regicn, a drain regicn and a
wiring layer for the MOSFET. Regions surrounded by
.

G a Go:t-dash line represent clectrically conduactive

polycrystalline silicon layers formed on the semi-

. , a gate insulating film. The'gate electrode or wiring
layer of the MOSFET is formed by the electrically
25 conductive polycrystalline silicon layer. In Fig. 9,
regions surrounded by solid linés denote aluminium

layers that form wiring layers. An intermediate



conducter substrate Sub via a field insulating filmor a gate insulating
film The' gate electrode or wiring |layer of the MOSFET is forned by the-

el ectrigcaNy 25 conductive polycrystalline silicon layer. In Fig. 9,
regi ong-s4ry ounded by solid |ines depote alum niumlayers that formwring

| ayers{ An/i nt er nedi at e -40 - insufating filmis fornmed between the ©
al um ni | ayer and the electrically conductive polycrystalline silicon g

| ayer. Contact holes Cl are formed in the intermediate insulating film

that is fornmeghdet therml 187 PO D bet e &Y 41Nl B KA Y

conductive polycrystalline silicon layer, so that the alumniumlayer and
the el ectri cadny trondedddiel ol Verochdahdt e Shd i yaryd @iari s & iQdwdred
together via the contact holes. The alum niumlayer and the sem conductor
10 regi on altayeat ectCorctzddty mrmocﬁohrmgde tdr culgh dotteraetdiladdees C3 i n
the insulating filmthat is forned therebetween. Simlarly, when the
el ectri cal | y.insndakiny ef ploh yehatst &3 | formed | heredmkire @ldimire um
sem conductor_region are to be electrjcally_ coupled 10 together, contact
hol es C2 are ¥a¥er®nd whe iekefericrl I | eendugtice Reluqr st@lddd@een, so
that the electrjcally conductive polycrystal)ine silicon | ayer and the
seni conduct orSH YN ¥ ToHP e‘bh%og et Lmipiye Wﬁ%&nicﬁﬁs. Al t hough
a plurality of, contact. 20 holes are forned, Fig .9 shows only
Fepresent ai | VL SEH A o S Rebiva ST TR Y S 1S TR D ST ¢ e

are coupled together via the contact holes.

The aluminium layer and the semiconductor ~
-10 region are electrically connected together through
contact holes C3 in the insulating film that is
formed therebetween. Similarly, when the electrically.
conductive polycrystalline silicon layer and the
semiconductor region are to be electrically coupled
T together,.contact holes C2 are formed in an insulating
film that\is formed therebetween, so that the
electrically conductive polycrystalline silicon layer
and the s%miconductor region are ccupled together ﬁia Euﬂ
the contaég holes. Although a plurality of contact
e3¢ holes areigbrmed, Fig. 9 sho#s cnly representative

contact holes shown at_Cl, C, and C3 to simpliiy the

2

drawing.
It is preferable that a semiconductor regicn
VSS for supplying the earth potential VSS of the
25 circuit to the resetting MOSFETs Q36 to Q38 is

coupled to an aluminium layer V which supplies the

SS

earth potential V 3 of the circuit wvia an electrically

S



drawing. It is preferable that a sem conductor region [err] for supplying
the earth potential [err] of the 25 circuit to the resetting MOSFETs
[err] is coupled to an alum niumlayer [err] which supplies t ,f/qﬁ\h
potential -V of the circui't via an electrically 41 - con QY
pofycrystalline silicon |ayer (not shobh)T Al so a seniconductlot jon

[ €x¢] which supplies the earth potential [err] of the circuit e
resetting MOSFETs Q40 to Q43 is preferably coupled to a sem- 5 conduct or
region [err] which_supplies the earth potentjal r f the circuit to
The Tesetting NEERETEPEYeBol PEr Tt bRt Pt S dfder Biot HRgH e
menory cell sho Ln_FLQ. - | en Loe. (e. [err])
and a neighbour?ﬂﬁblﬁ ggﬂ%§§5?§%%8%2§53£ )ﬁh%gﬁfgéééiééiégu%erninaI of
the nenory cell i o} the L Ne; E L | g ous from
conpari son of F?%?tg yffﬁgﬁgl g$5t fed%ﬂrl%lgafel% %r%&ﬁ%g?%l ferent. In
Fig. 3, the wordokra®s @re ByNBel efs fpPEFérenl fidoipld® tord Bdmit-0 simplify
tthe drawi ng. Wen the gépe cirddits, word drivers etc. are formed in
practice, the wepfadhtbes ﬁégfbg.vg wrhicihestlipp Ibsls ashes hewrth pdtightidl  Thus
by formng the unit gate circuits 8nd unit word drivers as shown in Fig. 9,
& sel ect tininngégoﬁlthaycbecQﬂt saipphe exe s t Diveg PIGERETHrQ fotto unjd

decoder circuits, and the area occupied may be reduced.
via an aluminium layer (not shown).

The memory cell shown in Fig. 2B is formed
between a word line (e.gqg., WU246) and a neighbouring
10 word line (e.g., WU243), and the select terminal of the
or WU .

246 243
As will be obvious from comparison of Fig. 9

memory cell is coupled to the word line WU

with Fig. 3, the order of word lines is different. In
Fig. 3, the word lines are numbered from the left to
15 right to simplify the gfawing, When the gate circuits,
word drivers etc. are formed in practice, the word
lines of Fig. 3 will be formed as shown in Fig. 9. Thus
b4 v forming the unit gate circuits and unit werd drivers
as shown in Fig. ¢, a select timing signal may be

27 zurplied ¢t cne place for both unit decoder circuits,

[¢1]

:nG the ar=a coccupied may be reduced.

The gsate electrcde of a drive MOSFET (e.g.,

®
i}

& MOSFET Q45) in a unit decoder circuit is ;oupled to
an aluminium layer ax3 whigh transmits an intefnal

25 address signal ax3 or to an aluminium layer &x3 which
transmits an internal address signal 3x3, depending

upon an internal address signal that is supplied



The gate electrode of a drive MOSFET (e.g., a MOSFET Q in aunit

decoder

an

ircuit is coupled to an alum nium | ayer ax3 which transmts an

address signal ax3 or to an alumniumlayer [err] which
internal address signal,Jerr], depending upon an internal

gnal that is supplied ~ -%42-"thereto. In this enbodinent,

the:fir Y-address decoder circuit and select timng signal driver Y-DEC\J
and [err] (refer to Fig. 2A) is constructed in the sane 5 manner as the
first X-addregseglacpder circuit and select timing signal driver and [err]
that is shown in Fig. 4. In this case, conplenentary address signals [err]

ayl are supp
select 10
signal [err]
timng signa
to [err] inst

i ed i nsteaciis tdbsditid e i Ve el esadddyd Ydddr and a
timng signal [err] is supplied instead of the select timng
cifeyf el ddledt rsimihqdsiraassl dbcioter W4 i tarmnd sel ect
driver Y-DEC and [err] produces select timng signals [err]
RV trefegelwetFig mi2Ry) signeinsymigted dnlihEheans rd

Y- address decoder circuit Y—DEC3§éIefer to Fig. 2A) is constructed in the

sane manfer dRARNRY 13§ rehex-GHidhe

Fig. 5. Int
receives a c

10

15

PRV,

25

Gt et it NS RAINS GHHAT X DEGs tand

addr ess S|gnal

FBRRY 49908n JigqYit gmd i s shown in
his case, the third Y-address 20 decigfr CIrCUIt [err]
Ienentary

is shown in Fig. 4. In this case, complementary address
signals ayQ, gyl'are supplied instead of the
complementary address signals ax0, axl, and a select
timing signal ﬁY is supplied instead of the select
timing signal ﬁx. Therefore, the first Y-address
decode; circuit and select timing signal driver Y--DEC1
and ﬂY-DRV produces select timing signals gyOO to

By, instead of the select timing signals P00 to

g

Sxllt

The third Y-address decoder circuit Y—DEC3
(re-er to Fig. 2A) is constructed in the same manner

as the third X-address dzcoder circuit X-DIC, that is L;)
shown in Fig. 5. In this case, the thiré Y-address

Feoodar circuit Y—DEC3 receives & complementary zddrsss

signal ay7 instead of ths complementary address signal

ax?7. Therefore, the third Y-address dececiar circuit

'<

C3 produces signals J y7° 7 - instead of signals
ﬁx7, ﬁ <7’ and also produces signals ay7, Ty7 instead
of signals ax7, ax7.

Each of 32 unit decoder circuits UY-DEC,,, to

CY=-DEC (refer to Fig. 2A) of the second Y-address

231

*f

w



ax7. Therefore, the third Y-address decoder circuit [err] produces signals

[err]

I nstead of signals [err] and al so produces signals [err]

of signals [err]. Each of 32 unit decoder: circuits UY-DEC t
(refer to Fig. 2A) of the second Y-address -43- decoder cir
constructed in the sang manner as tire4dnit decoder circuit UX-
I ig. 3. Inthis casé, the unit decoder circuits UY-DEC200 t
recei ve conpl ementary address 5 signals ay2 to ay6 instead o

conpl ement ary agddress signal.s ax6. Each of 32 .uni [ its
GO TS R A T B e o e 2
sane manner as the unit te ' I NGB i n Fi . Ho ,
the unit gate NG saﬁ ge{:?lﬁ %ng'%ﬁ{??érrtegei ve % gﬁ%ﬁgdﬁgﬁr isgfgrﬁr] fo\rNem\;gr
oy the third v-Afldigps flecoflprefid QWide [ dhel uriit! GedoplesSicanahatker !l

Mor eover, each

2A) of the col uppLswi t ch «lf igrerpreShl (edRvd TorPplehientaey addreessane

unit

manner as the unit woA®P driver [erd3dt shown in Fig. 3. In'this

however, the undigrldingysWd dyalringiead &f jcomplletienitary 2d@dress [err]
receive select timng'signals [err]

q

signals ax2 to ax6.

i nstead 25
D[ err]
“Terr] is
shown
o UY-DEC231

f

(0]
c

um switch 15 drivers [err] (refer to Fig.

case,

Each of 32 unit gate circuits UGCL0 to UGCL31

(UGCR, to UGCR31)-of the gate circuit GCL (GCR)

0
constructed in the same manner as the unit gate

10 circulit UGCU30

gate circuits UGCL0 to UGCL31 receive signals #

Yy
c1rcu}t Y-DEC3 instead of signals ﬁx7, Ex?’ ax7,

Moreover, each of 32 unit column switch

15 drivers UCDL, to UCDL "to UCDR

0 31 0 31’
X Fig. 2A) of the column switch driver CSDL (CSDR}

(UCDR

constructed in the same manner as the unit werd

N UﬁDJ3O shown in Fig. 3. In this case, nhowover,

unit column switch drivers UCDL0 to UCDL31 {(UCDR

0

Rl CCIR,, ) receive selact timing signals 2 .. ¢
N

is

shown in Fig. 3. However, the unit

y7’
] 5r ay7, ay7 formed by the third Y-address decoder

ax7.

(refer to

is
driver
the

to

o
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of select timing signals ngO to gxll‘

driver Y-DEC1 and @.-DRV instead

The first, second and third Y-address decoder

25 circuits Y-DECl, Y-DEC., and Y-DEC

2 3

manner as the first, second and third X-address

.circuits X-DECl, X-DEC2 and X-DEC3. The select

operate in the same

decoder

timing



formed by the first Y-address decoder circuit and select timng signal
~driver [err] and [err] instead of select timmng signals [err] to [err] The

first, ~second and third Y-address decoder 25 circuits

{rcuits [err]. The select ¥imng - 44 signal

Y- DEC1, Y-DEC2 and

rate in the same nanner as the first, second and third X-address

driver [err],

gate cir’tuit GCL (GCR) and columm switch driver CSDL (CSDR) operate in the
sanme manner as the select timng signal driver [err], gate circuit GCU

(GCD) and wordh difd v el R4 MBRV 5 gate circuifl Gcrb (oS aagot her dynanic
. RAM i n which tr?gfpregélnt i n\){entidngias eer%cx):ocl:iuéd. In Fig. 6,‘-:l parts which

operate in th@ISaie SEHM @SVH0TSDY (J9R) dPerarealia

derolageby the sane

synbols. In this enbodinent, the third X-address 10 decoder circuit X-DEC
and the gat e nenmat tasClle EERect arimidiof fsdiganall fArdweirh @ DRV X¥agddr ess

decoder circuit [err] and- the gate circuit GCU (GCD) t

at. are shown in

Figs. 5 and ZirdguigaGQ IGHD )t lkard hiordl Xrdore $®WHE®Pr. 15 circuit [err]
consists-of two unit decoder circuits [err]. The unit decoder circuit

[err] corfsists of a rFdid-olfeshawsy @énathey jamich iR ig

[err] [err]. The MOSEET [err] receives ,a.dorecharge
present invention is embodied.

whdshushef MOSFETs

In Fig. 6, parts which operate in the same

manner as those of Figs. 3 to 5 are denoted

by the same

symbols. In this embodiment, the third X-address

10 decoder circuit X-DEC3 and the gate circuit

are different from the third X-address decoder circuit

X-DEC3 and- the gate circuit GCU (GCD) that are shown

in Figs. 5 and 3.

In particular the third X-address decoder

15 circuit X-DEC3 consists of two unit decoder

UX-DEC4 (UX—DEC31) consists of a ratioless

circuit which is made up of MCSFETS’QSO, Cay

Qg

W

5 cicna. i viie tASTTY TE Y eamiien
ZO -...:g&.l.-l ﬁp, and thne d.:...l.\.h.. [P B o i A QS]. (Qez -

internal address signal ax7 (@x7). Signal:z

30 and UX-DEC.,,. The unit deébder circuit

o/
GCU (GCD)
circuits
irvsrter
, J

Qg
82,

}. The MOSFET Qg (Qg,) receives,a prechargs

produced by the ratioless inverter circuit zre supplied

to the gate circuits GCU, GCD.

Each of the gate circuits GCU, GCD consists of

25 32 unit gate circuits UGCU, to UGCU

0

11 (UGCD0 to UGCD

31’

as in the embodiment of Fig. 1. Of these unit gate

circuits, only one unit gate circuit UGC 31

is shown

v



20 signal [err] , and the drive MOSFET [err] recieves the internal
address signal [err]. Signal [err] produced by the rati.ol ess invegter
circuit are supplied to the gate circuits GCU, GCD. Each of th "gda§
circuits GCU, GCD consists ‘of 25 32 unit gate circuits [err] \a f
enpodinent of Fig. 1. O these unit gat¥ circuits, only one uni ate
cCim=uit [err], is showt -45- in Fig. 6. OQwher unit gate circuits are
constructed in,th

. sang mapper_as_the unit _gate circuit 1. The unit
Gate cirout UBLEITcoRs: <DRREF “Ephhorare aPEtTE e ORIt a5 Hi rol | ed
by the signal r gate T, t Q. . |l ed by the
si gnal Ox7' reégét %ﬁgéiﬁ%ﬁ%’é %Gt%Ec%¥?o }I(?:du%éq%%@iﬁgnal [err] and
resetting MOSFETS QU2 o GO |3k ot of eyl InZorlsidils “Be dratleof
signal Ox7 and the level of sigrmal 10 0Ox/7 have céenpl enentary val ues

according to cggpLemsstaty 6ddres§SosSi 98sherakyed tHSteth hen, t he

i nternal addregs si gnal ax7g§6r [e?ﬁT) Is at a high level, thewgﬁbnaJ [err]
Cor [err]) . stehaefet gabégMOSEEBé,Qg-dtéh@ * Soptwdlied ryy (gHe [err]) is
at a Iom1|eéb|. Therefore, 15 the tr Rsfer Bﬁte MOSFETs Q@ to Q (or Q
to are turned simgnahdffhe tesestinggHMOSFRUSRE]s €684 o c@itfakldder] to
[*ferr]) are turned off.""Accordingly, a signal fdecoded signal) produced by
the unit decodby thecaignabrf]-isasdppesetiting tMSERTS s dtrQyuer [err]

controlled by the signal ﬁx7

t he

W The level of signal ¢x7 and the level of signal

10 @

<7 have complementary values according to complementary

address signals ax7. _For instance, when the internal

address signal ak? (or_3x7) is at a high level, the

signal #_, (or ﬁx?’ is also at a high level, and the
. signal ﬁx? (or ﬂx7) is at a low level. Therefcre,

971)
are turned on, and the transfer gate MOSFETs Q68 to Q?l

15 the transfer gate MOSFETs QS4 to QG7 (or 968 tc

(or 964 to 067) are turned off. Accordingly, a signal
(decoded signal) produced by the unit decoder circuit

UX-DEC231 is supplied to the unit word driver UHDU31
s

fer gate MOSFETs Q t Q to Q..
g TS Qgy to Qgq (0r Qgg T2 Qgy)
that have been turned on, and via output ternai:a.s ﬁl
- o N, (or Ns to Ng). In this case, the potentizis of
the output terminals Ns to N tc which

8 (or Nl to N4)

tﬁe transfer gate MQSFETs 068 to Q71 (or 964 to Q67)
25 of the off condition have been coupled, are set to the
earth potential of the circuit via'resetting MOSFETs

¢ . . " = L]
Q76 to Q79 (or Q72 to Q75) that are.turned on, and via



20 via transfer gate MOSFETs [err] that have been turned on, and via out put

(or

o/

termmnals [err] to [err]. In this case, the potentials of the output

term pa [err] to [err] to which the transfer gate MOSFETs Q68 to Q

Q )) 25 of the off condition have been coupled, are set to the

eart ential of the circuit via resetting MOSFETs [err] that are turned—
on, | & the “dibive M Nfﬁgi 1 (or B3 Therefore, when the

si gnal produce% y ‘ﬁe unit ?e&:lo erlEcqar%)ui t UX-DEC231 is a sel ect signal,

this select signal isrgiEdred Wheh Wedshighai1t bebduzea pgeghanated by
conpl enmentary address signals axOto ax7 as in

he first éenbodi nent.

Accor di ng t 0 yrie Qeeedigre i reiuil @x-@sc[:}gtlvw'isi ag sed ectquiigad 1,0 transmt
|

the signals [err] to the unit gate circ

s. Therefore, the size of the 10

dynanm ¢ RAM adrisbeserledic ed gmalansaseppilliad woukdwoade lieen thatupsed by such

wiring. Below are |isted sone principal

effects which nmay be obtained by

the presedt idesdgnadied dy) complemeniadyeaddgessdsignirlsuiaxli sodagi’ded into
15 three stages to decrease the nunber of unit address decoder circuits

whi ch consti @aft dn fheaddrssds egboddaendi-rcuit. For instance, 256 word |ines
(the sane also holds true for the data |ines) can be selected requiring a

t ot al

of 38

10

unit addPESOTdaGI&P gmpgodimegt of Fig. 6, no

wiring is required to transmit the signals ax7, ax7 to

the unit gate circuits. Therefore, the size of the
dynamic RAM can be reduced by an area that would have

been occupied by such wiring.

Below are listed some principal effects which

may be obtained by the'gresent invention.

(1) The address decoder circuit is divided into
three stages to decrease the number of unit address
decoder circuits which coﬁstitute the address decoder

circuit. For instance, 256 word lines (the sazme also

~olds true for the data lines) can be selected reguirin

a total of 38 unit address decoder circuits, i.=.,

requiring four first address decoder circuits, 32 secon

address decoder circuits, ard two third addresz de:codszry

decoder circuits shown in Fig. 8.

(2) Cut MOSFETs are used as transfer gate MOSFITs

that select addresses. Therefore, the number of unit

address decoders can be greatly reduced as described
in (1) above, without substantially increasing the

nunber of MOSFETs.

¥



20 requiring four first address decoder circuits, 32 second address decoder
circuits, and two third address decoder circuits. This is one-hghf ‘the
nunber of address. decoder circuits showin in Fig. 8. (2) Y
are used as transfer gate MOSFETs 25 that sel ect addresses. Thér
nunber of unit address-decoders can-bd7greatly reduced as descrihed-in (1)
alove, w thout substantially increasing the nunber of MOSFETs. (3)

As the nunber of unit address decoder circuits nmay be reduced, the chip

si ze of the sem conductor nory .devi ce may also be reduced. (.4). .. St nce
the nunber of ubi} add®&s& e, Of "éi’thﬁdtsdfeﬁﬁy dﬁ§°ﬁglrvé:g,r)ctuﬁ§s
consunption of elegtric gcurrent_.my.he reduce dt j on of

P A e e B0 R SRR

electric power B d devi cé may a € reduced. (5)
The | oad of the_ addres i it 10 with a decrease in
t he number of U I%oxégadrsee@;g%&(:a dearrlcs::q rbce‘tjiertcés. erefore, the address buffer

circuit may form onpl egEptarvhaddifss: onalst g Dmdeaer ned |evel s

W thin short periods of tine and hence the sem conductor nenory device may

operate atshi ghsspagdss wdy be halved,hdrasiingtivinidorliettidle | inited
to the enbodi nents descri bed above, but may be nodified in a variety of

ways. For instaneerentainy se tréduteaildrass tter atarsuniptcidnt of- BE@ctrds a
decoder circuit which 3
power of the semiconductor memory device may also be
o reduced.
(5) The load of the address buffer circuit decreases
10 with a decrease in the number of unit address decoder
circuits. 'Therefore, the address buffer circuit may
form complementary address signals having predetermined
levels within short periods of time and hence the

semiconductor memory device may operate at high spescs.

The present invention is not limited to the

(o]
wn

emibodiments descriLed above, but may be modified in a

1]
[

-

:ty of waYs. ‘For instance, when the third address

H
(36}

ceder circuit X-DEC3 has a decoder circuit which

-

decodes complementary address signals of two bits, as

e - s
o L =t
n S Thae

Hh

irst address decoder circuit X-DECI,.the

(o]}

bzr of unit deccder circuits constituting the s=ccn
addrzss decoder circuit X—DEC2 may be halved.
= : Thus, the bits of address signals for the
three address decoder circﬁits can be distributed in
25 a variety of ways. This fact can also be adapted to
the address decoder circuits of the Y-system that

select data lines.



decodes conpl enentary address signals of two bits, as for the first
addre' ss decoder circuit X-DECl1 .the nunber of unit decoder circuits
consti#utN ng the second address decoder circuit X-DEC2 may be hal ved. Thus,
t he *s?q address signals for the‘i ree address decoder circuits can be
distri%g din 25 a variety of way$® ~This fact can also be adapted to

t he addr

-48-

—~
s decoder circuits of the Y-systemthat select data lines. o
o the address decoder circuits may be constituted by conpl enentary
MOS circuits made up Rigp- ' %F z ETs. Al though
t he foregoing descri ptli%én) ﬁﬁ;%n%%g]ft féﬁﬁ%‘%%%&g{gﬁa%%{h t he present
invention wascagdapieged@ da&a%it. | EméUVA ryf oS VER G@a{aé' adapt ed
in the sane ﬁ%nner to sté??c RAMs or rég%-on y nenﬁ??%s RCN@?‘?ﬁcluding

progr ammabl e Rdkannel HOSPPETS . and n-chHaie CMokEE®E, menory devi ce
conprising: a plurality of menory cells; a control means adapted to
generate first, seconalthough htliel Setepdind gied e ipticbmliss aled@ast one 5
timng signal; first select neans which receives the first

5 with the-case in which the present invention was

adapted to a dynamic RAM, the invention can also be
adapted in the same manner to static RAMs or read-only

memories (ROMs) including programmable ROMs.



sel ect signals and generates fourth select signals for selecting a first
predet er m ned nunber of the nenory cells; 10 second sel ect neans
whi ch receives the second and fourth signals and generates fifth sel ect
signals for selecting a second predeterm ned nunber of nenory cells from
the-menory cells selected by the first ,gel ect neans, the second TN
predet erm ned nunber being 15 | ess t'han the first predeterninquégiger;
and third sel ect neans which receives the third and fifth select s S,
and the at |east one timng signal and produces sixth select signals for
selecting a pre-cpgimgim ned nunber of the nenory cells selected by the 20
second sel ect neans. 2. A nenory device according to claim1, wherein
t he second sel ect means includes a first decoder circuit and first
switching elenents, the first decoder circuit decoding the second sel ect
signal s and genekating 26 semigiopdaicsoromemonyr deviag compfisingswi t ching
el enents, -50- the first smﬁpchin% el ements al so receiving at their
input terminals the fourd Pl3ldivn@Ismgrarg sRdlef oduci ng at their output

termnals the fifth select signals. 5 ) A nmenory. according to claim

2, wherein the second sél é’é%nt%@jn?eﬁ_&? F§F8F§ﬁcﬁ°nﬁﬁﬁ§r%5%n€’c‘f%ﬁ' tgo t he

output term nal s SLoddi® did Wnivd Ge1L08 SHEHEILY: oNH'elsd oLe" £ THRNS o1
.5 timing. signal; '

\,/. . first select means which receives the first
select signals and generates fourth select signals for
selecting a first p#edetermined number of the memory
cells; |

10 second select means which receives the second
and fourth signals‘and qenerates fifth éelect signals
for selecting a second predétermined number of memory
cells from the memory cells selected by the first
select means, the second predetermined number being

15 less than the first predetermined number; and

Rt | third select means which receives the third
aﬂd fifth select signals, and the at least one timing
signal and proauces sixth select signals for selecting a pre-
determined number of the memory cells selected by the

20 second select means. |
L ® 2. A memory device according to claim 1, wherein
the second select means includes a first decoder circuit
and first switching eléﬁents, the first decoder circuit
decoding the second select signals and generating

25 signals for controlling the first switching elements,

. * ¢ L M 5 *

I [



predeterm ned potential to the output termnals in the 10 absence of the
fifth s€lect signals. 4. A nmenory device according to claim 3, wherein
the ref nce means conprises an insulated gate field effect transistor

bet weepsthe out put termnals of each of the first switching el enents and a

poi nt t he 15 predet erm ned pategtial. 5. A nmenory device
according to any one of clains 2 to 4, wherein each of ‘the first smﬁtchlng\J
el enents conprises an insulated gate field effect transistor. 6. A

menory devi ce according to any one of the 20 precedi ng cl ai ns, wherein
the third selttot fipmwts swidlddeyg sdemadtswalsdi ngcel eimptat driveiar sel ect
circuit, the second switching el enments being controlled by the fifth select
si gnal s, tkma%ﬁQQthQﬁﬂﬁﬂﬂhﬁ ﬁ@@eﬁﬁpﬁﬁhtﬁ@ltﬁh¥693%4%Q§ Sigfithl s and the at

| east one tlﬂ]ﬂg S al eneratln sevent h ct SI nals whi ch

are fed to i iRy Qﬁ%ﬁ rtﬁ& BEECRETR ?%ﬁlﬁ@eef%$£§1 A

menory devi ce_acc dlng to claim®6, wherein -51- the second swi tching

memmts|ndﬁﬁ§%muhnedgMeflmd erm transi stors. 8. A nemory ¢
~device acgordj | ng to CA?de‘iﬂo@\xﬁr g, i&i ihew Eat ,gﬂécwt has a

second decoder’ circul i eco es t iTd select signals and

e

generates si _q;@&;d %ltébtan{érah\éehast Béféi‘éﬁéé aé&@s &Sty the at | east
one timng signal and generating the seventh sel ect signals.

the output terminals of the first switching elements,

which reference means are adapted to supply a S

/

C

predetermined potential to the output terminals in the
10 absence of the fifth select signals.
4. A memory device according to claim 3, wherein
the reference means comprises an insulated gate field
effect transistor between the output terminals of each
of the first switching elements and a point at the
15 predetermlned potential. |
5. A memory device according to any one of claims
2 to 4, wherein each of the fi;st switching elements
comprises an insulated gate field effect transistor. g,}
6. A memory device according to any one of the
20 preceding claims, wherein the third select means
‘includes second switching elements and a select circuit,

the second switching elements being controlled by the

b))

fifth select signals, the select circuit receiving the

third select signals and the at least one timing signal and
25 generating seventh select signals which are fed to

input terminals of the second switching eléments.

7. A memory device according to claim 6, wherein.

[T



9. A menory device according to claimS8, wherein 10 the drrver has a
plurality of third switching el ements, the third swtching eleng G
receiving the at |east one timng S|gnal at their input termn ¢§;>'
. controlled by signals generated by the second decoder circuit. \{8s
menory device according to claim?9, rein 15 the third sw tching
é*énents i nclude insul'ated gate fieldeffect transistors. 11. A nmenory
devi ce according to any one of the preceding clainms, wherein each nenory
cell includes an insulated gate field effect transistor and a 20
capacitor for dakasstonagewifidhing elerxaiis difbilcides imeuayeedeyhte
substantially as herein described with reference to and as illustrated in
Figs. 1 to 5 ofiBlgseffeanhdt7ansistxs. 9 of the acconpanying draw ngs.

bei ng
A

8. A memory device according to claim 6 or claim

7, wherein the select circuit has a second decoder
5 circuit which decodes the third select signals and

generates signals fed to a driver, the driver also

receiving the at least one timing signal and generating the

seventh select signals.

9. A meﬁory.device according to claim 8, wherein
10 the driver has a plurality of third switching elements,

theiﬂﬁxd.amﬁrhﬁnielammms:naxﬁvimgiﬂm at least one timing

signal at their input terminals and being controlled

by signals generated by the second decoder circuit.

10 A memory device according to ciaim 9, wherein
15 the third switching elements include insulated gate

field effect transistors.

.11. - A memory device aécording to any'one of the
N preceding claims, wherein each memory cell includes

an insulated gate field effect transistor and a
20 capacitor for data ‘storage. |
12. A.semiCOnductor-memory device substantially as

. herein described with reference to and as illustrated
& : in Figs. 1 to 5 or Figs. 6 and 7, or Fig. 9 of the

accompanying drawings.
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