"A sem conduct or integrated circuit”. The present invention relates to a
sem conductor integrated circuit in which memory cells are integrated on a
large scale. A weli-known type of semiconductor integrated circuit in. 5
which menory cells are integrated on a |arye-scale (hereinbelow ternmed the
"“sem conductor nmenory") is the so-called RAM The RAM (random access
menory) is a device capah)l%erb#cm@mwgnnmbegra’aedoqlrgupbran ly and
reading it out when required. This type of nmenory is also called a

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

writing of information. In a RAM a plurality of nenory cells are arranged

in the 15 shape of @hatsresedteimpentionnreiaseteedi A0samdeshaaetERNOrY
cell fromanong the plurality of nmenory cells is perfornmed by selecting an
i ntersetion poilmtegrated muircxit The whielssmémoeyi Sel her af-or encegghaat

i rrespective of the position (addresses) of the selected nenory cells
within the mat©nx.a A@rgde scFMb are broadly classified into tw sorts;

bi pol ar RAMs and MOSRAMs. The bi polar RAM has the following nerits: (1) As

conpared w th the MOBRABI-khowpetyaiesf fmhedmductor Enté@ﬂatIﬂeciQQﬁtaid on of
the nenory cell is of the static type,
which memory cells are integrated on a large scale (hereinbelow
termed the "semiconductor memory") is the so-called RAM. The
s RAM (random accéss memory) is a device capable of storing infor-
mation temporarily and reading it out when required. This type
W of memory is also called a "read/write memory".

10 Typically, a RAM includes memory cells which store infor-
mation, an address circuit which exterhally selects a specified
memory 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

* £ - 3 Lank” - < P <
15 shape ¢f 2 =z:riv. Tre cperaticn of selecting & desired memcry

e cel Irom among the rluralicy of mexory cells is performed by
selecting an intersecHen peint in the mairix. The access time is .
therefore constant irrespective of the position (addresses) of the
. selected memory cells within the mairix. |
20 RAMs are broadly classified into two soris; bipoiar RAMs
and MOSRANs,
The bipolar RA.‘I has the following merits:

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



and the controls of timngs, etc. are sinple. On the other,hand, the

bi pol ar RAM has the followi ng denerits: 5 (3) As conpared with the
MOSRAM it exhibits a higher power consunption (especially when it does not -
operate). (4) As conpared with the MOSRAM i t requires a nore conplicat et/

manuf acturi ng progess,,and is nore difficult to attain.a high density of
i ntegration. 10 (%) %hﬁl BBeLAtIgERE Tz;feemﬁl"@§¥n??lf/li§éﬁemﬁ I5§aq‘é‘l: d¥8ftied into

the two type f the TJL type.and the ECL t dependi ng upon differences
in i nput/og’t’gu&‘el 8%?’?.{5 P%ea'é‘&%%%'s ef‘i:‘m?rfr"ﬂé‘gff%g tine) of the bipolar RAM

n i npu fhie rETer e _
i me of tho bi paPs Uhathr ety Bubhies “Ran Bel B oWl S (%, "0 °55°

(nsec.). Aﬁ&% i Elg| y, bipolar RAMs are applied to various nenory systens
wher e hi gh spe‘eé operations are required. Meanwhile, when conpared with the

bipol ar &AM the 4OSRAVompatdP!vikn | heSMOSHANL® (8hniBike HiBRE act uring

process. 20 It is also nore advantageous in tefrns power nsnpti on,

storage depsivey pduBigiish (S8BE@RNYCwhEh ftSddkseHiol bpergle)s Whi ch do not
require high speed operations. MOSRAMs are classified into the dynam c type

and the static tyge. A35compardd vitly nihe MOSRIEM MIBRAYuPss at dorf@nory cel |
conposed of a conparatively small nunber of transistors, namely, 1 - 3
- 3- complicated manufacturing process and is more difficult to attain
a high density of integration. “
10 ‘Bipolar RAMs are presenﬂy generally- classified into the V
two types of the TTL 'type and the ZCL type, depending upon
differences in input/oufput ievels. The access time (reading
time) of the bipolar RAM of TTL interface falls within a range of
30 - 60 (nsec.), while the access time of the bipoiar RAM of ECL
1Sinterfaée falls within a2 range of 4 - 35 (nsec.).
Accordingly, bipolar RAMs are applied to various memory
svsiems where high speed cperations are required.

Meanwhile, when compared with the bipoiar RAM, the

PanH

MOSRZM is simpler in siruciure anZ in the manufacturing process. \J
201t is also mere advantagecus in terms of power consumption,
storage density and price. Therefore, it is uséd 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



transistors per bit (1 - 3 transistors/bit). Wth an identical chip area,
therefore, thé bit density becones higher than that of the static type
MOSRAM t o be described later. In the dynamc MOSRAM information is stored
as . charges in 5 a capacitance within the nenory cell. Since the charges
stored in the capacitance are discharged due to a | eakage current, etc.,
~the information of the nenory cell needs Y0 be read out within a prede-

" termned period of tinme and to be rewitten again (i.e., refreshed). On the

other hand, iRahbRt&isibes BIPSAM 33trz]'5h'bfét&§ﬂ?>iﬂi re i_ﬁ) A MReABcLP chigyal |y

conposed of 6 elements is used as the memory cél’l. For thi's reason, the

refresh whi chares, révereicd, ithet &t d&ﬂ@ﬁwbé@%&@%&&é}oftwfGdl%ggfi{fygb%_he

access time of the dynamic MOSRAM falls within a range o

(nsec.), whilstatibetyac MOSRAMEtcObet BescriiBéd QatddSRAM 15falls within a range
of 30 - 200 (nsec.). Thus, it can be seen that the access tine of the

MOSRAM i s a | ar ger Imathee d¥nemic MOPERAM witioriagionofs sttreli 89/charBéd! in
Meanwhi |l e, owing to inprovenents in photolithographic technol ogy, reduction
in the el enbrd capacibanaen witifin MieFBEmonyt belh. 2Gineethe whdrgesrstonéd gnat ed
circuit has been pronoted. In | EEE Journal of Solid-State Crcuit, Vol.
SC-17, No. 5 thgpcapegitanceoare disohatged due dbeca 1¢8l8ge cherent,setmunt thewed a
static MOSRAM of 64 kbits which enploys wafer processing techni ques based
on desi gn rulisforgmation gf theamemary ceelb neesst to gﬁ zadcleout withino® poedersec. ),

an 25operatin ower consunption of 200 and a st.and-b ower con-
sunpt i gn of fgrxgidwd_ period gP time and to be( rI'J‘é\\ymrit‘cen again (i.e.y, ?efreshed).

Nt On the other hand, in the static MOSRAM, a flip-flop circuit

10which 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 dynamic 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.
v Meanwhile, owing to improvements in photolithographic
technology, reduction in th_e element cimensions of MISFZTs within
20a ser;:icon‘uctor integrated circuit has been promcied. In IEZE
3 Journal of Sclid-State Circuit, Vol. SC-17, No. 5, pp. 793 - 797,
issued in October 1982, there is contained a static MOSRAM of
64 kbits which employs wafer processing techniques based on design
rules of 2 (um) and which exhibizs an access time of 65 (nsec.), an
250perating power consumption of 200 (mW) and a s:znd-by pc-)wer éon-

sumption of 10 (pW).



-4- Meanwhil e, as an exanple of the bipolar RAMof the ECL,type, an ECL
type bipolar RAM of 4 kbits which exhibits an access tinme of 15 (nsec.) and
a power consunption of 800 (mMAN is manufactured and sold by Htachi, Ltd. -
under the product nane "HML00474-15". 5 As expl ai ned above, there kab
been a definite technical trend to enlarge the storage capacity of

sem conduct or nenories which has takem place in the increnents of 1 kbit, 4
kbits, 16 Kkbits, 64 kbits, 256 kbits, 1 Mit, , quite independently of
t he features of Méaawhileql as anAbkahple gbh theebibdar RAMhof cheECD nypept i on
and the 1 features of the MOSRAM of | ow speed and | ow power consunption. At
t he preseanh EChetypédnipolar BAM of cbikbitgwidch adxhiibitsseni access dimeé wf nenory
and the present-day photolithographic techni qgues determ ning the el ement

di mensi ond50{ndeced| and ta Powiert ecansumpiion o nBOh i mWois mbandactiredt &md st or age
capacity of the bipolar RAMw Il be 15 limted to 16 kbits. Meanwhile, wth
the enl ar gekteiy &itadhd, diteayrdenphei pyodict: nameHMPRAT4r 13" .nenor y
(particularly, at and above 64 kbits), the area of a sem conductor chip

| ncreas8s, and PseelPipined |ahayveqfthete hamihess @i definite frechpicakArend
arranged over a |long distance on the EO sem conduct or chig of Laégg ar ea.
Wen the MRRUATeR RSOTEAS CAPRRUYPL SERICARAUSIST MPemories viighnRas

iyl cnhln SheY B SR hSRath SR B S DRGSR BacBlsT 2 1T,
e PuT 0BT Ml 2 VU122 e ol By b4 Rlorkf B OBE | 0
phot o- 11 002K b iU E¥ake BnathRl eIt AR AB i thbe Sional
10features of the MOSRAM of low speed and low power consumption. |
At the present time, when the power consumption of the semi- w)
conductor memory and the present-day photolithographic techniques
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 and above 64 kbits), the
area of a semiconductor chip increases, and the signal line of the \:’
address circuit of the RAM is arranged over 2 long disiance on the
20 semiconductor chip of large area. When the length of the signal line
of the address circuit lengthens, naturally the stray capacitance of .
the signal line increases, and also the equ:lvalént distributed resis-

tance of the _signal_ line increases. When, for the purpose- of

Zicrominiaturization, the wiring widih of the signal line of the

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

thography, the equivalent distributed resistance of the signal line



-5- increases nore, In addition, since the fan-out of each circuit enlarges
with the increase of the storage capacity, a |oad capacitance attributed to
t he gate capacitance of a MOSFET at the succeeding stage 5 becones hi gh.
Acéardi ngly, in the 64-kbit MOSRAM whi ch enpl oys the photolithography of 2
(pm and whose address circuit is entirely constructed of CMOSFETs, the
access time of addresses will be limtgdtao 30 (nsec.). 10 Ve
have devel oped a sem conductor nenory which has an access tine equival ent
“to that of an ECL type bipolar RAM and a power consunption equivalent to
that of a statinFagaEFes merei.s dierdditien, opjace shet fanmawtenef 15
invention to provide a sem conductor nenory of high speed and | ow power
consunption. eachs.cixewiti Ajlagaat Yitdicthei inereprss ofertde sspebegeed a
sem conductor integrated circuit i ncluding: (aé a plurality of nmenory
cell's; (b) an GRRAGLYY cidclPadf GARAGILANGR atspibptedd teetdty gate from

among said plurality of menmory cells; (c) a signal circuit coupled to said
menor y capacitance of a MOSFET at the succeeding stage

5 becomes high. Accordingly, in the 64-kbit MOSRAM
which employs the photolithography of 2 (um) and
whose éddress circuit is entirely constructed of

\ v CMOSFETs, the access time of addresses will be
limited to 30 (nsec.).

10 We have developed a semiconductor memory
which has an access time eguivalent to that of an
ECL type bipolar RAM 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.



cells and including neans for respectively reading and witing information
fromand into said menory cells; and (d) a timng circuit coupled to said
signal circuit for controlling operations of reading and witing
i nformation; wherein the address circuit includes a principal portion
constructed of a first CMOS cirucit,6and at |east a first bipolar output
transi stor, which executes at |east one of the functions of charge and
di scharge of a first,sgﬁqgg utput line of at least one circuit in said

[

address ci rcui PEERFES SiRpRaent rivyentier ysbsranipnput circuit

whi ch suppl.j ata_siagn to a data |line_coupled to said specified
menory cggPpgggﬁdgiﬁﬁm}é§ﬁaﬂﬁ§°§rﬁﬂ Fﬁf%ﬁrﬁ*ﬁk?%ﬁl1BBFP¢6H9éonstructed
of a second CMOS ci i d L east. a second hipolar output transistor,
whi ch executes at Igggt£o§2u5$&%ﬁ¥ PinQSSY bR ge and di scharge of
said data line, and erei id_tim Gireuit_includes a principa
portion constructed(o égtﬁﬁégégﬁogmﬁqﬁgﬁtééﬁuf%ig$E%@? 2 third bi pol ar
out put tr, | ; | - cute t. s t functions of
charge an |lss,%%dr gﬂé@g&]?ﬁ gg%gnégéﬁt %h?ﬂ%aﬁél?%]t&{%%g yoﬁg circuit in
sai d ti mpaghdrly Wirsfhe address circuit may include an address buffer to
whi ch address “signals are applied, and wherein

(c) a signal circuit coupled to said memory

cells and including means for respectively reading and
writing information from and into said memory cells; and o/
(d) a timing circuit coupled to said signal
circuit for controlling operations of reading and writing
information;
wherein the address circuit includes a
principal portion constructed of a first CMOS cirucit,
and at least a first bipolar output transistor, which
executes at least one_of the functions of charge and
discharge of a first signal output line of at least one

circuit in said address circuit, wherein said signal

@

circuit includes_an input circuit which supplies a data
signal to a data line coupled to said specified memory
cell, 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 discharge of
said data line, and wherein said timing circuit includes
a principal portion constructed of a third CMOS circuit

and at least a third bipolar output transistor, which



sai d bipolar output transistor conprises a bipolar output transistor of _
sai d address buffer which executes at |east one of the functions of charge
and di scharge of a signal output line of said address buffer. The address
ciycuit may include a row decoder which executes charge and di scharge of
word lines of the nenory cells, and wherein a plurality of said output

bi pol ar transistors are provided to~eXeCute at |east one of the functions
of charge and discharge of said word lines. The timng circuit may include
an internal control signal generator circuit which is supplied with a chip
sel ect signal SHRFWEEF 2t btRABFeodbegedl thehdfwint iangcobrecharae anderna

del ayed chip select signal and a wite control signal. -8- The address
circuit may fHi$har9e| efic2asesoprdnhoptpitarl iR Rk ak akeast opnehFikcuit
executes the other function of charge or discharge of said first signal
output line. Pk § tttT+B%iF16Fu%gkd signal circuit may further include a
fifth bipolar output transistor which executes the other function of charge
and di scharge of saitheladdress, chncuihenayningiludei ahngddiressi bufifeither

i ncludes a sixth bipolar output transistor which executes the other

function of ch& Jhigh afddrers geignalsi areeepryied, and wherein

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 a signal output line of said address buffer.

The address circuit may include a row decoder
—/ which executes charge and discharge of word 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 charge and diséharge
of said word lines.

The timing circuit may include 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.



output line. The signal circuit may include a data output Ruffer for
obtaining an information output signal, an input stage of said.data output
buffer being con- structed of a plurality of CMOS circuits, an output stage-
of said data output buffer including N-channel and P-channel out put

M SFETs. The data out put bufferlng/gLcher include a plurality of bipolar
out put transistors which execute charge and di scharge of gate capacitances
of said N-channel and P-channel output M SFETs in response to output

signals of said phpedldddtedfs R Wi¢ Gy SEuFeieed digl@iaqeuaput buffer.
-9- The present invention wll now be described in greater detail by way of

exanpl e w t fohehtr Bipellar idirtmne Ay b vl dlgSex#bet@sNthe 15 _
Figure 1 is a block diagram showi ng the internal arrangenment of a static
RAM accor di pghieer dnactiioodiofethafge her plissshdrgavefitsapd Figste 2 is a
bl ock di agram show ng an address buffer ADB and row decoders R-DCRO R-DCR2
in 20 Figureignal gudpdr ldateni | ;THe ginput3 ¢kreauibt ogk slaagram showi ng t he
address buffer ADB, a colum decoder C-DCR1l, etc. in Figure 1 in greater
det ail ; signal circuit may further include a fifth bipolar

output transistor which executes the other function

of charge and discharge of said data line, and

wherein said timing circuit further includes a sixth .

bipolar output transistor which executes the other

function of charge and discharge of said second

output line. o

The signal circuit may include a data output

buffer for obtaining'an information output signal,

an input stage of said data output buffer being con-

structed of a plurality of CMOS circuits, an output

stage of said data output buffer including N-channel

and P-channel output MISFETs. The data output buffer

may further include a plurality of bipolar output o

transistors which execute charge and discharge of

gate 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 - Fig. 4 is a circuit diagramshow ng a quasi - CMOS non-
inverting/inverting circuit for use in the present invention; Fig. .5 is a
circuit diagram show ng a quaSi-CNQSé}J nput NAND circuit for use in the
present invention; 5 Fi'g. 6 is a circuit diagramshew ng a
phré CMOS 3-input NAND circuit for use in the present invention; Fig. 7 is
a circuit diagramshow ng a quasi-CMOS 2-input NOR circuit for use in the
present invention; Fig. 8 is a circuit diagramshow ng a pure CMOS 2-i nput
10 NOR circuit The presentt Aaverdsen wilkmownbeFdgscyibed circuit
di agram showi ng a pure CMOS 2-input NAND circuit for use in the present

i nvention; Einggre@ter detaili bydwayr &h shamme wvithsretrmsnasvdraer for
use in the present invention; 15 ~ Fig. 11 is a circuit diagram
showi ng a s&hee aamNPd Ry inel dcewd ngisnc Wher$ASG and an internal control
signal generator circuit COMGE in Fiq. 1in greater detail; Fig. 12 is a
circuit dPagram showiFigareehsdsadpbiliick ddagram gshawdn8pdhe nt er nedi at e
anplifier DOA a data output buffer 20 . DOB, eta._ in Fig. 1 in
greater detdnterna) arranggmeptceft adist@tdf i decardang iteout buffer
DI'B, a data input internmediate anplifier DIIAlL, etc. in Fig. 1 in greater
detail: and9Beg.embrdiment afr sheoPresendi giensl@®@ orns of the various 25

parts of the static RAM of the enbodi ment shown in Figs, 1 to 13,
Figure 2 is a block diagram showing an

address buffer ADB and row decoders R-DCRO, R-DCR2 in
¥¢5 - 20 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:;



[

in aread cycle and a wite cycle. Fig. 1 shows the internal arrangenent
of a static RAM which has a storage capacity of 64 kbits and the

i nput /out put operation which is executed in single bit units. Various
circuit blocks enclosed with a broken line IC are forned in a single 5
silicon chip by sem conductor integrated circuit technol ogy. The static RAM
of the present enbodi nent includegs figur. matrices (nenory arrays M ARYL to
M ARY4) each having a storage capacity of 16 kbits (= 16384 bits), thereby

bi o) 10 The 1BG Heor FiEeis, disgragyahowing ArassinGHDs, moBgtmont o

Fows x 128 ESFRRIE SR EQEE Ry B Thof BF B ERe i Ca rerory cel
const ruct ed of B-addPes it SATA MY BYabis BRI B g
o, Al nanD ARABLTER, SRe U e PRl el Cui ¢ whi ch hand os. | he
reeading and W igi1960fs & 'diPEGR! 8RGras §1%5_lﬂxf 18E§%{él’fCﬁ@Sa34ﬁbﬁti nput buffer

13, . data input Tnternmediate anplfier A4, a data output buffer

DOB, a dafa NDtddrduit Foe usd Bl BieC prEbént Ipferd¥Wdrfy, and sense anplifiers SAl
- SAl6. ' -

Fig. 7 is a circuit diagram showing a queasi-CMOS 2-input

NOR circuit for use in the present invention;

Fig. 8 is a circuit diagram showing a pure CMOS 2-input
10 NOR circuit for use in the present invention;
Fig. 9 is a circuit diagram showing a pure CMOS 2-input ) o’
NAND circuit for use 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; '
Fig. 12 is a circuit ciagram showing a sense amplifier SAl, ~
a data ocutput intermediate amplifier DOIA, a datz output buffer
20 DOB, etc. in Fig. 1 in greater detail;
Fig. 13 is a circuit diagram showing a data input buffer
DIB, a data input intermediate amplifier DIIA]l, etc. in Fig. 1l in -

greater detail; and
Tig. 14 is a diagram of the signal wavefcrms of the varjous
25 parts of the static RAM of the embocdiment shown in Figs. 1 to 13,

in a read cycle and a write cvcle.



- 12 - Although the Invention is not especially restricted thereto, a
timng circuit fér controlling the operations of reading and witing
information i's constructed of an internal control signal generator circuit
COM GE and a sense anplifier selector circuit SASC. 5 A decode
o] ut signal which is obtained on the basis of address signals [err] is
transmtted fromthe row decoder R-DCR1L or R-DCR2 to any of row group
address selection lines (word |ines W11 _- 941128, W21 - WZ2128, WR1l -
WR1128 and WR21 - WR2128). Anong the address signals [err] those [err]and
[err] are used for 10 sel ecting one nenory matrix from anong the
four nmenory matrices MARYL to M ARY4. The address buffer ADB receives the
address signals [err] and forns internal conplenentary address signals
[err] based on them The internal conplenentary address signal [err] Is
conposed of 15 an internal address signal a0 which is inphase with
the address signal [err] and an internal address signal [err] whose phase

Is inverted to thatpgf i%oﬂd?ﬁé% ém'airsfagbpelb%f@fﬁgﬂbnﬂ aMt er nal

conpl enment ary address st gnal s err are sim conpose I nt er nal

addr ess si gnakgidrehil @rﬂotsﬁéeaﬁéci?cﬁfe% 1&519&‘5241'&1 kRé rihpﬁ@loutg

Anmong the internal conplenentary address signals [err] forned

address buf f egpeaiBiont WhSeh [i81éxecrREd i8N £inglé Sis Wbk £d vtaezddsecﬁ@hwn
decoders G DCRl to C-DCR4. The col umm decoders C-DCRL to C-DCR4A decode

t hese i nt er nabloeRETErAIBsEN Mttt beskers i lgnallS, apedopmed|iyy aedinglé on signal s
(decode out put signals) 25 obt ai ned by the decoding, to the gate

el ect r odess ofsiiedh cdhipgby nsemizbndugireirftegralted§ theuit tectaidooy s
(hérei nbel ow ternmed "M SFETs")
The static RAM of the present embodiment includes four
matricés (memory arrays M-ARY1 to M-ARY4) each having a
— storage capacity of 16 kbits (= 16384 bits), thereby to have a
total storage capacity of 64 ki:its (more speciﬁcally 65536 bits).
10 The four memory arrays M-ARY1 to 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 memory cell

from the memory arrayvs each having the pluralisy of memory cells

15 is constructed of an address bufier ADB, row decoders R-DCRO,
R-DCR1 and R-DCR2, column decoders C-DCR1 to C-DCRY,
column switches C-SW1 to C-5W4, etc. _
: Although not especially restricted, a signal. circuit.which
. handles the reading and writing of information is constructed of

20 a data input buffer DI3, data inpu: intermedizte amplifier
D-IIA1l - DIIA4, a cats output buffer DOB, a cdatz output imter-

mediate amplifier DOIA, and sense amplifiers SAl - SA1l6.



- 13 - [err] and [err] within the colum switches CGSW to.CSW. Anong the
word lines [err] [err] and [err] one appointed by the conmbi- 5.

nation of the external address signals [err] is selected by the row :
decoders R-DCR1 and R-DCR2 descri bed above. One conple- nmentary data | i ne«’
pair appointed by the conbi nation of the external address signals A7, A8,
and A9 - Al5 is selected fromanong a pl_u-l%a_l_ity of conplenentary data
line pairs [err] 10 [err] and [err] by the colum decoders C-DCRL to
C-DCR4 and the colum switches CGSW to C SW descri bed above. Thus, the
menory cel |l M Crithighh the inveatn 6§ nobecespuceilBeFebtricted thekwbyeen t he
sel ected word |line and the selected conplenentary 15 data line pair

i s sel ect aghminighcireait éorlicoptryliingt then opevations g radihdsajdrwiitiner r] and
[err] are brought into "off" states by a control signal which. has been

del i ver ed ihformativa isitconstrtuatedtofobnsindesmhalgeoetral cigmalr geneéra®aht GE, t hough

this is not especially restric- 20 tive. Thus, conmmon data |ines
[err] and cirduit GOMnGE ampa senseramplifier seigutof icircuit SA5Care el ectrically
i solated. The information of the selected nenory cell is transmtted to the
cdmon dat a | i nde denpdegutput sighak mduchoispoirinediran ghe basideoipair. The

I nformation of the nmenory cell transmtted to the comobn 25 dat a

lines i s Sddsess 15jopds BgnsAmipltrreemitied fromgthe vewedegeden BRIt he

data out put jnternedi ate aErpI Ifier DOA as wel] as tﬂe dat a ouhput buf f er
DOB. or R-DCR2Z to any of row-group address selection lines (word lines

WL11 - WL1128, WL21 - WL2128, WR1l - WR1128 and WR2l1 - WR2128). u
Among the address signals A0 - A8' those A7 and A8 are used for

10 selecting one memory matrix from among the four memory matrices
M-ARY1 to M-ARY4.

The address buffer ADB receives the address signals A0 - AlS'
and forms internal complementary address signals 2y " 35 based on
them. The internal complementary address signal 2, is composed of

15 an internal address signal 2, which is inphase with the address signal
AO, and an internal address signal 50 whose phase is inverted to that
of the address signal Ao. The remaining internal complementary
addiress signais 8; = 85 are similarly composed of internal address
signals 2, - ais and internal address signais 'a'l - 515.

20 Among the internal! complementarv address signals 8y~ 35
formed by .the address buffer ADB, those 5'7. 2g and 3g - 8, are
supplied to the column decoders C~-DCRI1 to C~-DCR4. The column
decoders C-DCR1 to C-DCR4 decode th_ese intern'al complementary
acdress signsis, and supply selecticn signals (Secode output signals)

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

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



- 14 - In the present enbodi ment, sixteen sense anplifiers are provided.

Among these sense anplifiers SAl - SA16, one sense anplifier, i.e., the
sense anplifier whose i nput termnals are coupled to the sel ect ed
- cogpl enmentary data |line pair through the 5 common data lines, is

. selected by a sense anplifier selection signal fromthe sense anplifier
. selector circuit SASC, and it executes the sensing operation. In the
. writing operation, the switching M SFETs harr] are brought 10 into
- "on" states by the nt r ol S|gn fromthe i ernal control S|gnal
generator ci r Qghy OMer Ppigrevqgze 9@6?- 1ol Ogpgoc 6?61' , for
[err

. exanpl e, has brou ht the swtchi n? err Into "on"
.states in accdPdadggywivtithiphthe fefuma swijehes G-SW) tPff’e‘S}M-put si gnal of
the data input internediate 15 @rrpl |f|er DIIAL is transmtted to the
conpl enent ary data P}?é‘gpéh? wend fineg, trgh 1 N gogndftspca¥inggpai r [err]
and the M SF [er on this oc I on, the word line W11 is _selected
by the row de Ryl’ ' H‘f@hmt'l'o eD28'eSPBRRRAINTES tbﬂe%tcﬁﬂlb i gnal

f d f
Che m?tyac'efqﬁ*“ o e BeBbdl Sdaress pigfiF g oot ’S% e'ﬁ? %” SaBh ¢ he
d | V\Ll f
\évcs)[)em :aInFyf rfes?r [ g#«;gﬁ;%?gﬂe&kﬂﬁg&g%%%Zgggggfiﬁﬁé %bac*v gﬁl}g’ﬁqg? r] is
d t
f?ngoggu rg) |£r?1i t e presenm%%%éﬁ%&gd by ;he Cb{ﬁ%ﬂ%&? OQS%Cgma&ia :
address signals A7, AB' and A9 - A15 is selected from among a plu-

1001’ b D
-D

rality of complementary data line pairs D

B.. b

-D 1128°
2128 2128° ~3001° 3001 3128’ D308 and
D‘1001 - D4128' 4128 by the column decoders C-DCR1 to

1001 1128°

-D D

10 D001+ D2001
~ P 4001
C-DCR4 and the column switches C-SW1 to C-SW4 described above.
Thus, the memory cell M-CEL which is located at the intersection
point between the selected word line .and the selected complementary
15 data line pair is selected. |
In the reading operation, switching MISFETs Q. Q'l - Q.
54. Q8' 68' le. 512. Q¢ and le are brought into "off! states
by & control signal which has teen delivered from the internmal control
signal generaior circuit COM-G.E. though this is not especially restric-
20 tive. Thus, common data lines CDL,, TDL, - CDL,, CDL, and write
. signal input intermediate amplifiers DIIA1l - DIIA4 are electrically
- isolated. The information of the selected memory cell is transmitted
to the common data lines through the selected complementary data line
dair. The informaton of +he memory cell transmitted 1t tre common
25 data lines is sensed by the sense amplifier, and is delivered out
through the data output intermediate amplifier DOIA as well as the

data output buffer DOB



Anong these four sets of common data line pairs, two sets af common data
line pairs are shown in the Likew se to the illustrated - 15 - comon
data line pairs, the remaining two sets of conmon -data line pairs are
coupled to the data input internediate anplifier DIIALl through the
switching MSFETs [err] and [err] respectively. The Input term nals of one
sense anplifier, and one input and gu%QuL 5 el ectrode of each of the
32 sets of switching M SFETs are coupled to each of the four sets of conmon
data |ine pairsn Thatpresent renbodiment esikteehsserise Amplifiers argpl i fier SAL
and the input and output term- nals of the swtching MSFETs [err] to the
first conpmvideda |AmengdhesetsensenyuplifiersiSfl s SA lbheorecsensd 0

anplifier SA2 and the input and output term nals of the swi tching M SFETs
[err] ar camplifierd i1® + hRe FenspdcemPYiien whese inpkt jerminals@renput terninal s
of the sense anplifjer SA3 and the input and qutput term nals_of the

swi t chi ngcoursedTio the selegted cepmpplementanvhdataling pairmshrendgh the line
pair; and the input term nals_of the sense anplifjer SA and the_input and
dut put t ePqRMRR dajp lemss\i&tﬁ?ﬂﬁqﬁgdmgﬁeﬁnf@m%féercaag%ém 819 fourth

common daja lipe pair. In . the wiiting operatiQpn the four sets of comon
data | i netTo® ﬁeea#%esa pp ie&%%le?}aﬁp?‘ég“‘ttgééggh B’Bﬁe‘ﬁ PHCHIEH e 20
switching M %FETS ery] whereas in the reading opera- tion, they are

el ectri caf PP PRATEE Y om each other. Thus, it is possible in the reading

operation to rﬁ%lugge%;%nﬁc?%gg%agg?tqﬁgmiqghﬁ{gehﬁggglﬁd to the input

termnals of t nse ‘d
Q. Ty - Q4 Qy Qg Qg Qyr Typr Q¢ and T, are brought A
10 into "on" states by the control signal from the internal control
signal generator circuit COM-GE. In the casé where the column W,
decoder C-DCR1, for example, has brought ihe switching MISFETs
Q1001 and 51001 'into on" states in accordance with the address
signals A7 - AIS' the output signal of the data input intermediate
15 amplifier DIIA1 is transmitted to the complementary data line pair
D101+ Py
the MISFETs Q,, @, Qy001° Qyppy+ If. on this occasion, the

001 through the common data line pair CDL1, CDL1 and

word line WL11 is selected by the row decoder R-DCR1, information U
corresponding to the output signal of the data input intermediate
20 amplifier DIIAL is written into the memory cell which is located:
at the intersection point between the word. line WL11 and the comple- .
mentary data lines Dy401. 51001._
Although not especially restr_icted thereto, the common data
line pair CDL1 and CDL1 is composed of four sets of common data
25 line pairs (subcommpn data line pairs) in the present e:nbo_cfiment.

Among these four sets of common data line pairs, two sets of common

€22 Yine pairs are showz in thée Hgure. Likewise i0 the illusirated

ct



‘enhancenent in the speed of the reading operation can be achieved. 25

in the reading operation, only the sense anplifier having its input - 16
- termnals coupled to the subcommon data line pair to which the infornma-
t&(_){n fromthe selected menory cell has been transmtted through the

S ching M SFETs is selected to execute the sensing operation. Each of the
ot her common data line pairs CDL2. [err] CDL4 [err] has an 5

arrangenment simlar to that of the conmdn-data line pair CDL. [err]

descri bed above. Although, in the present enbodi nent, the conmon control
signal VECS icomtigw!datd lige idatrsithe temfiMnd twe {&srdelcbRibh d&faCline

sel ection signals fromthe col unm decoders 10 may wel |l be supplied to
the respecti veaiseidrehcogpltiSicEThe datasinput imtepMeaidte aniplifidye DAY Ng
operation to reduce the | oad capacitance of the data input internedi ate
anplifier, sothricaghetitasedtening MISFETs @ dﬁ)%ahaeq idg FgspectivélyQn can be
achieved. The internal control signal gen®&rat®r cirtuit¥COM GE receives 15
two external Thetinputstiegminals ¢feong sgnsei pmplifier; avidyont)inpod dred rdutputi t e
enabl e signal), and generates a plurality of control signals [err] CS3, .
WECSS WECS, [Rertrede. ofrgack efsthenddl sétiseof switahing MNSTEEx are esoupled clvi p
sel ect signal [err and the internal conplenentary address signals [err]
and forns 20 €ach of ithe fowregelisngl sommomny siate fine pairisectThat is.gthe iapdt

internal chip selegt signhals CS, C.. Fig. 2 is a block diagramwhich shows
t he address tﬁ}rp@qa(i,s\[f g}l’l‘ﬂ Sepfe UEBlERE 38 bang the depu: and FUIIDRD termisi g. 2

! nir 1€’ nals of the switching MISFETSs Q1001 51001 = Qyg3q¢ Qqg3p are coupled
to the first common data line pair; the input terminals of the sense
10 amplifier SA2 and the input and output tenninlal.s“c-af -i:he swiﬁ:ﬁing
N\ MISFETs Qj433 61033 = Q;064° 61054_ are coupled to the second
common data line pair; the input terminals of the sense amplifier
- SA3 and the input and oﬁtput terminals of the switching .MISFETs
-.QiOGS' 61055 - Q1096' 61096 are coupled to the third common data
15 line pair; and the input terminals of the sense amplifier SA4 and
the input and output termi-nals of the switching MISFETs
- | Q;097° §1097 - Q128 61128 are coupled to the fourth common
~ data line _pair. In the writing operation, the four sets of common
dé:a line pairs are electrically coupled to each oiter through the
20 switching MISFETs Qi. (51 - Q. §4. whereas in the reading opera-
: tion, they are electrically isolated from each other. Thus, it is
possible in the reading operation to reduce stray capacitances which
| are coupled to the input terminals cf the sense ax=zifier, so that
enhancement in the speed of the reading operatior can be achieved.
25 In the reading operation, cnly the sense amplifier having its input



detial. 25 In Fig. 2, the circuits of those |ogi.c synbols whose
out put sides are marked bl ack are quasi-CMOS circuits wherein an out put

- 17 - transistor for charging and discharging an output signal line is
made of a bipolar transistor, while transistors for |ogic processing suchk
as |l nversion, non-inversion, NAND or NOR operations are nmade of CMOSFETs.
The circuit of an ordinary logic synBél <is a pure CMOS 5 circuit. As

ﬁQﬁ“T‘P'erfﬂe%gm?ef' A nﬁgﬂ aﬁo"irﬁeg ‘ﬁé&%pﬁ&h%%ﬁﬁ? ?oe%@{xéﬁgef%eigmegﬁ

I T L

ﬁoﬂ”f‘nieﬁféal FEPmEe pEIEISA MeeY £ah Rad Heoh LEASRRRER, MRS (o

coTou e e IREE RS s bURERe Egi%tas. th e SR Eh A “Veﬁ#l’é. g 4

I Fi 4,

P? chagnel Wkﬁgﬁ—ﬁﬂtsefw‘:%m‘m %Iagahfr[%p%xasg@r[gl WP‘%IEE ﬁﬁ%“t P%ﬁlé”stors.
RET. 0

OF oh ser vizapgaiint Ydhees widiOof 5 cckindh Fdn%qgﬁﬁﬁﬁm ?ﬁfr TEL T om

an externa&l\ﬁs"bgfz%-a %8bi-@ge applied to an input termnal.

Si nce the [err] and [err] constitute a CMOS |nverter of two-stage

cascade connectARRoudhS$ii@inNghe ipHebase enibdaihest sitBeadonfiforn coatinl Ndignal
transmtted to a node N3.

WECS is supplied to the switching MISFETs Ql‘ Ql Q4, 64, Qg- 68'

le,_ 612. le and le, the selection signals from the column decoders ‘W
10 may well be supplied to the respective switching MISFETs. Thus, 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, T3 (chip select signal) and WE (write
enable signal), and generates a plurality of control signals CSl. CSZ'
CS,, WECS, WECS, DOC, etc.
The sense amplifier circuit SASC receives the chip select sicnal
CS and the internal complementary address signais 3, - 35 and forms
20 the foregoing sense amplifier selection signal and internal chip select
signals CS, C_:S'
Fig. 2 is a block diagram which shows the address buffer ADB
and row decoders R-DCR0O, R-DCR1 and R-DCR2 in Fig. 2 in greater
Cetail, |
25 In Fig. 2, the circuits of those logic symbols whose cutput

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



'Since also the MSFETs [err] and [err] constitute a CMOS inverter, a signal
ant phase to the signal of the node [err] is trans- 25 mtted to a
node [err]. The transistor Q47 is an output transistor for charging the
C@citive | oad [err] of an output termnal QUT, while the transistor (48

I sTan out put transistor for discharging the capacitive load [err]. - 18
- Since also the MSFETs [err] and [err] constitute a CMOS inverter, a
signal antiphase to the signal of the n'()d]e7['err] is trans- mtted to a node
[err] The MSFET Q is a source-follower M SFET which is turned 5

"on" by the strgnaistof fohecherging eand dischardingamploutpubasignalilinenis madehe
transi stor @4 for discharging the capacitive | oad C42 of an out put

term nal [errdf aThipolarSrrngistor], whieatransistors dorylogic pirecéssingosuchas
source-follower M SFET [err] but also as a switching M SFET for discharging
char ges st or d@vierisione Rerwunyersine, tNAND pg NOR operations arermpde|af order to
prevent the transistor ombeing driven in its saturation region, the

f
source of théeNPSEFETsR QTPQ ‘ErziﬁﬁWéc?%ént erdimary ologic tsymhel isha Ry SMAS

[err] not to a power source [err]. Likew se, in order to prevent the
trans stor QCSir¢WHm peing driven 15 inits saturation region, the

CE "ot {0 he b kel 18 SR 85 LR B A 0 ek SRS
IRy SIS ST e i e N L e S
- receive the address signals Ay - Ag of TTL levels from outside and
~ which serve to transmit the non-inverted outputs. ag - 3g and the
10 inverted outputs Eo - 58 to complementary output signal lines.
o/ Each of the non-inverting/inverting circuits G 0" G8 is con-
‘structed of a quasi-CMOS circuit as shown in Fig. 4.
In Fig. 4, Quq Qp Quq Qe Qg U, and Qg indicate
N-channel MISFETs; Q41, Q43, Q45 and Q49 P-channel MISFETSs;
15 and Q47, Q 48 Q 51 and Q54 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

e MISFETs Q,;. Q,, from an external surge voltage epplied to aa

20 | Since the MISTETs Qg,, Q5. Q43 and Q,, constitute 2 CMOS
. inverter of two-stage cascade connection, a 'signal inphase with the
signal of 2 node N 1 is tr asmit{ed to a node N3.
Since a.lso the MISTETs Q 45 and Q 46 constitute a CMOS
inverter, a signal antiphase to the signal ¢ the node N 3 is_*.rans-
25 mitted to a node 'Né.. |
The transistor Q 47 is an output transistor.for charging the
capacitive icad C 11 cf an ouipui terminal OUT, whiie the transistor

Q 48 is an output transistor for discharging the capacitive load C 4"



20 t he node N3 beconmes the high level, and the nodes [err] and [err]
becone a 1ow level, tc supply a base current to the base of the transistor
A7 through the transistor [err] so that the transistor is turned "on".u'
‘When the output termnal[err] is at the high level. the MSFET [err] is
‘turned "on", so that the base current is supplied to the transistor [err]
through this M SFET [err]. At this 26 18 ~ time, the M SFETs [err] and

he transi st or TSP, Fogy e PESFETS Bg"ent9e Shartits 2 CUOS Charges
stored 11 sh)gHeriA8CAigHaP B0 (' SigHa Lo tid HidaES NP RikhddO.

Ther ef or e, e capaclitive i s charged rapi dl'y by 8he bipol ar out put
transi st orpmifeedd lto0h héWE @it put inpedance, while the capacitive load CA2 is
di schargecinr'apl le by 5 9 t he bi pol ar output transistor B4 of |ow

out put i npedancehe\WieSFEPEQChaALOE HurbBefdinmas MISPETORMi&H ks hasmeaded,
current stops flow ng throuéﬁ the collector-emtter path of the transistor

[arr] WWemddrendi shéadigaabiof tie aaRaal},isee asoesl a%l%X hapagBdahreatricent s
stop flowi ng through the drain-source path of the SFET B2 and 10

and the colHeeetansistor O, fort Qisdhdrigendi el eepacitive Sa@ CQR4of When a si gnal
of lowlevel is applied™o the input termnal IN of the

non- i nver toughitntvertiinal ZUTCUiThe MISRET 4Q .1 peratansi abdonlRbes ghel b4 turn
"of f" and those [err] and turn "on", so tWat the capacitive load C41 is
di schar gedogdsef thei scurtdeefaliyweyi MISEEMOAL .CABut®lso as ai switbhirged f ast. At

this time, the MSFET-QS3 turns "on" because the node [err] becones the W
hi gh | evel MISFET ofcxedistharging achpagest storddi in tthe basee obfthiehtran-pol ar
transistor [err] are fast discharged to
10 sistor Q54.
In order to prevent the transistor Q 48 from being driven in U
its saturation region, the source of the MISFET Q 45 is connected
to the collector of the transistor Q 4+ Dot to' a power source VCC'
Likewise, in order to prévent the transistor qu from being driven
15 in its saturation region, the drain of the MISFET Qsz is connected
to the collector of the transistor Q g4, DOt to0 the power source VCC'
This point is also an important feature in improvements.
Accordingly, when 2 signal of hich level is zpplies to the \J
input terminal IN in the non-inverﬁng/inverﬁng circuit of Fig. 4,
20 the node N, becomes the high level, an_d the nodes N4 and NS
become a low level, to supply & base current tc the base of the
transistor Q 47 through the transistor Q 43’ So .that the transistor Q 27
is turned "on". When the output terminal OUT is at the high level.
+he MISTET QSZ is mrfze:i "on", so thai the base curreat is
supplied to the wansistor Q54 through this MISFZT Q-SZ‘. At this
25 time, the MISTETs Q 46 ané Q 50 2Te "on" because the node N3 is at

the high level. In consegiience, the transistors Q &5 and Q54 turn



earth potentjial point through the MSFET [err]so that the turn-off speed
of the bipolar transistor [err] is enhanced. When the di scharge 20

of the capacitive load [err] has ended, currents stop flow ng through the
dr@i h-source path of the MSFET Q and the collector-emtter path of the

bi pol ar transistor 48. Wien the charge of the capacitive |oad [err] has
ended, current stops flow ng through the coI l.ector- emtter path of the

bi pol ar transistor [err]. 25 - t 1Phe charge and di scharge of the

- capacitive | oRge ghlagdy cﬂ'x%'i' ts agtsré@tmeﬁ%yt&%ebyawaiéarﬁsabaa ﬁwonE
- transistors [err] err] and [err] but are instead execut ed by M SFET

they will be tpe ngﬁszquélatn@ QN Thétefbrd) IREAPACRALS Qodd € , 08
resi stance of the M SFET Becones much Iarger val ue as conpar ed“wlth t hat

of the bi pol Q:'hafrbéastai:timy By thenbipaddr oulﬂpfnhQr&Méﬁ&Sstfdfelovaodtbﬁt
enbodiment in 5 Fig. 2, the output transistors or’the

non-i nverti ngmpedance naviile Qhetapicenvia lbad @g}oﬁyeﬂismﬁm rap@lpaby addr ess
signals [err] to the output signal lines thergof are made of the bipolar
trangi stors ahesbipulay pukpyt tztansistoheﬂs of iowhautputeimpedanicesi dVizén | | nes
of the non-inverting/inverting circuits [err]” 10 are arranged over
relatively | ahg chatgenofsthencaparitivef lad ©f;, thas sadedomiysent APH, the
non-inverting/inverting circuits [err] are pernmitted to operate at high
speed. The rdipwingoterousiDehe colleqtgr-emisiarr peds ofsthentransistoge@qger of the
address circuit. This row decoder R-DCRO is con- 15 struct ed of

3-i nput NAND V&hgrgl;pgsd{sgpp}'ggm; the capacitive load C 4 has ended, currents

&H‘ stop flowing through the drain-source path of the MISFET Q 52 and
10 and the collector-emitter path of the bipolar transistor Q 54
U When a signal of low level is applied to tl?e input terminal IN
of the non-inverting/inverting circuit in Fig. 4, the transistors Q47
and Qg, turn "off" and those Q,g and QSI turn "on", so that the
. capacitive load C41 is discharged fast, while the capacitive load C 42
15 is charged fast. At this time, the MISFET Q53 turns “on" because
the. node NS becomes the high level. In consequence, charges stored

in the base of the bipolar transistor Q 54 are fast discharged to

\ earth potential point through the MISFET Q5. so that the turn-ofs
| séeed of the bipolar transistor Q54 is enhanced. When the discharg
20 of the capacitive icad C a1 has ended, currents stop ﬂowing throuch
. _ the drain-source path of the MISFET Q,. and the collector-emitter

path of the bipolar transistor Q re When the charge of the capacitive
load C 42 has ended, current stops flowing through the collector-
ermitter path of the bipolar transistor Q51 .

25 If the charge and discharge of the capacitive loads c 41 and
C 47 8re not executed by the bipolar output transistors Q 47" Q 48’

Q"l and *34 but are instezd executsd by LIS

b
-
-

Z7Ts, they will be



[err] to which the internal address signals [err] obtained fromthe address
buffer ADB are applied, and 2-input NOR circuits [err] to which the chip
select signal [err] and the output signals of the 3-input NAND circuits G24-

- 31 are applied. 20 The output signal lines (that is, the\s
output signal lines of the 3-input NAND circuits [err] and [err] and the
out put signal lines of the 2-input NOR 'dc_uits [err]) of the row decoder

R-DCRO as the pre-decoder are arranged over |ong distances in the vertical

direction L1t I D@ PAR — S?th I%ER@ whi ch are
t he decode%‘ééﬁ?e%rlésmg}w?#e% ggg glel’CUI t,%g%sof’l MSak g I'n"Frg. 2. -
21 - Each = NANRKCH rqglé;r't ah' , AT e decoder
R-DCRO in gISi’@ ?’seb%gﬁ%t ruct gdHof a guasié ngp::ai}?%“u\{n?ha%ﬁ%h%%ﬂ’ﬁn Fig. 5.
The quasi % -drBREstHND circuit in Fig. S includes an 5 I nput

| ogi ¢ processi ﬁg f|§ortf|$on whi ch is conposed of P-channel M SFETs [err] and

N-channel M SFERg ¢sttrhsfinth aReOsd @rdssPButfdiofMihe enmbodineReSad of N-P-N
bi pol ar output transistors [err]. The M SFET Q61 operates as a sw tching

M SFET for rggs-2,CHed urfut h2a8858t6tsd bE thieNnbh€inkasengfiniviaetidignol ar
transistor [err] 10 When i nput signals of high level are
applied tocatduityf G.h¢e@ifopudeliveringatife ifternal MAcredie siddlsi stors [err]
turn "off", the trdhsi sPors [err] turn "on, a node N7 becones a | ow | evel,
and the tragsi® eraf.eep]td theoutpht "sighbkdinesntidrecharpubade i the t he
transi stor @362 urns "off", and when an output termnal OUT is at

- bipolar transistors as shown in Fig. 4, so that even when the

o
output signal lines of the non-inverting/inverting circuits G, - Gg

10 are arranged over relatively long distances on the surface of the
semiconductor chip, the non-inverting/inverting circuits G‘o - Gg ) V
are permitted to operate at high speed. |

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

15 structed of 3-input NAND circuits Gls - G23, G24 - G31 and
640 - G‘}7 to which the internal address signals ao', EO - ag. 58
obtained from the address buffer ADB are applied, and 2-input
NOR circuits G4, = Gyg to which the chip select signal TS and the e
ouiput sicnals of the 3-input NAND circuits G24 - G31 are applied.

20 The output signal lines (that is, the ou*pu: signal lines of
the 3-input NAND circuits Gls - (523 and G 40 " G 47 and the output
signal lines of the 2-input NOR circuits G32 - 639) of the row
decoder R-DCRO as the pre-decoder are arranged over long
cistances in the vertcal direction within the row decoders R-DCR1

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

as illustrated in Fig. 2.



15 . the high level, the transistor Q is supplled w th a base
current through the tranS|stors [err] and turns "on". Charges in the
capacitive load C43 of the output terminal OUT are rapi dly discharged to an
eafth potential through the collector-emtter path of the transistor [err]
while at the sane tine, a discharge current flow 20 t hrough a route
whi ch extends al ong the capacitive | oad 0413,2 a _diode B4' the M SFETs [err]
and the base-emtter junction of the bipolartransistor Q 63. A voltage

L L R
et nal o1 No Ggol Ry MM ERRIFotG Areask ﬁs%?s%ﬂ iPeE -, 2 RecoRTIHEIE o
bt oligh the l;a?we&uesi-éﬁ?ﬁa e srone B amgrs d A2 i = rapidly chargec
Stored in tﬁfe base 11 anest EHRE TaRbRE NAE, elrbhll m g SR kaRe i olon
the dgain- %111t %@Q%?&e@@iﬁ %f&glgﬁ &151 §tc9> éo%@&]ofs -ERindihe

turn-of f speeéln ansi s can enhan hi's manner t he

out put portlo?,l gEEtIQe ua.sl CVRR4 3NL Siddin 1Eﬁ:'f'§

| n
constructed o e "bi p&bar 5r7an- sistors |err and Qﬁl‘ld ahence t he

charge and di gabgafPcptioh"which is com go%aeasa N-peNl 9?;551&4% Wipat VeBALIsEGrAL
hi gh speed. Incidentally, since the I nput NAND circuits 4 Gwthin the

row decoder RQERQLL. FThe MIBREE QR¢Idperdtés!as & Wwitching MISFET for dis-
et charging charges stored in the base of the bipolar transistor Q 63
10 When input signals of high level are applied to all of three
W input terminals IN 1 = IN4, the transistors Q 55 " Q g7 turn "off", the
transistors Q 58 ~ Q60 turn "on", a node N » becomes a low level, and
the transistor Q61 turns "off". Then, in the output portion, the
transistor Q62 turns "off", and when an output terminal. OUT is at
15 ~ the high level, the transistor Q63 is supplied with a base current
through the transistors Q58 - QSO and turns "on". Charges in the
capacitive load C 43 of the output terminal OUT are rapidly discharged
\x to an earth potential point through the collector-exitter path of the
transister Q63' while at the s2me time, & discharge current fiow
20 through a route which extends a’iong the capacitive ioad C 237 2
‘ diode Qg,, the MISFETs Qgg - Qgp 2nd the base-emitter junction of
the bipolar transistor Q 63 A vbltage érop acress both the ends of
~ the diode Q g4 2t this time controls the tramsistor Qg, into its "off"
state reliadly.
25 _ When an input signal of low level is applied to at leas-t one

of the three input terminals IN 1~ IN3, the node N7 becomes the

high level, the tra=zsistor Q.. turns "on", and ihe capacitve
62



nected to the inputs of the 2-input NOR circuits [err] which is only a
relatively short distance connection, each of themnay 15 . well be
constructed of a pure CMOS circuit as shown in Fig. 6. The pure CMOS o
3-input NAND circuit in Fig. 6 is conposed of .P-channel M SFETs [err] anisw/
N-channel M SFETs [err]. Since the 1engtly of a signal line froman output
terminal OUT is short as described above® The capacitance val ue of the

stray 20 capaci tance C44 of the output terminal OUT is spall.
Accor di nglgad S gnisimepidlyicchargegdethiryah hafollectar-emitteRapaths et ay

It  C ted by the M SFETs d [

ggﬁg;lr a? in\(;&? ytrgpgiégor?ﬁ?;r g%?%%ﬁ%és"? &%ﬁggﬁfeygl ggeﬁ{ffgﬂhﬁt ;l)ggar atively
hi gh d, 25 Each of th - i t NOR ci ' i t hi
the row dEedERNRSERER s HTE "N s b hP RIFeB ST e LRRNSE] oLl 1 as
h in Fi 7, .-, 23.- Th | - 2- 1 nput  NOR ¢i it in Fig. 7
?ngmdgg thﬁhﬁpfﬁa“lsbﬁ% %Bbﬁgs%a%% | | E#T?%ﬁbég%%?iﬁ%nP-Lgannel

SFET d I SEETS, Q72 d ti whi ch
MSTETS L Shikee e MO RLALSESTD 37 %50 (s 1HASHAR-BI Bpdogt | on ol oh
[err] Ope‘tﬁﬁeﬁgﬁ-s»is%f‘%ag%ﬁ'go{ﬂeﬁﬁg&@Ch serves to di scharge charges

e I PO

stored in ase o ar tran- sistor [err]. Wen input signals of

low | evel are QHp{ﬂiggnfﬂn t B @foutpRs | Suttiort BE ErHadhSadidEMuE! | N2, the
an err on",” 10

transistors [err] S turn the transistors Q72 and Q73
turn "of f 33t RANIDICiFAE lInbPELBSisA constructed of the bipolar tran-

sistors Q52 and st, and hence, the chargé and discharge of the -’
10 capacitive load C 43 are executed at high speed.
Incidentally, since the 3-input NAND circuits G 24 ~ G 31 w,

within the row decoder R-DCRO in Fig. _2. have their outputs con-

nected to the inputs of the 2-input NOR éircuits 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-channel MISFETs Q64 - st and N-channel MISFETs Q67 - ng.
Since the length of a signal line from an output terminal OUT is R
short as described above, the capacitance value of the stray

20 capacitance C a4 of the ouiput terminal OUT is small.

Accordingly, even when the charge and cischarge of the
small stray capacitance C a4 3re execﬁtéd by the MISFETs Q.64 - st
and Q67 - Q69 having comparatiﬁely great "on" resistances, they
can be execuied ai comparatively ::.:_;:: spesd.

25 tach cf the 2-input NCOR circuits G;.,2 - G39 within the row
decoder R-DCRO in Fig. 2 is constfucted of a quasi-CMOS circuit

as shown in Fig. 7.



high level. Then, the transistor [err] turns "on", and the capacitive |oad
CA5. of an output terminal OUT is rapidly charged through the
collector-emtter path of the transistor Q7/5. The high | evel of the node
[eqr] turns "on" the transistor Q and the charges stored in 15 t he
base of the transistor Q76 are rapidly discharged through the drain-source
path of the transistor [err] so that th%3turn-off speed of the transistor Q
can be enhanced. Wien an input signal of high level is applied to at | east

ith f the t ' ' s . ' X DAl :
the 20 ° 1 trankhe oyl MeR, Rourkfl RO e 1, 1Y SrBARgE el O
dth de | I h ' tion, th
ransi st or [ FPRt{Io8HE Brappaciig B8 HEN ymohR cobBosd o 0 S 0" e
hi gh | |, t j st )7 ' ' - t h th
tlrgnsi grgrs [%ﬁ%ggygﬂjﬁgg%%ﬁ.ﬁ ardé%g I\%f\!nstt '125%529 CQ%PC%?S&IE??:J\QIE Iogd

[err] of the -qtpsﬁ&'? RhicRUs ab@pbsdd GfYNCLPSIG eipaes blitpwohrdddstors
path o I

PS¢
coll ector-emtter the transistor [err] while at the sane tine, a

di scharge curgent .| QWSThErMISFER Q?{lto%e%'ie%ha@@ eWdtching -MISFET akRit t he
capacitive Ioaas[er7r51 a diode [err]“the drain-source path of the M SFET Q
and the base-gifieketo idisetidrge ohafdes btdredain tthanbasy sf ahe(Bipoléhitngnt o a

vol tage drop across both the ends of the diode at this tine, the bipolar
transi stor si'sﬁorfey ably 5 controlled into its "off" state. The row
decoders R-DCR1 and IQDCRZ in Fig. 2 operate as the decoder drivers of the

address circuit. TWhendimnpiscsitmalfRdbidry lews]akes appled moubottoRictweui t 48
vvhkgh recei ves the -
input terminals IN1 and IN 2 the transistors Q70 and Q71 turn "on',

10 the transistors Q72 and Q73 turn "off", and a node Ng becomes a
\_ high level. Then, the transistor Q75 turns "on", and the capacitive
load C 45 of an output terminal OUT is rapidly charged through the
collector-emitter path of the transistor Q75. The high level of the
node N9 turns "on" the transistor Q7 4 and the charges stored in
15 the base of the transistor Q76 are rapidly discharged through tﬁe
drain-source path of the transistor Q74. so that the turn-off speed
of the transistor -Q76 can be enhanced. |
&/ When an input 'signal of high level is applied to at least either
cf the two input terminals, for example, the input teminal.IN'l ., the
20 transistor Q70 turns "oII", 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 Q75 is supplied with a base current
through the transistors Q72, Q77 and turns "on". Charges in the
25 capacitive load.C 25 of the output terminal OUT are rapidly- discharged
through the collector-emitter path of the transister Q75, while at the

-

same time, a discharge curren: Zows thrcugh a route which extend



out put signals of the row decoder R-DCRO, 2-input NAND circuits 10

[err] which receive the output signal of the 2-input NOR circuit 48 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 [err]. The "/
di stances of the signal |ines between the output of the 15 2- 1 nput
NOR circuit [err] and the inputs of thg4a2-input NAND circuits [err] are
relatively long, and the stray capacitance values of these signal |ines are
| arge. Acgendi 1h@ yapaditive- loaguC E{R diodeiiq..CAthe drannebures htaf the

gquasi -CMOS circuit as shown in A g 7. 20 Since the 2-input NAND
circuits dfethid MISFETh Qﬁeandvuhkabadeferﬂtfﬁijicticﬁi ©f thehbypolahairaneut puts
connected to the inputs“f the inverters G587 - G564 which is only a

rel ati velsisgiroftqdi Qwing: to e veltagendremacross thedn the endstofliched of a pure

CMOS circuit as shown in Fig. 9. 25 The pure CMOS 2-input NAND
circuit idiofeqQ, atsthisntimeedthst bipalantransistesiizEsiq eelizblynd N- channel

M SFETs [err]. él nce the length of the signal line froman output term nal
GUT is contpglled dnta dtsndoffdsetdtBed above, the capacitance val ue of the
stray capaci- tance of the output termpal OUT is small. Accordingly, even
when the char gEhafPwidechaerfe RoPGRe anfh B-RERAyincEifhcidt aPeRatesds ar e
executed by the M SEETs avi ng conparatively great

er 5 and 5
"on" resi¥ieafeeder ﬁéi}’eé'%@él?@&ﬁ@i’% Fﬁrﬁﬂgpe fe row decoder
R-DCRI1 includes a 2-input NOR circuit G 48.which receives the

output signals of the row decoder R-DCR0, 2-input NAND circuits V
10 G 4 G,56 which receive the output signal of the 2-input NOR
circuit G 48 and the output signals of the row decoder R-DCRO,
and inverters G 57 " G6 4 which receive the output signals of the
2-input NAND circuits G 49 " G 56°
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 55 are 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 guasi-CMOS circuit as shown \J
in Fig. 7.
20 Since the 2-input NAND circuits G49 - GSS within the row
decoder R-DCRI in Fig. 2 have their outputs connected to the
inputs of the inverters Gs7 -G 64 which is only a reﬁﬁvdy short
distance connection, each of them is constructed of a pure CMOS
circuit as shown in Fig. 9. |
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 lengta of the signa! lne frcm 2n output terminal OUT is



The outputs of the inverters G7 - G4 within the row decoder R-DCRL in
Fig. 2 are connected to the word lines [err] of the nenory array M ARY1.
Accordi ngly, the output signal lines 10 (that is, the output signal
lipes of the inverters G7 - G64) of the row decoder R-DCRl as the decoder
driver are arranged to cover relatively long distances in the |ateral
direction inside the nenory array- MARY1 as the word lines [err] so that
the stray capacitances of the word IL W11 - W18 becone quite large. 15

2 1's const r uct B iope s Red Bhave; Hhel bnkelngR v ilier P he (s rp rapact- ' O
I - CMOS i .0 . Fl O dySins 0 P-channel M SFET [err
ﬂtjgﬁ;nnel I\/: gﬁ%éseef’felrtg]e %‘%EU&E@IQW% xF%(l)‘l ar output transi [st or]s

[err]. The operato gy déeeh- wiESH
operation of the c;nfgéﬁmgﬁ' - Q fvovr obt%éll\réﬁﬁgs%_r#ﬂ E\%@gg@oﬁfﬁl{xﬁ%{m&nﬂ of
the non-invergi g b itdt@ € I Cibd ekBolied bé dshe ai | degcri ption
shal | therefore be élpl}r!?ént ed. THE cha?gecaneg g?s}:}ﬂé]rge of'xgzbéﬁ'eg?ls%'t rﬁc&ﬂ
capac tance [ghdlQ25 having coMparayee edt "ndhréqiehthcay, itheyMNafs N bi pol ar
out put transi stor%sbgo QQ?L 1:5%26 -ﬁ?}Fi g. 2, the row decodgr If S
constructed sexddurelyat highesgeedCR1l stated above. Fig. 3 is a block diagram
whi ch shows the address buffer ADB, the colum decoder C-DCR1, etc. in Fig.
1 in greater detaiTheSoutputs of the inMeStersnGEL G- G}, Withini thelréw @écddegse
| ogi ¢ synmbol s whose

- R-DCR1 in Fig. 2 are connected to the word lines WL11 - WL18 of

e the memory array M-ARY1l. Accordingly, the output signal lines
10 (that is, the output signal lines of the inverters G 57 = G6 4) of the
W row decoder R-DCR1 as the decoder driver are arranged to cover

relatively long distances in the lateral direction iﬁside the memory
array M-ARY1 as the word lines WL11 - WI‘IS' so that the stray
capacitances of the word lines WL11 - W]’..18 become quite large.
15 Thus, each of the inverters G 57 = Ggq 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 Q86' N-channel MISFETs QB? - ng, and N-P-N
20 bipolar output transistors ng. le. The operation of this quasi-
CMOS inverter is the same as the operation-of the circuit Q 49 ~ Q54
for obtaining the inverted output OUT of the non-invertinglinvertin'g
circuit in Fig. 4, and the detailed description shall therefore be
ozitte€¢. The charge and discharge of a great stray capacitance C 28
25 are executed at high speed by the N-P-N bipolar output transistors

ngl le.



out put sides are marked bl ack are quasi-CMOS circuits wherein an out put ,
transistor for charging and di scharging the stray capacitance of an out put
signal line is made of a bipolar transistor and wherein |ogic processing
such as inversion, non-inversion, NAND or NOR is 10 executed by a
CMOS circuit. The circuit of an ordlnary | ogi c synbol is a pure CMOS
circuit. As shown in Fig. 3, in theyaddress buffer ADB, there are arranged
non-inverting/inverting circuits [err] whose inputs receive the address

signals A7 - Alfy ¢figT T3, kgyalow eesaersiDERANE donstruct ted whistdriperve to

transmt the non-inverted outputs [err] and the inverte outputs [err] to

t heir conplefBOIRMDCRUL $tated iabdde.l | Nes. Each of the
non-inverting/inverting circuits G/ - GL5 is con- structed of the

quasi - CMOS ci r chid. 3sissé®iock Ndiaggamiwhidic gh8wB0the atiieess buffert r ansi stors
of each of the non-inverting/inverting circuits 20 [err] are made of
the bi pol aADBr,attse sohumn adedodensC+RBC8A, i etcki tn F4g. soir pteacsrcdetdibn the
output signal lines of the non-inverting/inverting circuits G7- GL5 are
aisranged to extalss irelfdgi V&l ghé mircuits tdntheseologlitisymbdlacehade t he

sem conductor chip, the non-inverting/inverting circuits [err] are

perni tted Qupegesides ane magked frladk &% quasi-CMOS cirdiigs osherein deroder
C-DCRL i ncl udes 2- |n§)ut NAND circuits cgerr and G832 - &85 to which the

i nternal RitPagstransistoy forseRarging[and |disghpraing] theh stray ¢apacitande
address buffer ADB are applied, and 3-input NAND circuits [err] Further, as
shown i n Miganzoutp Wt“ﬁgt ling éﬁuﬂaqq H§§ BiPQIAE WAREIStPT ARG wheyeln 3 are

arranged th | ong di,stances and a
) g Vylogm proCessing such as inversion, non-inversion, NAND or NOR is ~

10 executed by a CMOS circuit. ~ The circuit of an ordinary logic symbol
is a pure CMOS circuit. \J

As shown in Fié. 3, in the address buffer ADB, there are
arranged non-inverting/inverting circuits G7 -G 15 whose inputs
receive the address signals A7 - A 15 of TTL levels from outside and

15 whigh serve to transmit the non-inverted outputs 3, - 3¢ and the
inverted outputs 57 - 515_ to. their complementary output signal lines.

Each of the non-inverting/inverting circuits G7 -G 15 is con-
struc;ed ¢ the quasi~-CMOS circuit as shown in ‘-"ig. 4. Accordingly, ~
the output transistors of each of the non-inverting/inverting circuits

20 G7 -G 15 aré made of the bipolar transistors as illustrated in Fig. 4,
so that even when the output signal .lines' of the non-inverting/inverting
circuits G7 -G 15 are arranged to extend relatively long distances on
the surface of the semiconductor chip, the non-inverting/inverting
circuils C - G, 15 a%e permitted to operate 2t high speed.

25 The column decoder C-DCRI1 includes 2-input NAND circuits

G,, -G - G81 and G82 - G85 to which ¢he internal address

74 = G77: Gog



‘5 connected to the input termnals of a |arge nunber of NOR circuits
[err] inside the*colum decoder C-DCR1, so that the stray capacitances of
the output signal lines of the NAND circuits G74 - (03 becone |arge

capaci tance val ues. Accordingly, each of the 3-input NAND circuits [err] 10
i S—¢onstructed of the gquasi - CMOS 3-input NAND circuit as shown in Fig. 5,
and each of the 2-input NAND circuits G/4 - GB5 i's con- structed of a

qguasi - CMOS 2-input NAND circuit which is_obtained by omtting the input
terminal IN3 and the M SFETs [err] fromPEig. 5. 15 On the ot her
hand, in Fi gsigﬁalsta 'aégwindslagnal gtaawaédtﬂ@nﬁth@madruﬁ% wsufferiABBl err]
are connected to th I nptits of ‘i nv ers [err] with short distances, so
that the strawe appHed; amh@emmit memwipwitsimgél- Gigges of the 3-input NOR
circuits [err] have snal |- capacitance val ues. ordPHgly, each of the 20
3-input NOR ci r cuFasthee; rds ishownnit iRigt €3, ¢the aoytpue siyh& Bnespof theR
circuit. Further, the output signal lines of the inverters [err] are
connect ed t ANAN® nptnultse naIG %)faré-én[anUemm' lang tddsfamces and lare
relatively short di stance connec ion so that the 25 stray

cap&ci t ancescagineched dat the irpyhaerminals off a tiaege mumbers oGNORGYEUltsy e

snmal | capaci tance val ues. Accordingly, each of - 28 - the inverters
[err] is corgy ucBeg wsice GBel columin dpcederclrDG Rl e socthatrthe stvay t he
output s gna:laplalc?tea%cg; c;[fhtel'ue2 oLQB“f'E sli\lgan?alciz;agg gfsthe NAND circuits

o G74 - G93 become large capacitance values.

~ Accordingly, each of the 3-input NAND circuits G85 - G93

10 is constructed of the quasi-CMOS 3-input NAND circuit as shown

N\ in Fig. 5, and each of the 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 IN3 and the MISFETs Q57. QGO from
Fig. 5.

15 On the other hand, in Fig. 3, the output signal lines of the
3-input NOR circuits G94. G95 are connected to the inputs of
inverters GIOO' G101 wi_fh short distances, so that the stray capaci-

\\/ tances of the output signal lines of the 3-input NOR c_ircuits
Ggy - Ggg have small capacitance values. Accordingly, each of the

20 3-input NOR circuits G94 - Gg,.5 is constructed of a pure CMOS

: 3-input NOR 'circuit. _‘

g Further, the output signal lines of the inverters G,,0, Gy
are connected to the input terminals of 2-input NOR circuits
Ggg C%gg with a relatively short distance connection so that the

25 stray capacitances of the output signal lines of the inverfers

GIOO G101 have small capacitance values. Accordingly, each of



[err] are connected to the gate el ectrodes of the switching 5
M SFETs QL001, 1001 of the colum switch CGSW wth conparatively short
di stance connections, so that the stray capacitances of the output signal -

lines of the NOR circuits [err] are small. Accord- ingly, each of these WeR
circuits is constructed of a pure CMOS 2-input NOR circuit as shown in Fig.
8. 10 The pure CMOS 2-i nput28NER circuit in Fig. 8 i s conposed

of P-channel M SFETs [err] and N-channel M SFETs [err]. Since the distance
of the sigthd ihvemtefscﬂwq) G'.itoﬁ)uis tanstructed of @omellpknawnvphliye TMOS, t he
stray capacitance C46 o he "out put termi nal OUT has a small capacitance
val ue. 15 inverter. ‘Accordi ngly, even when the charge and di scharge of
the smal|l stray capacitance C46 are executed by the M SFETs [err] B0 and
B1 havi ng conpBrathers| thejousput gignalelings pfcthe Z-inputaNOR Qirenidsl at hi gh
speed. Each of the aforenentioned 3-input NOR circuits G- G is 20

const ruct e@ggf Gogare wmnected fouthe SRR isleciredes of sthenpwitchidgit t er ni nal

circuit in Fi third P-chanpel

' dded to the 2-i t ,
EEEL TS, SUSERER hhe 2 hrout ISR L % Sttt |
seri o5 Ry fe ol SEETS TELeAld btk fd SipiSd, N Shannel M SFET vhose
[lel with the, M SEET. . diti t h b it
paral o1 LG PTG, LAl ol ALULOR Lo e Aok ARcRS Seen
Flg 115 10015 2%achB¥riede B6R' lircliflsd codR5clid A ¥ plAA°CHRSETY ce!

M CEL is

2-input NOR circuit as shown in Fig. 8. -’
10 The pure CMOS 2-input NOR.ci:rcuit in Fig. 8 is composed of
P-channel MISFETs Q78' Q,,9 and N-channel MISFETs QSO' Q81‘ | -

Since the distance of the signal line from an output terminal is com-
paratively short, the stray ca;liacitan'ce C 46 of the outpﬁt terminal
OUT has a small capacitahce value.
15 Accordingly, even when the charge and discharge of the
small stray capacitance C 46 3re executed by the MISFETSs Q78' (1,279
Q80 and Q81 having comparatively great "on" resistances, they are
exécuted at high speed. | U
Each of the aforementioned 3-input NOR circuits G94 - G95 is
20 constructed of a pure CMOS 3-input circuit wherein a thi_rd input
terminal IN3 is added to the 2-input NOR circuit in Fig. 8, a2 third
P-channel MISFTET whose gate is connected to a third input terminal
IN3 is inserted in series with the MISFETs Q'78 and Q79. and. a third
N-channel MISFET whose gate is connecied to the input terminal IN 3
25 is inserted in parallel with the MISFETs QBO' QBl'
In addition to the above, it can be seen that, in Fig. 3, the

1-bit memory cell M-CEL of the memory array M-ARY1 in Fig. 11is~



shown as being conposed of a flip-flop in which the inputs and outputs of a
pair of inverters consisting of |oad resistances RL, R2 and N-channel

M SFETs QL01, QL02 are cross-connected, and 5 ~ N-channel M SFETs
[e(r] which serve as transmission gates. The flip-flop is enployed as a
means for storing information. The transnis§%qp gates are controlled by the

address signal which is applied to the word“fi'ne [err] connected to the row

ggfgdleir n? E)gRl, and tgieri nfe(r): mat i gn Lra?sim' sfs: on ibet vveﬁnrt hle conpl eLrent ary
transm ssion 35?‘89.1’%9693‘%{ f‘éta?lci %Bgﬁ#{c Xgrt}?ﬁ F\S’?%yéﬁ%ﬁg’%ﬁﬁ%l g of
exanpl o of ¢ nERPRBEFhRerae eERSER Rt piitn Of BHICH,pfe b B "¢ O
N e L
external chip,gg! ﬁg%h@madﬂédﬁgi 0@{1&}[/\@ ch fQr stshﬁoxﬁz%f}_ft%&[ ignal s CS,

[err] to be sUpplied to the il@ernedi ate a | ér A, the

row 2 . Nd‘é\if\xgﬂﬁﬁl R OeEPsagd theﬁcol WHICH Qe PHETasCridrBhnisdiBR GhfesUi t Of
ortion to I C

this the exter A8%’ chi® select signal [err] is appliedis

constructed of theqaMBisifepik @rcgpfo?@dn_é‘él‘é meahk i 9/ storeid iiAtoredtioit 1N
Fig. 4. Since the output signal of this circuit is obtalned from bi pol ar

out put transi giner ¢rdrifmibsiorSgates are [cohtioldd blycthd adagessfRaghiiPWdech is
dependences of the charging and dis- chargi ng speeds of the outputs [err],

CS of the senappep!1d tioe vesrideliner WLI, | cetrineTAES tor the oow decsdeti RFIDCREVeN
V\h%ﬂx t he out put . .
and the information transmission between the complementary data line

10 pair D1001' 151001 and the flip-flop is controlled by the transmission

W, gates.

Fig. 11 is a circuit diagram in which one example of the
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

W, select signal TS5 and which forms the control signals CS, TS to be

supplied to the data output intermediate ampli.-‘.iér DOIA, the row
20 decoder R-DCRO and the coluf-::n decoder C-DCRI1.

. 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 bipoiar outpu: wansistors Ty Ty

25 T3 and T 2 the capacitance dependences of the charging apd dis-
charging speeds of the outputs TS, CS of the sense amplifier

selector circuit SASC a2re low. Accordingly, even when the output



- 30 - [err] of the sense anplifier selector circuit SASC i,s connected to
the input termnals of the NOR gates G32 - G of the row decoder R-DCRO in
Fig. 2 and to the input termnals of the NOR gates [err] of the col umm :
decoder C-DCR1 in Fig. 3, this output [err] 5 becones fast. Beside‘s-/
even when the output CS of the sense anplj- fier selector circuit SASCis
connected to the gate el ectrodes of a pTLﬁodI‘i ty of swtching M SFETs within
the data output internediate anplifier DO A, this output CS becones fast.

Al t hough B8 bf lthet setiseoamplifivedselbctorheirtuftluSASTA e conmeeteimbithell

fier selector circuit SASC includes a decoder circuit which receives the
i nternal inpgt eemminals/ ofidihecNORSiggned Gl err G gaafdthéla'ovlf deeoderent i oned
~control signal CS and which forns a sel tioﬁ signal [err] to be supplied
to the seRsPCRDplinfFig.. 2/amhdotthe inpute texminals of stHeeNOR gates sense
anplifier whose input termnals are electri- 15 cally coupl@_gd to the
conpl enenbgyy- ddgpof ithe pelumn depoderCclCR1iln Eig.ed: ethipyouthug @8coder
circuit, whereupon the_sensing operation thereof is executed. The output
portion obe¢omes daslodeBesidesui everns whens the qut@usfCl ofuthe sepse ampléitit so
as to lower the capacitance dependences of the charge and di scharge of the
out put . THEE, seleetoyocircuit SA§52&1 connerted soride gatelecdredas #f & he sense
anplifier can_be ephanced. |0 a case where the above control signal is
suppl i ed PB‘rtaI‘FéY'd@IC]GH’éW?’éW %ﬁkéfﬁé"i&m tBe étan?ﬂtp@ﬁ intermediatecause it
is formed b he Qipol ar, .transi st as stated above. Although, in the
present e%%&%ﬁénﬁb‘mheﬂaﬁcﬁggﬁcﬁ%il?ﬁ‘fm?%s ggst. - located in the sense.
anplifier sele [ Ci.f CUl 1,4.S ' rder_t.0 sel ect the.sens lifiers, \o
the selection éﬁ ggx 6y %ﬁg%éﬂégcﬂgﬂmnd@%ﬁq?e@ %%eﬁgggj 4 may
i’ﬁal | be uh'elrI gquc{,,gzr ci&gﬁitsghge i®8udes a decoder circuit which receives
the internal complementary address signals a, - a,. and the afore- "’
mentioned control signal CS and which forms a selection signal S1 to
be supplied to the sense amplifier. Among the sense amplifiers
SAl- - SAl6, the sense amplifier whdse_ 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
consiructed of a quasi-CMCS circuit so as to lower the capacitance N
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 a 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 transistofs as stated above.
although, in the present embodiment, the decoder circuit is
25 located in the sense amplifier selector circuit SASC in order to

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

decoders C-DCR1 to C-DCR4 may well be utilized for the selection



- 31 - ‘'signals of the sense anplifiers. This neasure can reduce the nunber
of elenents, and therefore permts enhancing the density of integration.
The internal control si gnal .generator circuit COMCGE in 5 Fig 11
ingludes a circuit portion which is supplied with the external chip select
signal [err], thereby to generate a plurality of internal delay chip select
signals [err] and CS3. The greater part of 1tuis circuit portion is
constructed of CMOS circuits. Since, however, the outputs CS2, [err] CSl

and CS3 are IseeRQe-ofl$he sensel a&iﬁhﬁepbt e héfairel P Fedfbh Piie
transistors [err] [err]; and T7, T8, the capacitance dependences of the

charge and dlxﬁﬁmézgefcéleﬁ:bﬁsse Qﬂaptﬂe?e%r% bemn?h@:méﬁ&ﬁeaéhecaehgﬁy si gnal
generator circuit COMCGE in Fig. 11 is further provided with a circuit
portion whiclyfimtegrgtided 15 with the external wite enabl e signal
VE and the internal delay chip select signals [err] thereby to generate the
write control sigmThe iNtrhal \Yontransionall ajenepatdrutineuif OOM<GE rial si gnal
DOC. The greater part of this circuit portionis simlarly constructed of
CMOS5ci r cui t £igSi Heinclhdes\ecirduit prrgionl wiEIS is ssuppliEdedtt rthen 20

bi pol ar output transistors[err], the_capacitance dependences of the charge
and di scharg@%érnail@ii@usplﬁctmlaﬁ.l tiverebyc te drenemgtey a phunalithenf t he
output WECS is applied to the |arge nunber of input termnals of the NAND
circuits (nodntaraah)deday (qhipcerlesh signlarSs B8R, CF,Fand GSgr The a:e

el ectrodes of the sw tching 25 M SFETs [err] |n FI% t hi s out put
VWECS becones 9rgater part of this circuit portion is constructed of CMOS circuits.

\t Since, however, the outputs CSZ' csl, CS1 and CS3 are respec-
5 Tgi Tor Tyqi
U Tll' le: and T7, T8' the capacitance dependences of the charge

10 tively obtained from bipolar output transistors T

and discharge of these outputs are low.
The internal control signal generator 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 C'S'l, CSZ‘ 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 similarly constructed of

CMOS circuits. Since, however, the signal WECS is obtained from
20 bipolar output transistors T 14° TIS' the capacitance depencences

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

decoder C-DCR1 in Tig. 3 or the gate electrodes of the swiiching
25 MISFETs Q. Ql - Q¢ le in Fig. 1, this output WECS becomes

fast.



- 32 - Fig. 12 is a circuit diagramin which the sense anpl|fier SA 1, the
data output internediate anplifier DO A, the data output buffer DOB, etc.
in Fig. 1 are shown nore in detail. Fig. 13 is a circuit diagramin which
the data input buffer 5 DIB, the data input intermediate anmplifi el
DIIAL, etc. in Fig. 1 are shown nore_jn detail. Fig. 14 is a diagramof the
signal waveforns of various parts |'n3%h'e read cycle and wite cycle of the
static RAM which is one enbodi nent shown in Figs. 1 to 13. 10

First, the operBig.oA2ds @ mireuiytdiagram in,which dhe| sense amplifieg $Ador mati on
wi |l be described with reference to Fi %s. 12 and 14. It is assuned that, as
i | | ustrat ekhe datg gutpyt intermediate ampPlitigr: ROIAe thepdataioudRUbDUIRRr addr ess
signals [err] the chip.select signal errl is changed to the | ow | evel,
wher eas t hRO oiﬂsC-ethﬁie-lls_afe shown,imore in\detailhe|'d at the high |evel as

it is. As sh ' Lg. 14, t i.nt | del hi | ect si I Cs1,
L) Sl showeln Sha dethe nbecna delay ehip select siggale oL
it R TS R N AR RN S A

signals [err]. ar f | e, those which appoint the word line [err] and:
the com pﬁ%‘i’ﬂa‘ht'ﬁ?ﬂf gétagésﬂge pair [err] the nmenory cell MCEL which is

| ted at the j§ t] | Nt h ' h
conpl enmentary. G HirE aebfid! o Phe5REndl"babBidinle BE yetigds Bafnd 10
informatiop, pfe tx@id?@if&@%r@ﬁ% Yeyché lof the static RAM which is one

embodiment shown in Figs. 1 to 13. ' o/
10 First, the operation of the static RAM in the cycle of reading
information will be described with reference to Figs. 12 and 14. 7

It is assumed that, as illustrated in Fig. 14, simultaneously
with the application of the address signals A0 - AlS' the chip select
signal C¥ 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, CS CS3, the write

9¢
control signal WECS and the data output buffer control signal DOC
are produced from the internal control signal generator circuit
COM-GE at that time.

20 In the case where the supplied address signals Ay - Ay are,
for example, those_ which appoint the word line WI.11 and the com-
plementary data line pair Dy, 51001. the memory cell M-CEL
which is located at the intersection point between the word line
V.'I.il and the complementary data Lne pair D, 51001 is

25 selected. The internal information of the selected memory cTell

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

through the complementary data line pair Dy, 51001 and the



MCEL is transmtted to both the inputs of the sense anplifier SAl through
the conpl enentary data line pair [err] and the 1001 - 33 - switching

M SFETs [err]’ The sense anplifier SAl is gconposed of a differential pair
of\ em tter-coupled transistors T21, T22 and a constant current source

M SFET T 20. Wen the selection signal S1 of high level is applied fromthe
sense amplifier 5 selector circuit _SASC to the gate el ectrode of the
constant current source M SFET [err] the sénse anplifier SAl executes the

sensi ng operat] khgernal mschip s (@ | iq@h level is
applied from t%“gp%hé*%gﬂgérrgﬁr? r%lo%lél g(ci%f' c?lrh%u%?ﬂseg\%%bp cg‘)\é T ?\%Agaitge 10

el ectrodes of faANERRtofC W §RNrehiMl Obail S B tbPIdoliptéd irhnaldicrsout put

i nt er nedi at e anpl A this data output inter- nmediate anplifier

executes the afrgl | Ty g @RECBhbRiht Aeerend slince Mtsrm:t'p%. siwgieal tieé the
sense anplifierdlSAT2@s transnmitted to the output node [ef?] of the data

out put i nt er mdhadtfonl Bignal S1afPhidh 2evéldshapplied diromathd &dnsd assplifier
transistors [err] emtter- follower transistors T29, T30 and out put M SFETs
[err] 5 As il usléestbectireuiti SASC2to tthe gsteaclectinde bfifthercd¥stants carpenit ed
with the data output buffer control signal DOC fromthe internal control
si gnal gener atsourece erBREm&gE.thé rsenddi amplifieasSRD executes thewensindgi g.
12, the data output buffer i s conposed of a pure CMOS inverter of T39
and T40, a quasper8BB.2-i nput NAND circuit of [err] a quasi-CMOS 2-input
NOR circuit of [err] a -

: When the internal chip select signal CS of high level is

v applied from the sense amplifier selector circuit SASC to the gate
10 electrodes of constant current source MISFETs T23 - 'I‘26 of the
\_ data output intermediate amplifier DOIA, this data output inter-

mediate amplifier executes the amplifying operation.
Accordingly, the output signal of the sense amplifier SAl is
transmitted to the output node N11 of the data output intermediate
15 amplifier DOIA through earthed -base transistors T 27 T28’ emitter-
follower transistors T,q, T4, and output MISFETs T, - T38'.
As illustrated in Fig. 12, the data output buffer DOB is
Lo supplied with the data output dufier contral signal DOC from the
internal control signal generator circuit COM-GE. In addition, as
20 shown in Fig. 12, the data output buffer DOB is composed of a pure
CMOS inverter of T39 and T 40" @ quasi-CMOS 2-input NAND circuit
ofT,, - T 48 2 quasi-CMOS 2-input NOR circuit of T 49 - TSG' a

41
P-channel switching MISFET T g7: an N-channel switching MISFET

- ovy

T:g. a P-channel output AISTET ng, and an N-channe! output
25° MISFET TGO.
When the data output bufier control signal DOC is at the high

level, the switching MISFETs TST' T:.’8 are turned "on", and the



P-channel switching M SFET [err] an N-channel switching M SFET [err] a

" P-channel output. M SFET [err] and an N-channel output 25 . M SFET
T60. Wien the data out put buffer~gontrol signal DOC is at the high |evel,
the switching M SFETs [err] are turtied "on", and the -34- out put o/

M SFETs. [err] are simultaneously turned "off", so that the output D of
the data output buffer DOB falls into34 figh i npedance state (floating
state). In the cycle of reading information, the data output buffer 5

control sioggpht msmarsomt;g. t‘I‘lg lave sinidtarieoukly turnéd “offts, swi fhaiti ng

M SFETs [err] and the gaté el %trodes of the output M SFETs T59, T60 are
control | edhbyoutpatddy pubf ahet datayoaspuCBuEier IDQRItfaNANmDtoi & chigh and t he

out put of the quasi - 2-input NOR circuit, the outputs being responsive
to the si gmpedémcecistate (fleating pstatelode 10 _ N 1 of the data out put
intermedi ate anplifier DOA, whereby valid data is obtained fromthe output
term nal [err] Innthe ¢¥ele of meading tinformation c shetdata coutputt buffent put

M SFETs [err] the channel wi dths Wof these M SFETs are set at very |arge
val ues. Tieenirclreignat &QGkecomescthe dewtlevel tn WrmTSoffs the switching
beconme ver rge. Since, however, the output portion of the quasi-CMOS

| a :
2-i nput SFETSc disy - i S5poABEsHE FRte Rleeirpdpa oiothe oRtPRRAISTERS T47, T48
and the output_portion of th uasi - CMOS 2-input NOR circuit is conposed
of the bi podear Tgptd&t C‘Prft&'ﬁbegi&' oﬁ?@ PRiRYt of H@ecﬁ‘d?ﬂécﬁl’hﬁ NP1l ge of the

gat e capaG{RES 3R and the SlusliEoP HHR bl SEREs ELLPHOR SR

the outputs being responsive to the signal level of the output node
10 N11 of the data output intermediate amplifier DOIA, whereby valid
data is obtained from the c;utput terminal D out” o
In order to reduce the "on" resistances of the output MISFETSs
ng, TSO‘ the channel widths W of these MISFETs are set at very
large values. Then, the gate capacitances of these MISFETs
15 ng, 'I'60 become very large. Since, however, the output portion
of the gquasi-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 bipolar output tran- .
sistors TSS'. TSG' the charge and discharge of the gate capacitances
20 of the output MISFETSs ng, Tao are executed at high speed.
‘Referring now to Figs. 13 and 14, the operation of the static
RAM in the cycle of writing information will be described.
As {llustrated in Fig. 14, simultaneously with the application
of the address signals Ay - A,g, the chip select signal T3 changes
25 to the low level, whereupon the write enable signal Wt changes to

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

signals CSi, CS,. CS3, the write control signal WECS and the da:a.



Referring nowto Figs. 13 and 14, the operation of the static RAMin the

cycle of witing information will be-described. As illustrated in Fig. 14,
simul taneously with the application of twﬁess signals [err], the chip
sel ect signal [err] changes 25 to"the |l ow | evel, whereupon the wite

enabl e signal [err] changes to the low |level. As shown in Fig. 14, the
internal delay chip seléect signals [err] the wite control signal [err] and
the data - 35 - output buffer control” Jyial DOC are produced fromthe
internal control signal generator circuit COMGE at that tinme. As:shown in
Fig. 13, i npmtpuatbuifen contrelsignal POCdare traodaiced hinoms ghedntetnplal [err]
are applied to the data input buffer DIB. . In_5 writing.informtion,
the signal [eontroksignplsgenerater cirguit OM-GEeat thabtidgnnel switching

M SFETT61 of the data input buffer changes into the "on" state, and an
N-channel swit chiA§ MosEinHi8.i ho DAL d3tpDg; and thednverted intprraljat a

il 1 - 5t age QURnBRIEFL0aY S, are 3pplief ria,the (4R WRURAYHSH Dlihe. 4 tc
o O SPheky Hh ORI 1 WA, e LSl s, ot
o o Chee, B RETa S SRR T, 39 W ef ToBR i BhRted”
AR L R R S R
[efr] througiyegs Qg Cvhgs! e Irﬁ{utCHQPaO?%g & tHkEHed" % an output
~ node le through pure CMOS inverters in multi~stage connection.
10 In writing information, the write control signal WECS changes
1\ to the low level. Then, within the data input intermediate amplifier
DIIAl in Fig. 13, P-channel MISFETs T63‘ 'I‘65 turn "on", and
N-channel MISFETs T54, T66 turn "off", so that a signal inphase
wit_h the signal of the output node le of the data input Suffer DIB
15 appears at a node N 13 while a signal antiphase thereto appears at
a node N1 4
The signal of the node N 13 is transmitted to the common data
AN line 'CDLl througch a quasi-CMOS inverter composed of transistors

L]

N - 3 - : 1 - S J 3 -y o o o @ t
=67 172,. while the signal of the node 1\14 is traznsmitted to the

20 ' common data line CoL 1 through a quasi-CMOS inverter composed of
; transistors T.5 - Tog. Since the charge and discharge of the

common data line pair CDL,, ml of great parasitic capacitances

@'

are execuied by the bipolar output transistors T71, T72 and
=e 'I‘78 cf these guasi-CMOS inverters, they are executed at high
.25 - | speed.

Thus, the complementary output signals of the data input

intermediate amplifier DIIAl are transmitied 10 the memory ceil M-CIL



[err] while the signal of the node N14 is transmtted to the 20

" cohmon data line [err] through a quasi-CMOS inverter conposed of
transistors T73 - T78. Since the.charge and di scharge of the conmon data
Jine pair [err] of great parasitic apacitances are executed by the bipo
output transistors [err] and [err] of these quasi-CMOS inverters, they are
executed at high 25 speed. Jhys,.the conplenentary output signals of
‘the data input internediate anplifier DILAL are transnmtted to the nenory
cel |l M CEL. - 36 - through the common data line pair [err], the

sWi t chi NgyMeIEFS the ddmmdl! ddit BROTYSFTOBE! ¥ BIFL 2, hhaeswRthidger 1] wher eby

the witing of the information into the mhry ckll is executed. 5

As a resuptsPETE®, st U'C%rlg\iﬁeﬁﬂdlb%d ntheheorhleaditasy dtariipéi on, the

fol | owi ng advant agls at'e (1) Each of the non-inverting/inverting
circuits pgfr bf&{v 'alﬁrﬂg)%gr esheraly ahe ALRtirRy of Ndiler iitfoeMatibnaintoattie CMOS
circuit. Since, L uasi -CMOS circuit, the greater part of a |logic pro-
10 mefiosy NEelh @8 taxmauoéd non-i nversi on/inversion is constructed of CMOS
circuits, a | ow power consunption is possible. Further, output transistors
vhi ch execut e Alseaaresuie ofinthedstnitinye descnibed hvaheefbregdingivert ed out puts
are made of bipolar transistors, so that even when the stray capacitances
of the outpsdriptional tHe fisllowing hdvantagekSare achiéwederti ng/ i nverting
circuits [err] becone |arge, a high speed operation is obtained since the
bi pol ar transi §lbr £achnokitheronrripyaerng/inverting circuits G, - G,

of an address buffer ADB is constructed of a quasi~-CMOS circuit. \J
Since, in the quasi-CMOS 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. i’-‘urther, output
transistors which execute the charge and discharge of non-inverted
and inverted outputs are made of bipolar transistors, so that even
when the stray capacitances of the output signél lines of the non-

15 inverting/inverting circuits G0 - Gls become large, a high speed
operation is obtained since the bipolar transistors can afford a lower
output resist?;nce with smaller element dimensions than a MISFET.

(2) Circuits whose output signal lines have large stray
capacitances, such as the NAND circuits G16 - 323. G24 - G31,

20 G40 - G47. the NOR circuits 632 - G39, G48 -'G.GS and the
inverters G 57~ 654 of row decoders R-DCR0O, R-DCR1, R-DCR2
are constructed of quasi-CMOS circuits, so that these circuits will

be low in the power consumption and high in operating speed.

L4}

urther, circuits whose output signal lines have smal stray
25 capacitances, such as NAND circuits G 49 " GSG‘ are constructed of
pure CMOS circuits, so that these circuiis can be low in the power

consuraption.



ﬁ

‘out put resistance with smaller el ement dinmensions than a M SEET. (2)
Circuits whose output signal |lines have |arge stray capacitances, such as
the NAND circuits [err] 20 [errpl thfe NOR circuits [err] and the
Inverters [err] of row decoders R-DCRO, 'R-DCR1, R-DCR2 are constructed of
gquasi -CMOS circuits, so that these circuits will be lowin the power
consunption and high in operating speed. §ur_t her, circuits whose out put
signal lines have small stray 25 8 paci tances, such as NAND circuits

Lo Bhe Sonst RS ClkoBts QWb PoBtbit didnal°tinks Have B il LapdidD P

|l ow i n the power consunption. I'ts whose~ o sitgnal

| i nes have | a t r el ABafHe NZNBE ghgas 4 ' ' r] of
col um decodei;és}_ﬁ:ce:?%f)_C%lt to G SCR4, a_ril’rgéﬁst r dét e?ﬁwgggﬂ%%aglk%w ts,
so that theseccDCRA k6 GDERES ArpVcbsiriR1O® I qGRNSCMYIY @frcifies,Nsghial

operat- 5 ing speed. Further, circuits whose output signal [ines
have snal| st fipsecaiteaitfsoniit e 36 Nnashé\gdvr ethésmpaoA |and Mgh e bberst~
[err] are constructed of pure CMOS circuits. so that these circuits will be
| ow iy the poury speadunption. 10 (4) Since a

non-inverting/inverting circuit constituting a sense anplifier selector
circuit SASC i s coRarthext,edirchits gwhase -cultptitcsignal lines have smallr stray
consunption is achieved. Also, since outputs , [err] are obtained from
bi pol ar out putapacitegicesorsych hesﬁombmw:&94becﬁ)§ga ahdsinvwertersihen their
stray capacitances are | arge.

G 100’ G101' are constructed of pure CMOS circuits. so that these
N circuits will be low in the power consumption.

10 (4) Since a non-inverting/inverting circuit constituting a sense
amplifier selector circuit SASC is constructed of a quasi-CMOS circuit,
a low power consumption is achieved. Also, since outputs CS, TS
are obtained from bipolar output transistors, these outputs CS, CS
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' CSs, Cs,, CSl, WECS are obtained
from bipolar output transistors, these outputs CS,, CS,, 551.081.
WECS become fast even when their stray capacitances are large.

20 {6) Since a data output buffer DOB is consiructied of a guasi-

CMOS circuit, a low power consumption is achieved.

Further, since the large gate capacitances of the output

.
o/

MISFETs of the data output buffer DOB are charged and discharged
Sy bipalar output iransistors, the charge and discharge of the gate
25 capacitances are executed at high speed.
(7) Since a data input buffer DIB is constructed of a pure

CMOS circuit, a2 low power consumpticn is achieves.



15 (5) Since an internal control signal genergtor circuit
COM GE is constructed of a quasi-CMOS circuit, a | ow power consunption is
achi eved, and since outputs [err], WECS are obt ai ned from bi pol ar out put
transi stors, these outputs [err] V\ECS becone fast even when their stray o/
-capaci tances are large. 20 (6) Since a data output buffer DOB
Is constructed of a quasi- CMOS circuit, a |ow power consunption is

achi eved. Further, since the large gatéacé'paci tances of the output M SFETs

f the dat tepyt : . - | t put
of e data ouieyt SuEEos B 1o ss R ASdRES plipRala’ BEER P ?ggﬁc?{ ances
are execu Sﬂxc%dhbﬁia &QS@FlCMdQ cErde, K W%dﬁ&“&oﬁéﬂ:ﬁ?ﬁoﬂ

constructed of a pure CMOS circuit, a | ow power consunption Is ach| eved.

- 38 - (Bhchicven.a data input |nterrred| ate anplifier DIIAl is con- structed
of a quasi-CMOS circuit, a | ow power consunption is achieved. Further,

since the char grahér dlsm&earme dtiargenawd diséRargeN6f Tommon dapdilineCDL, [err]
whi ch have | arge par asitic capacitances, are executed by bipolar output
t§ansi st opair ODY, ,a eodtiel rmemespeﬁkitiammcmnbée, fyeergistic
effect of the above, t foll ow ng characteristics could be obtained in the
stati c SRakkbcerd) bliyebipolat butput trahsistors;gthey arebextouted: at( Ajghhe
propagration delay tinme tpd fromthe input to the output of each of the
non-i nver speedi nverting circuits G 15 of

Owing to the synergistic effect of the above, the following
characteristics could be obtained in the static SRAM described in

10 the foregoing embodiment:

.~

(a) The propagration delay time tp a from the input to the -/

output of each of the non-inverting/inverting circuits GO - GISI of
the address buffer ADB was shortened to about 3.0 (nsec). The
stand-by power consumption of all the non-inve:tinglinverting

15 | circuits GO -G 15 was reduced to about 33.7 (mW), and the operaﬁng
power consumption to about 45.8 (mW).

(b) The propagation delay time t pd from the input to the
output of each of the row decoders R-DCRO, R-DCR1, R-DCR2 and \/
the column decoders C-DCR1 to C-DCR4 was reduced to about

20 4.8 (nsec). The stand-by power consumption of all the decoders
| was reduced to substantially zero, and the operating 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 S41 and 2 data output intermediate ampli-

-

25 fier DOIA was reduced to about 5.0 (nsec). . The stand-by power
consumption of all memory cells M-CEL numbering 64 k (65336), all

sense amplifiers SA1 - SA16, and the data output intermediate



~

‘the address buffer ADB was shortened to about 3.0 (nsec). The stand-by
power ‘consunption of all the non-inverting/inverting 15 circuits G
- GI5 was reduced to about 33.7 (nW, ar}d t He operating power consunption
'thf-‘bOUt 45.8 (MmN . (b) The propagation delay tine tpd fromthe input to

t he” out put of each of the row decoders R-DCRO, R-DCR1l, R-DCR2 and the

col um decoders C-DCR1 to C DCR4 was reducgg to about 20 4.8 (nsec).
The stand-by power consunption of all th€é décdders was reduced to

(. (e T A, Ve B iet Yo bR BY e by elerindel.
lifi ' di - li- 25 fi
%anzemggp{:ed@%&'f%%o'g%gﬁ?ﬁ%?%( %J%‘%jtlsqmﬂggnhax ESgpwelrl consunpti on gfral I
M CE [ 6 LEi - SAl6,
grrsurjm{ Kecgatz out pt&d}?ﬁg%@%p&é@ﬁo& EQ%? -tmgérrlﬁpfifeﬂe%r %Ah&ggrt?’egﬁ&ed to
about 0. 8 o BletofR(be! Dfe QBEL Urpls ALy WOBLWRL Bbrkend 2 M0 fntelfl. (O

The propagation delay tine t romthe input to of ft

out pgt buf f erpOR +¥RE-15 PowdRelon Sudploh "WES )redRiced to suBSantialiydzByo pover

consunption was reduced to substantially zero, and the operating power
consunpt i on a2 #hé dpBhtingepowki tBrisemipteorieVa3 6almw) (d), the access time
(read tinme) was shortened to about 15.6 (nsec). This value is substan-
tially equal to thg)l0owhseap tecabsvei (@) of (dy ciRetdcressdime KEbad 0
type bi pol ar RAMs. ' .

time) was shortened to about 15.6 {nsec). This value is substan-.

\\J tially equal to the 15 (nsec) access time of presently known ECL
10 type bipolar RAMs. | '
U (f) Owing to the above (a) - (d), the stand-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 above, the invention has been
described on the basis of a preferred embodi-
20 ment, it is needless to say that the present inventio.n is not restricted
to the foregoing embodiment. A number of- modifications
are possible as follows:
For exam;ﬁle, in the memory cell M-CEL in Fig. 3, the load
resistances Rl . RZ may well be replaced with P-channel MISTETs so
25 as to construct the ilip-flop out of CMOS inverters. Besiues, the

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



(f). OM ng to the above (a) - (d), the stand-by power con- sunption of the
static SRAM of the. present enbodi nent was reduced to about 34.3 (mW, and

t he operating power consunption to about 382.3 (mW. These val ues represent =
relatively | ow power consunption 15 * characteristics internmediate \J/
bet ween 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
above, the invention has been deScfPbad on the basis of a preferred

ei nbodi - 20  F@ftherj tby Dertariiiangsréfreshy theamembey peelb MHCEIN Y i on i s

not restricted to the foregoing enbodi nent. A nunber of- nodifications are

possi bl e agelf Wd cvnstructed ofnam dnformation detohr gircaltl bhké¥lon théi g. 3, the

| oad resistanes [err] nmay well be replaced with P-channel M SFETs so 25

as to constorage oficHarigesfinop call capaditse,nnot tafr the Bliprflop, cirtwitf | i p-f 1 op

may well be constructed of nmulti-emtter N-P-N transistors. - 40 -

Further, by perThe raignak tsvedstof theadeness, signalsMoEt Anpy which are

constructed of an information latch circuit based on the storage of charges

i5 a cel | anplied tarthe addresst buffers ADB maypwellr baiset thdesEGhalevelsiel s of

t he address signals {'err whi ch are 5 applied to the address buffer

ADB may waiathee thap Talplevels, with the addrprss buiferTADB exerutingi2h t he

address buffer ADB executi nigna%&rzro er | evel conversion operation. An input
n,ep

Din or outRFoPer devpel (PP VREFPRLS ofeycted in the formof a plurality of
bits (for exarrp}l.g,m%ugllsisﬁ 8 bits

or outpuft-D 01)11,: u?acirt well be constructed in the |
form of a plurality of bits (for_exaniple’. 4 bits, 8 bits, *-*), not \J
10 1 bit.
| Also, of course,. the number of the memory matrices is not 7
restricted to four, but it may well be larger or smaller.
Further, although specifi_c values have been given for various
parameters or characteristics, it is to be understood that these are
15 ﬂiustrative only, and do not serve to limit the present invention.
| Finally, while, in the above, the inventiori made by the inven-
tors has been chiefly described as to the case of application to the
semiconductor memory. it is not resiricted thereto.
For example, 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
cf other circuits such as bipciar analog circuits, MCS analog circuits,
25 P-channel MOS logic,  N-channel MOS logic, CMOS logic, I’L circuits
and ECL circuits can be arranged on the semiconductor chip as may

be needed to incorporate the principles of the present invention.



10 1 bit. Also, of course, the nunber of the nenory matrices is not
restricted to four, but it may well be larger or smaller. Further, although
speci fic val ues have been given for varigus paranmeters or characteristics,
it\is to be understood that these are 15 illustrative only, and do
not serve to limt the present inventidd. =Finally, while, in the above, the
i nvention nade by the inven- tors has been chiefly described as to the case
of application to the sem conductor nenory, it is not restricted thereto.
For exanple, it is nedth%@R’tignsa§ Grawn ter owd BRRIMEFatien| s, 20

address circuits for selecting a specified cell, signal circuits for
handl i ng t h&%eddi-P3 3R ($e¥ial Ne.i drdPhabilén, famh iehnthg circuits
for controlling the operations of reading and witing informa- tion can
utilize thePpE&EsESH A abton jagneeesnfiyigedy i%}$0 oPUBt her circuits
such as bi pql ar, .anal.o frcuifs, anal cirguits, 2 ' P- channe
MOS | ogi c, %pwéﬁﬁgll%?bgéir léll@ | ogi 8%e[ré,a:i] NQ &l'isltgsg'gﬁcy EEL circuits
can be agranged,on .t he ;sem . conduct or .chi S be needed to incorporate
the prin ipf”gé‘c& Wafe R HE M n é’ﬁt‘PSH. But Pr}%h-e AR fiYon is drawn to
our Appli cat,l NQ., .85 03310 (Serial No. 2,156,616) from which the present
Applicationhhgglu%tﬁgg}Vided and al so our Application No. 87. 14910

(Serial No. 2,189, 957) 5 which has al so been divided out of the Parent
Applicati on.



-42 - CLAIMS. 1. A sem conductor integrated circuit |ncluding: (a) a:

plurality of nmenory cells; (b) an address circuit for selecting.a specified
nenory cell fromanong said plurality of 5 JﬂﬂnnapfﬁﬁféT“TETQa si gha

circuit coupled to said nmenory cells and including ne
reading and witing information fromand into

a
timng circuit coupled to said signal 1 Ci r(immmﬂ“\

75

operations of reading and witing inforifation; wheTr ei'n the address circuit
i ncludes a principal portion constructed of a first CMOS circiut, and at

| east a fir€LABMBel ar out put transistor, which 15 executes at |east one of
the functions of charge and di scharge of a first signal output |line of at
| east one clecuit in SasemdGoneictar dintegratedigimeuit sinphidingeuit

i ncludes an input circuit which supplies a data signal to a data |line

coupl ed to said speci fRdd amPimina iFx Qff memoxny |

princi pal ) i
second bi pol ar out put {(PPaddy &EGTresHhiiFMide s SR19EAT ohe of the
functions of cha%ge and di schar edff said data |jne, and wherein said

timng circtPEct

circuit

5

10

15

20

25

Sikircuit including a
portion constructed of a second CMOS circuit and at |east a

PAIBEMSE Y, i)

memory cells;

LOM 3RANY GribRIYNAL W o?fa third ovos

(c) a signal circuit coupled to said memory
cells and including means for respectively reading and -
writing information from and into said memory cells; and

(d) a timing circuit coupled to said signal

circuit for controlling operations of reading and writing -/

information;
wherein the address circuit includes a
principal portion constructed of a first CMOS cirfglit,
and at least a first bipolar output transistor, which
executes at least one of the functions of charge and
discharge of a first signal output line of at least one
circuit in said address circuit, wherein said signal At
circuit includes an input circuit which supplies a data

signal to a data line coupled to said specified memory

cell, 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 discharge of
said data line, and wherein said timing circuit inclﬁdes
a principal portion constructed of a third CMOS circuit

and at least a third bipolar output transistor, which

*
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and at least a third bi pol ar output transistor, which 43 executes at
| east one of the functions of charge and dis d output line

of at least one circuit in said timng CI A semi conduct or
i nKrgr ated circuit -according 5 to claim 1 'ﬂ'ﬁu@,uﬂﬁﬂ (ﬂ dress circuit

I ncludes an address buffer to whic addres I|ed and
wherei n sai d bi pol ar output transi ?or conprises a blpolar out put

transi stor of said address buffer which executes at | east one of the
functions ekeebtege aand ediskcloriggcopft RO funcgidnsowifpwhdrge ahdsaid
address buffer. 3. A sem conductor integrated circuit according to
claim1, wAtseharge dfaddrsssomd routputntindesfaatoledestodeme wbirbudtecut es
charge and di scharge of word lines of the nmenory cells, and wherein a
plurality oh said rSmdmgpudidgyiot ar transi stors are provided to execute at
| east one of the functions of charge and discharge of said word |ines. 4.
A sem cond@ct or i nt edv stegmii adnductoncintdgngted diaionilt, adveordangaid
timng circuit includes an 20 internal control signal generator circuit
whi ch i 8 stppkiladmilt,h wheote in sedbdtaddyass ahucuitr inoludes| ensiagdaless
thereby to generate an internal delayed chip select signal and a wite
control sigufifersto which mddresonsugnal si pregeppddadr and whesednng

said bipolar output transistor comprises a bipolar output
transistor of said address buffer which executes at
N least one of the functions of charge and discharge of
10 a signal output line of saia address buffer.
\_ 3. A semiconductor integrated circuit according
to claim 1, wherein said address circuit includes a row
decoder which executes charge and discharge of word lines
of the memory cells, and wherein a plurality of said
15 output bipolar transistors are provided to execute at
léast one of the functions of charge and discharge of
said word lines.
\v/ 4. A semiconductor integrated circuit according
to claim 1, wherein said timing circuit includes an
20 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.
5. A semiconductor integrated circuit according
25 to claim 1, wherein the input circuit includes a data
input amplifier, input data being transmitted to an

input terminal of said data input amplifier through a



25 to claim1, wherein the input circuit includes a data input anplifier,

inbut data being transmtted to an input terﬁTﬁar“ﬁ%~saLd\g§L§CLpput .

anplifier through a -44- dataﬂnput buffer nygzh i s constructed of 'said «
o/

CMOS circuit. 6. A semi conductor inte u’fm’l, ording to
claim11, wherein said address circuit further si ﬂ h bi pol ar
ehar ge or

out put transistor which 5 executes the other functldh
di scharge of said first signal outfét-line, wherein said input circuit of
said signal circuit further includes a fifth bipolar output transi stor

whi ch executdst4 henpobebuf sagt wRBcAf 1§héba§t%<ét@é®?fagg Moy d data
line, 10 and wherein said timng circuit further inclu a SIXth bi pol ar

out put tranststouiwhi ch executes the other function of charge and discharge
of said second output |ine. 7. A sem conductor integrated circuit

according 1%¢o clai ma, semiécendustod ihgealratiedc dircuid wdepr@idag a out put
buffer for obtaining an information output signal, an input stage of said
dat a out put ¥f¢kaimel ngwbeneinusadd a&daepbucakwhﬁtoﬁu@ﬂﬂaru rcuits, an
out put stage of said data output buffer including 20 N-channel and

P- channel outgiudgsrETEounhl hipetan outgutiatzanststorbuwhiieh f urt her

I ncludes_ a plurality
5 executes the other function of charge or dlscharge of

said first signal output line, wherein said'input
circuit of said signal circuit further includes a fifth
bipolar output trahsistor which executes the other |
function of chérge and discharge of said data line,

10 and wherein said timing circuit further includes a o/
sixth bipolar output transistor which executes the
other function of charge and discharge of said second
output line.

7. A semiconductor integrated circuit according

15 to cléim 1, wherein said signal circuit includes a
data output buffer for obtaining an information output
signél, an input stage of said data output buffer
being constructed of a plurality of CMOS circuits, an
output stage of said data output buffer inciuding

20 N-channel and P-channel output MISFETs, and wherein | ;
said data output buffer further includes a plurality | 3
of bipolar output transistors which execute chérge and
discharge of gate capacitances of said N-channel and
P-channel output MISFETs in response to output signals

25 of said plurality of CMOS circuits in said data output

buffer.
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of bipolar output transistors which execute charge and di scharge of gate
capaci tances of said N-channel and P-channel out put M SFETs in response to

Qut put signals 25 of said plurality of CMOS t ata out put

buffer. -45- 8. A semi conductof integrated ci ' cording to
clﬁi’m 7, wherein both said output M SFETs are é‘“ﬂt}ﬂ“ﬂ!ﬂﬂ!@)ﬂ;
si mul taneous "of f" state by a data output buffERIEDRECY .

- 45 - '

8. A semiconductor integrated circuit according
to claim 7, wherein both said output MISFETs are
controlled into a simultaneous "off" state by a data

output buffer control signal.




