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"A sem conductor integrated circuit”. The present invention relates to a
sem conductor integrated circuit in which menory cells are integrated Ohy
| arge scale. A well-known type of semi conductor integrated circuit in %
whi ch menory celfs are integrated on a | arge scal e (hereinbel ow ternedf thie
"seneonduct ar nmenory") is the so-called RﬁM The RAM (random access :|*
menory) is a device ca -

I f i i nf or - Lon. ari | d
reading it out when req |rsg%fglq‘%%‘g&'lfg%élg’?g%%ﬁ%n?%bfgl%gggggglr: eé :n

"read/wite nenory". 10 Typically, a RAMincludes nenory cells which
store infor- mation, an address circuit which externally selects a
specified nenory cell, and a timng circuit which controls the reading and

witing of information. In a RAM a plurality of nmenory cells are arranged
in the 15 shape cf a matrix. The operation of selecting a desired nenory
cell from anong the Prararesgntoinvienbignceelates per rosppdcppduystesti ng an
I ntersecton point in the matrix, The access tinme is therefore constant

i rrespective ofiRFREFRCPE | BHT FAbE 2R ERIChf memaryoredl 8d2xendnyedepted
wWithin the matrix. 20 Rf\l\/ls are broadly classified into two sorts;

bi pol ar RAMs arff MOSRAFEE §FR18¢ pol ar RAM has the folowing nerits: (1) As
conpared with the MOSRAM it operates faster. 2 (2) The operation of the
menory cell is of thé g\teélt-ﬂcgow;apa'pe of semiconductor integrated circuit in

5 which memory cells are integrated on a large scale (hereinbelow
termed the "semiconductor memory") is the sc-called RAM. The
RAM (random access memory) is a device capable of storing infor-
mation temporarily ang readi;'zg it out when required. This type
of memory is also called a "read/write memory".

- 10 . - Typically, & RAM includes* memory cells which store infor-
mation, an address circuit which externally selects a specified
memofy cell, and a timing circuit which‘ controls the reading and
writing of information.

In a RAM, a plurality of memory cells are arranged in the

> ' £ - Q Laak” - i £ P - 4 & oo ~— -
15 shape ¢f a matrix. The cpera¥cn of selecting & Jesiveld memoTy

(
|

¢f memorv celis is performed Dy
seleciing an intersecdcn point in the matrix. The access time is
therefore constant irrespective of the position (addresses) of the
selected memory cells within the matrix.
20 ' RAMs are broadly class:fied into two sor:s; bipolar RAMs
anc MOSRAMs,
The bipclar RAM has the foilowing merits:

(1) LAs compared with the MOSRAM, it operates faster.



excontrols of timngs, etc. are sinple. On the other hand, the. — =
RAM has the follow ng denerits: 5 (3) As conpared with the

t exhibits a higher power consunption (especially when it does not
(4) As conpared with the MOSRAM it requires a nore conplica e

: ring process and is nore «diZf+4cult to attain a Hi gh density of

I nt®gra¥ion. 10 Bi pol ar RAMs are presently generally classified into
the two types (f2)t HEh€ dpetrgtionasidthénendridryt vph, isdepehdi staticptypeli f f er ences
in input/output levels. The access tine (reading tinme) of the bipolar RAM
of TTL i rdraY theecdmitls off timings, retegearsf sBfple. 60 (nsec.), while the access
time of the bipolar RAM of ECL 15interface falls wthin a range of 4 - 35
(nsec.). Accor @mghe otfiegohand RAke bipslampRAM chas therfolowingnory systens
wher e hi gh speed operations are required. Meanwhile, when conpared with the
bi pol ar Rieweritss MOSRAM i s sinpler in structure and in the manufacturing
process. 2 It is also nore advantageous_ in ternms of power consunption,
storagé densi t y(3indApraamparedeitho MQSRQMAsEdGJ‘himF%Iadm%ﬁrch do not
require high speed operations. RAI\/B are classified |£to the dynam c type

and- t he SRGWeT; cppEwmPHSn (espeginllyjyhen it Apss NABLPRIAIEL- i ts nenory cel |
gomposed of a cofPafatldipared Witn MEROsRAM, W Zeqif¥ed a bPe V- 1~ 3
complicated manufacturing process and is more difficult to attain
a high density of integration. _ \J
10 Bipolar RAMs are presently generally classified into the
two types of the TTL type and the ECL type, depending upon
differences in input/output levels. The access time (reading
time) of the bipolar RAM of TTL imterface falls within a range of
30 - 60 (nsec.), while the access time of the bipolar RAM of ECL
15interface falls within a range of 4 - 35 (nsec.).
Accordingly, bipolar RAMs are applied to various memory
systems where high speed operations are required.
%eanwhﬂe, when compared with the bipolar RAM,
MOSRAM is simpler in structure and in the manafacturing process.
201t is 2lso more advantageous in terms oZ power consumption,
storage density and price. Therefore, it is.used in fields which
do not require high speed operations.
MOSRAMs are classified into the dvnamic tvpe and the
stadc type.
25 The dynamic type MOSRAM has its memory cell compésed.

of a comparatively small number of transistors, namely, 1 - 3



transisgtors per bit (1 - 3 transistors/bit). Wth an identical chip area,
therefore, the bit density becomes higher than that of the static type;
MOSRAM t o be described later. In the dynami ¢ MOSRAM information is stor

as \chlarges in 5'a capacitance within therenory cell. Since the charges
stor€d in the capacitance are discharged "due to a | eakage current. etc:

the information of the nmenory cell needs to be read out within a prede- :
t erm ned per iteansiktdrsnpenrbitt(@ be3 nteransisters /adi.n Withean ideftieghelip On\t he
other hand, in the static MOSRAM a flip-flop circuit 10which is usually
conposed of @reaentberefore, ubedbits densityebesomasehighdrotharhitbat @fisthe t he
refresh which is required in the dynamc MOSRAM i s not necessary. The
access tinme ctatibavPenMASRANSRARE! desaribed Hatera range of 100 - 300
(nsec.), while the_access time of the static MOSRAM 15 falls within a range
of 30 - 200 (nsec.}n tpudynemic MOPRAYbeinformetioneisastared 2§ pbasges Ha
MOSRAM i s a_| arger val ue when conpared with that of_ the bi pol ar RAM

Meanwhi | e, W REPIGLINGS Wgﬁﬁncl? MeMeRY: 68K « hSipemihe TheEARS 9324 dBduct i on
In the el emsgg di nensi ons of E/%SFETS vvi%hi’ n 203 sem conduct or integrated
circuit has BBEBrFIRIGHBNCH. ans, IsaBRTIed AU 197 2 I8RKIASCHTEER S 81G-¢ thiy) |
SC-17, No. 5, . 793 -_.797, issued i.n Qct.ober,1982,. there.is contajned a
Static NOSRANPEFTEHAM, O SARHPEROEHFSI) Q8REP o BP R PHE kel PR rtdeas e
on design rule f [ xhi bits _an_acc [ ec.),
an 25 oper at itﬁg‘”g‘bﬁﬂiﬁ?ﬁsﬁfﬁi%n&& %Q%eb (rr?f?(fﬁéﬁ ao?eazﬁagdg't‘;y?%for\%gpg‘?ﬁ -

_ Suk”_'jt ton of 10 ([efgy )the other hand, in the static MOSRAM, a flip-flop circuit

10 which is usually composed of 6 elements is used as the memory cell.
For this reason, the refresh which is required in the dynamic
MOSRAM is not necessary.

- _ The access time of the dymamic. MOSRAM falls within a range
of 100 - 300 (nsec.). ‘while the access time of the static MOSRAM
15falls within a range of 30 - 200 (nsec.). Thus, it can be seen that

the access time of the MOSRAM is a larger value when compared with
. that of the bipolar RAM.

Meanwhile, owing to :'mprovements' in phctolithographic

technolocy, reduction in the element dimensions of MISFITs within
20a semiconductor integrated circuit has been promoted. In IEEE

Journal of Solid-State Circuit, Vol. SC-17, No. 5, pp. 793 - 797,

‘issued in October 1982, there is contained a static MOSRAM of

64 kbits which emplovs wafer processing techniques baséd on design

rules of 2 (um) and which exhibirs zn access tme cf 65 (nsec.), an
25pperating power consumption of 200 (mW) and a stand-by péwer con-

sumption of 10 (uW).



anwhi | e, as an exanpl e of the bipolar RAM of the ECL type, am ECL -
t ypemi RAM of 4 kbits which exhibits an access tine of 15 (nsec.) and

a - powgr & nption of 800 (MW is manufactured and sold by Hitachi, Ltd.
urfder QN qduct nanme "HML00474-15". 5 . As expl ai ned above, thereQas
been=3\Y« te technical trend to enl arge the storage capacity of

s§im cojyuctgr nenories which has taken place in the increments of 1 kbit, 4
6 kbi t s,Méehwihilé s as2&b extainiple of khe tbipolar. RAM gfiithe EQhep®rient | y
of the features of the bipolar RAM of high speed and hi gh power ‘consunption
and the 1 4g&CL aypef bigriaMBAMMDHM kbitssybish srbibitsyvasonesessormenpti on. At
the present time, when the power consunption of the sem - conductor nmenory
and the prg5egnieday apdos apawen goagumptioac phid§lectmW¥biis mpapiagturgd éndnent

di mensi ons of bipolar transistors are taken into %onsligggritiﬁg, t he storage
capacity osoldhbybiizachi. Rrd4 wndemghe prodyct sipme, "EMIO0L {4 1S eanvhi l e, with

the enlargenment of the storage capacity of the sem.conductor nor
(particusarly, aASeﬁiﬁplamagQVRbi%f‘? hasebgeR £ (S"Fﬁé‘igeeﬁ?‘i:tlfmﬁf’fﬁ’ydchi p

i ncreases, and_the signal line of the address .circuit of.the i
arranged obeenRNgenEe)istPLAds: CBRATHE Sl SERIACRERG: BEmORiSs 8’#‘%?#’5% ar ea.

e, B e B e PahebeBte 2L IR BB IE AR OO

et el o0t g S % S ey of e WBEeRRISe dUen, For

% e anS e A e MR SHERG, B cBledbtal kraigY, 10 PP
10features of the MOSRAM of low speed and low power consumption.

At the present time, when the power consumption of the semi-
conductof memory and the present-day photolithographic techniques

v determining the element dimensions of bipolar transistors are taken
into consideration, the storage capacity of the bipolar RAM will be
15 limited to 16 kbits.

Meanwhile, with the enlargement of the storage capacity of
the semiconductor memory (particularly, at a’nﬂ above 64 kbits), the
area of a semiconductor chip mcre;ses, ‘and -the signal line of the
address circuit of the RAM is arranged over a long distance on the

20 semiconductor chip of large area. When the length of the signal Ine
of the address circuit lengthens, naturally the stray capacitance of
the signal line increases, and also the equivalent distributed resis-
tance of the signal line increases. When, for the purpose of
misro=intasurization, the wiring width of the signa® Lne of the

25 address circuit is established as 2 (pm) or less by improving photo-

ithography, the equivalent distributed resistance of the signal line




increases nore. in addition, since the fan-out of each circuit enlarges. /
with the increase of the storage capacity, a |oad capacitance attributed to
the gate capacitance of a MOSFET at the succeeding stage 5 becones hifghy A
Accordingly, in the 64-kbit MOSRAM whi ch enpl oys the photolithography: ¢f. )
[ er N~ and whase address circuit is entdrely constructed of CMOSFETs, t AP
access tine of addresses will be limted to 30 (nsec.). 10 .
have devel oped a sem conductor nenory which has an access tinme’ eqU|vaIent
to that of an if@reasesbmpdear RAMAGGE ti pownesinoesthpet fen-cmti vof ent to
that of a static MOSRAM It is therefore an object of the present 15
invention to amb deinceiti ephdugesr widiorthefincghaspeof ahe |storager
consunpti on. - 6 - According to the present invention there is provided
a sem conduct arapaxt Byy at @dlcadcoapaicudlardienga t vy ihupedr &bi theofgatssor y
cells; (b) an address circuit for selecting a specified nenory cell from
anong sai d pl wapad¢itahceeadrg MOSFET (@) theigwateedingi staegepl ed to said
menory cells and including neans for respectively reading and

5 becomes high. Accordingly, in the 64-kbit MOSRAM

which employs the photolithography of 2 {(um) and
whose address circuit is entirely constructed of
CMOSFETs, the access time of addresses will be
limited.to 30 (nsec.).

10 We have developed a semiconductor memory

which has an access time equivalent to that of an

b

ECL type bi?o;ar_RQM and‘a power consumption
equivalent to that of a static MOSRAM.
It is therefore an object of the present
15 invention to provide a semiconductor memory of

high speed and low power consumption.



witimgdnformation fromand into said nenory cells; and (d) a timng
Cui oupl ed to said signal circuit for controlling operations of
repdi ngx=a\d witing informtion; wh%rgin two of the circuits, selected from
' 5 circuit, the timng circuit, and the signal circuit, includes a
_ qortion constructed of a CMOS circuit, and a bipel ar tr.ansi st ox,/
whi xh éxecytes at |east one of the functions of charge and di scharge of a

si gnaloutput |ine ofcbBeainhetiedne ?g‘éjstent i,&,%%%}f\e?%m idcuit may

i nclude a principal portion construct of a firs and at

least a firsiobiaehan SEmRUbNELRRISIS idted¥itdy VLIRS BlclfiBiig One of

charge and discharge of a signal output I'ine of at |least one circuit in

sai d address circuit {agndat Pﬁuihgﬂ%hr Of admoriPiediNGd ude an input circuit

whi ch supplies a data signal to a data line coupled to at |east said

specified nmenory cel (b)saafl aAdwessl cidicuith@didiged e i@ pal portion

constructed of a second CMOS circuit and at |east a second bi pol ar out put

transi stor i X I n t f { : kar ge and
Q8L £8eBXREMEY Uel P oRNEmBh @%:a;gu;zgégﬁj £} gkal

. : s
di schar ge 3? sal at a The signa cuit an i nput
memory cells;

“~ )

(c) a signal circuit coupled to said memory
cells and including means for respectively reading and
writing information fromand into said memory cells; and QJ
(d) a timing circuit coupled to said signal |
circuit for controlling operations of reading and
writing information; N
wherein two of the circuits, selected
from the address circuit, the timing circuit, and the
signal circuit, includes a principal portion constructed
of a CMOS circuit, and a bipolar transistor, which
executes at least one of the functions of charge and
discharge of a signal output line of the selected Q)

circuit.



circuit which supplies a data signal to a data |line coupled to at |east
said specified nenory cell, said input circuit including a principal
portion con- structed of a first CMOS circuit and at |east a first bipol#r
out put :transi stor, which executes at. Iegst one function of charge and
disch&?ge of said data line; and said~tifming circuit may include a \ )
“$
r;§;>

principal portion constructed of a second CMOS circuit and at |east a
second bi polar output trans- istor, which executes at_|east one functilo
charge and di scharge of Thespgdexessurpgcuiitnmay inclugdesa drdnaipali t |
said timng circuit. -8- The address circuit may include a principal
portion constr Ber&aoss canstryctedogicar £diret AMPSicireadit o AN &t b pol ar

out put transistor, which exeﬁute at | east one of the functions of charge
and di scharge 6Fa§tfPrgﬁr§Fg &P°§&Fp8PtPPﬁet&P@%ﬁﬁ?&%ﬂ:Wﬂi?hﬂ%&ﬁﬁqﬁqﬁlsaid

Sonstrct ed of 8k L8ESRIOBROSTFREEEE AA] ALSCEATES Adocb B0l ar ot put

transistor, mhgch exequtes at ke 3t %nenof Lh% f.yn ;ionsdﬁ arge and

di scharge of aCR%&P8hdldMEnSt AtndS8F taP e eF 8&3 gQWﬁﬁﬁ |3¢a§5%§tlrnng

circuit. circuit; and the signal circuit may include an

input circuit which supplies a data signal to a data

line coupled'to at least said specified memory cell,

o/ said input circuit including a principal portion

constructed of a second CMOS circuit and at least a
second bipolar output transistor, which executes at
least one of the functions of charge and diséharge

e of said data line. )

The signal circuit may include an input
circuit which supplies a data signal to a data line
coupled to at least said specified memory'cell, said
input circuit including a principal portion con-
structed of a first CMOS circuit and at least a
first bipolar output transistor, which executes at
least one function of charge and discharge of said
data line; and said timing circuit may include a
principal portion constructed of a second CMOS
circuit and at least a second bipolar output trans-
istor, which executes at least one function of

charge and discharge of a signal output line of at

least one circuit in said timing circuit.



The present invention will now be described in greater detail by way.;
le wit'h reference to the acconpanyi ng draw ngs, wherein:- Figure 1
bNock di agram showi ng the internal arrangenent of a static RAM
O dilhg to one enbodi nent of the=-pBesent.invention; Figure 2 is a block .
lLggram show ng an address buffer ADB and row decoders R DCRO, R-DCR2 i
iqure J1 in greater detail; Figure 3 is a block diagramshow ng the address
er/ADB, a col unfheécaddeess DARTUidt may rnnElnde a pringrigetler det ail ;
ig. 4is acircuit diagramshowi ng a quasi - CMOS non-
i nverti ngl PA¥&ionngoastayictedo e fyge filrsthEMPSe sdmcditverdidbr@t Fig. 5 is a
circuit diagramshow ng a quasi-CMOS 3-input NAND circuit for use in the
present in¥easiton; fdrst bipolar outpyt ¢ ransdsgaruivhighagram showing a
pure CMOS 3-input NAND circuit for use in the present invention;, Fig. 7 is
a circuit SX8§u&essAdwilfgst Qussicfcthe funghiongoRtigharge AR use in the
present invention; Fi%. 8 is acircuit dia raanhomhgg a pure CMOS 2-i nput
10 RERcbArgs P 8r fdTsh ﬁ’ﬁﬁ‘é"lpPé’s‘éﬁ%tt ihghQfomt least

one circuit in said address circuit; and said timing

circuit may include a principal portidﬁ cdpstructed
of a second CMOS circuit and at ieast a seéond
bipolar output transistor, which executes at least
one of the functions of charge and discharge 6f a
second output line of at least one circuit in said

timing circuit.



Fig. 9ig a circuit diagramshowi ng a pure CMOS 2-input NAND circuit for
use in the present invention; Fig. 10 is a circuit diagram show ng a

quasi - CMOS inverter for use in the pre8emt invention; 15 Fig.
11 is a circuit diagramshowing a sense anplifier selector circuit SASC

an i mternal control 'signal generator circuit COMCGE in Fig. | in greater |.
detail; Fig. 12is a circuit diagram show ng a sense anplifier SAl,” a datia *
output internediate anplpid epr&Xdhie @ndehtiow will buiderb@0describeBOB, -
etc. in Fig. 1 in greater detail; Fig. 13 is a circuit diagramshow ng a
data input bufter I?a%exa SRt 21 1 NPyt whpt efMediadiEl arpd £ | pef OFbACe ebc. in
Fig. 1in greateﬁ etail; and Fig. 14 is a diagram of the signal waveforns
of the variougwed accompaPPin§ @fat/ifgstawherdiM 0f the enbodi ment shown in
Figs. 1 to 13, 1n aread cycle and a wite cycle. Fig. 1 shows the

internal arrangenent of wigtpéi ¢ RAMawbilokhak agsdmrsigewingathey of 64
kbits and the I nput/output operation which is executed in single bit units.
Vari ous Cir cuijin /&S £PednGetlentt bfaabrsalenid iRAM | &xeoediogned in a
single 5 silicon chip by sem conductor integrated circuit technol ogy. The
static RAM of drie difiss@ihestibodi tRet precentesifventianti ces (menory arrays
M ARY1 to M ARY4) each having a storage capacity of 16 kbits (= 16384
-bits), thereby fo have arighfk 2t dsage blapkidiagfaniskbwisg( Aore
specifically 65536 bits). 10 The four nenory arrays MARYl1 to M ARY 4 have
arrangenents address buffer ADB and row decoders R-DCR0O, R-DCR2 in

— Figure 1 in greater detail;
Figure 3 is a block diagram showing the
address buffer ADB, a column decoder C-DCR1l, etc. in

Figure 1 in greater detail;

£a o M



128 colums. An address circuit for selecting a desired nenory cell
Qe menory arrays each having the plurality of nenory cells 15 is
cted of an address buffer ADRB,.row decoders RRDCRO, R-DCR and | ;
co um decoders C-DCRL to C 4, colum switches GSW'to G S\M
VAl hough not especially restricted, a signal circuit which handles the
hd and wri Figg dois RneisEnil dingred sbawingic quas-CMPS nd8ra i nput buffer
DIB data input internmediate anplifier D-11Al - DI I-A4, a data out put

buf fer - DOBIverting Hnyarine ¢incuit-fqreypatie thoRnesent iRYSNUMKI sense
anplifiers SAl - SALG6, - 12 -_AIthough t he i nvent bm%é not especially
restricted ther 8%, Sl PnfifGull AIAGTET SFOWRE R ARRRGGY aig?'pd'fti ons of
readi-ng a iting ipformation is constructed of an internal control

si gnal ge%@o‘?n& .'-‘cﬂ?rt uéﬁ\ﬁ’é’%ﬁdeﬁegéﬂg‘ée’éﬂﬂﬁ fier selector circuit
SASC. 5 . A decpde..o si_gnal_whi ch _i alned.on the basis
of address si gngF%‘ [sef'sr]a cH"aﬁi#%Peag?w t%@“fﬁi?@@%oé@??ﬂ?m1 or
R-DCR2 to of. d | Lpes (word |ines W1l -
W.1128, D %{é%%%?aﬂ %ﬁ%ﬁgéﬁﬁab@g&hbﬂmlz&. Anong the address
signals A0 - A8 h 7 ; A . _ I4Ng one
menory matri X f?(i)#ﬁ gsngsné fﬁg tﬁé%éanenorggg‘r”r’a% Fcl;g%‘aﬁh gl%?lss?oﬁﬁ% Y4. The

addr ess b‘ﬁdfrci%trfﬁ‘ehg@sifitsﬂge ?@g&%ﬁ#%ﬁ: [err] and forns internal

conpl enment ary address signa based on
Fig. 8 is a circuit diagram showing a pure CMOS 2-input

10 NOR circuit for use in the present invention; ~
Fig. 9is a circu_it diagram showing a pure CMOS 2-input
NAND circuit for ﬁse in the present invention; | |
Fig. 10 is a circuit diagram showing a quasi-CMOS inverter
for use in the present invention;

15 Fig. 11 is a circuit diagram showing a sense amplifier
selector circuit SASC and an internal control signal generator
circuit COM-GE in Fig. 1 in greater detail;

Tic. 12 is a circuit diagram showing a senselamplifier SA1l,
a2 data output interrmediate amplifier DOIA, 2 catz output buifer

20 D03, etc. in Tig. 1 in greater detail;

Fig. 13 is a circuit diagram showing a data input buffer
DIB, a data input intermediate amplifier DIIAl, etc. in Fig. 1 in
greater detail; and
Fig. 12 is a diagram of the signal waveiorms of *ﬁe various
25 parts of the static RAM of the embodiment shown in Figs. fto 13,

in a read cycle and a2 write cycle.



them The internal conplenentary address signal [err] is conposed of 15
.an internal address signal [err] which is inphase with the addfess signak}
[err] and an internal address signal [err] whose phase is inverted tf0 timg
of the address Signal [err] The. remaining internal conplenentary addr&ss\
signdls [err] are simlarly conposed o internal address signals a
and internal address signal [err] 20 - 11 - Anmong the interna -
conpl ementary address signals [err] formed by the address buffer ADB\thoée
[err] and [err] are supplied to the columm decoders CGDCRI to C-DCR4. The
col um decoders C-DCR1 to C-DCR4 decode these internal conplenentary
address signals, and supply selection signals (decode output signals) 25
cbtained by the decoding, to the gate el ectrodes of swtching

i nsul ated-gate field effect transistors (hereinbelow terned "M SFETs") -
13 - [err] and [err mnthln the colum switches CSW to C-SW. Anong -t he
word lines [err] | éﬁ@wa'pﬁ'&ﬁ AReINBY arrngemant- o a static Réddion of the

ext ernal address s ggal s Jerr] is sel ected bégt he row decoders R- DCR1 and
R- DCR2 descri @IETRRAEIYOh 1o kbits: and ithe inpyt/ apERitated by the

cortl nai1 on o eggspsﬂvsy?@fs ko o o b | 1»@“3& # w% o
Ler ) o  Sibek e U FSBPERT e art el il o o
5 silicon chip by semiconductor integrated circuit technology.

o The static RAM of the present embodiment includes four
matrices (memory arrays M-ARY1 to M-ARY4) each having a
storage capacity of 16 kbits (= 16384 bits), thereby to have a
' totai storage capacity of 64 kbits (more spécifically 65536 bits).

- 10 The four memory iarra};s M-ARY1 t:: M-ARY 4 have arrangements
similar to each other, and each of them has memory cells arranged
in 128 rows x 128 columns.

An address circuit for selecting a desired meméry cell
from the memory arrays each having the plurality of memory cells

15 is constructed of an address buffer ADB, row decoders R-DCRO,
R-DCR1 and R-DCR2Z, column decoders C-DCR1 to C-DCRY4,
column switches C-SW1 to C-SW4, etc.

Although not especially restricted, a .signal éircuit which
handles the reading and writing of information is constructed of

20 a da*a input buffer DIB, data input intermedizte amplifier
D-IIAl - DIIA4, a data output buffer DOB, a data output imter-

mediate amplifier DOIA, and sense amplifiers SA1 - SA1l6.



, the menory cell M CEL which is located at the intersection point

en the selected word Iine and the sel ected conplementary 15

| \ne pair is selected. I'n the reading operation, swtching M SFETs.
rr] and [err] are brought into "off" states by a control signal\_/
s been delivered fromthe internall%ontrol signal generdtor circuit
hough this is not. .especially restric- 20 tive. Thus, common

G

> . . : . , Lo DIIAL -
e ol cot ARAydh 4F, B Tilor SRR BpEATHd hEFGeT A oy
Il ist ﬁﬁ&;@' X oY ' “%m. |

ggrrpl larsren'[ ary dtg%ga}l?gg}[%ﬁ? The ?ﬁ%aﬂmgﬁgﬁé 2'?0 elﬁég?l?/&c‘gﬁttﬁ% ansmtted

to the conpggrmation is corbifdctedN8s anSirt@PAQdcttrbl&i Sgef bbier, and is
delivered out through the data output internediate anplifier A as wel |

as the dat@rewitPOOMIGE ehdDkense amplfier If21ddi6r RiAGRRISLEBOdI ent, si xteen
sense anplifiers are provided. Anong these sense anplifiers SAl - SAl16, one

segise anplifier, Aidetodet fetrarnsignalpvhichefs Bhasked HLithe BAEigadS are

coupled to the selected conplenentary data |line pair through the 5

conmon dataddressssignalssdl cetkg ibytransmiied aiphi the roweleééde REIITRY from
the sense anplifier selector Circuit SASC, and it executes the sensing ]
oper at i on.or R-DGR utot any afprovetdmup alidress selectignMifes wdrey lineand [err]
are brought 10 into "on" states by the control signal fromthe

i nternal cWhil ol WL1128, WL21 - WL2128, WR1l - WR1128 and WR21 - WR2128).

Among the address signals A0 - AS‘ those A_7 and A8 are used for o/
10 selecting one memory matrix from among the four memory matrices
‘M-ARY1 to M-ARY4.

The address buffier ADB receives the address signals A, - A

0 15’

and forms internal complementary address signals 2, - 8,¢ based on
them. The internal complementary address signal 3, is composed of
15 an internal address signal 3, which is inphase with the address signal
A 0 and an internal address signal EO whose phase is inverted to that
of the ad_dress signal AO' The. remaining internal complementary
aciress signais g - 35 ;re similarly composed of internal address o

signals &, - a,. and int 1 adcress s is a, - 2,
gunals 2, 15 &8¢ internal adcre ignais a1 235

20 Among the internal complementary address signals 8 - g_ls
formed by the address buffer ADB, those 5}. 2g and gq - 3,5 are
supplied to th_e column decoders C-DCRI to C-DCR4. The column
decoders C-DCR1 to C-DCR4 decode these internal complementary
address signals, and supply selecticn signais (cecode output signals)

25 cbtained by the decoding, to the gate electrodes of switching

insulated-gate field effect transistors (hereinbelow termed "MISFETs") -



_sai’gnal ;generator circuit COMCGE. In the case where the col um decoder
.C-DCR1, for exanple, has brought the switching M SFETs [err] and [err
into "on" states in accordance with the address signals A7 - Al5, th

out put signal of the data input internediate 15 anplifier DI
traménitted-to the corrpl enentary data line pair [err] through the co
data line pair- CDLI and the M SFEI3 tferr] If on this occasi
the word line V\LII sel ect ed t he row degoder R: i nforgation

cor respondi nthmoI'h 19019 nsz'eg uzn" keota ezoomp 3oont eqmiva ¢0GD

Prer sect E’L'é‘éﬁh@”'&éﬁﬂnt P ataees Cal k F GsoMe: nentary dat a
12 T e i
thesepf our m%mm ak{inﬁf{:%ﬂ)e B%IFZJSZB' %gsagﬁ)?%ﬁe%”gm@gé?gﬁl [ ng
PomoR dat Z“ﬂ‘*ﬁ'go?aofr HHE et oquitll Borall Ay bl BbEres P e
are coupl ed tg%{é‘ Terr? R R'l”?:’?& '??ﬁbéh% ?Eﬂz%@fab%leﬂ dh¥ Qgpidhe

switching MS err| respective e Input termnal's of one

sense anpl i fi glentand qaRe nz{bo%naaspemteatbé the compSidtidd edanef efreRapf the
32 sets of swtching M SFETs are coupled to each of the four sets of conmobn

data |ine pai pgdrddinkidrials tAS, i Irgguanaexgrpﬂad $ & sklRt&LIsemAmeng 28 p1sA
and the input and output terf al's of 2t he 1wt chi ng MSFETS [err] are

| ed
cQuple rality of coTnplementary data line pairs Dyg01. Dygo; = Dyyggr Dygagf

10 Dooo1+ D001 ~ P2128' P2128° P3oo1c Paoor - Paizer Dayper 2nd

D4001, Daoo1 = D4128' 54128 by the column decoders C-DCR1 to

D

C-DCR4 and the column switches C-SW1 to C-SW4 described above.
Thus, the memory cell M-CEL wh;ch is located at the in't'erseciion
point between the selected word line and the selected complementary

15 data line pair is selected.

| In the reading operation, switching MISTETs Ql' Q‘l - Q 4

54; Qg 68' Q,,. Q 12¢ Q5 and 515 are brought into "off" states

by & control sigrnai which has been Celivered Irom the intermal control

signal generaitor circuit COM-GZ, though this is not especially resivic-

20 tive. Thus, common data lines CDL,, Eﬁ:l - CDL,. CoL 4 and write
signal input intermediate amplifiers DIIAl - DIIA4 are electrically
isolated. The information of the selected memory cell is transmitted
to the common data lines through the selected complementary data hne
pair. The irformation of the memory cell trans=itied 10 the common

25 Géata lines is sensed by the sense amplifier, and is delivered out
through the data output m+e*~1ec1a te amplifier DOIA as well as the

data output buifier DOB.



he first common data line pair; the input terminals of the sense %0 ~
ier SA2 :and the input and output termnals of the switching M SFETs

e coupled to the second commopn data line pair; the input term nals
sense anplifier SA3 and the input and output termnals of the

\ M SFETs [err] are coupled ta4he third cormon data 15 l'ine
pair; d the input terminals of the sense anplifier SA4 and the input and
out put tern nal $nothe REeseRY EMPRGIMERIESLKtPER r§ensecaBBUERES 3%8 the fourth
common data |ine pair. In the vvriti[lﬁg_woperation, the four sets of conmon

dat a |i ne Rrovidedy cABI0DG: 1heSH SENEG ARRILICLS Sddh-oPheP. ORLOBRIEE he 20

cl'ect 1 calARPIHRR o} € - HSrPEAER AT HISe TP Ear 870 n L he readi ng
Corm nal s GRRHE 16cHEe SARGTeS FORPISBSFHIY BAMIDERBAE FIFQRD dBBed of the

{Bo sense GHHIT REEe iRFen g PEEREY @ sease eeiitie SERbRSncReREl no ™"
meory. col ohath, B8RS Amiie salbanh RSP e f RS ol e ca

to execut ec[b%irg offperation. Each of the other common data line pairs
[err] hasesaér?%?é grréngem&nt simlar to that of the conmon data line

pair CDL, COLI dgsehd RAduAROuSeratlomioush svsichilg PSPERL embodiment, the

common control' signal WE I's supplied to the swtching M SFETs [err]
Qll Ql - Q4: 64: Qa‘ 68' QlZl lev leand le _are brought u
10 into "on" states by the control signal from the internal control

signal generator circuit COM-GE. In the case where the column
decoder C~DCR1, for exam'ple,_ has brought tﬁe switching MISFETs.
QlﬁOl and 51001 into "on" states ih accordance with the address
signals A7 - AIS‘ the output signal of the 'data input intermediate

15 amplifier DIIAl is transmitted to the complementary data line pair
D1001‘ 51001 through the common data line pair CDL1, TDL1 and
the MISFETs Q,, Q,, Q q9;+ Qqgpy- 1If- on this occasion, the
word line WL11 is sglected by the row decode; R~-DCR1, information
corresponding to the oxitput signél of the dzta input intermediate

20 amplfier DIIAL is written into the memory celi which is located:
at the intersection point bétween the word.line WL11l and the comple-
mentary data lines D,q0, 51001' |

Although not especially restricted thereto, the common data

line pair CDL1 and CDL1 is éompoéed of four sets of common datz

25 line pairs (subcommpn data line_ pairs) in the present embodiment.
Among these four sets of common data line pairs, two sets of common

-

g2tz Hne pairs are showx in the fSigurse. Likewise 1o the illusirzied




“[err] and [err] the sel ection S|gnals fromthe colum decoders 10 may-

wel |~ be' supplied to the respective switching M SFETs. Thus,’ s possibl
in the witing operation to reduce the |oad capacitance of the dat a i nput.
internedi ate anplifier, so that enhancenent in the speed of the witing:
opera¥i on can be achieved. The internal control signal generator circuit
COMVt GE receives- 15 two external d6ntrol signals, CS (chip select
signal) and WVE (wite enable signal), and generates a plurality of control
signal s CS1, commonSdata\HHs pWfES, tHiOfemeaining Tiwo $ets of Atmdr dats ilirmali t
SASC receives the chip select signal CS and the internal conplenentary
address si gnajpaifsearé eouplédriostid® data inpubdntermgiiatg anpliser DAL i er
sel ection signal and internal chip select signals CS, CS. Fig. 2 is a block
di agr am whi chtBhowgh tthe seihching MSE’@TsA ,aQ9 amdvmf,cﬁﬁeresﬁcm. R- DCR
and RRDCR2 in Fig. 2 in greater detail. Fig. 2, the
_ Circuits of tRdweinpyl seryingds SvaﬂmﬁSseDae pmplifieins andeommikpat bhdckutne
guasi -CMOS circuits wherein an out -17- transistor for charging and
di schlrging af Qﬁﬁr?ﬁﬁ ofj eardl of the g% setelofoswitchine MISFETanate toupledhitd e
transistors for %I C proceSS| ng such as inversion, non-inversion, NAND or
NOR oper at i onga?sﬁ* fgpr arteratTsommAs datacline pAiran ("I'ﬂmtrﬁal; ythieogpiput

2, in the address

-synmbol is a it. As _shown in Fig
'bﬁffer ADB, p %gPS g%é@ﬁsﬁéﬁ’ﬂ% r SPdgRRA Ve iﬁig‘-‘kﬁnému@u[tete#‘]nimhose

| nput s
nals of the switching MISFETs Q1001' 51001 - Q1032' 51032 are coupled
— to the first common data line pair; the input terminals of the sense
10 amplifier SA2 and the input and output termin-al-s“;f -‘.Lhe swiii:ﬁing
MISFETs Q33 51033 - Q064" §1064 are coupled to the second
common data line pair; the input termmals of the sense amp]iﬁer
SAS and the mpu* and output terminals of the swztchmg MISFE'I‘s
QlOS" 51065 -~ Q006 51096 are coupled to the third common data
15 line pair; and the input terminals of the sense amplifier SA4 and
the input and output terminals of the switching MISFETs
Q1097. @1097 - Q1128' 51 12 2T€ coupled to the fourth common
W, data line p_air. In the writing operation, the four_sets of common
data IEne pairs are electrically coupled to each other through the
20 switching MISFETs Q,, 61 - Q. 54, whereas in the reading opera-

tionn, they are e_lectricall? isolated from each other. Thus, it is
possible in the reading operation to reduce siray capacitances which
are coupled to the input terminals of the sense z=plfier, so that
en_hancement in the speed of the reading operation can be achieved.

in the reading operation, cnly the sense amplifier having its input

[\
(4]



e the address signals AO - A8 of TTL levels from outside and which =
L0 transmt the non-inverted outputs [err] and the 10 - I nverted
f\ [err] to conplenentary output signal |ines. Each of, the
_ ¢rting/inverting circuits [err] is con- structed of a quasi -
c\rcult fas shown in Fig. 4. In Fig- 48[err] and [err] indicate Nchannel

y [ er and

d . P-ch I SFETs; 15 nd

PARFBIAT OURE ctos e UBROPEERS PR 6 RO 1harhiFRRBE pRpFpe”
titut t - ti ' I . which tect .t t

"noul at or HeM FeR B splested pleny el iR bReR: anam Se BiSiepatie 2op! i o
t i t t ' o i t M SEETS °
conat t uf Siakp PIOEFds, i pelegied f B Fale 08 LORIDE: prSTotens; Grah
i nph ith th i | of’ ] st 1 1t de N3. Si
S0 ¢ he. IfispR@the? Smics Adla et A CRVbRCHNr{GPLia GPOAMARARN phase
tQq th i , ' ' - ' ; ,. Th
t Sans?sts B%L"‘?Eméﬂ?o%@gﬁf N%r gl?]astlt é?gﬁef%?n%%nard&t%gi !Hé%éé%al emie\lld [ er (ra]
of an OUtFH'%scB-ﬁidéH rg%Iovg.JT, while the transistor [err] is an out put

r-tor dischargin

transisto g the capacitive |oad CAL -18- Since also the
M SFETs [err] %ﬂhbﬁghl SORRE I Presenf h¥edimi¥Rt,! She cniidi'@bnfrdlidigASE 1O
the signal of the node N3 is trans- nmtted to a node N The MSFET"Q 2 is a
sour ce- f olWp®sT 1sMs@bpliedhic” ihé sviitehiag MISFETs Q. §, - Q. ¥,. Q4 Ty,

Q’lZ' 612, le and 616' the selection signals from the column decoders U
10 may well be supplied to the respective switching MISFETs. '_I‘hus, it

is possible in the writing operation to reduce the load capacitance of

the data input intermediate amplifier, so that enhancement in the speed

of the writing operation can be_ achieved. |

~ The internal control signal. generator circuit COM-GE receives

15 two external control signals, CS (chip select signal) and WE (write

enable signal), and generates a plurality of contfol signals CS

CS

10 Cszo

3¢ WECS, WECS, DOC, etc.
 The sense amplifier circuit SASC receives the ch;p select signal
CS and the internal compleme‘ntary address signails 2, = 2ise and forms
20 the Ioregoing sense amplifier selection signal and internal chip select
signals CS, 5§ _ _
Fig. 2 is a block diagram which shows the '.address buffer ADB
and row decoders R-DCRO, R-DCRI! and R-DCR2 in Fig. 2 in greater
dezail, ' | |

25 In Fig. 2, the circuits of those ilogic symbols whose cutput

sides are marked black are quasi~-CMOS circuits wherein an output



- "on" by,the signal of the node N3 so as to apply a base current to the ™
transistor Q for discharging the capacitive |oad C42 of an out put
termnal OUT. The M SFET [err] operates, not only as the |oad of the
source-foll ower MSFET [err] but also as a switching M SFET for discharg
- changgs stored in the base of the tran- 1G9 - sistor Q4. In order to
prevent the transistor Q48 frombeing driven in its saturation region,  the

f the M SFE [ he.coll f. '
Corr] Cnot o dvppastonar (haf BNY S shia Sife s eb By’ SIS RAE IR Bhad
- st . .' ) po ti . h
irain of the \chReREn frafsidtBh. Wt wanpliibles ORI0HR" bOSkesE P tuch Fs

t tot \ s e i i i f eat
o | ot overent'DveRSEE, SliGetbh] NAND BP'SOR SplaibrtlatgREdERE POt
: tt nal . ti : : : . N ,
ot erFICHBSIZIEI" TAE ARG GO IH AR P togly SRholte 3 Borf 0S|
| ow | avel, to aya@ty a base current to the bas_e of the tra__nsistor Q 47
through the transistor [err] so that the transistor [err] is turned "on".

Wien the output tergknowd/Inimigat 2! N8 HOBakey® butha NDEEthbed fdrel S

turned "on", so that the base current is supplied to the transistor [err]
through this MSah§elensd-inderfiRgindferting circhitsdeG t-hedg ahoé inputs and
[err]are "on" because the node N3 is at the high | Qvel . 8n consequence, the

transi stors [ efgckiviendhpedddress Usignals A 19 -A, @ff TTheleweks fedmraasidd @nhdd i n
their bases are discharged through theoM SFEal's [err] and [err] Therefore,

the\_s;apaci t i vewhivhd sé¥e its transmit the non-inverted outputs ag - ag and the

10 inverted outputs EO - 58 to complementary output signal lines.
Each of the non-inveftin_g/inverting circuits G0 - G8 is con-
structed of a quasi-CMOS circuit as shown in Fig. 4.
In Fig. 4, Qg Qupr Quqr Quer Qg Qsp and Qg indicate
N-channel MISFETs; Q4q., Q44 Q,g and Q,q P-channel MISFETs;
15 and Q. Q 48" Q 51 and Q 54 N-P-N bipolar transistors.
A resistor R 40 and the MISFET Q40 constitute a gate pro-
tection circuit which serves to protect the gate insulator film of the

MISTETs Qél ., Q@ 42 from an external surge voltage appliec to &n

o/
input terminal.
. ! gy I3
20 Since the MISTETs Q41. Q42, Q43 and Q44 constitute a CMOS
inverter of two-stage cascade connection, a signal inphase with the
signal of 2 node N 1 is transmitted to a node N3.
Since also the MISTETs Q 45 and Q 46 constitute a CMOS
inverter, a signal antizhase to the signal ¢ the =ode N3 is 4rans-
25 tted to a node N4.

The transistor Q 47 is an output transistor for charging the

-y

capacitive load C,, of &n output terminal OUT, while the transistor

Q 48 is an output transistor for discharging the capacitive load C 41"



£

charged rapidly by the bipolar output transistor Q47 of |ow out put

| npedance, while the capacitive load C42 is discharged rapidly by 5

the bi pol ar output transistor B4 of |ow output inpedance. \Wen the charge

of t sapaci tive load C41 has ended, current stops flow ng through t ey

oN-enitter path of the transtsiB8r=[err] Wen the discharge of the

VVe | oadifetl alias tRE MIBFETE Gt 8n@t QR fdantiute h oMOSt he

i Nysoufce path of the M SFET Q nd 10 20 ~and the collector-emtter
of ¥ep) ar sigriedsarptiphadeets |théheryrial Sofutne modd My leeednd-s appl i ed

‘to theTnput termnal IN of the non-inverting/inverting Circuit in Fig. 4,

t he transp$ftegstdQaafdd&@ N _furn "of f" and those Q and turn "on", so
that the capacitive |oad 41 is di scharged fast, while the capacitive | oad
42 15 | ThehMIGER T . isAk $durcetfollowdMIBFEREWHIER isuturmedon”
because the node [err] bec s the high level. I'n consequence, charges

sgored i nuphe fyntheotigriad dfi piod afodbr?/?ssosta@rt@appayea fiese chmeharged to
earth potential point through the "M'SFET [err] so that the turn-off speed
of the bi phé arahsmtsr Qg Iberdipcharginpatieedapitinive headliGohef g 20
of the capacitive |oad ierr] has ended, currents stop flow ng through the
dr ai n- soupaepphrtthrmingl SFERe MISEED @ g apeirbtes.onotrtnlyeas pheh of the
bi pol ar transi stor 48. Wien the charge of the capacitive |oad C42 has
ended, culosshof sthepsobtcaviobowar MIFTETE) cnl buttalso amit switchinth of the
bi pol ar transi stor [er;LEZS . T the charge and di scharge of the
capaci ti vMIBEETs fon disphaxgingachargss sianed: inl the base of pieatrans put T
transistors [err] [err] and [err] but are instead executed by M SFETs, hé'f
W0l | be sistop(Rgy,. | |
| In order to prevent the transistor Q 48 from being driven in
its saturation region, the source of the MISFET Q 45 Is connected
to the co]lec‘for of the t;gz;sistor Q4g¢ DOt to 2 power source V...
Likewise, in order to prevent the transistor Q54 from being driven
15 in its saturation region, the drain of the MISFET QSZ is connected
to the collector of the transistor Q 54 not to the power source VCC‘
This point is also an important feature in improvements.
Accord-ingly, when a2 sicnal of hich level is applied tc th
ihput terminal IN in the non-inverting/inverting circuit of Fig. 4,
20 ihe node Na becomes the high level, and the nodes N4 and NS
become 2 low level, to supply & base current to the base of the
transistor Q 47 through the transistor Q 43+ 5O that the transistor Q 47
is turned "on". When the ouiput terminal OTT is at the high level.
the MISTET Qg, is turnes "on®, so tha: the base current is
supplied to the transistor Q54 through this MISFZT Q 59° At this
25 time, the MISIr=Ts Q 46 and QSO are "on" because the node N3 is at

L o]

'Q54 turn

[

the high level. In conseguence, the transistors Q a5 &2



execut ahll e only -at | ow speed because the "on" resistance of the M SFET
becones a nuch | arger value as conpared with that of the bi pol ar _
transistor. In contrast, in the address buffer of the enbodinment in 5..»
Fig. the output transistors of the non-inverting/inverting circuits G |-
for H-e’llveri ng the i'nternal address signalg f ?rr] to the output signal - -

| ines thereof are nade of the bipolar transisfors as showmn in Fig. 4, so
that even whemdibre Hedhipse chapged stored infthdie buvesi anee Bisoharysd ethrongh
circuits [err] 10 are arranged over relatively long distances on the
surface of the:rf‘eeMiISBB'ﬂHOQ?éaaﬂI 5ot NET heveiore.ehe napaoiteve logd G [Cid tS
[err] are permtted to opefate at HI gh speed. The row decoder R- I n
Fig. 2 operat eshatgetiheagidly byechelebipolart betpuid teassistorcQi,t, . of Tlows aueput
decoder R-DCRO is con- 15 structed of 3-input NANfs circuits [err]
and [err] to vimpedanbe, iwhibr thé capacitiee éb@dral\tll?c% fierdijcharigadnespidip by he
address buffer ADB are applied, and 2-input circiuts [err] to which the
chip $el ect sigrabildanmiitput toansistosiypars low outpw- impadanmeND Whercui t s

C-24 - G31 are applied. 20 - he out put signal lines (that is,
the output si g chargs °6fth@h@amayatlomm4ph%ien§e3 [IrTent $doPpRr r |
-and the output _signal lines of the 2-input NOR circuits G- G39)_of the row

‘decoder R- DCRdle¥ méhmtécluébed"eqﬂe&rcermiameaamaf V’@né"@%ﬁtﬁ’ﬁc@zjﬂ n the

vertical directjon within,the rqQw decoders R—g%%i a
which are the HYReRdde discharae & the caparitive Giq, has ende st?‘a‘fr@&tﬁn
U stop flowing through the drain-source path of the MISFET Q52 and

"Fig. 2.
10 and the collector-emitter path of the bipolar transistor Q54.
When a signal of low level is applied to the input terminal IN
of the non-inverting/inverting circuit in Fig. 4, the transistors Q47
- and Q54 turn "off" and those Q4 and Q51 turn "on". so that the
capacitive load 041 is discharged fast, while the capacitive load C 42
15 is charged fast. At this time, the MISFET Q., turns "on" because
the node N 5 becomes the high level. In consequence, charges stored
in the base of the bipolar transistor Q 54 3T fast discharged to
earth potential point throﬁgh the MISFET st. so that the turn-of
speed of the bipolar transﬁstor QS 4 is enhanced. When the discharge
20 of the capacitive load C'41 has endéd, curreats stop flowing through
' the drain-source path of the MISFET Q 45 and the collector-emitter
path of the bipolar transistor Q 48° When the charge of the capacitive
loag C 4 hes ended, current stops flowing through the collector-
exitter path of the dipolar transistor Q-.,.
25 | If the charge and discharge of the capacitive ioads C 41 and

C 4o are not executed by the bipolar output transistors Q 47° Q 48’

1))

cean = ek reTomT +419
re instead executsd by MISFZTs, :."1- y w’ be

. Py o g
- il W us
Q 1 &, “34 -~



oder RRDCROiIin Fig. 2 is constructed of a quasi-CMOS circuit as
i1 Fig. 5. The quasi-CMOS 3-input NAND circuit in Fig. 5 includes an
i nput | ogic processing porti anP/ni_ch is conposed of P-channel
@5 - b7 and N-channel M SFETs |err] and an out put portion V\:hi%#

oS el Oyt fe' E‘nﬁl %‘IQAIQEE%H% (ft:%ﬁgé'ﬁxteor' Sl YeklstdRbe MrJp! 61

S as a SWI chargi ng charges storéd in the base

of the bipg F)é&l,ﬁsog 86K l1ad éﬁk‘ﬁ I Gn of high
| evel are ap to a r#: thrgegfrnp\)’uatlu? (aars'mc%m fhﬂpluth?s' ‘%hg{é

tranS|stor1?, ?afrr]tr Adigtorof f", the transistors [err] turn "on", a node N7
becones a eve and the transistor Q turns "off". Then, in the

out put portion, g faentf@gwiat She @ddrens Buffef fof: 1 dmioainéiy @4t put term nal
QUT is at 15 high level, the transistor 3 is supplied with a

base curr epdg, tbrthoﬁﬁmtt EANRIS109E SofQthe non-ifvértink AfivePting Charges in
the capacitive |oad C43 of the output term nal OUT are rapi d?y di schar ged
to an eartdircpRk V\ha-l Gptod deliverily the imeélrmiloaderesst sigriadé h of the
transistor [err] ile™at -the sane tine, a discharge current flow 20

t hrough a a[é) ag -\Mal ftbemisoatmngsignaldmithemflaﬁeinﬁ%, ofithé he

M SFETs [err] and t ase-emtter junction of the bipolar transistor [err]
A vol t age bﬁlpoiaza(tranﬁstm'shas lshowmdén dfigt b, dbotimt] everl witer ithe tine

control s the transistor into its "off" stage reliably. 25

Wien an i rmmptmgmal dingsonf |tbeenomsnuppungﬁmrwng1 etreuitsn@ of Ghe three

i nput term nals ererlé‘| the node [err] becones the high | evel, the ransi sho/
[Hrr] tur3re esreng @veﬁere;a{ggglyt ieng distances on the surface f the

semiconductor chip, the non-inverting/inverting circuits G, - Gg

0
are permitted to operate at high_ speed.

The row decoder R-DCRO in, Fig. 2 operates as the pre-
decoder of the address circult. This row decoder R-DCRO is con-

15 structed of 3-input NAND circuits G,. - G

16
40 " G 47 to which_ the internal address s:gnals g g,

| 23+ G4 ~ G5 2nd
G 0~ 2 3
obtained from the address buffer ADB are applied, and 2-input

NOR circuits G5, - G35 to which the chip select signal TS and the

output signals cf the 3-input NAND circuits G 2 G31 are applied. o/
20 The output signal lines (that is, the output signal lines of

the 3-input NAND ci_rcuit_s G_16 -G 23 and G 40 G 47 and the output
signal lines of the Z-input NOR circuits G32 - G39) of the row
decoder R-DCRO as the pre-decoder are arranged over long

céistances in the vertcal éirecdon within the row decoders R-DCR1

9
w

and R-DCR2, which are the decoder drivers of the address circuit,

as illustrated in Fig. 2.

Each of the 3-input NAND circuits [err] and &40 47 within the =



- 22 - lioad C43 is rapidly charged through the collector-emtter path of
t-he transistor [err] Accordlng to the high level of the node N7, the  °
transistor [err] turns "on", and the charges stored in the base of the
transistor Q63 are rapidly dlscharged through the drain- 5 sourcel.’
pat h™of the transistor @1 so that the turn2bff speed of the tran5|sto
B3 can be enhariced. In this manner, the out put portlon of the quasi -

3-input NAND ci  cUigadHoFithe 5-input MANDIGIRshied @ he- G pol @ ,t5 &y, shat or
[err] and [err] and hence, the charge and di schar he 28 31

capacitive | oagl C43G§11} owRKEt thedrévi dec@ides ReDCRIONT @‘ecju 3 |y cofibtiertéde
3-i nput NAND cid®ui t [err] within the row decoder R-DCRO in Fig. 2 have
their outputs ¢Fog-queitCMOSO cirtail @apuslsowit ihhBigk- nput NOR circuits [err]
which is only a recfatively short distance connection, each of them may 15
wel | be construct edThé quasirGMOBOS-inputUNANDS cdimuin inrFigi. g5 iicludes pnre
CMOS 3-input NAND circuit in Fig. 6 is conposed of P-channel M SFETs Q
and Nschannel iNpSEH®gid @rotesSingepdrtion avhjch isf cempispdadbf [B-cbahnein an
output termnal OUT is short as descri bed above, the capaC| tance val ue of
the stray 20 MISFETs rt@E ear{deN-]chgnnehém&Eé”@t Qﬁ . @Y &8s smal | .
Accordi ngly, even when arge and di schar of the small stray

capaci t ance CRHIANE RIiOR athigh isheompwgfcﬁvl’ Nyprelag quiput HARSiRIOrs
conparatively great "on"_resistances, they can be execut ed_at _caonparatvely
hi gh speed. 2#gy, Qg3- The M%‘f Qne°29¥?ﬁ?ﬁta?\@?5‘ﬂtl=€mq MISEET IaF tHen

the row decoder R-DCRO.in Fig. construct eid a quasi-CMOS cifcuit
U charging charges stored in the base of the bipolar transistor 63
10 When input signals of highllevel are applied to all of three

input terminals IN 1 - IN 3 the transistors Q 55~ Q57 turn "off", the
transistors st - QGO turn "on", a node N7 becomes a low level, and
il the transistor Q61 turns "off". Then, in the output portion, the

transistor Q g2 turns "off",  and when an output terminal' OUT is at

15 the high level, the transistor Qsé is supplied with a base current
through the transistors st - QGO and turns "on". Charges in the
capacitive load C 43 of the output terminal OUT are rapidly discharged
to an earth potential point through the collector-emitier path cf the
transister Q 63° while at the same Hme, & d.s-harge current flow

20 through a route which extenés along the capacitive ioad C 43° 2
diode QSA‘ the MISFETs QSS - QSO and the base-emitter junction of
the bipolar transistor Q63' A voltage cérop acrcss both the ends of
the diode Q., at this iime controls the transistor Q g into its "off"
state relisbly.

25 When an input signal of low level is applied to at lea'.;t one
of the three input termineals Il\"1 - IN3, the node N7 becomes the

high level, the transistor Q g2 TraSs "on", and the capacitive



..as shown in Fig. 7. -23- The quasi-CMOS 2-input NOR circuit in Fig. 7 ©

o |nc udes an irnput’ | ogi ¢ processing portion which is conposed of P-channel
o [err] and N-channel M SFETs [err] and an output portion which is

edl of N-P-N bi pol ar out put tran'&ségrs 5 [err]. The M SFEL_Q74

at es\as a switching M SFET which ser¢és to di scharge charges stored in

dejof the bipolar tran- sistor errghV\hen I nput S|ergl]nals of 1 ow | evel

| elpadoChetif tﬁpiﬁlhb clhﬁﬁﬁth@FﬁPHHI § &P}lfc@ﬁae'f’é? PHR &fr ansi st or s
0

add Qr1 turn "on", the transistors [e and ] turn
——“andthe ﬁwim%@@Qm§%°ﬁgﬂ?F tevidie h?%r}e"&h@{ ]ttp éﬁ é’r [err] turns
"on", and the capacitiye |oad 5 of a tpt t er m nal |sra i dly
char ged t hmﬁuéﬁaffﬁét‘l?o?ﬁlsec?ﬁpsgﬁ?? I?'ePnBaqT‘P arges Stored & (}P d?%s The hi gh

I | of th d "on" the.t t h

Stored i n 96 the TransisteF (g 957 TR ?%@r%%dd% o PR, AR s char ged
th h the d thg t t ff
spbed of |t RIS RERE hr 09 SFRAERY Bennibo e HEPT %zﬁp“eiedghﬂe of hi gh
I I I . t he t t ot I f

evel is a | Itﬁ ’Eé‘gf Qsaa?é't g Fgﬁ?ﬁée e two irpu erm nals, for

exanple, t err transi stor Q?O turns

"off*, Lhe trang)Shos flimnddlr i 'aaesu@wﬁmeomﬁs dadbesasgs the | ow

| evel . Then, he out put portion, transi stor turns "off", and

when the Oﬂlﬁ@bhttﬁmn@hrm ihSFRY. 5he Bosiirhend of ttne bipply $#dH- Q  is

supplied wth a base current through the transistors [err] and turns "on".
Char ges i ngidhSrs Qg2 and Qgs, and hence, the charge and discharge of the \J

10 capacitive load C,q are executed at high speed.
| Incidentally, since the 3-input NAND circuits G 24 " G31
within the row decoder R-DCR_O in Fig. 2 have their outputs con-
nected to the inputs of the 2-input NOR circuits G32 - G39 which
is only a relatively short distance connection, each of them may
15 well be constructed of a pure CMOS circuit as shown in Fig. 6.
_ The pure CMOS 3-input NAND circuit in Fig. 6 is composed
of P-chaanel MISFETSs Q64 - QSG and N-channel MISFETs Qg7 - Qgo-
Since the iength of a signal line from an output termirnel OUT is
short as described above, the capacitance value of the stray
20 capacitance C 24 of the output terminal OUT is small.

Accordingly, even when the charge and discharge of the
small stray capacitance C 44 Br€ executed by the MISFETs Q64 - st
and Q 67 " Q 69 having comparatively great "on" resistances, they
can be execuied at cox:paz‘aﬁve':}-; high spesd.

25 zach cf the 2-input NOR circuits Gqy = Gaq within the row
decoder R-DCRO in Fig. 2 is constructed of a quasi-CMCS circuit

- as shown in Fig. 7.



25— ~ capacitive load [err] of the output termnal OUT are rapidly
di'scharged through'the collector-emtter path of the transistor [err] while
at the same tine, ;a discharge current flows through a route which extend "~
- 24\- ;along the capacitive load [err] a diode [err] the drain-source ‘path{ =
of the MSFET ‘Q and the base-emtter 1 ®3ction of the bipolar tran- sisto
[err] Oning to a'voltage drop across both the ends of the diode [err] dt- -
this time, the bi poThe guasisCMOS 2€inputsNOR ictiduit Gn Fig. 7 iteRided hgd into °
its "off" state. The row decoders R-DCR1L and R-DCR2 in Fig. 2 operate as

t he decoder drinmurtslagictpmocassingsportiom whichTize composet @ cP-dhali@iel i ncl udes
a 2-input NOR circuit (48 which receives the output signals of the row
decoder R- DCROMISFETpUR,NAKL) cand Ntchanhel MISFETH®.; a{\(nianti amecei ve the

out put signal of the 2-1nput NOR circuit G48 and the720utp signals of the

row decoder R-OTEmt pauticpwhichris camposedh £ vili+ RN rispolarcottputo itansistors
signals of the 2-input NAND circuits [err] The di stances of the signal

li nes bet wveen Rher dggput The MREEE Q,, operatesnpsite @Rching MISFEAB whidht he

i nputs of the 2-input NAND circuits (49 - G56 are relatively long, and the
stray capacit af@/esatq cisehiarggcchargesnatorefniss the daser of thadipolarntran- t he
2-input NOR circuit [err] is constructed of the quasi-CMOS circuit as shown
in Fig. 7. 20 S18%0r Woe. * gince the 2-input NAND circuits [err] within the

[ decoder OO fef fimd SRS S bu KA eI 55 B0 BF A0S O
-\/ input terminals IN1 and IN 20 the transistors Q70 and Q71 turn "on",
10 the transistors Q72 and Q73 turn "off", and a node N9 becomes a
high level. Then, the transistor Q75 turns "on", and the capacitive
load C,c of an output terminal OUT is rapidly charged through the
collector-emitter path of the transistor Q75. The high level of the
node N 9 turns "on" the transistor Q7'4, and the charges stored in
15 the base of the transistor Q76 are rapidly diécharged through the
drain-source path of the transistor Q74‘ so that the turn-off speed
of the transistor Q?G can be enhanced.
When an input signal of high level is applied to at least either
¢ the two input terminais, for example, the input terminal INI , the
20 transistor'Qm turns "cXf", the transistor Q72 turns "on®, and the
node N9 becomes the low level. Then, in the output portion, the
transistor Q75 turns "off", and when the output terminal OUT is at
the high level, the transistor Q76 is supplied with a base current
through the transisiors Q?Z' Q.‘.'.7 and turns "on". Charges in the
25 capacitive load'C 45 cf the output terminal OUT are rapidly' discharged
through the collector-emitter path of the transister Q?G' while at the

same iime, & discharge current Zows through a route which extenss



B

ance connection, each of themis constructed of a pure CMOS circuit as=
\n Fig.n 9 25 The pure CMOS 2-input NAND circuit in Fig.
posed of P-channel M SFETs [err] and N-channel M SFETs [err] Since
endt h of the signal line fromoutput-terminl QUT is - 25 - shont as
\ above, the capacitance vaI'Ue?4oT' the stray capaci- tance of the
ermnal OUT is small. Accordi even when the charge and

Jelarig tthe canacitive lggd Gpeacpt @ @ﬁ dhe draiagseuraeyPRfe M SFETS
[err and E_rr havi qt%écorrparatlvely great "onp" resjstances, they

are exec@fctheaMIBF Brasygmitter jumetiony ef the PIRGIAT. txgnr wi t hin
the row decoder R-DCR1 are, connected to the word Ilr}_‘ﬁ) [err] of

the menoSjs@r Qygivt Wi‘g ﬁ&@o?ﬂﬁﬂ%?)ﬁr%écfﬂﬁspﬁpt&t&ﬁa?n $ ofst

(that is, the output si gnal t he nvert of the row
decoder FUPRRQ 7 at h@“ﬂgﬂﬂ h83‘?i\5’8 aF’é”W‘f‘%’l’g dst %d%lyrel atively |ong
di stances in t]r |, at er al dlilf;,ect%on inside the nenory array MARYL as the
®ord | i n&entrolied into itsg o %te stray capacitances of the word |ines

b | f &7 -
Goa i thin el PEHEERRRIR BARERY, eptgR DR IR 2 lfbrbf 85,5 s

t I 10 d
of o b ot ar e e o (ERdERt orifiny e flw fledidin e 7507
bi pol ar - quik 1! fridisded ' 2-thBht INORNERRR' &, ORnith rlbaveE At

output signals of the row decoder R-DCRO, 2-input NAND circuits

10 G 49 " Gss which receive the output signal of the 2-input NOR
circuit G,q and the output signals of the row decoder R-DCRO,
and inverters G57 - G64 which receive the output signals of the
2-input NAND circuits G 49 ~ GSG' >

The distances of the signal lines between the output of the

15 2-input NOR circuit G 48 and the inputs of the 2-input NAND
circuits G 49 " G;56 afe relatively long, and the stray capacitance
values of these signal lines are large. Accordingly, the 2-input
NOR circuit G 48 is constructed of the quasi-CMCS circuit as shown
in Fig. 7.

20 Since the 2-inp1_.1t NAND circuits G,q - G56 within the row
decoder R-DCR1 in Fig. 2 have their outputs connected to the
inputs of the inverters GS? -G 64 which is only a rel.at.ively short
distance connection, each of them is constructed of a pure CMOS
circuit as shown in Fig. S.

25 The pure CMOS 2-input NAND circuit in Fig. 9 is composed
of P-channel MISFETs QBZ' Q83 and N-channel MISFETs Q84' st.

Since the leagth ¢f the signz! lime from an output terminal OUT is



CMOS inyerter is the sane as the operation of the circuit Q - Qfor
- obtaining the inverted output OQUT of the non-inverting/inverting circui
Fig. 4, and the detailed description shall therefore be omtted. The cpar
and di'scharge of a great stray capacitance [err] 25 are execute

hi gh\s/peed by the N-P-N bipol ar outpuf stransistors [err] - 26 - In Ki

2, th d d I R- DCRI
Zbove. Fig. s 56Tk B?éab%ac%ﬁw%%em tpiiee Yalie & iR FERYABRPRGiRS
~colum decoder, C etc bg reat er. detail. 5 _ Al so
in Fig. 3, theddre l'ée &”tPHgstgrﬂMﬂ% ;g ose output sides are

mar ked bl ack are qﬁ Ci rc |ts g ansi s for

" d atschd G TR P AR BisehArse Hnthe Fiﬂﬁ%
ﬁagreglo?gaagl poiérc tr%ﬁr& itﬁh . \Qz%éﬁ;&t& 95}; ol ongﬁﬁé uclhg 'S

i nversion, nor:t R %eﬁ% %n, EI%\ g execuge§

i it. Th [ t b it. As
shown 31 A g. 3 dgs ﬁévgébd%é@?%%‘éﬁrgﬁpa&@ (Rl didafites, B a‘?
non-inverti ng/éﬁ\eﬁg%drrg ﬁié}flgp% aglerr] whose inputs receive the addr ess

‘signals A7 - | eve rom out si de and 15 whi ch serve to
transmt the non-inyggt F%&M%éinvéﬁeﬁgfbthe GV epithéh GHePtw dedblibr !t O

their conplenentary output signal lines Each® Ré _
non-inverting/ROYEGRUI ) FeG[ Cliaké denrietbed oCtEr worGUBhes wil. f hewngg%f- CMOS
-circuit as shown in Fig. 4. Accordingly. the output transi stors offeach of
the non-inver t{hegmemoeyt arayCM-ARY 5. Accordingly, the output signal lines
—/
10 (that is, the output signal lines of the inverters G57 -G 6 4) of the

row decoder R-DCR1 as the decoder driver are arranged to cover
relatively long distances in the lateral direction ix.xside the memory
_— | array M-ARY1 as the word lines. WLl WL18. so. that the stray-
capacitances of the word lines WL11 - WL 18 become quite large.
15 Thus, each of the inverters G 57 = G64 within the row
decoder R-DCR1 in Fig. 2 is constructed of a quasi-CMOS circuit
as shown in Fig. 10.
The quasi-CMOS inverter in Fig. 10 is composed of a
~ P-channel MISFET QBG' N-channel MISFETs Q87 - Q89' and N-P-N |
20 bipolar output transisiors ng, QQI‘ The operation of this guasi-
CMOS inverter is the same as the operation .of the circuit Q 49 " Q 54
for obtaining the inverted output OUT of the non-inverting/inverting
circuit in Fig. 4, and the detailed description shall therefore be
cxitted. The charge and discharge of 2 great siray capatitance C 28

25 are executed at high speed by the N-P-N bipolar output transisiors

ng' le-



[err] are made of the bipolar transistors as illustrated in Fig™
d\t hat even when the output signal lines of the non-inverting/inverting
iYs [err] are arranged to extend relatively |long distances on the
c¢ of the sem conductor chip, the non-inverting/inverting circuitQy
L Are permtted to operate at- 26igh speed. 25 .~ The col um

sadér C-DCR1 includes 2-input NAND circuits [err] and [err] to which the
i nt ernal addr ebs Fig. 2, themovws degodér DInDCBRris otnstruetedt similardy addr ess
buffer ADB are applied, and 3-input NAND circuits [err] Further, as shown
in Fig. 3to the ®BE stagediahavess of the NAND circuits G74 - @3 are
arranged with | ong distances and are connected to the input termnals of a
| ar ge nunber oFigNOR i8i pcbipek dizgramcwbich shewst the adbyrss daffrrer C DCRL, so
that the stray capacitances of the output signal lines of the NAND circuits
G74 - (93ABEootke |optymn cegrnderahcPCRl .uste. Bt ddfdi hdngreaten detallhe 3-i nput
NAND circuits

[ d he quasi - 3-i NAND
drcuit as sho rqu"JI'—.’%B: % ta%zcigggﬁgﬁfciﬁ%segiqéisfﬁYm ‘ﬁii?ieui tlsan;r] i s
- st t ed of i - - t NAND, ¢j it, whj.ch j btained b
ot 1t; g SRt BiES: B R K SR NGy o eS| S Pies eherlg & 15
On th th d. in Fig._  3._th t | || f the_ 3-i t NOR
lroutts PEmt Hapstin e ane iR PRch HisEhdrStng, P BHEY SPPRSRRFF s hor (
di st ancesB{ %%dg\%tutt Qﬁn%& "iYe G8RASEE EANHiBoRE AR sAHLP YUnd WHiRkid | NeS Of

the 3-inp rcuits
logic processing such as inversion, non-inversion, NAND or NOR is W
10 executed by a CMOS circuit. - The circuit of an ordinary logic symbol

is a pure CMOS circuit.

As shown in Fig. 3, in the address buffer ADB, there are
arranged non-inverting/inverting circuits G7 - Gls whose inputs.
receive the address signals A, - AlS of TTL levels from outside and

15 which serve to transmit the non-inverted outputs a, - 35 and the

inverted outputs ay - 515_ to their complementary output signal lines.
Each of the non-inverting/inverting circuits’ G7 - G15 is con-

structed of the quasi-CMOS circuit as shown in Fig. 4. Accordingly,

o/

the output transistors of each of the non-inverting/inverting circuits

20 G7 -G 15 are made of the' bipolar transistors as Mustrated in Fig. 4,
so that even when the output signal Hneé'oﬁ the non-inverfinglinverﬁng
circuits G7 - Gls are arranged to extend relatively long distances on
the surface of the semiconductor chip, the non-inverting/inverting
circuits G7 - st are permitted to operaie at high speed.

25 The column decoder C-DCR1 includes 2-input NAND circuits

G., -G G,q - Gy, and G

74 77° 78 81

82 " G85 to which the internal address

-



[_e_r'r] have smal | capacitance val ues. Accordingly, each of the 20
3-input NOR circuits [err] is constructed of a pure CMOS 3-1npuf NOR
circuit. Further, the output signal lines of the inverters [err] are
connected tothe input termnals of 2-input NOR circuits [err] with a
rel avel y short di stance connection so that the 25 stray
capaci tances of ‘the output signal lines @7 the inverters [err] have s
capaci tance v Accqr di - eagh : el [ ¢ g
conat ruct od oRoRerr  Han % s Potaipediiton e oBGELE e s
| i nes of the 2-]. { CLH § ectegd to the gate
el ectrodes of dthg%e (':hlrﬁig 35&1;;"?t mWsﬁ‘?‘éﬁﬂ%q 0§9Bhe- col um switch
~C-[err] with conpa el y di,stFRpces C ' 3 tray
£ EHNE, Yas Bblynhi? (P8¢ 3.0 000 n T Seighiln gk 8@@@

capaci tances of the output signa I nes are

smal | . Accor I of _tdes AR I ' re
A5 2- 1 npat NANBIIrefRC I+ OFF Bkl bl SorkP i HERE R afeP (P

2-ingut NOR Cédririticted toFtite 18phf tEARTHAIS bfOA IEr%@me%ﬁ!iﬁR ¢teenitsand
N-channel M SFETs [err] Since the distance of the signal line froman

out put term nab,!i-S%%m%&hbwdmﬁ@e&déﬁ@%ﬂﬁh Fapanitt gic etk of the
out put term naP*QUT *fas a snal |l capacitance val ue. 15

Accordi ngly, eapatitsneestdietivdangputsigdalstines gsf tiie NENDPNelrtutsr ay :
capacitance C46 are executed by the MSFETs [err] [err] and @1l having
conpar ati vel yG% eatGé'sobécm ilstgen capacitéamge aadues.

U Accordingly, each of the 3-input NAND circuits GBG - G93
10 is construcfed of the quasi-CMOS 3-input NAND circuit as shown
in Fig. 5, and each of fhe 2-input NAND circuits G74 - G85 is con-
structed of a quasi-CMOS 2-input NAND circuit which is obtained by
omitting the input terminal IN, and the MISFETs Q. Qgq from
Fig. S. |
15 On the other hand, in Fig. 3, the output signal lnes of the
3-input NOR circuits G94. G95 are connected to the inputs of
inverters G100' G 101 with short distances, so that the stray capaci-
tances of the output signal lines of the 3-input NOR circuits
: Gg-4 - GQS have small capacitance values. Accordingly, each of the
| 20 3-input NOR circuits 694 - (';95 is constructed of a pure CMOCS
3-input NOR circuit. ' .
Further, the output signal lines of the inverters G,54. Gyg
are connected tothe input terminals of 2-input NOR circuits
Gggs Ggg with a ra‘:ativeif short distance connection so that the
25 stray capacitances of the output signal lines of the inverters

Gloo G 101 have small capacitance vaiues. Accordingly, each of

e e 1p = e e -



. constructed of a pure CMOS 3-input circuit wherein a
hut terminal [err] is added to the 2-input NOR circuit in Fig. 8, a
cdhannel M SFET whose gate is.cggaected to a third input term na,l/
serted in series with the MSFETs Q78 and [err] and_a third -
whas atgzi s I ] 25
-- teg{blqr?ngégral GIl%ﬂll ﬁlqlh?lgﬂaggé%gt%err]gw gé‘ﬁ?‘{%? S;bove
can be segq,tpRy, in Fig.-3, the 1-bit menory cell MCEL of the nenory
array MA e Fig. 11is -29- shown in greater detail. Specifically,

the menory cel IpdyhkEE, itheSb@tutasighal Nthes0sP R I2Qhpat fN(DR &'r@ﬁitbn whi ch
the inputs and out puts of a pair of inverters consisting of

resi stances, R1G Rlamndohhedteantd thé Jdtéselbeirokedl & em&me&nagct ed, and 5
N- channel I\?BSFE?Q QLO3 Q104 whi ch serve as transm ssion gates. The

f i p-fl op MISFOTN @, e@g A ﬁoediemshéwolmﬁrsmchrmmwtwnn cofisarataegyi ssi on
gates are control | P)y ddress signal which is“applied to the word
l'ine [err]shopnriistantet conhertions,decatiet tReDXiRdy eapacitances afhthé he

I nformation transm ssion between the conplenentary data line 10 pair
D1001, 10@utpnd sigsal lingsféfophé NQ@Bntirchiteds sresgallssi decara-es. Fig.
11 is a circuit diagramin which one exanpl e of e essential ‘portions of

t he sense ingly. eaeh afetkeseoNQR mmmtSAscoaawuntedeﬁanppere)fCMChé i nt er nal

control signal generator circuit COM CGE 15 ~in Fig. 1 are shown nore
i n det ail .2-input NOR circuit as shown in Fig. 8. \J

10 The pure CMOS 2-input NOR circuit in Fig.. 8 is composed of
P-channel MISFETSs Q78' Q79 and N-cbannel MISFETs an, Qg;-
Since the distance of the signal line from an output terminal is com-
paratively short, the st_ray cap-axciggnce C 46 of fhg qujcp\ut. '_cer_migal
OﬁT has a small capacitance value.

15 Accordingly, even when the charge and discharge of the
small stray capacitance C 46 2re executed by the MISFETs Q?B’ Q79
Q80 and Q81 having comparatively greaf "on" resistances, they are
executed at high speed.

Each of the aforementioned 3-input NOR E:ircuits G94 - G95 is

20 constructed of a pure CMOS 3-inpu{ circuit wherein a third input
terminal IN3 is added to the 2—input NOR circuit in Fig. 8, a2 third
P-channel MISFET whose gate .is connected to a third input terminal

IN, is inserted in series with the MISFETs Qg and Q,g, and a third

N-channel MISFET whose gate is connected to the input terminal IN 3
23 is inserted in parallel with the MISFZTs Q 80° Q 81"
In addition to the aaove, it can be seen that, in Fig. 3, the

- 1-bit memory cell M-CEL of the memory array M-ARY1 in Fig. 1l is



Shewn in~the figure is the circuit of that part of the sense anplifier*
sel ector circuit SASC which receives the external chip select signal CS’
which fornms the control signals CS, Uto be supplied to the data output
intenngdiate anplifier DOA, the row 20 - 29 decoder R-DCRO and the

col umm decoderr CG-DCRI. The circuit of this portion to which the extetnali X

L] »

chip select signal CSis applied is constructed of the sanme circuit aio;
non-i nverti ng/ shuwnt imgreaterudétailn FSpecificalincthet hemery Pedll M-wEr 1£S of-
this circuit is obtained from bi polar output transistors [err] 25

[err] and [errkhowa asiiteing acomposederidanflis-gp tHewRivh ehddnpits dnd-
chargi ng speeds of the outputs [CS, CS of the sense anplifier selector
circuit SASC aputputs of aApahr df iglerters econststing hef maupuésistancae-nfs;g;{a t he
sense anmplifier selector circuit SASCis connected to the input tefm nals
of the NOR gat 8pd[ ¥rehanyielt MESFENs deR By BERrossFeannettedid and t he i nput
termnals of the NOR gates (P4 - G of e colum decoder C-DCRLl in Fig.
3, thi§ output N-chagnel MISFEEeQups R3g)y. WBishi desve esctransmissiore gateput CS
of 'the sense anpli- fier selector circuit SASC is connected to the gate

el ectrodes of a pl uldls f§pufions is iemnlaged MsSEEmeans tfar rstohingd informationt
Internmedi ate applifier DOA this output CS becones fast. Al though no
illustration i tRAnSPisHEN 193}aF Are; pentrolied bwpthe adOress sigrial ewhizdl get or
circuit SASC i nclﬁdgs a decodgr Ci rv%;i t which receives the internal

conpl ement ary 208PEY stos R AT Bpe | Whyy conBestest &0 thenrow raroden: RIPCRilgnal

'CS and which for a sel ecti.on signal S1 to be supplied to the sense.
anphifier . Anoﬁﬁg;;% Ra |§r1ag§§n§ssxon between I'Pe complementary data line

10 pair D1001' 51001 gnd the flip-flop is controlled by the transmission

gates.

Fig. 11 is a circuit diagram in which one example of the
it " essential portions of the sense amplifier selector circuit SASC and
_ one example of the internal control signal generator circuit COM-GE
15 in Fig. 1 are shown more in detail.

Shown in the figure is the circuit of that part of the sense
amplifier selector circuit SASC which receives the external chip
select signal C5 and which forms the control signals CS, CS to be
supplied to the data output intermediate amplifier DOIA, the row

20 decoder R-DCRO and the column decoder C-DCRI.

The circuit of this portion to which the external chip select
signal TS is applied is constructed of the same circui.t as the
non-inverting/inverting circuit in Fig. 4. Since the output signal
CS of this circuit is obtained from bipolar output transistors T 1 TZ'

25 T3 and T 2 the capacitance dependences of the charging and dis-

charging speeds of the outputs T3, CS of the sense amplifier

selector cirguit SASC are low. Accordingly, even when the output

v
-

S A S T T



he sense anplifier whose input termnals are electri- 15 ""_

by this decoder circuit, whereupon the sensing operation thereof
ed. The out put portion of this dﬁyqﬂer circuit is constructed\gf a

Qﬁe of the output. Thus, the 20 speed of the operation of
g Ghet stélﬁséerasﬁ)thé%ercaﬁlestoreﬁ#&hléfeél\sﬁxeﬁ gomngcteds a0\ H& e t he
above* control signal .is _supplied to the decander circuit, the_control si gnal

&1 TasmnunSndiet o WNGH endly oy of it vt teciectlarco anive
Lﬁzazgﬁ;ﬁ?p%ﬁ“‘éér&“'ﬁﬁz‘*“ﬁ"@fﬁ%*@?‘“‘em‘% LI ol 1o oot oot
tC;’ng:SRlense legg m:gtsuq:g fg%ﬁ%e t :Jon - O@flu:];nzgnal Sagg

t Rer ef or e bﬁggﬁff aéﬁhaﬁ@lsf‘fbest h%v%fér’f@? tgf ‘?‘fﬁ"é‘g %$ ?r?nb%?l‘ﬁ?r’lsﬁtw%T
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ther eby t%}ﬁ ﬁ& fs@vi?cl:lﬂ%xal m?ﬂf@s'ﬁftﬁ{rpfihe %ﬁyoﬁiyxﬁ A8 ﬁ%g{saégnal s [err]

and [err] par clrcuit poriron s cong

circuits. ﬂﬁ% wve{h t t pat £ [err] are respec- 10
tively obtalrned from |poﬁsa§€t putE‘s tﬁféatﬁé%gstgég [err] [err] and [err] the
capaci tance de@ﬁﬁ?@d@?%d’ﬁnﬁéﬁaﬁﬁﬁr&emade in the figure, the sense ampli- u
10 fier selector circuit SASC includes a decoder circuit which receives

the internal complementary address signals 3, - 25 and the afore-

mentioned control signal CS an_d which forms a selection signal S1 to

be supplied to the sense amplifier. Among the sense amplifiers

SAl- - SA1l6, the sense amplifier whose input terminals are electri-
15 cally coupled to the complementary data line pair to be selected is

selected by this decoder circuit, whereupon the sensing operation

thereof is executed. The output portion of this decoder circuit is

construcied of a quasi~-CMCS circuit so as to lower the capacitance

dependences of the charge and discharge of the output. Thus, the
20 speed of the operation of selecting the sense amplifier can be

enhanced. Even in a2 case where the above .control signal is

supplied to the decoder circuit, the control signal CS is fast because

it is formed by the bipolar transistors as stated above.

Although, in the pressnt embdbodiment, the decocer circuit is

25 located in the gense amplifier selector circuit SASC in order to

select the sense amplifiers, the selection signals formed by ',the column

decoders C-DCR1 to C-DCR4 mav well be utilizeéd for the selection



‘and- di scharge of these outputs are low. The internal control signal .~
generator circuit COMGE in Fig. 11 is further provided with a circuit
portion which is supplied 15 with the external wite enable signal:
VE aRd the internal delay chip select signals [err] thereby to generatd the
wite control 'signal$§ VECS, WECS and a data3but put buffer control sign Iw

DOC. The greater ' part of this circuit portion is simlarly constructed \o{
CMOS ci r cui t s.sisnalseof thocsanse amplifieghal ThEESneasugiet camaeddicetheo

bi pol ar output transistqQrs [err] the capacitance dependences of the charge
and di schar ge Wimbeg §fcﬁl?’BE‘t‘ts\AE‘%da?r?ﬂeg%e REEDIE- enhapoing ahendensityt he
out put WECS is applied to the large nunber of input term nals of the NAND

circuits (not %h ?ﬁ#m_i'he col uim decoder C-DCR1 in Fig. 3 or the gate
PR G (TN R - RN E N LT
lifier, SAL .t dat t put_ i nt di.at l.ifier A, the dat
out Eﬁéjgg’_f fer Tig, 14 helipRd ﬁag?yﬂﬂ_ﬁrpér%?%@f R &5 %'Meg;ﬁéﬂrfh? 13 is-a. i
ciTcui i agr am,i n r ata inpu
i nt er nedi atg ?r%ﬁﬁ%#ﬁigl %g%cg%@néll ﬁi @Eeff%a{r Z° sqma??oPeﬂi‘ﬁ’faﬁBY & FPg.
14 | di | f ' rtsS_ | h d |
and write cycrbapel Moy b YR RIHR cYPL T BR fed Btom THe gb. 1

to 13. 10 greater paft 'o?!thik GrORe" Sbi10h 95 éo@:%ﬁ&&h%ﬁé%ﬁé’ dbgugycl e

of reading

—
10 tively obtained from bipolar output transistors T

Since, however, the outputs Cs,, CSI, CS1 and CS, are respec-

T.i Tqr T

5 76" 79 "10°
Tll’ 'I'1 oi and T7, Ts, the capacitance dependences of the charge
and discharge of these outputs are low.

- _ § The internal control signal éenérator circuit COM-GE in

| Fig. 11 is further provided with a circuit portion which is supplied

15 with the external write enable signal WE and the internal delay chip
select signals CTl, cS 20 thereby to generate the write control
signals WECS, WECS and a data output buffer control signal DOC.
The greater part of this circuit portion is similariy constructed of
CMOS circuits. Since, however, the signal WECS is obtained from

20 bipolar output transistors 'l"1 e T-IS' the capacitance degendences
of the charge and discharge of this output WECS are low. Accord-
ingly, even when the output WECS is applied to the large number
of input terminals of the NAND circuits (not shown) of the column
deccder C-DCRI1 in Fig. 3 or the gzte siectrodes of the switching

25 MISFETs Q,, 61 - Qe 3515 in Fig. 1, this output WECS becomes
fast. a



®d t\hat; as-illustrated in Fig. 14, sinultaneously with the

qati §n of the address signals [err] the chip select signal CS is

q the |ow | evel, whereas thg,wite enable 15 signal VEE {5
e high level as it Is. As s%own in Fig. 14, the internal delay

‘|= i gpal he .\ i - si gnal b
Kokt o Efnar ok ard dipfead il ¥ %‘a&ﬂ%ﬁ%ﬁ@%ﬂ%ﬁﬂﬁ SnSF;p‘“
: . \ |
supgl : ed a I ;ggg S?Eg%ké'?én?éeﬁ lé%%%gfégxg%ﬁé ﬂﬁ‘n gé \ﬁﬁfﬁ#%ﬁ‘gﬁ{ et theeI I
. t
WeaL i OB BTt gt Tier®, SBM B heell® B L L he word 1 ing

Lerr] and the compl 94ept 3ot dataabtid 1 Sufith the datSRIAA Bllsrelhe [ nter nal

i nformation of sel ect ed~rmeyupry cell 'S transm to both the
i nputs of fthbit Sheeledidionapubioe SO ORI B yidetpakbne pai T
[g)r] and tﬁ%' S&%-Sagi?) SWIthhi ng M SPETS erirf Thé %sg{ an% ifrer SAl is

conposed ofndwhli hé & eRtdathiipai r of emitter-coupled transistors [err] and a
constant current source MSFET T When the sel ection signal S1 of high

llevel is appliegidsqQd {she ¢iegsemasthé is?gndl wavefornficbfGisious pavts SASC to

the gate el ectrode of the constant current source M SFET [err] the sense

anmpl i fier fpAlthexssid egclehend ewsite cyaederoft i stdie RAMewhivheis1anechi p sel ect
signal CS of high level is

embodiment shown in Figs. 1 to 13. . U
10 First, the operation of the static RAM in the cycle of reading
information will be described with reference to Figs. 12 and 14.

It is assutﬁed that, as illustrated in Fig. 14, simultaneously
w;th the ;pp%i;a_tidn of _the_ address signals Ao - A 15°¢ the chip select
signal CS is changed to the low level, whereas the write enable

15 signal WE is held at the high level as it is. As shown in Fig. 14,
the internal delay chip select signals CSl, CSZ' CS3, the write
control signal WECS and the data output buffer control signal DOC
are produced from the internal control signal geﬁerator:circuit
COM-GE at that time.

20 In the case where the supplied address signals AD - A.15 are,
for example, those which appoint the word line ..WI.11 and the com-
plementary data line pair D401 51001, the memory cell M-CEL

which is located at the intersection point between the word line

WL,, and the cozpleceniary date kne pair Dyg00, 51001 is
25 selected. The interna! informeation of the selected memory cvell

M-CEL is transmitted to both the inputs of the sense amplifier SAl

through the complementary data Iine pair D11 5,00., and the
alMva ES -

ion will be described with reference to Figs. 12 and 14. It ts ""‘"-



~apptied-.romthe sense anplifier selector circuit SASCto the gate 10.. -
el ectrodes of constant current source M SFETs [err] of the data output.
intermedi ate anplifier DOA, this data output inter- nediate anplifier
execuytgs the anplifying operatian. Accordingly, the output signal of the
“sense anplifier SAl is transmtted to the-@3tput node [err] of the dat
~out put internediate 15 anplifier DA A through earthed -base . .
transi stors [ eswjtching tMISFETd Icgvb%i t@ml. stThe stASe andlified SAL psit M
T35 - T38. As illustrated in Fi 2 data out put buffer DOB is
supplied with thmpdsed ofa pliffelpential patmof dmitteyraduded frapsistbes i nt er nal
control signal generator circuit COMCGE. |In addition, as 20 shown in
Fig. 12, the ddigy.clpendoaftanstdms cusrentposece MISRERUTS, CMIiemwhet er of
T39 and [err] a quasl-CMXS 2- '”P“t NAND circuit of [err] gqua3| EMOS
2-input NOR ci Felgrtiosf sigapl |Slaof highalevel is ippdiednfrom SEETsense, aaplifier
-N-channel switching M SFET T58, a P-channnel output M SFET [err] and an

"N chanfel out pg€} eggnr circuit GASE-toTHe QW%#IQQ’@OS%IO& thet ponstaaiti eurnepnt r ol
-signal DOC is at the #%/F vel , the SV\IItChI M SFETs [err] are turned
“"on", and the SOULff SEBgs e Fense émﬂiﬁ%lt§héd¢}§°}dt§§|rthedseftﬁing so
that the output _Dout of the data output buffer DOB falls into a high

.i mpedance st at 8PEFIYMR i ng state). In the cycl e of reading information, the

-data out put buffer t he | wlevel to turn
"of f" the switchi ng%ﬁegFEq%(if’%’?’]alfi’&g e"g}aﬂg”@iﬁ Qidg e‘fﬂe Sout put

M S\FETS 59, TR ALE OB 1ol '8l sDVar Pt SRS IS W0de Rhe daip

10 electrodes of constant current source MISFETs T

23~ 26 of the
data output intermediate amplifier DOIA, this data output inter-
mediate amplifier executes the amplifying operation.
Lo Accordingly, the output signal of the sense amplifier SA1 is
transmitted to the output node N1 1 of the data output intermediate
15 - amplifier DOIA 'througb earthed -base transistors T27, T28' -emitter-

follower transistors T 29 T30 and output MISFETs T.. - T

35 38°
As illustrated in Fig. 12, the data output buffer DOB is
supplied with the data output buffer control signal DOC from the
internal control signal generator circuit COM-GE. In addition, as
20 shown in Fig. 12, the datz ourput buffer DOB is composed of a pure
 CMOS inverter of T3g_and T 40’ 2 quasi-CMOS 2-input NAND circuit
of T 29 T 55c &
P-channel switching MISFET T57, an N-channel switching MISFET

4 " T 48° 2 quasi-CMOS 2-input NOR circuit of T

Tgg, @ P-channel output MISFET T.,, and an N-chaznne! output

59
25 MISFET TSO'

When the data output buffer control signal DOC is at the high

level, the switching MISTETSs TS?' Tsa are turned "on", and the



NAND circuit and the output of the quasi-CMOS 2-input NOR circuit, the =

o] bei ng responsive to the signal |evel of the output node 10

N3 he data output internediate anplifier DO A, whereby.valid data is
. obt & fromthe output term nal [er3] In order to reduce the "on" )

regi ces of the output M SFETs T59, t he channel w dths Wof these

M ale set at very |l arge val ues. Then the gate capacitances of these

MS 1joutput MISKETS Bogond gyare smtgtaneguusbe tumped'taff" 1 Iso thatput

porti t he quasi - CMOS 2-inp ut NAND circuit is conposed of the bipolar

out put 7 ahei eutus Pgpe ]Ofaﬂbﬁtqiiéam!ttﬁut hffer POBf fallseini@asihigbVvOs 2-i nput

NOR circuit is corrposed of the bipolar output tran- sistors [err] the
charge andmpedang® gdats (fleatigs: stat@baci t ances 20 of the output

M SFETs T59, T60 are executed at high speed. Referring now to_Figs. 13 and
14, the oper atilgnt@e Ct“ﬁ’ie sqfaﬁa@ip&l\ﬁnl’fﬂﬂl‘wtéyépﬁ ‘@tavﬂ‘?ﬂ% BH¥e3r mat i on

\émélp: i Egt ??ﬁsﬁ’%i'&f réio#ébugé{:%;’éﬁ% felPY’] Iec"l% t@ﬁ?‘fr}'urlkep t%%‘? GHatc thﬂntgzﬁanges
the 1ow | MSEETE Mepsnd se aﬂcﬁ R pte ArHPOPR AT Hf S RHT SEERA oi gnal o
S gnal | DOd save m%ﬁ%%f%m o pY 1R PR 0 e muar Rl abBeEr G rou
“nternal AHRDs eyt &t B8 Burpyt '°9a$“193§b‘%?9 SHOS' FuBbRe O ARebBurt cr

DIB. In 5 the outpﬁ"fs' bbiMy rBESARLL XY thd Gigh A Rlvel Tt Ine” BARGES nbBel NE 1 OW

| evel . The
10 N11 of the data output intermediate amplifier DOIA, whereby valid

data is obtained from the 6utput terminal D,

In order to reduce the "on" resistances of the output MISFETSs
ng, TGO‘ the channel widths W of these MISFETs are set at very
large values. Then, the gate capacitances of these MISFETSs

15 ng, T60 become very large. Since, however, the output portion
of the quasi-CMOS 2-input NAND circuit is composed of the bipolar
output transistors T 47° T 48 and the output portion of the quasi-
CMOS 2-input NOR circuit is composed of the bipoiar output tran-
sistors TS-S' TSS‘ the charge and discharge of the gate capacitances

20 of the output MISFETSs ng, 'I“30 are executed at high speed.

Referring now to Figs. 13 and 14, the operation of the static
R2AM in the cycle of writing inf_oi'mation will be described.

As illustrated in Fig. 14, simultaneously with the application

of the address signals Ay - A, the chip select signal TS changes
25 to the low level, whereupon the write enable signal WE changes to

. the low level. As shown in Fig. 14, the internzl delay chip select

- signals CS., CS,, C_JSs. the write control signal WECS and the daza



a P-chanmmel switching M SFETT61 of the data input buffer changes into the .
"on" state, and an N-channel switching M SFET T62 into the "off" state.
Thus, the input data Din is transmtted to an output node N12 through puf
CMOS\pverters in nulti-stage cannection. 10 In witing R
information, tthe witfe control signal WECS5 changes to the |ow | evel. Ther
within the data input intermediate anplifier DIIAL in Fig. 13, P-channel
M SFETs T63, Ui er Qs ngj hBogekrd teed F4omfife internabf f ", - s
that a signa?Jtlgg%hggfgel\;ﬁaﬁtfﬁe sdl\ﬂrgaﬁal of thepsggt put node [err] of the_data
i nput buf f er o f}4Boll Signal genetRBSRkSraiiit TOMEGE[ & thatikiMes a signal antiphase
thereto appears at a node N14. The signal of the node N13 is transmtted to
the common data | pgesHowd kin Fir.0U8) inpgtiaddta ahdvihid tiveriey cisxtelrmsl
transstors [err] while the signal of the node nerr] is transm'tted to the
20 Copmp sélett sigmed TBrrire appliedotwithe datasinpGhOsuifeydpir Ironposed
of transistors [err]. Since t fre charge and di scharge of the common data
line pai r [ ewkrltind igferaiatiow,athé istgnalp88i,t ehamgesate thedowt tavedy (Therbi pol ar
output transistors T71, T72 and [err] of 1these guasi - CMOS i nverers, they
are execut edad®-dhaghePSwitching MISRETTEhwf, theraataipputrdtiey chanpes
signals of the data input internediate anplifier DHAl are transmtted to
the menory cito theCEbn" stateroantl amdNwehannel donitchingMIRERFT (B4 Intethe the
switching M SFETs [err] and the conpl enentary data line pair [err]

wher eby the Uoifl'istgtesf Thusi nthe iepvbrlataldy 1 e trnamiftedeto ansod ted.

o~/ node N

12 through pure CMOS inverters in multi-stage conneétion.
10 In writing information, the write control signal WECS changes
to the low level. Then, within the data input intermediate amplifier
DIIAl in Fig. 13, P-channel MISFETs Tg,, Tgg turn “on", and
~ N-channel MISFETs .T64" ‘Tgg turn Moff", so that a signal inphase
with the signal of the output node_ le of the data input t;uffer DIB
15 appears at a node N 13; while a signal antiphase thereto appears at
a node N1 4 _ | _
The signal of the node N13 is transmitted to the common data
U ne C:‘:.DI.1

TG? - '1"72, while the signal of the node 2\714 is transmitted to the

through a quasi-CMOS inverier composed oI iransistors

- 20 common data line fﬁﬁl through a quasi-CMOS inverter composed of
transistors T4 = T,g. Since the charge and discharge of the
common daté line pair C_JDLl, 551'.1 of great parasitic capacitances
are execuied by the bipolar output t:ansistors '_1‘71, T.72 and
T..7, T?S of these guasi-CMOS i:-:ve:zers, thev are executed at high |

7
25 peed.

Thus, the complementary output signais of the data input

intermedizte amplifier DIIA1 are transaitted 10 the memory cell M-CzZl



B

_ As a result of the structure described in the foregoirg
8t ion,. the follow ng advantages are achieved: (1) Each of the

erting/inverting circuits [err] of an address buffer. ADB is _
tted of a quasi-CMOS circuit. Since, i.n the quasi-CMOS circuit \«fhe

part of a logic pro- 10 - 36 <tessing portion of .

ersion/inversion is constructed of CMOS circuits, a | ow power
constmpption is possible. Further, output transistors which execute the
chargé andhmoughahgecoRmen fatakine RpinfdPLpy ¢ dhe pinidching made of

bi pol ar transistors, ,so that evgn when the stray. capacitances of the output
signal |i MISFETst Re- fdp- Uipor Y1pginveRe i t1hg/ Fomelementary datd tiPg err] becone
| arge, a hi gh_speed  operation is obtained si@r#]ce 't he bi pol ar transi stors can

afford a P8P patpdtigoasi CheFrRRY WPENWERMNG & hectiprmatiaR idte fbe han a

M SFET. (2) G rcui];s whose %%tput signal lines have | arge stray
capaci anc &emaryc el 45 §RERURE circuits [err] 20 [err] the NOR

ircuit d.the.j ters GB7 - (B4 of ders, R-DCRO, R-DCRL,
RSDOR? ar ¢ condid ActRR bt ciie Prrare deorited 38 TRCRTBRBNS o rcui 1s wi I

be low in fhe power con tjon gnd high in operatinhg speed. Further,

ci rcu}Ntls \fafeasé%ﬁbu "s?éﬂg‘? 9 ﬁgé’aﬁéﬁlésslﬁﬁ? ia%&?"zf;?’:gS P gapaci t ances,
such as NAND ci,nh¢uUi L. : circuits, so that
these circuits (&gn "50%*’1[ g#/vtll‘ﬁ ?érg-i%g\%giﬁggfr?g%rﬁ%tgﬁggg{r%umﬂf -C’CI(53) Gircuits

whose out pytar5i gakel iMAFeANSS | A1 6 HEhRted 30% (RRERDUGY Wirgiel Ne NAND

circuits coders _ J
Since, in the quasi—CMQS circuit, the greater part of a logic pro-

10 cessing portion of non-inversion/inversion is constructed of CMOS
circuits, a low power consumption is possible. Further, output
transistors which execute the charge and discharge of non-inverted
and inverted 6utputs are made of ?:ipolar transistoré. so that even
when the stray capacitances of the output signal iines of the non-
15 inverting/inverting circuits G0 - G1 5 become large, a high speed
operation is obtained since the bipolar transistors can afford a lower
output resistance with smaller element dimensions than a MISFET.
(2) Circuits whdse output signal lines have large stray \/
capacitances, such as the NAND circuits G15 - G23. 624 - G31,
20 Gyp - Gy', the NOR circuits G5, = Gag, Gyg - Ggg and the
inverters G, - G, of row decoders R-DCRO, R-DCR1, R-DCR2
are constructed of quasi-CMOS circuits, so that these circuits will
be low in thé power consumption and high in operating speed.'
Turther, circuits whose output signal lines have sma¥ stray
23 capacitances, such as NAND circuits G 45 GSG’ are constructed of
pure CMOS circuits, so that these circuits can be low in the power -

consumption.



C.DCR1 1,0 C-DCR4, are constructed of quasi-CMOS circuits, so that these # °
circuits will be lowin the power consunption and high in operat- 5 /
i ng speed. Further, circuits whose output signal |ines have small stray,
capaci tances, such as NOR circuits @4 - G and inverters [err] are
constrlcted of pure CIVDS circuits. so tha7 these ci rcuits will be lowin
the power consunption. (4) Since non-inverting/inverti\ng
circuit constitutindla GgﬁélétsaWﬁ‘PF?lcé’rtPS‘élséﬁpélr h@ﬁﬁc’lﬁ“te e Fgfa(Yoﬁ§P¢Q1
of a quasi-CMOS circuit, a |l ow r consunption is achieved. Also, since
outputs CS, artangesaisHEh as éﬁ?ﬂﬁﬁmﬁa@%ﬁ% uralﬁg§96r°§mfi‘ﬂe§%cm§uts CS,
CS becone fast_even_ when % stra Ci ances are | arge.

(5) Since an GnRERAI t"cff;:n s PER ongyﬁg;tg e SPPEW%W@ﬁ so that
constructed of a quasi ower consunptio hi eved
and si nce out phege ‘{ié?‘fifs d’?‘g bﬁtﬁﬁf”ngbl%ﬁ rpGPBFu’BBPﬁnB SJHEPsf'beeraf‘

t hese out puts err;l \QECS becone fast even when their stray capacitances are
Iarge.5 20 €eC. (6) Since a data out put buffer DCB i s constructed of

i - | h )
e o g oat e capdibrce E6FEHE e ARSHFRY Chor Sl 1 S%eg e
ond a schar oo ptpitafbEe %&gﬁ%@wﬁcﬁt%@r%;é@;; a;s%z*xdzw&g ke, char ge

- speed 7) S e a gata c f
iPrcw t( 231 Igﬁwglﬁb'ngg%%?ﬁiégegc |eve ety %?Bc?ﬁkso - tBH{QhQE@S

circuits will be low in the power consumption.
\-;o (4) Since a non-invertihg/inverting circuit constituting a sense
amplifier selector circuit SASC is constructed of a quasi-CMOS circuit,
a low power consumption is acl_uieved._ Also, since outputs CS, TS
are obtained from bipolar output transistors, these outputs CS, TS
become fast even when their stray capacitances are large.
15 (5) Since an internal control signal generator circuit COM-GE
is constructed of a quasi-CMOS circuit, a low power consumption is
achieved, and since outputs CSZ' Cs,. (T§1, CS'I, WECS are obtained
from bipoler output transistors, these outputs CS,, CS,, 5§1. Cs,.
i2CS become fast even when their stray capacitances are large.
20 (6) Since a data output buffer DOB is constructed cf & guasi-
CMQS circuit, a low power consumption is achieved.
Further, since the large gate capacitances of the output
MISFETs of the data output buffer DOB are charged and discharged
Sy bipalar output transistors, the charge and discharge of the gate
25 capacitances are executed at high speed.
(7) Since a data input bufier DIB is constructed of a pure

CMOS circuit, a low power co*.su... ticn is achieved.



(8) Since a data input internediate anplifier DIIA 1 is con- structed of “&
Si-CMOS gircuit, a | ow power consunption is achieved. Further, since the
af, and di scharge of common data line 5 pair [err] which have
arasitic capacitances, are executed by bipolar output transistaeLs,
executed at high speed. Owingsgo-the synergistic effect of the
he foll ow ng characteristics could be obtained in the static SRAM
2¢i bed in 108) Since leedéta éppundntarimediatenamplifipr TREAJr dpagnat i on del ay
fromthe input to the output of each of the
er strugtedvef 8i ayesirCMAS cifauit,) aclow ipowatdearsinpiiéreris ADB was
shortened to about 3.0 (nsec). The stand-by power consunption of all the
non-i nver athigvedverti ng 15 ~circuits G - Gl5 was reduced to about
33.7 (mMW, and_the operating power consunption to about 45.8 (nW. (b) The
propagati on deFaythemesinge gh%mhtaﬁﬁeiﬂi}:ﬁl isgharge ofucpmmoss datkAlngf the row
decoders R-DCRO, R- , R-DCR2 and_the columm decoders C-DCR1 to C-DCR4
was reducPain §D3bpuﬁ(1v which have largecparasiiic GeRRGIUBYCHWEFeconsunpt i on
of all the decoders was.reduced to substantially:zero, ag& t he qperating
power conEXethiedi BY PHPold PUIRYY tTARFISIQLS, HRY 58 SRSt a&ep’aqa'P time tpd

of all of a nory cell MCEL, a sense anplifier SAl and a data out put

i nternedi 8P8%mpli- 25 2 fier DO A was reduced to about 5.0 (nsec). The
st and- by power .caonsupption of all. . oener lLls CEL nu L ng 64 k
(65536), all s ga%lt*’? | yrergigHc effeet, i "%ﬁt"’%%’&fp en?ﬁl{‘% i ate

characteristics could be obtained in the static SRAM described in W
10 the foregoing embodiment:

(a) The propagration delay time tpd from the input to the
output of each of the non-invez_‘ting/inverting circuits G 0" GlS of
_the address buffer ADB was shortened to about 3.0 (nsec). The
stand-by power consumption of all the non-inverting/inverting
15 circuits G 0" Gl,.5 was reduced to about-33;7 {mW), and the operating
power consumption to about 45.8 (mW).
{b) The propagation delay time tp d from the input to the
output o each of the row cecoders R-DCR0, R-DCR1, R-DCR2 and i
the column decoders C-DCR1 tb C-DCR4 was reduced to about
20 4.8 (nsec). The stand-bv power consumption of all the decoders
| was reduced to subsiantially zero, and the operzting power con-
sumption to about 153 (mW).
{c) The propagation delay time t od of all of a memory cell
M-CZL, a sense amplifier SA1 and 2 £ata output intermediate ampl-
25 fier DOIA wa§ reduced to about 5.0 (nsec). The stand-by power
consumption of all memory cells M-CEL numbering 64 k (65336), all

sense amplifiers SAl - SAl6, and the cata output intermediate



anplifier DO A was reduced to about 0.6 (nmW, and the operating power
consunption to about 160 (mMAN. (d) The propagation delay tine tpd fromt
i nput to the out put of the data output buffer DOB was shortened to 2.8
(nsb The stand-by power .consunption was reduced to substanti
zer Q, and the operating power consunptios B9 23.5 (M. (e) Onng to tf
above (a) - (d); the access time (read tine) was shortened to about 15]
(nsec). Thi s amplifter DClAbstasnreduces] ty abopual 016 (o) , 1&nd ndecperatbss t i
of presently known ECL 10 type bipolar RAMs. (f) Oning to the abod
(a) - (d), towsEracorsiymptiorrtocaboutsdfPt(mii) of the stati c SRAM of the
present enbodi nent was reduced to about 34.3 (nW, and the operating power
consunption to abdt) 38he3prenAgatipnedelayatimes t gpimsemhe dgput itecthe | ow
power consunption 15 characteristics internedi ate between those of a
prior-art bissttRut REMhm@az putput huifer NOB wesrhartenrA et (psedleser to
those of the prior-art static MOSRAM . Although, in the above, _the

i nverdt i on hasl e SHARRIRY iRAWLTOoFCRFHIMPHRR Was r&dHFéﬁeﬁoréﬂb%W 2ero,

ment, it is needless to say that the present invention is not restricted to

t he foregoi n@%M|%¥Fﬁnﬂ RAWBE (copsumpiiary te 43. éném‘ﬁ?e possi bl e as

foll ows: For exarrp n the nory cel he | oad ressanes

[err] may well Jre(jplg a%ﬂgﬁné) MC&ETEh 5555 e (read;
construct th fI| | op out f eLt the, fli flop may

“well be cons%’ﬂ%’té‘@ OFR 38 ngs\"{ &\5 b ‘ﬁe&?m value is substan

tially equal to the 15 (nsec) access time of presently known ECL

\—
10 type bipolar RAMs.
(f) Owing to the above (a) - (d), the stahd-by power con-
sumption of the static SRAM of the present embodiment was reduced
- to about 34.3 (mW), and the operating power consumption to about
382.3 (mW). These values represent relatively low power consumption
15 characteristics intermediate between those of a prior-art bipolar RAM
and a prior-art static MOSRAM (and actually closer to those of the
prior-art static MOSRAM). |
Although, in the azbove, the invention has been
described on the basis of a preferred embodi-
20 ment, it is needless to say that the present invention is not resiricted
to the foregaing embodiment. A number of modifications
are possible as follows: -
For example, in the memory cell M-CEL in Fig. 3, the load
resistances Rl R Rz may well be replaced with P-channel MISFE S0
25 - as to construct the flip-fiop out of CMOS inverters. Besices, the

flip-flop may" well be constructed of multi-emitter N-P-N transistors.

-



- 40 - Further, by perfornming refresh, the menory cell MCEL may well -be *%
constrycted of an‘information latch circuit based on the storage of charges

i nsa :- capaci tance, not of -the flip-flop circuit. The signal levels of
the ag % signals [err] which are 5 - applied to the address buf{gf
ADB Y t‘- | be set to be ECL | evel 4p rather than TTL levéls, with the

B er ARRREEC By AbrAoRIRC e RURL SHAHERSHO AP SREIORay . | P!

‘o t put constructe rality of

he 2 eeco ?tt}%fed fbad SnformatidiPiatt® circuit baséd ﬁnéo of

cour se, menory matrices is not restricted to four, but

it may well teﬁaééweéhaﬁeg%l keéell lidbhbREncell hept&htrfdoeﬁbiﬂsp \awﬁs have

been gl ven fOI’ varl ous par anet ers or characteristics, It

under stood that thesgaileldiels of thd hHB?éi@tsiQ&%lgfligw an dmélptaréer ve to

limt the present invention.. Finally, while, 1n the , the invention
fgle by t heagpliean to t1leSadi@Eeste Bty RDBY nfigs welldBE @t ‘Ed)bTehECEaFeﬁbe@é
plication to the sem conductor nmenory, it is not restricted thereto. For

exanpl e, itrdthefahdheTTL oAy, tWith ,theodddrdss BafferYADE lexecifing a

address circuits for selecting a specifed cell, signal circuits for

handl i ng t heropexdlevgl aodversiohnopefaticrf.or mati on, and the timng circuits

for controlling the operations of reading and witing informa- tion can

utilize the preskntinpwteR]| o omxputhP oipmaamell devegnstryctedotmesheci rcuits

such as bipolar analog ciTcuits, MOS ghal o? circuits 25 P- channel

MOS | ogi ¢, ferghafireplumsdity oo bitsclfs esdmple,[ drbitsi Bcbitss ard.B®t circuits .

can be arranged on the seni conductor chip as nay be needed to incorporate

t D princi p} &tof the present invention. .

Also, of course, the number of the memory matrices is not
restricted to four, bu'; it may well be larger or smaller.
Further, although specific values have been given for various
parameters or characteristics, it is to be understood that these are
15 illustrative only, and do not serve to limi; the present invention.
Finally, while, in the above, the invention made by the inven-
tors has been chiefly described as to the case of application to the
semiconductor memory, it is not restricted thereto.
For exampie, it is needless to say that, not only memory cells,
20 address circuits for selecting a specified cell, signal circuits for
handling the reading and writing of information, and the timing
circuits for controlling the operations of reading and writing informa-
tion can utilize the present invention. On the contrary, a variery
cZ cther circuits such as bipgiar at e.tag ::rr:*.:::s. MCS anzlog circuits,
25 P-channel MOS logic, N-channel MOS logic, CMOS logic, I‘I. circuits
and ZCL circuits can be arranged on the semiconductor chip as may

be needed to i.;co*::ov'ate the principles of the present invention.



-41="Atténtion is drawn to our Application No. 85.03310 (Serial No.
2,156, 616) from which the present Application has been divided and al so
Application No. 87,14911 (Serial No. 2,189,958 which has al so been divi.
out of\_t/he Parent Application. - 42,- CLAIMS., 1. A seni conduc
integrated circuit including: (a) a Blﬁ}arity of menory cells; (b) an
address circuit for selecting a specified menory cell fromanong said ™\.
plurality of menory cells; (c) a signal circuit coupled to said nmenory N\
cells and includi ng nean pect | adi.ng Witiag i nformation
fromand into said nennryﬁ%é?§§?8§n§§(§¥§g¥t?ﬁiﬁggcﬁﬁggﬁpggéhg|ed to said
signal circuit 4O g9d39Lhi igePRETANLONS, 956! 634) NG rBRCWHIEN Rlle
information; wherein two of the circuits, selected fromthe address

circuit, the tighdgeft &pbiicaPlohNRasi BBEh BivEHEl ahBCRYEBSoRrPT i NCI pal
portion constructed

Application No. 87.14911 (Serial No. 2,i89,958)

d
oL’ /. /

which has also been divided out of the Parent

Application.

»



I ons of charge and di scharge of a signal output |i.ne of the .
ircuit. 2. A sgnjfonductor integrated circuit according\to

cl d erein the address circult includes a principal portion

cona ed of a first CMOS circuit, and at |east a first bipolar outpﬁfﬂ

t ransts M$iCh executes at |east one of charge and di scharge of a signal
output |TTHe of at least one circuit in said address circuit, and wherein
said signal circuih Lagl; dPPHAELESYER Wil SUPPhEESadngat @ signal
to a dagg' - 43- Pine éoup ed to at Tegst said specified nennrg cell, said

input circuit inclydiyng a10f4Ci PRl o PORERBR yCRRItIIct ed of a second CMOS
circuit and at |east a secon | pol ar outpug transi stor, which executes at

|l east one of the 5 phuRG i NProds COPFOR: 8Ndod SNBOLi R gaid data line. 3
A sem conductor integrated circuit according-to claim1] wherein the signal

circuit %HEIée?éyE'?éaaﬂfh%w TrYfomhakbngueRliicepray At e i gpal to a data

|l i ne cou to at |east said specified frenory cCell, said 10 input circuit

includiq?eﬁoppieghggh portion constructed of a first CMOS circuit and at
| east a ti1rst”bipolar output transistor, which executes at |east one

function of charge (gnd i Pec Pf codt dedaba eld e - saLla Whensk
cells and includiné means for respectively reading and
writing information fromand into said memory cells; and
(d) a timing circuit coupled to said signal
circuit for controlling operations of reading and
writing information;
wherein two of the circuits, selected

from the address circuit, the timing circuit, and the
signal circuit, includes a principal portion constructed
of a CMOS circuit, and a bipolar transistor, which
executes at least one of the functions of charge and
discharge of a signal output line of the selected :

. \“
circuit.
2. a semiéonductor integrated circuit according
to claim 1, wherein the address circuit includes é
principal portion constructed of a first CMOS circuit,
and at least a first bipolar output transistor, which
executes at least one of charge and discharge of a
signal output line of at least one circuit in said
address circuit, and wherein said signal circuit includes

an input circuit which supplies a data signal to a data

AR




said timing circuit includes a principal portion' 15 constructed of a
second CMOS circuit and at | east a second bipolar output transistor, whi
~executes at |east one function of charge and discharge of a signal outp
lineof at least one circuit in said timng circuit. 20 4. A
seniéuﬁductor-integrated circuit accordr t© claim1, wherein the addrée
circuit includes a principal portion constructed of a first CMOS circuit,
and at |east a fling douplledl wtgnitldasnssHidIspeadi fied mendes aellgaghiane
of the functions of charge and 25 discharge of a first signal output line
of at |east oneinputuididouitaithalddliasy «iprindipahdpateiennceastructedg
circuit includes a principal portion constructed of a -44- second CMOS
circuit and at lofast secEvbrEMOS puircuititand at ahsast oa, sebond bipolars at
| east one of the functions of charge and di scharge of a second output |ine
of at |east one coitpnti ttianssigtbri whichiexedutes a®. least ong of the
sem conductor_ integrated circuit according to claim2, wherein said address
circuit incl ddefunrticmnesaf hdrge tandudrschrmgesef ssahdl datirelippki ed,
and wherein said bipolar output transistor conprises a, bipolar output
transi stor of sa-d address® REMEFORFHCFORIRERIE2RSA Fireuit BRECHAINFe

functions of charge .and dj scharge, of a signal_output. lipne of _.said address
buf f er . tégclaim(ﬁ, £heé£in the signal ci cuit Enc udes an gnput

circuit which supplies a data signal to a data line
coupled to at least said specified memory cell, said
10 input circuit including a principal portion constructed
of a first CMOS circuit and at least a first bipolar
output transistor, which executes at least one function
- of charge and discharge of~said data line, .and. wherein
said timing circuit includes a principal portion’

15 constructed of a second CMOS circuit and at least a
second bipolar output transisto;, which executes at
least one function of charge and discharge of a signal
output line of at least one circuit in said timing
circuit.

20 4. A semiconductor integrated circuit according'
to claim 1, wherein the address circuit includes a
principal portion constructed of é first CMOS circuit,
and at least a first bipolar output transistor, which
executes ét least one of the functions of charge and

25 discharge of a first signal output line of at least one
circuit in said address circuit, and wherein said timing

circuit includes a principal portion constructed of a

—_—
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6. - . A senmiconductor integrated circuit according to claim2, wherein®
sai d address. circuit includes a row decoder which executes charge and .
. pisgharge of word 15 lines of the nenory cells, and wherein a plurality_of

Nd Qut put bi polar transistors are pr,qvi.ded to execute at |east one QL,@he
i yns of charge and di scharge of égid word lines. 7.° * A "/
gonlductor integrated circuit according 20 to claim2, wherein the input

i ncludes.a a . anpll fien, i npyt t 1.Nng. 4I.ansm d to an
o i narons eH0R"saPRU o HRe ay Terel B ST i {4 RN o

s co _of o GMER LG EC Uit - 8. . ] tor

| ntegr at ed g?%é%?%gggéoyg?hg to clugier% %,t \%ﬁér%é:l rﬁmseaiod{E stlrgéna c(?t?i;%#%

i ncl udes a dat u ufsh ehhgeOiiraignig i JERY A Pyt signal,

- 45 - an i%gu?hggggesgg séi&h%apg %EtSUE%%h efﬂﬁﬂgng é%ns??%cted of a
plurality Oie%@oﬁér eYirkhi tal nOWhRl +3hAeR @fiy%aiik data out put buffer

i ncludi ng N-channel and P-channel output M'SFETs, and wherein said data
output 55 Buffer furpheemidehddesor Anvedrdtedicitidittiracedfding _
transi stors which execute charge and di scharge of -gate capacitances of said

N-channel apd Pighanng! whelriein MaSGEhddresseHidan t dmuliyaks sagnal s of
said plurality of CMOS circuits in said data output buffer

address buffer to which address signals are applied, and

wherein said bipolar output transistor comprises a bipolar
output transistor-of said address buffer which executes \u)
10 at least one of the functions of charge and discharge
of a signal output line of said address buffer.
6. A semiconductor integrated circuit according
to claim 2, wherein said address circuit includes a row
decoder which executes charge and discharge of word
15 lines of the memory cells, and wherein a plurality of
said output bipolar transistors are provided to execute
at least one of the functions of dharge and discharge
of said word lines. ' W,
7; A semiconductor integrated circuit according
20 to claim 2, wherein the input circuit includes a data
input amplifier, input data being transmitted to an
input terminal of said data input amplifier through a
data input buffer which is constructed of said CMOS
circuit.
25 8. - A semiconductor integrated circuit according
to claim 2, wherein said signal circuit includes a data

output buffer for obtaining an information output signal,

TR -



109, e A sem conductor integrated circuit according to claims§,-

- state by a data output buffer control signal. 10. A sem conduct or

. i ncl _
“with a chip selett signal and a wite enable signal, thereby to generate}

wherein both said output M SFETs are controlled into a sinultaneous "of fy

integégted circuit according 15 to claim3, wherein said timng circuit
udes an internal  control signal generaﬂ%i‘tircuit which is supplied

i nternal del ayegnchhputekeagesognahidndataVdutpOBufesikdilg 20 11.
A sem conductor integrated circuit according to claim3, wherein the input

circuit includesoasdauetedpot anpllufiaditynpfi CMIS diatdifi g AnGiriddtgsut 0 an

-~ input termnal of said data input anplifier through a data input buffer

which is constratagd of said P& output! bufferiZincludind Narharmieli cAnd
integrated circuit according to claim3, wherein said input circuit of said

signal circuit PochaAsneilnchtpes MISKFETS ,biand awvhexeipuisaicnddts autput 46 -
whi ch executes the other function of charge and di scharge of said data

“line, and wher ebufferdfurthey déncdudesf @ tpldiralnidiwdet bigalat rowipat ar
~out put transistor which executes the other function of charge and discharge
.of said signal $rapgiptersi Whichzexecute ghange antlcdisschanggref cgpkercuit

according to claim3, wherein said signal circuit_includes a data
. capacitances of said N-channel and P-channel output

MISFETs in response to output signals of said plurality
" of CMOS circuits in said data output buffer.

10 9. A semiconductor integrated circuit according
to claim 8, wherein both said output MISFETs are
controlled into a simultaneous "off" state by a data

= .,. output buffer control signal.
16. A semiconductor integrated circuit according
15 to claim 3, wherein said timing circuit includes an
internal control signal generator circuit which is
supplied with a chip select signal and a write enabie
signal, thereby to generate an internal delayéd chip
select signal and a write control signal.
20 11. A semiconductor integrated circuit according
. to claim 3, wherein the input circuit includes a data
input amplifier input data being transmittgd to an input
terminal of said data input amplifie; through a data
.input.buffer which is constructed of said CMOS circuit.

25 12. A semiconductor integrated circuit according

to claim 3, wherein said input circuit of said signal

circuit further includes a third bipolar output transistor

-
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out p buf fer for obtaining an information output signal, an input Sfﬁge b?i
e out put -buffer being con- 10 structed of a plurality of CMOS ’

cifrgui{$\ an output stage of said data output buffer including N channel
and \P- channel out put M SFETs, and wherein sai.d data outggl,huffer fur tgr

i nglydes Ja plurality of bipolar outbuﬂstransistors whi cii"execut’e charge and
di of gate 15 capacitances of said N channel and P-channel out put

oy daia re%??e”%%‘?fg?? ”ﬁ*ié“°§ﬂ39a£3§§§1i§§in§£'f=§%% g A B : ltsdi ’
' | ' I, . M. SFET 2

"o a orrih i ERAdea TIRET dadihRenRa, SR huktina B:BiRe Gusig  “ls

A serli condicl s L0t 0 AL eth chiGUl hraGEREALNE LB GLAP dn WPl 4L

address includes an a erto ress Signals aire appl ed,

and wher ei gy 25,5850 BiROL A0 OUE PUhalLANSLY! 8 SEHMRYES BT BalldPUsdnaqut Put

t ransi st or ess ch executes a east one o

functi ops tﬁ@@rggn@pd di schar ge of - 47 - a signal output line of said
addr ess bd?%e . 16. A sem conductor integrated circuit according to

claim4, vherein saig gafiessaskeey &nit@gh:ﬁ@%a 2ireVideaRdyrathich executes
charge and di scharge of word lines 5 of the nmenory cells, and 'wherein a
plurality €6 6Pafim 3, wherein said signal circuit includes a data
output buffer for obtaining an information output signal,
an input stage of said data output buffer being con- v
10 structed of a plurality of CMOS circuits, an output stage
of said data output.buffer including N-channel and
P-channel output MISFETs; and wherein said data output
buffer further includes a gaurality of bipolar output
transistors which execute charge and discharge of gate
15 capacitances of said N-channel and P-channel output
MISFETs in response to output signals of said plﬁrality
of CMOS circuits in said data output buffer.
14. A semiconductor integrated circuit according W/
to claim 13, wherein both said output MiSFETs are
20 controlled into a simultaneocus "off" state by a déta
output buffer control signal.
15. A semiconductor integrated circuit according
to claim 4, wherein said address includes an address
buffer to which address signals are applied, and wherein
25 said bipolar output transistor comprises a bipolar output
transistor of said address buffer which executes at

least one of the functions of charge and discharge of

_—_—
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oyfbht brpolar transistors are provided to execute at | east one of t
functions of charge and discharge of said word lines. 17. . A
sem conductor integrated circuit according 10 to claim4, wherein s
t|n1ﬁg~C|rCU|t i ncludes an internal coentddl-signal generator circuit
is supplied with a chip select signal and a wite enable signal, theNe

| si .7
generat® N Tac fahalcLBKplsilihe eZ?%ffe lcd. A B eh” o el aima.
O Ll
{ransi Stor %?@ﬁfi&ﬁié@f%&@%ﬁk’d e ey %@P% # reERs 598901;]
[ er
ncludes a fourohe bbhl i SHERSER AHIE QAU CHRA nd B pobou

~function of ch@éagdéydwﬂaéﬁha&%u@ess@h%xsgeec% QM2 PYL PYE $5P8 1ines

5 of the memory cells, and wherein a plurality of said
output bipclar transistors are provided to execute at
least one of the functions of charge and discharge of
said word lines.

Lf, 17. A semiconductor integrated circuit according

10 to claim 4, wherein said timing circuit includes an
internal control signal generator circuit which is
supplied with a chip select signal and a write enable

= signal, thereby-to generate an internal delayed chip
select signal and a write control signal.

15 18. A semiconductor integrated circuit according
to claim 4, wherein said address circuit further
includes a third bipolar output transistor which

U executes the other function of charge and discharge of
sé&d first signal output line, and wherein said timing

20 circuit further includes a fourth bipolar output
transistor which executes the other function of charge

and discharge of said second signal output line.

A




