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" Seni conduct or Menory Device". The present invention relates to a’
sem conductor menory circuit device (hereinafter referred to as a
"nenuLy“), and more* particularly to a menory constructed cﬂggl epetary

insulategﬂgate field effect transistors. 5 a“menory, one

of a pIu ity of menmory circuits (hereinafter referred to as "nmenory
cells" or "cells") can be selected on the basis of an output signal of an
address decoder circuit. Usually, the address decoder circuit includes 10
switching elenents (for exanple, insulated gate field effect transistors
which shall hereinafter be referred to as "FETs") which are connected I n
series or in parallel and which are respectively controlled "on" or "off"
by address signals. 15 When the nmenory is designed to have a
| arge capacity, address signals of an increased nunber of bits are
required. In correspondence with the address signals, -2- the nunber
of the switching elenents connected in series or in parallel within the
address decoder circuit is increased.” In this respect, the swtching

el enents cause stray capacitances to varjous nodes of the circuit and have
unnegl i gi bl e operating resistances in th nsel ves.

'Semicdnductor Memory Device".

The present invention relates to a semiconductor
memory circuit device (hereinafter referred to as a
"memory"), and more particularly to a memory constructed

of complementary insulated gate field effect transistors.

5 ' In a memory, one of a plurality of memory circuits

'(hereinafter referred to as "memory cells" or "cells")
can be selected on the basis of en output eignal of an
address decoder circuit.

| Usually, the address decoder circuit includes
10 switching e}ements (for example, insulated gate field

_effect transistors which shall hereinafter be referred to
ase“FETs") which are connected in series or in pafallel )
and which'arejrespectively-controlled "on" or "off" by
address signals. | _

15 Whén the memory is designed to have a large
capgcity, address gignals_or an increased number of bits

are required. In correspondence with the address signals,



herefore, the address decoder circuit including the increased number of
't chi ng el enents as above stated has its operating speed |imted

eriously. 10 The plurality of nenory cells ®*constructed Qy
,.the sem conductor integrated circuit are usually arranged on a substrate
such as seniconduct or substraRe=in the shape of a matri x. Unit decoder

circuits which constitute the address decoder circuit are arranged in 15
corr esphadanmber of tthe mwikching lelemente conhected dnt iserdmisr i x
arrangenment. In order to effectively utilize the surface of the
56"1COQEUQtha%uhakuah&thihetm%lhd@@@@%eae@ba@wlbarb@a% 4@ be arranged at
pi tches corrésponding to the pitches 20 of the nmenory cell rows or
nenorygggkka%bhpnns Nevert hel ess, the unit decoder circuits including the

i ncrea er of sw tching elenents are dlffICU|t to arrange at the
pitches referred_t ove. The ease,i.n the n r of swi tching el enents
-3- as above stati&d ﬁg |q9qg§9%’s n switching e, S CBUSR e| enent

regions on the substrate. The address decoder CIrCUIt can be constructed of
5conpl esdayr y:a:p@rt@m dioe vardlotisemodes ofatbiescdreuwdt and herei naft er
referred to as "conplenentary FETs) with a view to |owering the power

di ssi paiasven uinegddgible operating resistances in themselves.
Therefore, the address decoder circuit including the
increased number offswitching'élemenfs as above stated
has its operating speed limited seriously.

10 ‘The plurality of memory cells constructed as
-the semiconductor 1nt§grated circuit #re usually'
arranged on a substrate such as semiconductor substrate o/
in the shape of a matrix. Unit decoder circuits which
constitute the.address decoder circuit are arranged in
15 correspondgnce'with the_memdry cell rows or columns in
the matrix arrangement.

In order to effectively utilize the surface of
the semiconductor. substrate, the unit decoder circuits
have to be arranged at pitches corresponding to the pitches

20 of the memory cell rows or memofy cell columns.

Nevertheless, the unit decoder circuits including

the increased number of switching elements are difficult

to arrange at the pitches referred to above.

The increase in the number of SWithhing'elements



the operat-ing current thereof. However, the address decoder circuit to be
constructed of the conplenentary FETs requires a nuch 10 | ar ger nunber -
of sw tchi ng elements in conmparison with an address decoder circuit-as is
constructed of only FETs of the single channel type. It is therefore

desirable that the operating speed, the pitcgg and the area as above stated

are especially considered 15 for the addre$s decoder circuit which is

t ted of th EET, d| to. pne aspect of the
g?ggeagclﬁvegtlonet%§n§£$ ”%§€¥85d559%b C%%nﬁ ? o TR S ?r%%}?h%eV|ce
i ncl-udi | 20 i ity of nenory
Lgflg gp?anged |ga2%€g£§§gr%% ﬁ%#gafé ¥°§Qg§§ %%%g%@k£%f$€%e|V|ng | nput row

address signals, each of m'@ﬁe¢9&@£é§§5déc&§é’£leéﬂ‘@ﬁf'€dc£ﬁm@§r s@%éted

said first receiving neans providing an out put | east fi1rst

partial row addressofi gompEementaryf Mé@i‘a@édfwaﬁésffemréffﬁb@ftﬁﬂﬁstors
predet erm ned nunber of bits of a corresponding input row address signal;

-3a- (c) a fibst rohhdeendefterrneférne@pt¢samg"eompluméntaryﬁFﬂwsBtwiﬂht
row decoders, each of which receives
a view to lowering the power dissipation by reducing
the operating current thereof.

However, the address decoder circuit to.be

constructed of the complementary FETs requires a much
10 larger number of switching elements in comparison
with an address decoder circuit és is constructed
of only FETs of the single channel type. It is therefore
desirable that the operating speed, the pitch, and
the area as above stated are especially considered
15 for the address decoder circuit which is constructed.
of the complementary FETs.

According to. one aspect of the present invention
there is provided a semiconductor memory circuit device
including: _

20 (a) a memory cell array comprising a pluraiity of
memory cells arranged in rows and columns;
(b) first means for receiving input row address signals,
eaéh of which comprises a.prédetermined gumber of -
bits, said first receiving means providing an output

25 _of at least first partial row address signals, each
of which comprises a portion of said.predetermihed
number of bits of a corresponding inpuﬁ row address

signal;
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and\ first partial row address signals fromsaid first receiving nmeans and
Fgvl des internedi ate first decoded 5 signals of said first partial

addr ess signals, each of said first unit row decoders consPstimg of a NAWD
circuit; (d) a plurality of first inverters; (e) a second row decoder
cgircuit conprising a plurality,10 of second unit row decoders, each of

whi ch sel ectively receives saldaTlrst I nternmedi ate decoded S|gnals t hr ough

said i rsgg)“xeﬂ%i B¢ @l %a@%sc%ﬁa&%psal peaadag i gaakaigeysel ecting a

row from d nenory cell Seco row decoders

consi stin fOEléitauNéNDrahraubbae&%) @2l @fdivhieh ebeeubbsconnected
bet ween the output of said second row decoder circuit and- said menory cel

array; (gsas@cenestepartial rekciaddiesisNBignadkufionddadds fAestsi gnal s,
each of which comprises a predeterm ned nunber of bits, said second

recei vi ngreeeivipgowednsy and provides! iatelrmediaftier furpar diezgloded umm
address signals, each of which conprises a portion of said predeterm ned
nunbeb of shignalef of saidefimsti partipldt address sdgneds.2®achi gnal ; - 3b-

(h) a first colum decoder circuit conprising a plurality
of said first un1t row decoders consisting of a NAND

circuit; _
" (d) a plurality of first inverters;
(e) a second row decoder circuit comprising a plurality
10 of second unit :ow decoders, each of_whiéh selectively
receives said first intermediate decoded signals through
said first inverters and provides an output decoded
signal for selecting a row from said memory cell array,
each of said second unit row decoders consisting of _ v
15 a NAND circuit;
(f) a word drivér circuit connected between the output.
of said second row decoder_circuit-and said memory
cell array: |
(g) second means for receiving ihput column address
20 signais, each of which comprises a predetermined number
of bits, said second receiving means providing an
output of at least first partial column address signals,
each of which comprises_a portion of said predetermined
number of bits of a cotresponding-input column address

. 25 signal;



of first unit colum decoders, each of which receives said first partial (;29:
colum address signals fromsaid second receiving neans and provi des seco

i ntenppdi ate 57 decoded signals of said first partial colum address

signals, each of said first unit.colum decoders consisting of a NOR

circuit; (i) a plurality of second inverters; and (j) a second col umm

decoder circuit conprising a 10 plurality D#bSecond unit col um decoders,
each of which selectively receives said second jinternmedi ate decoded SL%qals

through said secondBharfigss £/ WroReRAGH GREde SRPTSHRA & pdurality
selecting @ colum of PR THIL %A acteh oL, St 3 YL el 1°
et uding: (8) & metrg St BN Sttt e is TRRHAA L 250 ealld| o
i ose o1 gnal s, eAeot G VERY sichs drl JRANGS i drteriiaceow
() o row decofer o e e i a5e o el e 7 om 4l d
ﬁ:z s? ;g'\(l:vei \e/?(r)lg MeadEgridkE ) i dlY icie said [Bilrsteantiad «olgmel siégwdei@ eunsisting
row fromsaid menory cell array, said row decoder circuit consisting of a
plurality of NAND cof caliNGR circuit; '
| :'(i).a plurality of second inverters; and -
(j) a second column decoaer circuit comprising a
10 plurality of second unit column decoders, each of _'
which selectively receives said second intermediate
decoded signals through said second inverters and
provides output decoded signals for selecting a column
of said memory array, each of said second unit column
15 decoders consisting of:a NOR circuit.
| According to a second aspect of'the present
invention there is provided a semiconductor memory
circuit device including:
(a) a memory cell array comprising a plurality of
20 memory cells arranged in rows and columns;
(b) firé% meéns'for receiving input row address Signals,'
 each of which comprises a predetermined number of-
bits, said first receiving means providing an output
of row address signals;
25 (c) a row decoder circuit which receives said row
address signals from said first receiving means and
provides output decoded sigﬁals for selecting a row

from said memory cell array, said row decoder circuit

cohsisting of a plurality of NAND circuits;,
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d) a word driver circuit connected between the output of said row
desYder circuit and said nenory array; (e) second neans for receiving input
cotUmm address signals, each of which conprises a predeterfined nunber gy of
bits, said second receiving nmeans providing an. output of colum address
signals; and (f) a columm decoder éerUIt whi ch receives said colum
‘address signal s fromsaid second r Eéiving means and provi des out put

decoded sgpabs,60n §ei6aLi BYrautp! UBANLO:E SMBMRRY Bhtgye Sai d colum
fe2uff LO8 RBEUeER R,

decoder circuit consisting o Ity O Clrcul e present

“inventionggi éhl&o%bedéééaétbéﬂrbﬁlﬁr sﬁaega.d.at ﬁxbho!?? WR¥agf exanples wth
reference to the acconpanyi ng draw ngs, wherein:- Figure 1 is

a bl ock d(&grﬁébeﬁdoméaﬁéefefrQdcéﬁﬁﬂhgf1&F&tCQ6duﬁhoﬁdH?€B§y devi ce;
- Figure 2 is a circuit diagramof nenory ce arrays and i nput/ out put.

circuits sighatspeeach dfvwhichhocampriisBsgar préde2@rmined numbBikgure 3A is
a circuit diagramof the row address buffer circuit and the first row
decoddr cPfchits,Fsgidesegond xeceivihg weapsaprovidiegsevond row decoder
circuit and a word drive circuit;
output of ‘column address signals; and
(f) a column decoder circuit which receives said column
'addfesé signals from said second receivingimeans and
prévides output decoded signals for selecting a column
10 of said memory array, said column decoder circuit
consisting of a plurality of NOR circuits.
The present invention will now be described
in greater détail'by way of examples with reference
to the accompanying.drawings, wherein:- _ s
15 Figure 1 is a block diagram of one preferred
form of semicoh&uctor memory device;
Figure'z is a circuit diagram of memory cell
arrays and inbut/butput circuits of the memory device
shownlin Figure 1,
20 Figure 3A is a circuit diagram of the row
address buffer'circuit.and.the first row decoder
circuit;
Figure 3B is a circuit diagram of the second

row decoder circuit and a word drive circuit:
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-4- and; Figure 3Cis a circuit diagramof the inverter circuit, all bei n
parts. of the nenory device shown in Figure 1; 5 . Figure 4A is X

t he dolumm address buffer circuit and the first colum decoder circuit;
Figures 4B and 4C are-circuit diagranms each show ng the second col um

decoder circuit, all being parts of the nens# device shown in Figure 1; 10
Figure 5 is a circuit diagramof the word -5- control circuit of the
menory device shownan@;Figure 1; Figure 6 is a | ayout diagramon the
substrate of the sem conductor nenory device shown in Figure..1l;, Figure 7A

is a plan view of the circui Figheaed€sis a cirgpitdiageamtef cthe dirvriter
circuit; Figure 7B is a sectional view of the_substrate taken along t he

line T - T in Figuftreuity;al}cbeingparks of (Fhe, memery deyice Wi
which constitute anpthgr decoder circuit; 10 = Figure 8B is a
sectional view of th® E488FFaté

5 Figure 4A is the column address buffer circuit

and the first column decoder circuit; _

Figures 4B and 4C are circuit diagrams each
showing the ;econd-cplumn_decoder circuit, all being
parts of the memory device shown in Figure 1;

10 Figure 5 is a circuit diagram of the word
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ikén;along the line P- P in Figure 8A; Figures 9A, 9B and 9C are circuit
ans each showing alternative forns of the second decoder circuit;

t @RS
. .ng .
Figure 10Ais a circuit diagramof an alternative 15 férmaf the fi%fﬂ
decoder circuit; and Figure 10Bgis a circuit diagramof yet a further fOm
of the second decoder circuit- E@Terrlng first to Figure 1, the
sem conductor nenory device includes: row . and colum address buffer 20
circuits | and_14 respectively; first row and colum decoder circuits 2
and 13 regpttplv§1y$u§§cgﬁdthemmanqrrodewﬁcqeabqvn tnrElgure41and 12
respectively; word driver circuits 5 and 6; first and second nenory cel

_arrays 7 and 8 resPtgurecbyisaadlayvatddtagtaml oni thei suBstratebofThe
respective circuit blocks referred to above will be described in greater

detai | | 3he" séintBohBLELEPCReMBr Y AETEEe2ghOwh: in FiguRBMPEY Circuit also

includes an Input/output circuit 9, a wite circurt 10, a'read 5
chi p sel ot of gnal FRREES 7K 18 BoRERS) VEFY 8P HRe SHEFRtE PLeReEER Y nal cs
apd a wite control term nal \E respectively,.and thereby provide term nals
[@rr] anWbieh,pongtitute) ayfdegoder cirewitiol signals for controlling the
operations of the L _ : _
Figure 7B is a sectional view of the substrate
taken along the line T - T' in Figure 74
Fighre SA is a plan view of_ciréuit élements
which con&titute another decoder circuit;
10 | Figure 8B is a sectional fiew of the substrate
taken aldng.fhé line P - P! in Figure 8A;
Figures 9A, 9B and 9C are circuit diagrems each
showing alternative forms of the second decoder circuit;
Figure 10A is a circuit diagram of an alternative
15 form of the'first decoder circuit; and
Figure 10B is a circuit diagfam of yet a
_ further fdrm_of the second decoder circuit.
Reterfing first to Figure 1, the semiconductor
~memory device includes: row and column address buffer
20 circuits 1 and 14 respectively; first row and column
. decoder circuits 2 and 13 respectively; second row and
column decoder circuits 4 and 12 respectively; word

driver circuits 5 and 6; .first and second memory cell

arrays 7 and 8 respectively; and a word control circuit 3.



word control circuit 3, the wite circuit 10 and the read circuit 11
respecti,vely. In order to establish a nenory capacity of 16 kilobits, each- ™
of the menory eell ‘arrays 7 and 8 is 15 constructed of 8,192 static
menory cells. In practice [err] 192 bits arranged into a matri x of 128
rows and 64 colums. Each nmenory cell«i§ &onstructed so as to have sel ect
termnals and data i nput/output termnals as 20 shown in Figure 2. The
respective select termnals of a plurality. of nenory cells arranged in an

i dentical row areThennespedtiveceincult cblocksoreferred tdidtdve elll be
respective data input/output termnals of a plurality - -7- of nenpry

cell's arranged i ndescribedi £al geeater @éﬁaﬁbﬂﬂ@ﬁéﬁdwifh(¥EEE¥Eﬂ

| i nes. Accordingly, each of the menory cell arrays 7 and 8 has 128 mord

lines and. 64 pai rps ghrddts L5765 Sthe memory irepﬂt“i%ﬁﬁf&ﬂé es W] LO

WL27 of the menory Cell array 7 are select FTVer et cult 5,
Sel ected by the wbRECH/PUEPE ?%ﬁ#‘ei%%wth%e\eifﬁ” e O 2R S (o
MO0 Sl g lSiEleR] L oSk IR 45! S |
The control circuit 15 receives a chip select
signal and a write control signal at a chip select terminal
cs and a write control terminal VE respectively, and

thereby provide terminals CS and CSZ’ C and C, with

1 w R-

10  control signals for controlling the operations of the
word control circuit 3, the write circuit 10 and the read
circuit 11 respectively. |

In order to establish a memory capacity of ;

16 kilobits, each of the memory cell arrays 7 and 8 is

—_—
15 constructed of 8,1921322222 memory cells. In practice

. __’/'
(::Egifgnfifts of 8,192[bits arranged into a matrix of

128 rows and 64 columns.

Each memory cell_is constructed so as to have
select terminals and data input/output terminals as |
20 = shown in Figure 2. N | |
The respective select terminals of a plurality
of memory cells arranged in an identical row are
connected in common to_one yord line,_yhilst the

respective data input/output terminals of a'plurality.
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7 8 are selected by the input/output circuit 9. Address signals for
- ting the word lines [err] to [err] and [err] to [err] are supplied-to
ot inals [err] to [err] of the row address buffer circuit 1,*whilst &
~address signals for selecting gha data line pairs, Y0, YOto Y127 Y127
are supplied to termnals [err] to [err] of the colum address buffer
circuit 14. The row address buffer circuit | receives the address signals
of 7 bi of memphiycdelldst arrengedndnsapeidpntdcal coludn( Beeei nbel ow, wi.tten
“in the manner of address signals [err] to [err]), and thereby outputs
non- i nveghadced 2aS comidal tol dath enksir] and inverted address signals Bo
to B6. Anongst the 7-bit address signals provided fronlthe row address

buffer circuit 1, ﬁhQ?|rsggﬁ A hgﬂabg %Le meP§§? ﬁggéag Zs§9 qto B5, BS_

are supplled to t ecoder clrcul S sSignal of
the re |ng bi t B6 B6 [ I|ed t rd control circuit 3.
The fir ché F@ gddgéé %QO 8+ signals [err] to
%Frr] and thereby rovi des decoded S|gnals Tert] to [err]. The decoded

i gnals [err] to woxde Lines yhgﬁ&l?&gﬁl@ﬁ N§Qp§thﬁéﬂy obt ai ned by

the conbinations of specified ones among the 6-bit address signals [err] to
10 h@rab 7 are selected by the word driver circuit 5,

-whilst the wcrd lines wb' to w527' of the memory cell
array 8 are selected by the wcrd driver circuit 6.
The data line pairs 0’ Y to YEB’ 63 - and
10 Yeh’ Yéh to Y 7, Y527 of the respective memory cell arrays
7 and 8 are selected by the input/cutput circuit 9.
Address signals for selecting the word lines k)
[ ]
Wb to WH27 and Wb to Ha27 are supplied to terminals
Ao to As of the row address buirer circuit 1, whilst

15 address signals for selecting the data line pairs, Y.,
. Yb to Y127, Y127 are supplied to terminals A7 to A 13 of

the column address buffer circuit 14.
The row address burfer circuit 1 receives the
. address signals of 7 bits_suppliedito tne_terminals Ao to
20 Ag (hereinbelow, written'in the manner of_address-signsls
Ay to AB)' and thereby'outputs non-inverted address
signals B to BG and inverted_addresS'signals i—'tc E;.
Amongst the 7-bit address signals provided from

the row address bufrer circuit 1, the address signals of




For exanple, the address signals B B to B B are divided by means of the"
first decoder CIrCUIt 2 5into three groups each consisting of 2 bits, and’
t hey \@aye decoded in group unit. 15 The decoded signal s

oare called "internedi ate signal s" becagse they are signals obtained at an
intermedi ate stage in the course of fTnalTy obtaining decoded si gnal s which -
are in one t o-one correspondence with the states of the address signals

[err], [egr}, %gé[s{»r e g6cgnd BO%F@C@@@&&&%%& rmegt/%ﬁ he

|nterned|ate si gna Pver@l f@om t hd’ fi%st row decoder circuit 2, and

t her eby provi des ,decqded Sal e [

signals [err] todfgpa ﬁiggFﬂ£ 25 éﬁh %ge §&§%%;%05$§§%§ %%ncegwf§$§¥#&98
states of the 6 bits of the adeess s s [err e each of
the internediatel sbéﬁal?r[gsv]BgoifePPspi e#o?ﬂeghﬁy"£ﬁé $?E§%€$ Shesutt ope
of the 2-bit 5 address signals as descri bed above, each of the decoded

signals [err] to K63 can bFheofirdtbdedodenti afreubtt2 aaeaggestﬁbeledﬁress
intermedi ate signals. The decoded signals [err] to [err] delivered from*

the secong rOM/d%Q@éﬁlsCBYQUB% %oaBg Snghn&dtheréby ppovides decoded
signals MX, to MX,,. | |
The de?oded signals_umo to mxﬁ1 are made signals
which are respectiveiy obtaihed by the combinations of

specified ones among the 6-bit address signals B.5.§; to
| 0
are divided by means of the first decoder circuit 2

For example, the address signals B o B. to B5,

AN B5

into three groups each consisting of 2 bits, and they are
deched in group unit.

o 44 8re called
'"intermediate_signals" because they are signals obtained

15 The decoded signals MX, to MX

at an intermediate stage in the course of rinally

obtaining decoded signals which are in one-~to-one

correspondence with the states of the address signals Bo,
20 By to By, —5'
| The second row. decoder circuit 4 receives the
.1nterm§diate-§ignals delivered rromnthe first row decoder

circuitlz, and  thereby provides decoded signals Ko-to K63‘

The respective decoded signals Ko.to !!.63 are in
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:..\_.._:-driver circuits 5 and 6. The word driver circuits 5 and 6 are

gab rolled by the word control circuit 3. The word control circuit 3 :
edei ves the address signals B6 and B6 delivered .fromthe ‘address buffeg/

—~.circuit 1, the control signals [err] and [err] delivered fromthe 15

control circuit 15, and addre&-signals [err] and [err] delivered fromthe
address buffer circuit 14, and thereby provides control signals [err] and

[err] to be.supplied to the word driver circyit 5,,gnd t.r.ol signals
Lorr] iheode,CTAARARRe Y NG Yo the AtaPes A1, the, &Ryt
The word driver circuit 5 is constkiiCted so-as to provide word signals for

sel ect iofy the adireas dignads &yt F, fnd, @-I array 7 on the basis of the
64-bit decoded signals provided fromthe“second row decoder circuit 4 and

the control signaingy edcteds ithe tirterateliiate Sigmals digcuit 3.
Simlarly, the word drive circuit 6.is constructed so as t0 deliver 128

word siygpal éﬂfﬁ | g1 drerdd¥id ﬁq{h eyt rol of the
.control%1 Sigq% Tt d\eq(%rﬂé‘oﬁ%ségla]}s%err] 'ann err]. In the case where a
ingle decoder circuit is used jnstfead of the.above.described, first and
iecond ?éfr %{rﬂ#ﬁ as r&fbelﬁmiat%?ﬁec'o °%|%§‘Tr{es °c“ﬁed60nst itute the
singl e decoder circuit nust decode the : .
signals KO to K63 can be formed by decoding 3 bits amongst

~ the 12-bit intermediate signals. |
— . The decode&'Sigﬁals Kb_to K63 delivered from
the_second'row-deCOder'Circuit 4 are supplied to the word
10 driver circuits 5 and 6. The wprd driver circuits.S and
6 are cbntrolied by the word control circuit 3.
‘The word control circuit 3 receives the address
signdlé Bg and Eg'delivered from the address buffer circuit

, and TS, delivered from the

15 control circuit 15, and address signals B7 and 3;

delivered from the address buffer circuit 14, and thereby

1, the control signals CS

provides control signals Ly» L, and L, to be supplied to

the word driver ¢ircuit 5, and control signals Ry» R,
and R, to be supplied to the word drive circuit 6. |

20 The word driver circuit 5 is_cohstructed so as
to provide word signals for selecting the 128 word lines
of the memory cell array 7 on the basis of the 64-bit

‘decoded signals provided from the second row decoder

circuit 4 and the control signals provided from the word
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10 6-bit address signals [err] to [err]. In contrast, in the case of \..
the construction shown in Figure 1, each of the unit decoder circuits

constii t,ute theefirst decoder circuit 2 nmay decode only 2-bit address

signals, and each of the unit decoder 15 circuits which constitute the
second decoder circuit 4 may decode owmlyothe 3-bit internedi ate signals as
st ated above. Thus, the nunber .of switching elenents to be incorporated in
a section extending fromthe address 20 signal input termnals to the

i nput end of the contadodr ictercudtcdiet can be reduced. In addition, the
nunber of all the switching el ements which constitute the first and second
decoder circuits can be redieddarly,t thecwspdwdeieet beraditeSsisignals are
-11- substantially decoded by the word driver circuits 5 and 6 as in Figure

L, the number of Jdlaeiticed®eligl Eof A41ITerN28 BRI SLEARLENEoS RO Hord |

decoder circuit can be nmade snaller wth respect to t nunber of

word lines of the neno cell arrgys 7 and, 8. The colu ddr es ffer
circuit 14 is co &éd gﬁhﬁﬁgq|y“P83Fh FoﬁpaﬁansgggﬁﬁFngﬁirg it 1,
and responds to the input address signals [err] to [err] to provide

non-i nver fed addios $he gemtsrolesi S Byp] Rqngnd Rg-

In the case where a single decoder circuit is
used instead of the above described first and second
decoder 6ircu1ts,'each of ﬁnit decoder circuits which

constitute thé SIngle'decoder circuit must decode the

10 6-bit address signals BO’ 59 BS'

In contrast, in the case of the construction

Bo to B

shown in Figure 1, each of the unit decoder circuits
which constitute the first decoder circuit 2 maj decode
only 2-bit address signalé, and each of the unit decoder
15 circuits wﬁich constitute the second decoder circuit &4
may decode only the 3-bit intermediate signals as stated
above.
~ -fhus, thg ﬁuﬁber.df switching elements to be
incorporated in a sectioﬁ extending from the address
20 signal input terminals to the input end of the word drive
circuit can be reduced.  In addition, the number of
all the switching elements which constitute the first
and second decoder circuits can be reduced.

" In the case where the address signals are

¥



10 i nverted address signals [eFr] to [err]. The first col unm decoder
:C§%;§git 13 receives the address signals of 6 bits, or B to B and B to B-
12 7 12 anpongst the address signals of 7 bits, &and proviges
~tThternedi ate signals [err] to [err] on the basis of these 15 addr ess
‘ssignals. The second columm deddder circuit 12 receives the internediate .
signals [err] to [err] and the address signals [err] and [err] and

provi deg¥isefsih Sy dddoded 1y [t81d Iword) driver circuitsl® adpr@led signals

[err] to [err] have one signal which corresponds to the address signals _
[err] to.[4&lr $ﬂy¥ d T, ] yFﬁ i FAVICIPRCTeTel others at a
| ow | eve .ﬁrhﬂéi _n-puf?’ou‘%rgéutdué%%ﬁf ém}é:]‘c ut}gsﬁz}_épal r co it{bﬁz- conmon
data line and columm sel ect circujts {not sha whi ch.are cpnnected

ot meerMiTRn R Hile, e decine acoddt oSt ' ik Qo arrays
7 and 8 and which are respectively controlled "on" or-"off"c%¥ the output 5
si gnal spakker (with mespect o e mumbenaf dowardikings o, | f
necessary, the input/output circuit 9 may further include a. sense

52l i f ithe (nremtorshael)l virrays T ek Bsignal s fromthe common data |ines.

The column address buffer cifcuit_jh is

constructed similarly to the row address buffericircuit 1,

and responds'to the input address signals A7 to A13 to
provide non-inverted address signals B, to B, and
10 inverted address signals 5; to 813.
The first column decoder circuit 13 receives
the address signals of 6 b;ts, or B7 to B12 and B7 to B12 o’

amongst the address-sighals of 7 bits, and provides

intermediate signals'MYb to MY

19.°0 the basis of these

15 address signals.
The second column decoder circuit 12 receives

the intermediate signals MYb'to MY,, and the address

signals By5 and By, and provides decoded signals I, to
L2z |
20 | The decoded signals Io to I127.have one signal

which corresponds to the address signals B7 to Bﬂj and
and.i; to By 3, at a high level and the others at a low
level. |

The input/output circuit 9 ihcludeS'a pair of



inverting output termnal Di i which are coupled to the common data |ing B
of the input/ eutpdt circuit 9. The wite circuit 10 has its operation
control l ed\by the control signal [err]. When the control signal [err] 15
is at a witing operation level, the wit2 <ircuit 10 provi des the out put
termnals DO and DO with a non-inverted signal and an inverted signal
corresponding to a signal applied to an ihput termpnal, [er respectively.
When the control COPBeR| d?‘B?rfi?%sata%‘?rﬁ?il‘gﬂ"Ft? et 9‘!3{1‘1§ eﬁ'eqp‘l? s}’tpwny
the output termnals [err] and [err] are brought into floating states. The
read circuit 11 whichtarepeconnectedbeteeerdths commondata Lings andrihe
When the control signal CRis at .a reading operation |level, the read
circuit 11 - 1datar byhédgsof: thgmeémory reelbnarrays 07 caand 8 mand sitoieht dreo

the i nput/output circuit 9. When the control signal CRis at a -

non-readi ng oper?%g?gc£f¥g1¥e ' PoiDed i@ﬁﬂi@ﬁ]nﬁ%iffsyrfﬁgi6ﬁf§u%t 11 is

br ought in}o af |ngds%a | word 11 nes of the
7 ,_ ver Cirou
G, and (nd dat o PHReTEiEocP Trzn oBF cEREishyRd PR /Bt tar ifom €Tt

- If necessary, the input/output circuit 9 may further

The wite circuit 10 has a non-inverti ng 10 output termnal D and ;g,

include a sense amplifier (not shown) which receives
signals from the com;on.data lines.
| The write circuit 10 has a non—inverting'

10 output terminal D& an¢ an inverting output terminal 3;
which are coupled to the common data lines of the input/

— output circuit 9.
The write circuit 10 has its operation controlled

by the control signal C.. When the control signal C,

15 is at a writing operation level, the write circuit 10

provides the output terminals Di.and 3; with a non-inverted

signal and an inverted signal corresponding to a signal
applied to an input terminal Din’ respectively. When the
control signal C, is at a non-writing gperation level,

20 the output terminals E& ahd‘i[ are brought into floating

states.

The read circuit 11 has its operation controlled

by the control signal C.. When the control signal CR

R
is at a reading operation level, the read circuit 11



-t

, .ar 7 or 8 as selected through the word line and the data line is coupled
to e common data line within the input/output circuit 9. *Durisng the '

~ ~process of reading information, the signal |evel of the common data line as
" determ ned by the 15 stoLe¢3iﬂfornation of the selected nenory cell is
anplified by the sense anplifier wwthin the input/output circuit 9, and an

out put . 8j L fr ense anmplifier |s read put, by the read circuit 11.
Dur i ng tgggé%%eggg%gﬁﬂ;i?‘?’ﬁﬁe?rﬁ?%ﬁs*@%itﬂ,a‘?h‘é“gb“t gi@%ﬂ'. TPRyel of the
conmon gat a Iing mﬁ%ﬁi t he ingut/ output circuit 9 is determ ned by the
wite cFre inpyb/oukput elzeyhh Oof t Waer ohe rcertzol i sbenal sGppl i ed to the
menory cell through the selected data |ine. As a result, a signal

provi detisfabnatnonwreadingreperatbonslevel/ androutput tternthalt ed nenory
cell. The various circuit blocks above nentioned are forned on a single
seni conoficthhe me#dtehieuby kNoye -mwdmt@raiﬂmﬁifdfﬁé{ uit |
techni ques. 5 ' In that case, the termnals [err] to [err]

err] and [err] one RRURL BHIOLYoS o6k ikoky Ed1 P K- % Sald'g™? 2

external termnals of a sem con
are selected by the word driver circuits 5 and 6, and the

curguit 9. Accordingly, only one nmenory cell in the menory 10 cel

Qaﬁa linés thereof are selected by the inpuﬁ/output "
circuit 9. |
| Accordingly, only one pemdry cell in the memory
10 cell array 7 or 8 as selected throughlthe word line and
thé data line is coupled to.the common-data liné within
the input/output circuit 9. -
During the process of reading information, the
signal level of the cbmmoh data-line as determined by the
15 storgd information of the selected memory cell is |
amplified by the sense amplifier within the input/output
‘eircuit 9, and an output signal from the sense amplifier
. is read out by the read circuit 11. . |
- During the,ﬁrocess of writing information,.the.
20 signal level of the common data line withiﬁ the input/
output circuit 9 is determined by the write circuit 10,
and the signal of the common data line is supplied to the
memory cell through the selected data line. 'As a -

result, a signal provided from the write circuit 10 is



integrated circuit device (1C). ‘Exanples of specific circuits used in the
10 ~ respective circuit blocks wilt now be~described in greater det ai Lz~
The semi conducwor ffenory circuit described above is especially suited
menory constructed of -conpl enentary FETs. Accordingly, the circuits e
15 are described hereinafter are maijply constructed of conplenentary .

FETs. Referring now to Figure 2, the nenory cell arrays 7 and 8 incl.ude.
menory cells in t%e ngtrix rrangenfn- 100 to 1013_1 and 104 to 107; word
lines [err] 20 8%“O&f F@r?ﬁeaﬁa igs F% BEYOTEr $f++pairs of data lines [err]

and [err] and [err]; and FETs [err] and [err] for data.line |oads;
respectively. Al the nenofpec¥ariounaveireuitabiockssaboreinentioned are
illustrated in detail with respect to the nenory cell -15 - 104, each

nmenory cel |l conpfosmedNonhansthglgpseridondectdr asdbitrate sl riasown or s
[err] -and [err] which are forned by high- resistivity polycrystalline

il | , t ' i ok |ip-fl
silicon layers héﬂiEEﬁauéﬁSEE%gtﬁpfgﬁg&L%i?&ﬁf%'%&é ! p-tiop

circuit, and N-channel type- or trans e nmenory cel

er.
enpl oyi ng | oad resi stances ' are_for by _the high-rgsistivijty
o yadg PRl T#"thle68sb )" EBE BerddSals %k €8 R 1D

Dout’ CS and WE and power supply termiﬁals VCC and GND
are formed as external terminals of a'semiconduétor '
integrated circuit déine (1¢). |
Examples of specific circuits used in the
10 respective circuit blocks will now be deééribed in
greater detail. |
The semiconductor memory circuit deécribed
above is especially suited to a memory constructed of
complementary FETs. Ac;ordingly, the circuits whiéh
15 are described hereinafter are mainly constructed of |
complementary FETs.
Referring now fo Figure 2, the memdry cell

arrays 7 and 8 include memory cells in the matrix

arrangement 100 to 103, and 104 to 107; word lines W

0
20 gnd ., and'Wb*_and LAY pairs of data lines Y., ?; and
Y1, Y,, and YBA’ YBA and YBS’ Yé5; and FETs N and N2 for

1
~ data line loads;’ respéétiveii. |
All the memory cells have the same construction.

As illustrated in detail with respect fa'the'meﬁory cell



silicon |ayers can be forned on a relatively small area on the

S onductor substrate in conparison wth the 10 nenory cell which

C sts of conplenentary FETs. Each nmenory cell can be hadevto have\g/
Ssufficiently | ow power dissippgion by designing the |load resistors to have
hi gh resistance val ues. The Tenory cells conprise single channel type
FETs as stated above in spite of the fact 15 that the other circuits to

be desciphpdesch eenory ekl coomprives dNychdrinel TypgFET=INgt r odes of the
transfer FETs [err] and N6 constitute the select termnals of the nenory

cell. aﬁaenoutrbladefssiéedﬁsoﬁ egnd R Hfch'@Psf forméa by WEdE-[err] and

[err] consti8ltes the- i nput or butput €erm nal of -the nennry cell. As shown

uni o FEBEEVLFERE PRLAFTHRRRids %%ﬁ%ifﬁ%m% i b R
renory Eae| Beapebrh CoRPELROEIAE & ah faeroR st LeOtLEn o8 r?‘oﬂﬁ'eit ed to one
pair of data |lines. Each data line is connected to the source 5

gl ect r oNlechénneb $ype FEEs n%ﬂsmtﬂf[thr]tt#n$£¢r] the gate and drain

el ectrodes of which are connécted to the power supply termnal V

The memory.cell_employing load resistances_
which are formed by the high—resistivity polycrystalline
silicon layers can be formed on a relatively small area
on the semicogductor substrate in compgrison with the

;o memory cell whlch cqnsists of éomplementary_FETs. Each
memory cell can be made té have é sufficiently low'powgr
dissipation by designing the load reslstors_to have high o/
resistance values. The memory cells comprise'single |
channel type FETs as stated above in_spite.of the fact

15  ‘that the other ci:cuits:to be described later comprise
complementary FETs.

The gate electrodgs of the transfer FETs N5
and NS éonstitute the.sglect terminals of fhe“mémory
cell. The output electrode of each of the transfer

20 FETs N5 and Ns_ccpstitgtgs the input or output terminal

of the memory cell.
As shown in the memorylgelluarfays 7 and 8,
the select terminals of the memofy'cells.which are

arranged in an identical row are connected in common to



e L

The inpuf/output circuit 9 includés N-channel type FETs N and N4 which é§§§

constitute the colum select 10 circuitsy the common data lines [err]
and err], theesense anplifier 120 and the output line [err]. The N

respective data line pairs of the menory cell arrays 7 and 8 are coupled to
the common data lines Di and Di threuglé the corresponding FETs N and N4. 15
The gate el ectrodes of the FETs N and N which are connected in comon

and which correspond.to each data |line pair are coupled to . the

correspondi ng owmeutwons diime, ehd Aleszrespectdyedprivisr ofi fnprt/ousprtgure
1). The common data lines [err] and [err] are connected 20  to a pair of

I nput terninal s {droivaly efnthe memct30 celd st whiph arefl apwapgedt dnmanal s of
the wite circuit 10 (see Figure.1l). An output term nal of the sense

amplifier 120 i amg%%&ﬁ&@%ém [te/ bhe pair13f| hﬁtlﬁhiiﬁﬁ@ry

cell arrays 7 an ine is selected by the high | evel of the
si gnal because the transf ETs J-n tq%? rv.cell .a t hanne
.type. Each data line pair éfaée&g'& %oﬁn&%ﬁe&gﬁ %Le I;%ugj_f;%t he
signal delivered fromthe second decoder _circuit _12. Referring now to

Figure 35 the fladredaglrthe Nnghamnel, typec Fidedl,ummt Nouf fBe &ateuARS
[err] to [err] which . ,
' drain electrodes of which are connected to the power

_supply terminal VCC‘
The input/output circuit 9 includes N-channel

type FETs N, and N, which constitute the column select

10 circuits, the common data lines D, and D,, the sense

amplifier 120 and the output line DOU‘

~ The respective data line pairs of the memory
cell arrays 7 anﬂ 8 are coupled to the common data
iines Di and EZ'through the_cofresponding'fETs N3 and N&.
15 The gate electrodes of the FEis N, and N,, which

are connected in common and which correspond to éach data
line pair are coupled to the correspondiﬁg output terminal
of the second decoder circuit 12 (see Figure 1).
The common data liﬁés D, and 5; are connected
20 to a pair of input terminals of the preamplifier 120 and
the pair of output terminals of the write circuit 10

(see Figure 1).
An output terminal of the sense amplifier 120

is connected'to'the'Output 11ne'n°U;_



correspond to the termnals [err] to [err] respectively. As shown with

Easpect to the unit buffer circuit [err], each unit 10 buffer circuit
_‘%3firise§ two inverter circuits 1V1 and 1V2 which are conrfected in casgade.
" NBg shown in Figure 3C, each of the inverter circuit V1 and |1V2 conprises a -
P-channel type FET PO and apn Rkchannel type FET [err], the drain el ectrodes
of 15 whi ch are connected in commopn to an output termnal OUT and the
gat e el ectrodes | .C e connect ' 0 an,input, termnal IN

Al t hough no il u(s]’h gﬂ%ﬁnﬁ%r{;&_%ﬁ! %%%jirg?@iég‘ur%c} (fdt he succeedi ng
drawi ngs. for the sake of clarity, .as shown in Figure 3C_ the body gate 20
Lerr] oFined®.sakamiad (G ChETaR LWh R (e (-Gl RARERSR DD v

term nal Vcc and the body gate [err] of the N-channel type FET No is
connectthe ttransfexr HEETpdmtha menonre et lialare\m L Tthe N-chantsloder circuit
2 conprises unit decoder  -18- circuits 2a to 21 each of which receives
di vi dedtypse § I al Efeliirdbta SLOi@ pa iy L5 dTedtedHiertie Iy iXiaréhe

i ntermedi ate signal. Every four -of the unit decoder circuits constitute one

§10UP Ohe CUg Ui dndT) GOLIFSRATARSE thé addbnd dRSIAaH Etibese Fagnal s,

he groups o dec | _
Referring now to Figure 3A, the address buffer

circuit{i.includes unit buffer circuits 1a to 1g which
éorrespdnd'to thg terminals Ao_to A6 respectively. As.f
shown with respect to the unit buffer circuit 1a, each unit

10 buffer circuit comprises_two invertef circuits Iva and IV2
wvhich are connected in cascade. |

~ As shown in.Figure 3C, each of the inverter

circuit IV, and 1V, comprises a P-channel type FET P,
and an N-channel type FET N » the drain electrodes of

15 vwhich are connected in common to an output terminal OUT
and the gate electrodes of'which are connected in common
to an input terminal IN; Although no illustration is or
will be made in Figure 2 and the succéeding drawings for
the sake of clﬁrityy_as shown in Figure 3C, the body gate

20 | Sy of the;Pbchannel_type FET Po is connected to the power
supply terminal Vb

and the body gate S, of the N-channel

C 2
type FET Nb is connected to the other power supply
terminal GND.

The first decoder circuit 2 comprises unit decoder



circuits [err] to [err] are identical to one another. Accordingly, in ' éﬁ@
Figure 3A, only the circuit arrangement of the group of unit decoder )
circyiys 2ad is shdwn in 10 detail. In the group of unit decoder
circuits~2ad, the unit decoder circuit gg conprises a conpl enentary type

NAND ci rcuit which consists of P-chanfel'™type FETs. P1 and [err] and

N-channel type FETs [err] and [err], and a 15  conplenentary type

i nverter circuitgﬁqugﬁﬁpﬁﬁi%Bszifeacﬁ‘Sﬁaﬂﬂfkht¥Q€ef€ls[8i?l%?&?gépkhﬁb

N-channel type F armd whiTh recelves an output Signa

circuit. In the case where at .l east .0 of ,out put _signal s rrl,.and [err]

of the unit buff Fpéuﬁg§nféﬁrfiéﬁdg?5PrfnZBgaer #g BF°Y%§°I%QFIeveI, at

| east one of the P-channel type FETs P1 and P2 connected in parallel is-
brought into itsingermeddete;sdgnaleast one of the N-channel type FETs N 9
and N connected in series is brought into its "off" 10 state, so that the
out put signal of the NAND &Ewvery four of the- unitt decbdehn tireuit®hen both
the signals Bo and B are at the high level, the output signal of the NAND

Ci r.c'w't t OIi § at thednstitedel one ERoupneE ceirchitsUih BbPYedpendefit@Nwith the
I nverte : '
. #

. partial address signals. . The groups of unit decoder
circuits 2ad to 2il are identical to one another.
Accordingly, in_figube 3A, only the cirguit arrangement

of the group of unit decoder circuits 2ad is shown-in_

10 detail.
In the group of unit decoder circuits 2ad, the
N\ - unit decoder circuit 2a comprises a complementary type
NAND circuit which consists of P-channel type FEIs P,
and P2 and N-channel type FETs.Né and N10’ and a

15 complementary type inverter circuit which consists of

a P-channel type FET P3 and an N-channel type FET N,

and which feceives an output signal of the NAND circuit.

In the case whe:e_at least one of output

 signals B. and B, of the unit buffer circuits 1a and 1b

(o]
20 is at the low'level, at leaat one of the P-channel type

FETs P, and P, connected in parallel is brought into its

"on" state and at least one of the N-channel type FETs N9

and NHO connected in series is brought into its "off"

“state, so_that the output signal of the NAND circuit is



r

SE§>H<:yjth respect to the output signal of the NAND circuit. In the NAND
e Wt, the varying rate of its output signal is |imted by stray —_
c&yaci t ances (not shown) existing between nodes [err] .and [*err]. of the
circuit and the earth point of the -circuit and the "on"™ resistances of the
10 respective [err]. \Werets «the P-channel type FETs [err] and [err]
are connected in parallel, the N-channel type FETs [err] and [err] are
connected in-series, sq that the rate of fall of.the output signal is
subst arR% 418 hi8h (k&¥ek: conpared with the rate of rise. As shown, only
the two 15 N-channel FETs are connecied in.series as stated above, so
that the rate of Wken boththesignals gplandBparmdt chmdlgh vel y high.
In simlar manner to the unit decoder citcuit 2a, each of the unit decoder
circui t:EewE@I’,L]ttw detpdt corgid asf 2he NAND NAYRuit B tatintherlgwiverter
circuit of the conplenentary type. The unit decoder circuits [err] to [err]

brovi dadhan s 1! OpE U Aeredd oA et BrdPddd 1] Stal el fo | owi ng

expressrons (1) to ( I'n response to the signals Terr] -20- [err] and
ber] LR -SRad 258 ubdb L SPUgs ALl ser] and Terr],
....... 2) _

In the NAND circuit, the'varying rate of its
output signal is limited by stray capacitances (not shown)

existing between nbdes-NAo and NA1 of the circuit and the

earth point of the circuit and the "on" resistances of the

10 respective FETs. VWhereas the P-channel type FETs FH

-and P2 are connected in parallel, the N-channel type FETs

Né and Nﬁo

fall of the output signal is substantially limited as

are connected in-serieé,_so'that the rate of A

compared with the rate of risé. As shown, onlj'the two
15 N-channel FETs are connected in series as stated above,
so that the rate of fall of the output signal can be
made comparatively high.
' In similar manner to the unit decoder circuit
2a, each of the unit decoder circuits 2b to 2@ comprises
20 - a NAND circuit and an inverter circuit of the
complementary type. | |
'Thé,unit'décddef circuits zﬁsfo 2d provide the
intermediate signals MX, to MK, satisfying the following

expressions (1) to (4) in'response'to the signals B., By»

-



[err] L. (3) [err] e (4) In-
sim/|ar manner, the unit decoder circuits [Ferr] to [err], and [eFr] to
[ererprOV|de she i'nternedi at e signals [err] to [err] and [err] to [err]
the basis -of the partial 10 address signals, respectively. Each group
of unit decoder circuits responds to the20odr signals fromthe two unit
buffer circuits, to provide the sanme nunber of internediate signals. In the

case where, as d%§05h9¢§-a?8¥ﬁedt8ﬁ the basﬁgdéfsﬁhé'ﬁﬂﬁtﬁaﬁrﬁddrasged into
the partial addreds signdls each conS|st|ng of bits and are decoded every

partial address sj he gecoder circuits can be nade
conparativel y s %n%hsThB ﬁﬂ#gg ?Ef§gggygki¥he.internediate signals to
be supplied to the 20 second=-aeeeder circuit 4 can be reduced
accordingly. Referring-to EM8U9633BB t he second decoder LEliculs. 4g¢9nprises
64 unit decoder circuits 4a Po 4xO whilst the word drive circuit

conprises 128 unit drive circuits =—21- 5a to 5y. The Unit decoder
circuits 4a to 4x are all Mﬂﬁgbi FBgo one another.  Each.of.the(@hit
decoder circuits 4a to 4x cornpris€s-a conplenmentary NAND circuit 5

whi ch consi sts of P-channel type_EEgs [err] to [err] and ~

5 MZ Bo 1 X - . . ..f....... (3)

MX, = B.*B

5 = By'B, TR ()

In similar manner,_the unit decoder circuits

2e to 2h, and 2i to 21 provide the intermediate Signals

Mxh to Mx7, and MX; to MX,, on the basis of the partial
U 10 address signals, respectively. | | |
| Each group of unit decoder circuits responds
to the four signals from the two unit buffer circuits, to
provide the same number of intermediate signals.
.In the case where; as described above, the
.15 address signals are divided_into the partial address.

signals each consisting of.z bits and are decoded every
'partial address signal,.the number of the unit decoder
circuits can be made comparatively small. The number of
types of the intermediate signals to be supplied  the
20 second decoder circuit & can'be'reduced'accordingly;
o 'Referring to Figure 3B, the second decoder circuit
& comprises 6k unit decoder circuits ka to 4x, whilst the

word drive circuit 5 comprises 128 unit drive circuits



. 4x|l4aas: three i nput term nals. The input termnal which is connected to.
t hg“Yat e el ectrodes of the pair of .FETs P4 10 to N12, is"supplied wtly

N—_nnel type FETs [err] to [err]. Each of the unit decoder circuit§ 4da to
~one of the internediate signals [err] to [err], the input termnal which is

connected to the gate el ect ~o@ggs-of the pair of FETs P and N is supplied
“wWith one of the internmediate signals [err] to [err] and the input term nal
which is connected to the gate el ectrode 15 .of the remaining pair of

FETs P6&nielo NAR» i s supplied with one of the intermediate signals [err] to
[err]. The unit decoder circuits 4a to 4x. are constructed so as to _
sel ectively receiTie tUrei t decodemeasi duity srareth dix argrellls, and are

t her eby brought into one- 20 . t 0-one correspondence with the respective

states plewbechl bbé ousr@setmesDal SE&dKTod tie [@E{t)gedfer*aml e, the unit

. : e , .
decoder circuit 4a is constructed so as to recelve f%e I nternedi ate signals

o [orrPEREET he BT ERYYNR Bo 4 NodbTaebard iam o emufhde i O cer

to provide a signal [err]_at the lowlevel. Qning to circuit connections as
Shown i?Pfﬁ% %QgSEStLi%ﬁr%T°Q¥EPQ%n$XEeSFG%%JP@fg%éE@ gndthe unit decoder -
‘N-channel type FETs N12 to N1h'

Each bf the unit decoder’circuité 42 fo_h; has
three input term;nal;. The input termina; which is
connected to the gate glgqtrodes_of thg pair of'FErs Ph
10 to NHZ, is supplied with qhe of the intermediate signals

| MX, to Mx3, the input terminal Which is connected to the

5
with one of the intermediate signals Mxh to Mx7,.and the

gate electrodes of the pair'df FETs P and N13 is supplied

input terminal which is connected to the gate electrode
15 of the remaining pair qf FETs P6 and N14 is supplied with
one of the 1nt§rmediaté signals MX; to MX,,.

The unit decoder circuits 4a to 4x are constructed
so as to selectiéely receive the three types of
intermediate Signals,_and are thereby brought into one-

20 to-one correspondence with the respective states of the
6-bit address Signalg (Ao.to A5);

For examplé, the unit decoder'pifcuit La is
constructed so as.t§ réqeive the_intérmediate éignéls

MX,, MX, and MXj, whereby when all the 6-bit address



circuits 4a to 4x is supplied to the corresponding two unit driver .
circuits. Each unit driver circuit also receives control signals [err] 44§3
[err]_fromthesword control circuit 3. 10 : ' The control signgﬁfv
[err] is~brought into the'low l'evel in response to the situation that the
control ‘signal [err] provided fromthe @3ntrol circuit has been brought to -
the low | evel 'in correspondence with the ow |evel of the chip select
signal CS and that the signal 15 B, provided fromth ddr u

circuit 14 haS'bééSnﬁlﬂrﬁggﬁP %g Bhe FBM#F% pw ew&%'cﬁhf?gﬂgéfdﬂiééfgﬁr]
I's brought into the high level when the control signal CS provided fromthe
control circuit tsroudtbresppndaghn evdenctaipnovide 2 sigrealdgeatothte

low | evel of the 20 - chip select signal CS and the signals [err] and
[err] provided foow Lewedddress buffer circuits | and 13 have al so been
brought to the high |evel. The control signal L is 2 brought into the

high | evel when the controby$hgndb &PrBastbesinecoLahs 48 shéwh! ih tieel
and the signals [err] - 23 - and B7 have al so been brought to the high

e o OUI € £ r1e th8RERblthh1 bl BRcH bEUthE LiE]ablober] are

circuits 4a to 4x is supplied to the correaponding two.
unit driver circuits.
Each unit &river circuit also receives control.

signels L, to L, from the word control circuit 3.

10 ' The control signal L, is brought into the low

levei in response to the situation that the control

~ signal TS,

brought to the low level in corresﬁondence with the low

provided from the control circuit has been

level of the chip select signal CS and that the signal

15 B7 provided from the address buffer circuit 14 has been

brought to the low level. The-control signal L1 is
brought into the high level when the control signal CS,
provided from the control circuit 15 has been brought

to the high level in response.to the low level of the

20 chip select signal CS and the*signals_ig and B7 provided |

from the address buffer circuits 1 and 13 have also been
brought to the high 1gve1, g.The control signal L2 is
brought into the high level when the control signal CS1

has been brought to the~highrievel and the signals 36
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cogRespondi ng unit decoder CIrCUItS 4a to 4x when the 5 chip sel ect

3] CS and the colum address signal [err] are at the low |level. One of
gair of unit driver circuits [err] and [err] is operatéd substantially
“-by the row address signal [err] or [err]. 10 By way of
exanpl e, in the case where theZButput signal [err] of the unit decoder
circuit 4a is at the Iom/IeveI ‘in correspondence with the low | evel of the

addr ess SI to [err S ed, abov row address signa
SR -t AP TR A S R £ e Py s AV

hi gh | evel and the control signal L2 to the low level in response to the

si gnal B6. The @nlFiaureeBBcltbelresaegtbved@nit.Gniﬁeglgnal [err] at the
hi gh | evel because a FET [err] is brought into its "on" state and FETs
[err] toifeuitsaba boofigharenoperated bypfthesvatpats26f theThe unit driver
circuit [err] provides a word signal [err] at the |low | evel because the

control cgi-#88boh&iAk nﬁibreeeaaei-%w&ziew Legved Brdwibe fd [err] is

brought into its "on" state. On the other hafd, if~the rOM/addre?s ﬁlgnal
?lver %ﬁ% |?P%§??$igﬁg% g%g%%&hgﬁg §$Hm%ﬁ ?@@5? $ng£§é$% ]tﬁer;tg un !

are at the low level.

One of the pair of unit driver circuits 5a
and 5b is operated substantially by the row address

signal ig or BG‘

10 By way of example, in the case where the output

signal KO of the unit decoder circuit 4a is at the low
level in correspondence with the low level of the address - ~/
signals A.0 to A5 aS'stated above, if the row address

signal 3; is at the high'level, the éontrol'signal L, is

1

15 brought to the high level and the control signal L., to

2
the low level in response to the signal-ﬁg. The unit

driver circuit 5a provides a word signal Wb at the high

level because a FET P, is brought into its "on" state and

FETs N15 to Nﬁ7 are brought into their "off" states.

1

the low level because the control signal L,2 is brought to

the low level and the FET N16'is brought into its "on"

20 The unit driver circuit 5b provides a word signal W, at

state.

On the other hand, if the row address signal Bg

.



As illustrated in Figure 1, the output signals 5 of -t he second decoder-
circuyit 4 are supplied to the word driver circuits 5 and 6 in common. g,
Al t haugh not shown,* the construction of the word driver circuit 6 for theﬁﬁ?
menory cell ‘array 8 is simlar to. that of the word driver cireuit 5. 10

The word 'driver circuit 5 is operated.lpgtdhe output signal of the second
decoder circuit 4 when the chip select signal CS and the col um address
signal [err] are at the low | evel as stated above. On the other hand, the
word driver circlstbfoughbpto atleel ligh hkevel puthesiword gignal dof, tafe thecond
decoder circuit 4 when the colum address signal B is at the low level and

the chip sel ect ﬁhﬂﬁadrfvéﬁréiréﬁiﬁt5§hﬁs|i9ﬂbﬁ%1‘le|to tHhhid evelddiress
signal [err] is the phase-inverted signal of the columnm address signal

[err]. - Accorg#ggé%nséntéégéggpondence with the |l evel of the 20 col um
, e

addr ess si gnal word drrver circuit 5 or.the word driver circuit 6
i s operated by the output sjgnal,of, th eLo decoder gircuit 4.
Therefore, the word lines o#glt 1 %’%‘?@e‘ieﬁ rhgjrmdg' a é"‘b%%ésjﬁfaé.]ﬁ ed

through the address signals [err] to [err means of the si ngl e common

b
- 25 - sechnd deeSdbhecseeond decpden <F%I‘é5%%c‘r ARY sRmtied s i merd| |

arrays 7 and 8.
driver circuits 5 and 6 in common. Although nat shown,

the construction of the wprd driver circuit 6 for the' .
memory cell arréy B_ié sihiiar to éhat of the word driver
circuit 5. |
10 ._The word dri§erlcircuit 5 is operated by ‘the
output signal of the'secénd decoder circuit 4 when the
éhip select signal_Eg and the column address signal B7
are at the low level as stated above. On the other hand,
'thg word driver circuit 6 is operated by the output signal
15 of the second decoder cifcuit 4 when the column address
signal 3; is ét the.low level gnd the chip se}ect signal
CS is at the low level. The column address'signai E;
is the‘phasé-inverted signal_pf the column address signal
B7. Accordingly, ‘in correqundenge_with the level of the 
20 column address signal B,, the word driver circuit 5 or the

word driver circuit 6 is operated by the output signa1 of

the second decoder circuit 4;_" Therefore, the word lines

of the memory.cell arrays 7 and 8 can be selected through

the address signals Ao'to As-by means of the single common
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OM ng to the construction, .the nunber of the unit decoder circuits in the
””;?nd decoder circuit can be re- 5 duced by half with respect to the ,

ﬁg? of word signals required in the nenory cell arrays.” In each of tbeé
(M"Mdecoder circuits constitut- ing the second decoder. circuit, the nunber

" of the FETs in series connection which act as a linit to the operating 10

speed of the circuit is reducgdysgs.in the case of the unit decoder circuit
of the first decoder circuit. In Figure 3A, each of the conplenentary type

inverter circyits IVl and LV2, constjtuting the unit buff circuit is
aIIome&eFBnGrH?E°éﬁFy°?ﬁBub5i?SWEFCEE §_agﬁg?éégi§ wfﬁﬁegﬁ?ﬁﬁ i nverter
circuits IV1 and .IV2 can be constructed so as to drive conparatively |ight
| oads. memariyackl awxeuso? and 8mit decoder circuits constituting the first
decoder circuit may drive a conp- aratively small nunber of pairs of FETs
constituting tOwing secehe demsdenctionyi thelaumbeesakt thehanttrcuits in

Fi gures 3A and 3B can be nmade conparatively small in size and can be

oo 1 SicBtoB LSO, o ehe?fecpft akeblpe AL QLE U ethe 2l s
nangerdﬁgehhgyuﬂgifb%gkﬁrrggﬁggkttahgﬂg hﬂmﬁégua? word signals
| required 'in the mempry”cell'arrayé; |

In each of the unit decoder circuits constitut-
ing_the secon& decoder circuit, the number of ﬁﬁe FETs in

~ series connection which act as a limit to the operating
10 speed of thé-circuit'ié'reduced as in the case of the unit
decoder circuit of the first decoder circuit.

In Figuré'SA,'eaéh of the complementary type
inverter circuits IVi ahd'IVQ constituting the unit buffer
circuit is allowed to drive only two péirs of FETs. There-

15 fore, the inverter circuits IV1 and IVé can be constfuc;ed
.so as to drive comparatiﬁely light loads.

Similarly , each of the unit decoder circuits
constituting-thg first'decbder circuit may drive a éomp-
ar#tiveiy small number of paiis of FETs constitﬁting the

20 second decoder circﬁit.
' As a result, the circuits in Figufeé 3A.andf3B
can be made compa:atiﬁely small in size and can be operated

at high speed. ~ =



3A, each of the unit buffer circuits consists of conple- 5 nentary type
inverter circuits IV and IV connected in Ix. 2 series. As shown, th
first_golum decodér circuit 13 conprises twelve unit decoder circuits 138~
to 131. ;The unit decoder circuits 13a to 131 have construct- 10 ions )
simlar-to one another. Each unit decoder circuit 13a to 131 conprises a
conpl ement'ary type NOR circuit consistingzéf‘P-Qhannel type FETs P8 and P9
and N-channel type FETs [err] and [err], and a conplenentary type inverter

circuit which conprises_a P-channel type EET P , and, an N- channel type
FET N and which recei@@giﬁﬁlﬁﬁtﬁﬁy ﬁPgﬁ&S“fS FﬁOHgPﬁea eEFrEHE ®TThe
unit decoder circuits 13a to 13d constitute a first group_ of unit decoder
circuits 13ad, addcuidy L4 comprisies unisr budiferecirgiits fLégr Fot d4gerrIn
responsive 20 to partial address signals [err] and [err] of 2 bits

respect- ively. Qnilgr mannkin to ther uaigebafifexscirowdti shotm fingBigurehe
intermediate signals [err] to [err] fulfill re- lations of the foll ow ng

expre?;i)ons (5) 30 (et SIPeH WL buffer?éirch@ts] consists of comple-

5 mentary type inverter circuits IVl and IV2 cbnnected in
ser%es{
As'shdwn, the first columm decoder_circuit 13
comprises twelve unit decoder circuits 13§ to 131.
The unit decoder cir;uits'13§ to 131 have construct-
10 ions similar to omne another. Each unit decoder circuit
13a to 131 comprises a complementary type NOR circuit
consisting of P-channel type FETs P8 and P9 and N-channel
type FET; N18 and ng, and a complementary type inverter
.circuit which comprises a P-channel type FET PlO and an
15 N-channel type FET NZO and which receives an ou£put_signal
from.the NOR circuit, |
The unit decodef_circuits 13a to 13d constitute
a first group of unit decoder circuits 13ad, énd they
p:ovide the intermediate signals'MYo to MYs_responsiv¢
20 to partial address signals A, and A8 of 2 bits respect-
ively.
— Owing to a circuit arrangement as shown in the_'

figure, the intermediate signals MY0 to MY3 fulfill re-

lations of the following expressions (5) to (8) respectively:



: R (8).5 Simlarly, ..
ps of unit ‘decoder circuits.13 eh and 13 [err] provide‘the-internedlgue
Asrgnals [err] to [err] and [err] to [err] in response to the partial
address sig- nals respectively. The respective internediate signals MW to
MYy O 11 10 and out put ng@% S[err] and [err] of the unit buffer
circuit [err] are supplied to the second -col unm decoder circuit 12 in
Figure 4B. The second _decoder circuit 12 conprises 128 unit decoder
circuits 12a t . BlL5+ By As shown in Figureg 4B, €3h of the unit
decoder circuits “12a to 12@ conprises a conplenentary NOR circuit which
consi sts of P-g¢iyanrelg_t wo@® FETs [err] to [err] and N chq@ el type FETs
[err] to [err]. ®he udit ddcoder circuits 12a to 124 °ar'e ‘réspect- 20 ively
supplied with fjgur J S §f si gnal s whi ch consi st of: -onesi)gnal sel ected
fromthe signalsZeri|? and§err] one signal selectéd'ﬁro§1the I nternedi ate
signals [err] [ert], .one signal selected fromthe int%rqediate signal s
[err] to [err] mﬂ'th §i§mal sel ect ed from t he i nteer-madi{8te - 28 -

5 Similarly, groups of unit decoder circuits 13 eh

and 13 il provide the intermediate signals MY4 to MY,
and MY, to MY, in response to the partial address sig-

nals respectively,

The respective intermediate signals MY, to MY

0 11
10 and output.signals'B13 and Bl3'of'the unit buffer circuit

l4g are supplied to the second column decoder circuit 12 ' U

in Figure 4B.
The second decoder circuit 12 comprises 128 unit
decoder circuits lZg.to 12u.
15 | As shown in Figure 4B, each of the unit decoder
circuits 12a to 12u comprises a complementary NOR cirﬁuit

-~which consists of P-channel type FETs Py to P,, and N-

channel type FETs N,, to N,, .

21 24

The unit decoder circuits IZE'to 12u are respect-

20 ively supplied with four types of signals which comsist of

one signal selected from the signals B13 and 313’ one

signal selected from the intermediate signals MY, to MY

0

one signal selected from the intermediate signals MY4

3’

to MY7 and one signal selected from the intermediate
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signals [err] to [err]. As stated.above, the data |ine of the nenory cell \
array. is selected by the signal at the high+evel fromthe second deCOd‘j;TS?
circuiy 12. 5 - . Accordingly, the four types of signals to be sup-%<:
plied to the respective unit decoder circuits are sele so that signals from
desired unit decoder circuits ay.be brought to the high |level in one-to-one -
correspondence with desired conbi nati ons. gfg the | evel s of the respective 10

i nput address signals.[err] to [err]. For exanple, the unit decoder circuit
12a provides a data line select signal [err] at the high level when all the
signals [err] ansiigmlé etd)dﬂi]g: ought to the low level, that is, when

all the address signals A“to 15 13 have been brought to the low | evel.

By means of the first degods¥atdd Gdhdvel3 thd@idtaamefofFiEte afendis TRaaNd
decoder circuit 12 can be reduced and the operating speed of the sécond

cace of fhécﬁéioézféf‘”’ﬁom © ‘E?‘Sﬁ"%s%i%@%"a'{n ROt e el L

where the first decoder U|t 13 |s not V|ded one pair. of  P-channel
type FET and N-chahndfe ? AT dF for each i nput address signal

in the unit decoder CIrCUIt in the second decoder - 29 -
5 Accordlngly, the four types of 51gnals to be sup-

_ _______,___ﬁ_*\\
plied to the respectlve un1t decoder c1rcu1ts are selected
. \-—_/
(_ so that signals from-desired unit decoder circuits(;;y.be .

brought to the high level in one-to-one correspondence
with desired combinations of the levels of the respective
10 input address signals A7 to Alé'

U For example, the unit decoder circuit 12a provides

a data line select signal I, at the high level when all

0

the signals MYO, MYQ, MY8 and 53 haye been brought to the

low level, that is, when all the address signals A, to

7
15 A,, have been brought to the low level.

13
' By means of the first decoder circuit 13, the
number of FETs of the second decoder circuit 12 can be
reduced and the operating épeed of the second decoder
circuit 12 can be increased'fOr_the same reasons as given
20 in the case of Ehe decoders shown in Figures 3A and 3B.
In contrast, in the case where the first decoder
'_circuit 13 is noﬁ p?ovided,*cne pair of P-channel type FET

and N-channel type FET are required for eéch_input address

signal in the unit decoder circuit in the second decoder
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circuit. Accordingly, the unit decoder circuit requires as nmany as 7'pairs

exa@dpl e, the input- address signal 13 has 5 no input address sisgnal to
combi ned therewith. For this reason, the address signals [err] and [err]
generated on the basis of the i ¥t address signal Al3 are trans- mtted to
t he second decoder circuit as d rTbed above. Thus, the nunber of input

| i nes necessary for the second 10 decoder circuit 12 may be fourteen. This
nunber _ i al  hes er ' tald of 5 . jrcuit at the
Toe gkie G2, | AQORBLANIPP el Wbl dec ey ép’f%é\}?ld’g?é)‘ﬂﬁis‘f‘%%d of the
above neasure, t 3 bits pof_the input S Si |s Jerr] and [err]

coul d B2 TREY &3 @agﬁ?t?glF@b‘ﬂ? &S?Siggg!l[ﬁ%néogggb%c%&#i n order to
consti- tute the internediate signals which are supplied to the second
decodeaddressi 3ignaks &y sted; 3¢ he nunber of FETs in each of the unit
decoder circuits constituting the second decoder circuit can be reduced by
2. 20 Idhehiedexampbe pf thé eimputh eaddife s $es Fgrisl o, § Heasecond
decoder circuit as above described results in re- ducing e nunber of
P-chanps! 1hpRe fddsedbi §1gRAE EOBECESHbIRédeEet&piPRVerFSHPPl Y term nal V
and the output in the second decoder circuit. Accordingly, in such a case

- 30 -tnis reason, the address signals Bl3'and 313 generated

. ,oTs, I.e. 14 FETs for the input address signals [err] to [err]. In this

_dn the basis of hhe input address signal A, are trans-
mitted tO'the’second décoder circuit as described above.
Thus, the number of input lines necessary for the second

10 decoder cifcuit 12 may be fOurtéen. This number is equal
to the ﬁumber of input Iines of the decoder circuit at
the timé when the first decoder circuit 13 is not provided.
Instead of the above measure, the 3 bits of the
input address signals Ajqs A12 and A, 5 could be used as
15 partial address signals and be decoded in order to consti-

" tute the intermediate signals which are supplied to.the
second decoder circuit. ‘- In this way, the nﬁmber of_FETs.
in each pf the uni; decoder circuiﬁs constituting the
second décoder circuit can be reduced by 2.

20 | The reduction of the number of the FETs of the
second decoder qi;quit_as'above described results in re-
ducing the number of P-channel type FETs which are connected
between the power supply~términai V.. and the output in

CcC

the second decoder circuit. Accordingly, in such a case
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where all the P-channel type FETs [err] to [err] are brought into their
“on".states, the "on" resistances of the FEEs existing between the power -~
supphy/V and-t he 'out put node decrease. |n consequence, the drivability .
the second~the 5 decoder circuit for its load increases, and/tine taken
change the signal fromthe low level to the high |evel can be reduced.
Moreover, the nunber of gate el ectrodes f'he FETs to be connected to the
I nput lines of the second 10 decoder circuit 12 becomes 64, which is one

hal f of the nu of..t he Spl O nngel.e e
| i nes of the dgg'g{ eI(rjél nqt ﬁ%@cgﬁjg%g%ét flEJré?;E gté—l ?gdgi‘bl |sgrl1’E))tﬁgtrllE

provi ded. In other. mord& Lhe.JO d.ont fhxsu.decod is re

Accordingly, the qlrfg ?&@é:(fsdf r&?‘ﬁ £ st Eé‘é &@Fe& P%w ecgﬁ'rﬁe
increased. In addltlon since the load on each buffer circuit is only the
first decoder cigexkating rhetyeemthey Powesd SUPHLON ceale thec cukpug, node
Referring nowto Figure 5, the word control circuit 20 3 conpri ses NANDs
150 to 153, NORdekrkdse.l53n aohseguericer,s thet drdvabilitiaof thet second
circuits consists of conplenentary FETs. The control signal gheerr] and

[ e(rjr] ;Mﬂ ch &g e qudeted firid R AtS AT Gnctidasds, and/e iarRNeaklesd tion
oraer (0]

@

change the signal from the loy level to the high level
can be_reduced; ’
Moreoéer,_the number of gate electrodes of the
FETs to be connected to thé'input-lines of the second
10 decoder circuit 12 becomes 64, which is one half of the.
number of gate electrodes of the FETs to be comnnected to
the lines of the decoder in the case where the first de-
coder 13 is not provided. In other words, tﬁe load on the
first decoder is reduced. Accordingly, the operating
15 speed of the first decoder circuit can be iﬁcreased. In
addition, since the load on each buffer circuit is only
the first decoder circuit, thé_operating speed thereof
can be incréased;
_Referring now to Figure 5, the word control ci;cuit
20 3 comprises NANDs 150 to 153, NORs 154 to 155, and
inverters 156'to_161. Each of the circuits consists of .
 comp1ementary FETs.
| The control signals-L0 and R0 which are provided

" from the word control circuit 3 are generated in order to
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- 31 - select either the first nmenory cell array 7 or the second nenory
array 8 as described above. Accordingly, while either nenory cel

is selected by the control signals, the other nenory‘cells array ig_
nssel ected. 5 This elimnates the increase of power dissipation in the
non-sel ected nenory cell array. kﬂethe menory cell arrays 7 and 8, the |oad
FETs N and N are connected to > Tespective data lines as 1 2 shown
in Figure 2.. The | oad FETs have relatively | ow 10 i npedances as .conpared
with the resistances within the nenory cells. In the case where, in the
menor y sedldctareidbhemhey fricstemempnyeiceltlo arerayel7ectredhet Becomid | i ne has
been brought to.the high level, the transfer FETs [err] and [err] of 15

the rrerm.rmbzzldelar QLB ad e driDed abosielt e%cfabrm%gi?qh l evel of this
a

word |ine. a result, a conparatively large current is used to flowto
the FELsard los 0 q L\, | o load FET . err] or
[err] ;;#dﬂ,[e{]ee %h%{%%@%%ﬁztg@y GSEJAIsIeltr%?%Lé\%P I%lhr?e;%qﬁnrt]: QH‘e menory
~cell arra i ch,inclydes no :nmenory cell to .be selected are kept intact at
the | oWy S’bg:b(ené’ MEmOLY, SALY arTaYo Ly Mom-sedegsed. ingly, the
current_as above stated is inhibited from N . :

is eliminates the increase of power dissipation in the

non-selected memory’éell array.
In tﬁg meméry cell arrays 7 and 8, the load FETs

N, and N, are connected to the respective data lines as

shown in FigureIZ; The load FETs have relatively low

10 impedances as compared with the resistances within the
| memory célls.'  | | | U

In the case where, in the memory cell array having

no'mémofy ééll to be selected, the word line has been

brought to the high level, the transfer FETs N. and N, of

5 6
15 the memory cell are brought into the "on" statés by the

high level of this word line.

As a result, a_éompafatively large current is

caused to flow to the FET'N7 or N8 of the memdry cell

- through the load FET N, or N, and the transfer FET N

20 or N6.
" All the word lines in the mempry cell array which

includes no meﬁory cell to be selected are kept intact
at the low level by the control signal LO or R.. Accord-

0

ingly, the current as above stated is inhibited from
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increase,in the power dissipation is prevented. The respective circuits ca

be fqQrped on a-
the 5 sybstrate
bl ocks which ar
second decoder

the surface of the substrate 10 -150. The word driver circuits 5 and 6 are

formed hol di ng-
menory cell arr
t hem t her ebet we
12" and 12", whi
menory cell arr
circuit.9 is si
pectively forne
decoder circuit
second decoder

buffer circuit

14" and 14", §e

10

15

to the nmenory cell in this nmenory cell array, so that an

single substrate in an arrangenent which nakes the size. of

smal ler. Figure 6 shows patterns of the respective circuit

e formed on a single sem @gmductor substrate 150. The
circuit 4 is fornmed on substant- jally the central part of

the second decoder circuit 4 therebetween, and the first.
7 and the.,second nenory cgell .grray 8 are f.qQrned hol di ng

HLOWHRE L& GHF FETRRY: QAT dm thES BemoRy e Ly

ch are respectively formed on the |ower sides of the first

Shat A1 inereassdd dhwppwey [digsipatdonTis prsvensedput

mlarly divided into parts 9° and 9", which are res-

d bet weerThéerdspextt ivenmircird/ts @yampe/ £20madd ovha sdeagile

12" and between the second menory cell array 8 and the
Céusstitatle? "in Hie éﬂfﬁéé&&ﬁﬁd%i@f aididesl $hand ite oFd@Hess

14 are simlarly divided into parts 13' and 13" and parts

SRS YELY - <ol OV

Figure 6 shows patterns of the respective circuit

B8y, §&ts

B

blocks which are formed on a single semiconductor substrate

150, The second decoder circuitlh is formed on substant-
ially thé.Central part of tbe surface of the substrate
150. The word driver circuits 5 and 6 are formed holding
the second decoder circﬁit 4 therebetween, and the first
memory cell array 7 and the second memory cell arréy 8
are formed holding them therebetween.

The second decoder circuit 12 is divided into
parts 12' and 12", which are respectively'formed on the

lower sides of the first membry.cell array 7 and the

' second memory cell array 8. The input/output circuit 9

20

is similarly divided into parts 9' and 9", which are res-
pectively formed between the first memory cell array 7
and fhe second decoder circﬁit 12' and betweeﬁ the second
memory cell array 8 and the second decoder circuit 12".
The first decoder circuit 13 and the address
buffer circuit 14 are similarly divided into parts 13'

and 13" and parts 14' and lh",lrespectively. As shown,



w33 - they are forned in those peripheral parts on the surface of the

. 'égééﬁtrate 150 which are spaced fromthe first and second nenory cell arrays
_ d 8 and the second decoder circuit parts 12' and 12". Al so .the addr
buffer cir- 5 cuit 1 and the.f3yst decoder circuit 2 are formed in those
peri pheral parts on the surface of the substrate 150 which are spaced from
the first and second nenory cell arrays 7 and 8, the second decoder circuit
4 and ttheyvanre drarmad dn dihase Dearipleral0 parts on thessudfmoerd control
circuit 3, the control circuit 15, the wite circuit 10 and the read

ci rcui tofl lttes esibyteetd rl Jeerilihdt Areaipaced fidten TN Faaf die sub-.
strate 150. Bonding pads [err] to [err] for connecting the term- 15 nals

Lo recedaord Gndnfitidf A eas,_'sraycfgln;ﬁl : d l€rddg ttq.té &fddodd Cfeﬁ._rggépl s outside

the circuit device“are arrangé e margli nal parts on the surface of the

bst |.Ig v...D e ad ' fhe termnals
tS g feLZ‘%lf/‘%é‘?%e R%oﬁéagz?sy ﬁq’fgr}?on'gc%ﬁ‘tsfool[ﬁg ]g’r#r;e{sg&?q‘]eféflrﬁ?%[lerr'r] and- t heI
[ ' I . the t I nal  t )rovide th I I rr], tot '
Ut f Ao Ligd ST HAE ORGP T thanmrgnmed By Ehase the

surface of the substrate 150.
peripheral parts on the surface of the substrate 150

which are spaced from the first and second meﬁory cell
_arrays 7 and 8, tge second decoder circuit 4 and the word
driver circuits 5 and 6. )
10 ' : Also the wérd control circuit 3, the_control
‘circuit 15, the write cifbﬁit 10 and the read circuit 1l
are formed in peripheral.parts on the surface of the sub- L;
strate 150,

.Bonding pads PAO to PA13 for connecting the termi-

15 nals to receive the input address signals A, to A

o0 tO A3 to
terminals outside the cirduit device are arranged in the
marginal parts on the surface of the substrate 150,
Similarly, bonding padé Pl’ PZ’ PWE, ECS, PDiﬁ,_PDout'for
connecting the terminals to receive the voltages, the

20 control signals ﬁf_and'a§_and the input signal Dih’ the
terminal to provide the signal'Dout,_to terminals outside

the circuit device are arranged in the marginal parts on

the surface of the substrate 150,



- 34 - The interconnections between the various circuits and the various
bondi ng pads are made in an interconnectiog region 151 which is shown A
stippled. It is desirable in order to reduce the occupying 5 area of the
nenory te make the repeated dimensions 34 the direction of the colums

equal to one another, i.e. the pitch of the plurallty of cells constltuting
the nmenory cell array 7 the pitch unit driver cjrcuits in the
driver circuit corresponﬁ#ﬁgl?5e¥%§nﬁﬁ? g YWﬁaHfiqﬁtYﬁF%ﬁuﬁfﬁiqﬁH¥ts

decoder circuits in the second decoder CIFCUIt 4 corresponding to the unjt
driver circuits.and the pariews bonding ipade avmdradecin anrintrrgenngrtion

I nter- connections for connecting themw || bend, and an increased area
will be requiredrégiothSBewhﬁﬂhdﬂstshowwbstippbe®n 15 account of the bent
parts. It is therefore necessary to nmake the respective pitches equal as

descri bed above. By cont teSiénaesfobnsnpﬁyof&éf 0 Ped@iRAIR | y&IvpPIRg |
nunber of elenents of conparatively snmall size, the pitch of the plurality

ol roui s consD: t BEPROSENERE SEARE; Seo Sakd VoY é%%*ﬁ d Eipidadie ' che
circuits constit gi %E&he_s?cogd de oder CIrCf i ncl ude onparatlveHY
| arge numbers of PR Bf E ﬁp%? P03 §IRat g-O s§3% . aFY €.

~ pitch of the plurality of cells constituting the memory
;ell array 7 or 8, the pitch.of the unit driver circuits
in the driver circuit corresponding ta the cells, and the
10 pitch of the unit decoder circuits in the second decoder
circuit 4 correéponding'to the unit driver circuits. If
the pitches of the three conmstituents are different, inter-
connections for coﬁnecting them will bend, and an increased
area will be required for thg semiconductor substrate on
15 accoun; of the bent parts. It.is therefore necessary to
‘make the feSpective pitches equal as described above.

By contrasting each memory cell of a comparatively
small numbexr of elements of comparatively smail size, the
pitch of the plurality df'memory cells can be made compara-

20 Eively small.,

The unit driver'cirdﬁits constituting the word
driver circuiE,'and the'unif'decoder circuits constituting
the second'decode: circuit include comparatively large

numbers of elements of cdmparatively large size. The
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- -35 - elements and interconnections which constitute the unit driver
S gézfq]ts and the unit decoder circyits are usually arranged so as to ,
ormwith the pitch of the nenory cells. 5 - The "second decodegy/
~-Chrcuit can be forned at a conparatively small |ateral dinmension because
“the nunber. of the elenents thereof,.is reduced as nentioned above. The
menory cell arrays, the word drivé>circuits and the second decoder circuit
are integrated at high 10 density in the menory as stated above, with the

resul t alerddiet 3tBbEERY0rd GALBXALLANLY (L8 AERANGR GOt her ci roult

such as a peripheral circuit anpngst 1 contrast, conparatively |arge
e Paa R, R e A0 Whe, R Ae< R0 ErULEsq2eg LRPediFs. The 1 1ot
decoder circuit is arranged in the peri- pheral parts of the substrate 150
as show¥ramges; foe@sateveondorm witd thecpdscheiofc the semory divided into
20 several groups of unit decoder circuits each decoding the 2-bit partial
addressedilgnal s. It can accordingly be arranged by effectively utilizing
t he peripheral -vacant area of the substrate 150, which permts the size of
the ssem CQndPleé $eeohdadRcbodele ci®dui®dcan be formed at a
comparatively small lateral dimension b¢cause the number
of the elements thereof ié reduced as mentioned above;
| B Thg_mémory éell arrays, the wd:d drive circuits
and the seédnd'decoder circuit are integrated at high
10 deﬁsity in the memory as stated above, with the result
that there is insufficient area available.to arrange
another circuit such as a peripheral cif¢uit amongst them.

In contrast, comparatively large vacant areas are
léft amongst the periphgral circuits and near tﬁe bonding

15 pads which are arranged around the above referred to
circuits.

The first decoder circuit is arraﬁged in the peri-
pheral parts of tﬁe substrate 150 as shown. As stated
above, this first decoder circuit can be divided into

20 several groups of unit decoder circuits each decoding the
Zfbit partial,addfess.signals. It can acgcordingly be
arranged by.effectively'utilizing the peripheral: vacant

area of the substrate 150, which permits Ehe size of the

semiconductor substrate to be reduced. -



- 36 - ngure 7A is a plan view of circuit elenents which constitute the

uniit decoder circuit 4a of the second décoder circuit 4.- Figure 7B is akggES.
sectkgpal vi ew.of part of the sem conductor substrate taken-along the Ii =
[err] 5 ~in Figure 7A. = On account of |limged space, Figure 7A shows only
the P-channel type FET [err] and the N-channel type FET N14 in the unit,
decoder circuit 4a. Forned on the substrate 150 are the following : a
P-type well region 152; Pigype Aesadldinrviag ohe ikt uins elivhelfrs N type
sem conductor regions 155 and 156; alum niuminterconnection |layers 82 to

85 and 159 and 17Qickasehiet i Mer@OLRE et @l dd b |d R YR Dl thed Wb bl

and contact holes 160 to 164 for electrically connecting the al um nium

" er connect | on havgs s A0, CPNIUELJe, PAL e 15 < crstaly e 5idd con

| ayers or the al unt niumTnieérconnecti ayers a
regions. The P-channel type FET P6 consists of the P-type regiqns 153.ang
154 as the sourc%-"?laﬁt'}&e ﬁ%ﬁ%?%‘&?ﬁ%”ﬁ&%’:%ﬁe shelsig tding e - .
silicon layer_158 as the gate 20 el ectrode thereof, whilst the N-channel
type FET N14 2onkRsfigwre t Hee N9y mrecauptoref ismited spmess, tRigumsuride and
drain regions thereof and the polycrystalline silicon |ayer 157 as the gate
el ectrode t her eoshoWwheoty yiiee rbgihemridld tiypenl RET chrs YHee NWoHahredgi ons
of the FETs [err] and [err] though this is not sho in Figures 7A and 7B.
type FET N,, in the unit decoder circuit &4a.
Formed on the substrate 150 are the following :
a P-type well region 152; P-type semiconductor regions
10 153 and 154; N-type semiconductor regibns 155 and 156;
aluminium interconnection layers 82 to 85 .and 159 and 170;
;J/ conductive polycrystalline silicon léyéfs 157 and 158; and
contact holes 160 to 164 for electrically connecting the
aluminium interconnection layers and the conductive poly-
15 crystalliné silicon 1ayers'or the aluminium interconnection
layers and the semiconductor regionms.

The P-channel type FET"P6 consists of the P-type
regions'153.and'154 as the source and'drain'regions there-
of and the polydrystaliiné'Silicbn layer 158 as the gate

20 electrode thereof, whilst thé'N—channel type FET L |
consists of the N-type'regioné 155 and 156 as the source
and drain regions thereof'énd:the polycrystalline silicon

157 as the gate electrode thereof. The P-type region

layer /154 is also used as the drain regions of the FETs

P, and P¢ though this is not shown in Figures 7A and 7B.

R . DA i : [
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- 87 - The alun1n|un1|nterconnectlon | ayers 82 -to 85 are respectlvely

e .uglled with the intermediate signals [err] to [err] fromthe unit - decoder
UI ts 2a to'2d in Figure 3A.. The al um nium i nterconnection ) ayer - 82\.)
c

onnected to the gate el ectrode 158 of the FET P6 through the contact

hol e 162, and is further connected to the gate el ectrode 157 of. the FET N14
through the contact hole 163.. Hyw alum.niuminterconnection |ayer 159 is
con- 10. nect.ed to the P-type region 153 through the contact hole 164. This
.alum niuminterconnection | ayer 159 functions to supply the voltage [err]
to one out put electrode of the P-channel type FET P6. The al um nium -

i nt erconnectio ay 170, is con- 15 nected to the P-type region 154"

t hrough the co iniy inherqonnegticay legierec®dd oo &She N-type region
156 through the contact hol e 160. The output signal K is derived through
this alanf mespechistelonmuppldred asich rhe iftterwediiatal sdigrerds on (pitch) of
the unit de- 20 coder circuit is represented by L in Figure 7A. It is made

equal ™MX ! > POLCIEf 0 tihe pinitalddaoddr edldcuiits e vy Y array. - 38 -
As shown " n Fi gu3re 7B, the substrate 150 al so.
in Figure 3A. The aluminium 1nterconnection'1ayer 82
5 1is connected to'the gate'electrode 158 of the FET P6
through the contact hole 162 and is furthér connected

to the gate electrode 157 of the FET N through the

14
contact hole 163.
. The alumlnlum 1nterconnect10n layer 159 is com-
10 nected to the P-type reglon 153 through the contact hole -
164. This aluminium 1nte:connect;on_1ayer 159 functions
to sgpply the voltage Vcc to one output electrode of the
P-channel type FET P6. | |
The alumintum-interconnection layer 170 is con-
15 mnected to the P-type region 154 through the contact hole
161, and is further conhected to.tte N-type region 156
through the contact holetloo. The.outppt signal Kd is
derived through this aiuminium intérconnection layer 170.
The vertical dimension (pitch) of the unit de-
20 coder circuit is represeﬁted by L in Figure 7A. It is
made equal to the pitch of the plurality of cellé in the

Memory array.



T AT . e
.

includes'thick insulating filns 166 and 167, and gate oxide filns 169 and

168, pf the P-channel type FET P6 and the Nychannel type FET N14
respeckively. S ! In the case where the capacity of. the menory is

i ncreased--by reducing the dinensions of the cells, it is possible to reduce
the di mensions of the second decoder cigguit in conformity with the cells
as stated above. Thus, the area of a chip can be effectively used. The 10
nunber of FETs which constitute the second decoder circuit can thus be
reduced. Consequently, the area per elenent_of the FETs to constitute the
second decoder circuit cAf seovmcinaBigure Thy regorkilerats thrQ lso
occupyi ng area of the reduced FETs. 15 By increasing the area of
the elenent in thheludesethitkeitisnlating sfilme 166 tamd pkol] candirgde can
be lowered. 1t is accordingly possible to further raise the operating

speeds of the segRidedecDEST 1691 &hd t B68XHf At PV hinhEl CEPPEEFED Pl GAKAS
3B and 4B. 20 Figure 8A is a plan view of another” unit decder

circuit whilst Figurg. ' CLi | Vi exy O of the sem conduct or
substrate.taken gﬁgng ?E%hﬁFgeégﬁé gﬁ?iﬁlfig%g e%&?@%ﬁyéccount of limted

space, Figure_.8A only shows i he P-channel type FETs,[err nd [err] anpd the
N- channel 339 - typeSFEﬁée[%??f gﬁﬁ?fe?%? capacléy of. the $3m° is

increased by reducing the dimensions of tﬁe cells, it is
possible to reduce the dimensions of the second decoder
circuit in.conformitj with the cells as étated above.
Ihus,_the area of a chip can be effectively used. The
10 numbef of FETs which constitute the second deéoder cirguit
can thus be reduced. Consequently, the area per element
of the FETs to constitute the second decoder circuit can
be increased in correqundencé with the occupyiﬁg area of
the reduced.FETs. : |
15 By increasing the area of the element in this
manner, the "on" redsténce of the particular FET can be
lowered. It is accordingly possible to further raise the
operating speeds of the Sécoﬁd decoder circuits expiained
with reference to Figures 3B.and 4B.
20  Figure 8A is a plan view of another umnit dechér
circuit wﬁilst Figure 8Bﬂis a sectional view of a part of
thé semiconductor substréﬁe takgﬁ along the line P - P'
in Figure 8A. On'account of limited space, Figuré 8A only

and P, and the N-channel

shows the P-channel type FETs P5 6



P T PV

Forged on a substrate 150' are the following : a P-type well 152'; ﬁ-type

.Sel nductor regions 171, N-type sem conductor regions 174, 175 and 176;

1%2=dnd 173;/ Al uniniuminterconnection |ayers 82 to 89, 5° 159, 191, 192/
end 193; and conductive polycrgstalline silicon layers 176', 177 and 179.
‘The FET [err] consists of thé& P type sem conductor regions 171 and 172 and
t he conductive polycrystalline silicon Jayer 177, whilst the FET PS5 -

consi st f & 1 P-twpg sem conductor regions 171 and 173 and the con-
ductiveiggﬁyg?égtngiﬁé&sﬁlhéon | ayer 176'. The FET N consists of the

N-t.ype sem condyct or .fegions %74 14 ang 175 and a conductive o
pol ycryst al | i neF9FMedoR™ &y&rbs5TratenipQ; ere the fodlewingsts of the
N-type sem - 15 - conductor regions 175 and 176 and a conductive poly-

cryst al Bi Retypei wekl| 353 ;18D-t¥pe abmitonductoreregionset?ion |ayer 86 is
connect ed Netype sepicoridectopmsegions nt74helhtand! €96y ode of the FET

[err] tR7Qughdald®nyagluidhéuRO2ntar8ohficbtibfiCla gpgegpedot g9t he layer 20
180 constituting the gate el ectrode of the FET N 13 through a contact hol e

197 2,115, 9, 29, S 0% RS SO EL BB SRRER T ULV
198, andsh¥cbH 105500785 °F7h0ahlc hgYe
The FET P6 qéngists of the Pftype.semiéonducﬁor
regions 171 énd 172 and ihe cohductivé ﬁbl?crystalline
gilicon layef.i77, whiist the FET P5 ¢on$ists of the
10 P-type semiconductor régions 171 and 173 and the con-
ductive poiycrystglline silicon layer 176'; The FET
N14 consists of the N;type semiconductor regibné 174 1~J
and 175°and a conducfive polycrystalline silicbn iayer
181, whilst the FET Ni, coﬁsists.of the N-type semi-
15 conductor regions 175 and 176 and a conductive poly-
crystalline silicoﬁ layér 180. The aluminium inter-
connection layer 86 is conmected to the 1ayef 176"
constituting the gate electrode of the FET P, through a
cbntact hole'202, and.is_furthef éonnegted to the iayer
20 180 constituting the'gaté electrode.of the FET N13
through.a conﬁact hole 203; The aluminium inter-
-connectioﬁ iayer 82 is connecﬁed to the.layef.l77icon-
stituting the gate e;eétfode of the FET"P6 through a

contact hole 198, and is further connected to the layer



-4 0- 181 constituting the gate electere of the FET N14 through a contact.
hol ¢ 199. The al umini uminterconnection layer 159 is connected to the NG
P—tyb\e/ sem conduct dr region 171 through 5 a contact hole 204. This @ '
al um ni um i nterconnection layer is provided in order to supply the voltage

V to cc the P-type sem conductor regLog 471 which fornms one out- put

el ectrode of each of the FETs [err] and [err]. The. al um ni um

i nterconnection |ayer. 193 serves 10 to electrically connect the P-type

seni conduct or red8ancbAstiouting the gaher ebatpubdel eft theeFBT NEE FET P to
t he conductive polycrystalline silicon layer 179. It is connected to the

P-type region 173nh3@tghha Beh¥ace’ uslal hooe silicon layer 179 through
contact holes 200 15 ~and 201 respectively. The al uniniuminterconnection

| ayer 192 serves to el ec e e 1 f m ng t he
ot%er outpﬁt ngctrode OFEL 3&&%}%&@& ?htFE§°§8F¥9§8ﬁyg?g€Fi%§ s?%ico%

| ayer 179. It is connected to.the_20 t e regi,on 172 an

porycrystalllne serreghedater t %?QPFEVBGQ @6ﬁ?§é cﬁgregegggnaﬁallgbrough

respectively. The alum niuminterconnection |ayer 191 serves to
el ectrically dondesenthetNholge2pégi ofhiz4adnminhumpényergenaprthensilicon
| ayer 179. It is. connected

layer is provided in order to supply.the voltage VCC to
the P-type semiconductor region 171 whiéh forms one out-
put electrode of eacﬁ of the FETs P6 and PS'
The aluminium interconnection layer 193 serves
10 to electrically connect the P-type semiconductor region
R 173 forming the other output eleétrode of the FET Ps,
to the conductive polycrystalline silicon layer 179,
It is connected to tﬁe P-type region 173 and the poly-
crystalline silicon layer 179 through contact holes 200
15 and 201 respectively..

The éluminium interconnection layer 192 serves to
electrically connect the P-type region l72_forﬁing the
other outpuh_electrode of the FET'PG, to the poly-
crystalline'silicon layer 179. It is connected to the

20 P-type region 172 and the polycrystalline silicon layer
179 thrbugh contact holes 196 and 197 respectively.
. The aluminium interconnection layer 191 serves

to electrically commect the N-type region 174 and the

polycrystalline silicon layer 179. It is connected

-



- 41 - to the polycrystalline silicon layer 179 and the N-type regioﬁ 174

through contact holes 194 and 195 respectively. The output signal [err] of
f@E% nit decoder circuit is taken fromthe polycrystalline-silicon |aye(/

Pl 5 The substrate 150' al so includes as shown in Figure 8B,
thick oxide films 182 and 183, thg,gate oxide .film189 of the FET F6, and
the gate oxide film 185 of the FET [err]. In a nodified form the unit

decoder circuit 12 10 shown in Figure 4B can be replaced with the

conbi natboBnaspsgueykBakl e Cs#0106hEEDeR Y0 aflgCPHETNCLEFYI | 12a' and a-

unit decoder circuit” conprising four sections 12al to ach of which

receive u t Rl upit . de er_gGi it 12a' and.the
|t or moacBreR P4 EREBAgh, onkaEy Rol pf“E9K T hng L6Y keshReriitte-ac
ci-rcuits such ag, 12al can be reduced %o one quarter of those shown in
Figure 4B. The vaPi SUEPRF,EhgRalsKyte thevenibydeepdesonirenibnly of FETs
of the single channel type-as shown 20 in the alternative formof unit
decoder 1&j Eekenr Eremnthe Pplyeccyspallfineusilidenoliayeri129it shown therein
con- sists of N-channel type FETs N28 to N32. Thus, the nunber of elenments
whi ch constit ut Fhehsubstratiechfe! slseuihcladebeast shobwhuihher reduced as
conpared with _ - : " o _ '
Figure 8B, thick oxide films 182 and 183, the gate oxide
.£film 189 .of the FET '_p6,.and the gate oxide film 185 of
the FET Nlh'_' | |
In a modified form, the unit decoder circuit 12
10 shown in Figure 4B can be replaced with the combination
as shown in Figure 4C between a unit decoder circuit
12a' and a unit decoder circuit comprising four sections
12al to 12a4, each of which receives an output signal of
the unit decoder circuit 12a' and the intermediate
15 signals MY8 to MYll; In the case of Figure 4C, circuits
such as 12al can be reduced to one quarter of those
shown in Figure 4B.
The various-circuits stated above may well
consist only of FETs of the single channel type as shown
20 ‘in the alternative form of umit decoder circuit shown in.
Figure 9A. The unit decoder circuit shown therein con-
Thus, the

sists of N-channel type FETs Nyg to N

8 32°

number of elements which constitute the unit decoder

" circuit can be still further reduced as compafed with
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- 42 - the circuit enploying conplenmentary FETs. A further formof unit
decqQder.circuit is shown in Figure 9B which consists of N-channel type FETs
N33 to/ferr]. * In'this case, the FET [err] is controlled 5 or "off™
by the control signal [err] fromthe corggol circuit 15. It is t herefore
possi ble to prevent the unit decoder circuit fromdissipating power during
the non-sel ection of the nenory. Yet another form.of a unit decoder circuit
is 10 shown in Figure 9C which consists of N-channel type FETs N to N
and.inverter circpits, 210, to 21 In 39 46 this_case, the power

di ssi pation in t hBeselEruitict®R 9y ing omPl emeRkREEFELS t he use of the
inverter circuits. In each of the foregoing alternative forms, the 15 four
address signal s correspoAdfupthertfermvef iwpit decbdss Gﬂ{p&i@ i sshisaoded
i'n the unit decoder circuit of the first decoder circuit, and the

i nter medi ate si ghnl Pightai 9Bdvhych heonleLoes n@faﬂecw@m@lleotﬂﬂ@wmsﬂ bgbe uni t

decoder -circuit of the second decoder circuit. 20 ' is a

al | oned, howevergotRat  threg PhifOL Lsd NPLYL e BT OFS sigggg d]_a(;dﬁescft-y drhat
|

six or nore address §Bgnals correspondi ng t hereto33re n the unit
O s B oSS O PSESL thar 6, ol U SSSLIEET
circuit 15. It is'therefpre possible to prevent the
ﬁnit décoder circhit from dissipa;ing powef during the
non-selection of the memory. |
Yet another fofm of a unit decoder circuit is
10 'shown in Figure 9C which consisté of N-channél type
| FETs_N39 to N46 and inverter circuits 210 to 213. In
this case, the power dissipation in the second decoder
circuit is reduced by the use of the inverter circuits.
In each of the foregoing altermative forms, the
15 four address signals corresponding to the two inpﬁt
address signals are aecoded'in the unit decoder cifcuit
of tﬁe firsF decoder éircuit, and the intermediate signals
obtained by the'dgcoding are decoded again in thelunit
decoder circuit of the éecond decoder circuit.
20 It is also allowed, however, that three or more
input address signals:are set, that six or more address
éignals corresﬁbnding thereto are decoded in the unit

decoder circuit of the first decoder circuit, and that

the intermediate signals thus obtained are further

—o— e = o — orec .
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.- decoded in the unit decoder circuit of the second de- coder circuit.
\i s way, the nunber of FETs which constitute the second decoder circuit
e further reduced. 5 : By way of exanple, when ‘the above 3/
- CcensStruction is applied to the input address signals [err] and [err] in the
foregoi ng enbodi nent, the numbe&3o+ FETs which constitute the unit decoder
circuit of the second de- coder circuit. can be nmade 4. 10 In this
case, the unit decoder circuit of the first decoder circuit becomes a |ogic
circuit as shown in Figure 10A. This unit decoder circuit 2a" conprises

NAND ci ' 2 .and_fnyerter circuj 14 to 221. 15 |t i
r eosIE 5484 2FE o 1 B Mer BYEE  LrChl EbE SRt 48000 48 on 1 he baci 5 of
t he input ,address sjgnals frpomthe address-puffer circuit 1, and provides
decodedc?ﬂ?ﬁrﬁéﬁ?ﬁfé'si ﬂaPélféV?Y!t ¢ Rumbenyeh ERES whlehdecoder circuit

2a' is used, the 20 wunit decoder circuit of the second decoder circuit is
desi gnegonsticybe dbheesetondt deceder eirasichoam be fageher| OB.

reduced.
5 By way of example,.When the above construction
1 and A2.

is applied to the inpuﬁ'addfess signals Ays A
in thé foregoiﬁg embbdiment; the number of FETs thch
constitute the unit decoder éircuiﬁ of the second:de—.
coder circﬁit can be ﬁade'4.
10 | In this case, the uﬁit decoder circuié.bf the
first decoder circuit becomes a logic circuit as shown \J
in FigureIIOA.
This unit décodef circuit 2a' comprises NAND
. circuits 222 ﬁo 229 and inverter circuits 214 to 221,
15 1t recéiVes éddress signals B, to B, and EE to E;
generated on ﬁhe basis of Ehe input address signals
 from the address buffer circuit 1, and provides decoded.
0 to E,.

When such unit decoder circuit 2a' is used, the

intermediate signals-E

20 unit decoder circuit of the second decoder circuit is
deSigped in accordance with the circuit as shown in

Figure 10B.
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- 44 - This unit decoder circuit conprises P-channel type FETs [err] and .
[err] and. N-channel type FETs [err] and N The uni't decoder circuit hasgf
onl y\¢twb inputs. As 48 the input [err], for exanple, any one of the =
intermediate 5 signals [err] to [err] may be applied. Thus, the single unit ~
decoder circuit of the second decoder g4reuit requires onIy two FETs with
respect to the input address signals [err] and [err], which neans that the
nunber of elenments of -the second decoder circuit can be further reduced. 10
In.all the above descri b&hientwdtndacederheinewbtyconpdisepl Bysherhel of

the static type. The nenory circuit may equally enploy cells of the-dynamc
type. The effectsype FETS Pi§eand igeaﬁdnﬂ-ahahhésetypethETyaN%ﬁuénd

enbodi nents descri bed above: CLAIMS: 1 ' A sem condlct or

menory circuit deuige Tﬂﬁ'uﬂhﬁgdeéaheé HEQEﬁYtCRAE éﬁI?YtQQ”Pﬁgétgg A7s
plurality of nenof$ cells arranged in rows and col ums

means for recel ving GaBdL 1Y, 290L°8%a0b982! dny o850 8 ehlclEeTRLh B

predet erm ned nu

5 signals EO to E7'may'be applied. Thus, the single unit
decoder circuit of the second decoder circuit reqﬁires
only two FETs with respect to the 1nput address signals

0, Al and AZ’ which means that the number of elements
of the second decode: c1rcu1t can be further reduced.
10 " In all the above described embodiments, the
-'memofy ueed employs cells of the static type. The
memory circuit may equally employ cells of the dynamic.
type. The Effecte in this ease are the same as those

in the various embodiments described above.



}Lts, said first receiving nmeans providing an oquuf~eL-aL_Lg§§LriLgst
5p,5 I al row address signals, each of which conprises a portion of Said

WY Bdet er mi ned 10 nunber of bits of a correspondi ' 'address\\_}
stgnal; (c) a first row decoder circuit conprisi nﬂm""mﬂ’!lﬁm! f first
unit row decoders, each of which rgeeives said first partia addr ess’
signals fromsaid first 15 recei ving .nmeans and provi des internedi-ate
first decgipadms:gnal s of said first partial address signals, each of said
first unit ‘row decoders consisting of a NAND circuit; (d) a plurality of -
first invanters;, 2@ sefcondertoy memorde cdderuidi rdavitceconpri sing a
plurality of second unit-row decoders, each of which selectively receives
sai d firstincluddmgdi at e decoded signals through said first inverters and
provi des an .output decoded signal for selecting a row fromsaid nenory cel
array, 25 {aledcmedorysicelde AFFRYIMANRIHS NG Addlaradidivfhg of a NAND
circuit; . - 46- ﬁf) a word dnimer circuit_connected between the output of

sai d secoM§™sY e AXTARAR ipFws AR AAPMRE4 array; (g) second

Teang for(%sc%E@s ﬁéy%g fﬁ¥l¥gké¥¥¥ﬁﬁﬁinput row.addfess signals,

each of which comprises a predetermined number of
bits, said first receivinq means prbviding an_output
of at least first paitlai row aédfess éijnals, each
of.which comprises a portion of said predetermined-
10 number of bits of a corresponding input row address

signal;

(c) é fifst row decoder circuit comprising a plurality \4
of first unit_row decodérs, each of which receives |
said first partia1 row address signals from said first

15 réceiving means and provides intermediate first decoded
signals of said first partial address signals, each
of séid first unit row decoders consistihg of a NAND
circuit;

(d) a plurality of first inverters;

20 (e) a second row decoder circuit comprising a plurality
of second unit row decoders, each of which selectively
receives said first intermediate decoded signals through
said-first-ihverters'and provides an output decoded
signal for selecting a row from said memory'cell.afray,

25 each of said second unit row decoders consisting of

a NAND circuit;



5 signals, each of which conprises a predeterniggdjgﬂﬁyg;Jﬂ_Jﬂ%f%~sald
secqnd recei ving means providing an output of at ast first partial col u
address’ si gnal s, "edch of which conprlses a portion of sa “

nunber of bits of a corresponding input colum addres iﬁ G& a“‘W“

first colum decoder circuit conprising a pigg-ality o vumm t %oPunn
decoders, each of which receives said first partial colunn addr ess S|gnals

(fomsaid, second | gy i NolE 21 PPY) SLEYLEE o SR R0LA AL IR e Fyenys .
first unit colum dggo §ia £00588 100 8bcBabfofbealt and! dada el g&ty of

second inverters; and a secon col umm- decoder circuit conprisin
plurality of secondcgﬂ1tafggynn decoders, -each of which selectively
recei ves said second i nternedi ate decoded signals through said second

inverters and provi (g} Setond ﬁ@@ﬂgegoﬁlggaésviﬁg 5ﬂb@§t¢aguﬁnc§adw@sgf
said nenory array, each of said second unit colum 25 decoders consisting

of a NOR circubt. sigddls?.each of /whichceonprisesnanpredetermined evamiber
according to claim1l, wherein each of said unit. first row decoders and unit
first col um decodee§ bstsespanéusecondtmece1Vlng means providing an

output of at least first partial column address signals,
éach of which compfises a portion of said predetermined
number of bits of a corresponding input Eolumn address-
10 signal; |
(h) a first column'decode: circuit comprising a plurality
of first unit.column decoders, each of which recéives
said first partial column éddress signals from said
K“‘ | second receiving means and provides second inte;mediate
15 decoded signals of said first partial column address
'signals, each of said first unit column decoders consisting
of a NOR circuit;
(i) a plurality of seéond inverters; and
(j) a second column decoder circuit comprising a
. 20 plurality of second unit column decoders, each of
which seIectiveiy receives said second intérmédiate
decoded sigﬁéls.through_said second inverters and
- provides output‘deéoded signals for selecting a column
dof said memory array,.each of said second unit column

25 decoders consisting of a NOR circuit.



of said first partial row address signals and 5 first partia

(A

-l address signals; respectively-. 3. nDry

: t devi ce according to claim?2, wherein forﬂmm‘"mﬂ"mfmﬁ ,m:

up of bits [err] "and [err], each of said unit fifst®rdw deceders prOV|

i ntermedi ate decoded 10  output sigfals of [err] [err] [err] [err]- 15

and wherein for input signals nmade up of -bits [err], [err] and [err], each
of said fizst colum micm@@lws r@émr;desu@ﬁftrw&yﬁ&e desofeihgut put
signals of [err] Mv¥ = B B[err] [err] 20 [err] ?err]

-48- 4. to claimeni corhiexein emchorgf csaidivnilevEfestcrow degoders! ai m 1,
wherein said first receiving neans provides an additional output of second
partial r ARG Lirsmtel unn decddens chs coesponsive th ffwsent portion 5

of sald predet er m ned_ nunber of bjts of said corres-
bits of said fxrst partial row address signals and

5 _ first partlallcplumn-address signals, respectlvely;
3. A semiconductor memory circuit device
according to claim 2, whérein.fo: 2-bit input signals

" made up qf_bits.on, Bx1’ Bxo andiBXI' each of said
_ unit first row decoders_provides interﬁediate decoded

10 output signals of

"o = Bxo " Bxi
MX) = By BX
MK, = By ¢ By o -
MX; = Bgo- Bxa

15 and wherein fdr input-Signals madé up bf'bits BYO'

BYl' BYo and BYl' éach of said first column unit decoders
provides intermediate decoded output signals.of s

MY, = B, -

w .

0 vo * Bna
MY, = Byg - By
20 - My, = By By .
MY3 = By * By



L id

pondi ng i nput row address signals than said first parti .
signal s,.-and further including a word control.circuit coupled between sai
flrstv/rece|V|ﬂg nmeéans and said word driver circuit, %g5>
control circuit receives said second partial row addr essmllmmiuslummmlm
controls said word driver circuit in accordance wi th sai d*setond purtsi al

row addr ess S|gnals to provide word S|gnal§4@br .selecting rows fromsaid

15
to ol ai m Layme. 500 o wort) SLSBRABERoR! mRBeRY, chriht, daPtch pREERLTRY0
circuits, an er t '
menory ceIIs i n sai ﬁéﬁﬁ?@l CP@§&e§ng%ua?n &%ﬁgEggg%ﬁﬁ&%Fa cogd#%bggags
di recti on between tali'xe éﬁ %&ngut%rtcwftgs ggr%ngnq.ogpwd@@ggger and
re river

éhe pitch in a colum I on between unit circuits in said word
river circuit al®, each of WIichOdnprdsede 3 fHarant! pbation
according to cIa|n1liﬁhhere|n each of said first and second unit row
decoders conpm ses of Gid PrRidcternifEdd Gumbert ofatd tsadf aishichririesst and
second unit colum 5 decoders conprises a conplenentary NOR circuit. 7.
A seni conduct or nenpndirg dirigutdecw addressdisignad sclthan Gaidhdigist sai d
word driver circuit conprises

partial row address signals, and further 1nc1udlng

a word control circuit coupled between said first:
receiving means a;d said word drivér‘éi;cuit; wherein
100 said word contrdl'circuit receives said second partial
row address signals and controis'said word driver
circuit in acéordance withfsaid second partial row
address signals to providé.word signals for selecting
. . .rows from said memory arfay;
15 5. A semiconductor memory circuit device according
:to claim 4, wherein said word driver comprises a plurality
of unit driver circuits, and wherein the pitch in
a column direction between individual memory cells
in said memory array is equal to the pitch in a column
20 direction between the unit decoder circuits in said

second row decoder and the pitch in a column direction

between unit driver circuits in said word driver circuit.



. ..,.-/‘

plurality of conplenentary type unit driver ETTCU%%S-eaQn_gL_§§|d “uni t
(i;) ver circuits including a first 10 PET of first conductivity type having
'source connected to an output of said word comm, a drain ‘ '
connected to said nenory cell array and gate co EW' jmﬂ out put of
sai d second row decoder circuit, ang.a second FET' of¢ secom nduct|V|ty _
type having 15 a source connected to a reference potential point, a drain

connect edgl.o t he- dnagandbonvdtbrt HemBe], ity ek iEAMRALaaggnect ed L0

the gate of said first FET. A Semi conductor nenory circuit device
20 accor gongladmcilgi Whére%eealch oIClsadld iffiesiiapd sedongdi d second unit
row decoders is connected to at least two unit driver .circuits. -50- 9..

A seni condndtorowe decydersc compatdsiese a coimpliengntiary aANEOry cell array
conprising a plurality of menory cells arranged in rows and colums; (b)
first neasdrcydtprecandveagh pfusaidyvfiddte andsisprand vhit cedaimnof whi ch
conprlses a predeterm ned nunber of bits, said first receiving neans

pr oviddi ngd 8ROG8EFuCOBPIAGRS A COTPLeMeRaTY NOR £ireWidecoder circuit which

receives gald rOM/%pdress S|%nals fromsaid first receiving neans and
. : ‘semiconductor memory circuit dev1ce according

to claim 6, wherein said word driver circuit comprises
a plurality of complemehté;y type unit driver circuits,
~each of said unit driver circuité_including a first
10 FET of first conductivity type having é source connected
to an outpdt of said word control circuit, a drain
connectgd to said memory,céll array and gate connected
to the output of said second row decoder circuit, I~
and a second FET of second conductivity t&pe having QJ
15 -a source connected to a reference potential point,
a drain cbnnécted to the drain of said first FET,
and a gate commonly connected to the gate of said
first FET.
8. A semiconductor memory circuit device
20 according to claim 7, wherein each of the outputs
of said second unit row decoders is connected to at

least two unit driver circuits.



o

10 provi des out put decoded signals for selecting—a+rewfromsaid nepory

cell arrdy,” said row decoder circuit consisting of a | D GE)'"-
circyits; (d) a wotd driver circuit. connected bet me*ﬂ"'&ﬂhﬂ&ﬂﬂi” aid “"
row decoder circuit and said nenory array; *15 (e) sSe&co s

receiving input columm address signals, eachS0# which conprises a

predet ermi ned nunber of bits, said second receiving neans providing an

out put of colum ad#lsess si ghasenicondi¢ion memory cibxcubtr devicetindluding:
receives said 20 columm address signals from sai-d second_ receiving neans
and ‘provi des out put {@dcaceemeryndeLl farray| eewprising or uphusrlity cofrenory
array, said colum decoder cigcuit-conséStin of a Iurflit of NOR
circuits. -51- 19emory c@liRnREERRECE of ® neMBT 2ARY rCR Vice.
constructed and arr ed.Lo, operate.substantially.as herein scribed with
reference to and as?ﬁ?lgéﬁ’ét’gﬁaﬁ‘ﬁ ﬁ?ﬁﬁﬁgeiv%‘&gﬂn%?pﬁ%‘ﬁr%‘ggﬁe?% 71%%3%5'
nodi fied by any oneggfnFLEWRER LomdPiols L opPESOPRARYALE HLANLPISE

bits, said first receiving means providing an output

of row address signals;
{c) a row decdéer.circuit which receives said row
address signals from said first reéeiving means and
10 provides output decoded signals for selecting a row
from said memory cell array, said row decoder circuit
ponsisting of a plurality of NAND circuits;
- : (d) a word driver circuit_connected'between the output
U - of said row decoder circuit and said memory array;

.15 {(e) second means for feceiving input column address
signals, each of which comprises a predgtermined number
of bits, said second receiving means providing an
output of column address signals; and
(f) a column decoder circuit which receives said

20 column address signals from said second receiving
means and provides output decoded signals for selecting
a column of said memory array, said column decoder

circuit consisting of a plurality of NOR circuits.
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-51- .
10, A semiconductor memory circuit device
constructed and arranged to operate substantially
as herein described with reference to and as
jillustrated in Figures 1 to 7, or Figures 1 to 7 as
modified by any one of Figures 8 to 10 of the |

accompanying'drawings.

.



