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2154086 " Seni conduct or i nt egrated circuit device with power consunption
reduci ng arrangenment”. The present invention relates to a sem conductor
isnt®grated circuit.device, and particularl-y to a technique that can be

effec- tively adapted to, for instance, CMOS (conpl enent ary%@ga or
bi pol ar-type st.atic RAMs (random access nenories). It has b o]

enpl oy bipolar transistors for reading/witing circuits and digit |line
select circuits, in order to increase thg qperation speed of CMOS static
RAMs. For exanple. such an arrangenment has been disclosed -in Japanese

Pat ent Publication N6SeB8¢9BAGTLOrn intEy ra tadh igrriict stevweemryitlevi ce,
since an operation (bias)PeHerefONSIMPEIAN SEMCHT ATTARIBLRRE- bi pol ar
transistor, the curTheitpresestiinsebtionneslages doya Isermgeontdlator fbegadtede,
there arises a serious defect directed in that it Is inpractical to-have a

battery baclcioguitpdeviceonsnd \particwlary o @ ¢techniguet that carC¥eSeffeati ¢ RAM
is the fact that such a battery back-up.operation is generally avail abl e.
In the readitigelyi adapted ftay tfoer instance, (GMOS afcamplementayy MOS)segpasor
columm switching circuit, and a current is supplied to a nmenory cell that
i s sel ect ed bipalasiréypel statics Rifddshi(ngndomcacaessomembries) a r eadi ng signal .
However, the value of reading current cannot be increased since it is
determ ned by the con- ductance of MOSFET in the nenory cell. This is
because, although the el enent size nmust be increased to Increase the
reading current, It is not allowed to increase the elenent size of the
menory cells _
~ It has been known to employ bipolar transistors for
reading/writing circuits and digit line select circuits, in order *o
increase the operation speed of CMOS static RAMs. For example;
such an arrangement has been disclosed in Japanese Patent
Publication No. 58193/81.

In such a semiconductor memory device, since an operation
(bias) current is supplied at all times to the bipolar tfansistor. the
current consumed becomes & very large value. Therefore, there
arises 2 serious defect directed in that it is impractical to have a
battery back-up operation, even though a great merit of a CMOS
static RAM is the fact that such a battery back-up cperation is
generally available. In the reading circuit, furthermore, a bipolar
transistor is used as a column switching circuit, and a current is
supplied to & memory cell that is selected via the column switching
circuit to obtain a reading signal. However, the value of reading
current cannot be increased since it is determined by the con-
ductance of MOSFET in the memory cell. This is because, although
the element size must be increased to increase the resding current,

it is not allowed to increase the element size of the memory cells



omthe standpoi nt of increasing the nmenory capacity. Therefore,

d¢ te the fact that the bipolar transistors are enployed, the reading
S of the above-nentioned conventional seniconductor nemry device

cannot be so 5 increased. Further, since the colum switching circuit is

constituted by the bipolar transistors,2it becones difficult to set the
| evel (select/non-select |evels) of output signals of the colum address
decoder circuit. An object of the present invention is to 10 provide a

sem conductor integrated circuit device which acconplishes a high operation

speed -whil e preventing the generation of ineffective current. Another

obj ect of the present invention is to provide a CMXS static-type RAM which
acconpl i shes affvmhtié openapoont speednvrehsihgi Kpai hehgriheapdvantage of
| ow power consunption of the CMOS circuit. A further object of the present

i nvention is ttherefode, adéspitart RAM abtchhhel paegbépbllyurr edas ilsh®rs

consunption of electric power. 20 According to.a first aspect of
the present i estéemployede thepresdind apsedi ofntibet ebovet-egnatieted r cui t

device including: (a) a differential circuit having first and second
bi pol ar transi&eR¥entheral reerigenductesprenpyE dsvihgsesanhetebe iseput

signal s anqsgenerate qé respective collectors thereof output signals in
response t o t HGIRAFSd- Further, since the column switching circuit

is constituted by the bipolar transistors, it becomes
difficult to set the level (select/non-select levels)
of output signals of the column addressldecoder circuit.

An object of the present invention is to

10 provide a semiconductor integrated circuit device which
accomplishes a high operation speed while prevehtiné
the generation of ineffective éurrent;

Another object of the present invention is to
provide a CMOS static-type RAM which accomplishes a high

15 operation speed without impairing the advantage of low
power consumption'of the CMOS circuit.

A further object of the présent invention ié to
provide a bipolar RAM which helps greatly reduce the
consumption of electric power.

20 | According to a first aspect of the present
invention there is provided a semiconductor integrated
circuit device including:

(a) a differential circuit havihg first and
second bipolar transistors which receive at respectiVe

25 bases thereof iﬁput signals and generate at respective

collectors thereof output signals in response to the input

't
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'signals, emtters of said first and second bi polar transistors being
coupled to each other to-forma comon emtter; (b) a first MOSFET that
Serves as a current source to 5 supply an operating current to said éj;z
differential circuit, said first MOSFET gaying a source-drain path cou

to said connnn.enitter to formsaid operating current for said differential
circuit; and (c) neans for generating a-first control signal for 10

appl i cal | ON 191 gndind > 61 666l o ShalBSFEFot0 aHPlsetBhd Bl {7 ansi st ors

generate said output signals only during a period when sai Irst MOSFET is
rendered condirdngtstyrsdbelingrcdupner eb eaghabtheecebdifednl @ Ton@sd
aspect of the present invention 15 there is provided a sem conduct or
menory devi cemifkctexi ng: (a) a nmenory array having a plurality of word
lines, a plurality of data lines and a plurality of nenory cells coupled to
‘sai d pI urality of S d awfirshdMASFET thet servest asaah cuement cdlrds to
coupled to a word line and at |east 20 one data line, said nenory array
further Havi rApPRHAsAR @PFaVing nguarent: tof Sgi@ﬂifewenﬂﬁ@nsﬁﬁwm a
stored in a selected one of said plurality of menory cells; (b) a read
circuit coupl®Rfd of+eekiNRSERT dhpuingor spynees dsrisapathecoupled &q sHid

read circuit including a 25 pai r of bipolar transistors coupled to forma
differential TTRRR eRhtiter I\E%Fﬁr?osﬁf‘-évpaéré?}éf‘gt cHETeRt &OF SRidhi d
differenti al uit f bi gol ar transistors haV|ng bases coupl ed
to recei ve sa #{) ﬁ%fg% %ﬁ hd 38

| (¢) means for generating a first control signal for
~ 10 application to a gate of said first MOSFET so that said
bipolar tfahsistors generate said output signals bnly during
a period when said first MOSFET is rendered.conductive by
said first control.signal.
According to a second aspect of the present invention
15 there is provided a.semiéonductor memory device including:
(a). a memory array having a plurality of word lines, a
- plurality of data lines and a plurality of memory cells
coupled to said plurality of said word and data lines so
o . that each memory cell is coupled to a word line and_at least
20 'one datalline, said memofy array furthér having means for
providing a'pair of signéls in'respohse to data stored in a
selected one'df said plurality of memory ée;ls;
(b) a read circuit coupled to feceive said pair of
signals of said memory array, s#id read circuit including a
25 pair of bipolar transistors coupled to form a differential
circuit and a MOSFET to provide operating current to said
differential circuit, said pair of bipolar transistors

having bases coupled to receive said pair of signals and a
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- common emtter coupled to said MOSFET, said MOSFET having a

e-drain path coupled to said common enitter to formsaid operating -
ent for said differential circuit; and 5 (c) ., control neans f O
svi ding a control signal to operate §aéd‘yCSFET, which is coupled to a
gate of said MOSFET, so that said contro & reans provi des said ctontro

signal for said MOSFET to provide said operating current for said
differential circuit to which said MOSFET is coupled, 10 wherein said

control si ghmds® &ﬁPﬂ'}:Q?chPpiéhdt%O%taH& MORFRY | S LRMESEBT %%%Lg of

said one of said plurality of nmenory cells. According to a third as
t he presentsdumedtdpaihhpathi gonpreddad &adATicEnibis el tESPr Yo JLytke

including: 15 (a) a plurality of nenory arrays each of which
i ncl udes a gdid abpéyadingocdricents for plaldalditfifedferdatal | ¢iwsuttg and
plurality of nmenory cells coupled to said plurality of said word and data
lines $o that eabh) meqonyrodl meansc oy parovddingral donterehdsbgnakatd one
data line, 20 each .of said plurality of menory arrays including nmeans for
provi di ng @peratefsaldpMPSFETaambich dessoupded tomfargate opfssaidd in a
selected one of said plurality of nenory cells (b) a plurality of read
circuits eMISEETnhPehthat sald control means provides said control
signal for said MOSFET to provide said operating current for
said differential circuit to which said MOSFET is coupled,
_ ' -l
10 wherein said control signal is provided by said control
means to read data stored in said one of said plurality of
memory cells.
Acéordihg to a third aspect of the pfesent invention
there is provided a semiconductor memory device including:
15 _ (a) a plurality of memory arrays each of which
includes a plurality of word lines, a plurality of data
lines and a plurality of memory cells coupled to said
plurality of said word and data lines so that each memory
cell is coupled to a word line and at least one data line, Nt
20 each of said plurality of memory arrays including means for
prbviding a pair of output signals in response to
information stored in a selected one of said plurality of

memory cells

(b) a plufality of read circuits each of which is



- 3b - coupled to receive said pair of output signals of the respective,
menory array, said plurality of read circuits inctuding a pair of bipo
trarsistors to forma differential circuit and a MOSFET to provide
operating 5 current,to said differential circuit, each said pair of bipolar
transi stors having bases coupled to receivé® said pair of output signals of
the correspondi ng nenory array and a comon emtter coupled to said MOSFET,
t he respective MOSFET having a source-drain path coupled to the common 10
emtter of the corresponding pair of bipolar transistors; and (c) control
means coupl ed to each of said MOSFET to provide a control signal to a gate

of said MOSFET egubﬁ%dr%393955%%er§§qﬁch%ﬁ¥iET §gﬁgkﬁggé%%%ﬁgfqﬁ§thﬁgluding

means 15 for providing sai.d control signal to sal he respective

read circuit tOrlélﬁbébti@.bdméﬁlatr&obrgﬁiﬂs slad aC Q4Red i ngé“xtefé@ diedpdidg

means for selecting one of said MOSFETsS to provide opérating current to the
correspond- ingidcthaient aabagicr i bipe 1wk ¢hasaiidtene o Faixh MOSFETs 20
is coupled so that a selected one of said read circuits is operated to read
i nformation stodéfifemensiidlonérehisanddphuMBSFEr @fo PREMiMC Ddetratiiny
present invention will now be described in greater detail by way of exanple
with refererfte correst2soaseddpdnyifrgettanilngsronti¢r,eie@ach said pair of
bipolér transistors having bases coupled to received said
pair of output signals of the corresponding.memory array
and a common emitter coupled to said MOSFET, the respective
MOSFET having a source-drain path coupled to the common
10 emitter of the corresponding pair of bipolar transistors;
and
(c) control means céupled to each of said MOSFET
to provide a control signal to a gate of said MOSFET of the
respective read circuit, said control means including ﬁeans
15 for providing said control signal to said MOSFET of the
respective read circuit to which said control means is
coupled and further including means for selecting one of
said MOSFETs to provide operating current to the correspond-
ing differential circuit to which said one of said MOSFETs
20 is coupled so that a selected one of said read circuits is
operated to read informétion stored in said one of said
plurality of memory cells.
The present invention will now be described in

greater detail by way of example with'reference to the

25 accompanying drawings, wherein:-



- 3c - Figure 1 is a circuit diagramof a first enbodi nent wherein the

preseptni nvention is adapted to a CMOS static-type RAM  Figure 2 is a 5
cirg ,;‘hiagran1of a reading 5 circuit in the enbodinment of Figure 1; N
-4- (i\gwfe 3 is atimng chart for illustrating the operati.on of Figure 2;
Figure 4 is a circuit diagram of anothejc enbodi nrent wherein the present
invention is adapted 5 to a bipolar-type RAM and Figure 5 is a block

di agram showi ng a further power consunption reducing arrangenent in
accordance with the present invention. Figure 1 shows a circuit diagram of
a first 10 enbodi ment in which the present invention is adapted to a CMOS
static-type RAM Though there is no particular [imtation, the RAMof the
same drawing is formed off1§YS€nilcdrfddctUirr Buidstdaaaramcht as fissngl e

.silicon crystal HLn accordance with well-known 15 techni ques for producing

bi pol ar (Bi) affiPefeBepEowpeEfeR &NF MESSaNh ddyeanddi M risiiadapted)to

erminalo. i ncPusROB PySCibasY R RAM Tl & L o Ve A exernd

Figure 2 is a circuit diagram of a reading

5 circuit in the embodiment of Figure 1;



are omtted in the -5- drawi ng. Though there is no particul ar -
limtation, the CMOS static- type RAMof this enbodi nent has a nenory. '
capacity of about 64 kilo- bits. In order to reduce the stray capacit

that resides in a common data linne that will be nentioned later, the y
array Is 5 . divided into four blocks. The circuit of nenory cell MCis
shown representa- tively. The nenory cell consists of nenory (drive)
MOSFETs QL and @2 of which the gates and drains are coupled In a crossing
manner (in a latched fornm, and high resistances Rl and R2 formed 10

by pol ycrystalline silicpp%%géé%ziEOE QQHEE%QC%B%td%G% stihals Fe - vi ded

bet ween the drains of the Q, @ a power-source vol tage” VDD.

Tr ansf er gate1ﬂ§§5§%§r£§iaﬂdognpagar@rQwided bet ween the commonly connect ed
poi nts of MOSFETs , @ and the conplenentary data lines (or digit |ines)

DO [err] Oher menory crig8ré54 is a Mirkade disgrhaeeodandtngted in the
sane manner as above. These nenory cells MC are arranged in the formof a
matri x to consniiadfmentewbeyeinr aheMpiR¥@nthdinvientriey eseridipted y shown
in Fig. 1. Nanely, gates of the transfer gate MOSFETs @B, 4 of nenory
cells arrarfigeda m thipshae-tppeaRdMcoamdnl y connected to t-heir correspond-
20 ing word lines W and W2, and input/output term nals of nenory
cells arranged in the safkgeseubnisre bdockcdda@gren Isdiowing reespurthen
pairs of conplenentary data |lines DO [err] and DI, [err]. In order to
reduce the poRAVRHNREERPLTRRiON FrREUFARSr Rraa@ngement tife acArdaICRL has a

resi stance which is as high as that neces-
- with the préesent invention.

= Figure 1 shows a circuit diagram of a first
10 embodiment in which the present invention is adapted
to a CMOS static-type RAM. Though ﬁhere is no
particular limitation, ‘the RAM of the same drawing is
formed on a semiconductor substrate such as a
single silicon crystal in accordance with well-known
15 techniques for producing bipolar (Bi) and CMOS
(complementary MQS) integ:ated circuits (ICs).

Terminals Ax' A '-Dinf Dout' WE and CS serve as

4
external terminals._'Incidentally, power terminals

are omitted in the



reshol d vol tage thereof when the MOSFET QL is rendered —

e

75 ™ sary for the gate voltage of the MOSFET 2 to be maintai ned hi ghe
t8&h)a th

- nonconductive. Simlarly, the resistor R2 also has a high resistance. i

-6- In other words, the resistor RL has the ability to supply an electric
current to such a degree that the data or electric charge stored in the
gate capacity (not shown) of MOSFET (@ is not discharged by a drain | eakage
current of MOSFET QL. 5 = 5 =According to this enbodi ment, the
menory -cell MCis consti- tuted by n-channel MOSFETs and pol ycrystalline

silicon reddrewdnge €Thowgh sthesedissoei particwavelimitatiogh the GMASrstadicray is

produced by the CMOS-1C technique. This hel ps reduce the sizes of nmenory
cell's and royper RAM rofythisnembedimgnth habah mergrangepasitprersbaut 680kilo-
used instead of the polycrystalline silicon resistance elenents. That is,

t he pol ycrysitsd | Ineoxddn torredasiesthe stray agpacitance thataresidesdp &tructure

_together with the gate el ectrodes of driving MOSFETs Ql, @, and their

si zes can ommoncitta Yne that| wilk behmensioneds l1ater nghe- BRBMARE | AIVBBHSTS
furthernore, || arge spacing di stances are 15 not required fromthe
dri 8ing NDSHET&e%lmQ_founoblonBﬁce, usel ess bl ank portions are not forned.
In the figure, the word line W is selected hy a driving circuit DV1 which
recei ves a sel ect signalh¢ O'Fﬁ%"dnbffaﬁe%oﬁﬂd‘l‘%g@Qiééoimwy(-m.esm’@’same |
X DOR I's. corsiaioi ety MEBOBA =11 EAPESEE, ot MaNP™Y0 i Lhel o e
one another, lTahned lQn l:Jatfs'.;'\rhk:h the gates and drains are coupled in a crossing \.J
manner (in a latched form), and high résista‘nces Rl and R2 formed
10 by palycrysfélline silicon layers for holding the data, that are pro-
vided between the drains of the MOSFETs Q1, Q2 and_ a power-source
voltage V. Transfer §ate MOSFETs Q3 and Q4 are provided
between the commonly connected points of MOSFETs Ql, Q2 and the
complementary data lines (or digit ines) D0, DU. "Other memory celis
18 MC have also been constructed in the same manner as above. These
memory cells MC are arranged in the form of a matrix to constitute a
memory array M-A.RYO tha'f is representatively shown in Fig'. 1.
Nameiy, gates of the transfer gate MOSFE_Ts Qs, Q4 of memory cells
" arranged in the same row are commonly connected to their correspond-
20 ing word lines W1 and W2, and input/output terminals of memory cells
arranged in the sﬁme column are connected to their corresponding
pairs of complementary data lines DO, 50 and-D1, DI. |
In order to reduce the power consumption of the mémory cells
MC., the resistor Rl has a resistance which is as high as that neces¥
25 sary for the gate volltage of the'MOSP-ET Q2 to be maintained higher'
than a threshold' voltage thereof when the MOSFEf‘ Ql is rendered

nonconductive. Similarly, the resistor R2 also has a high resistance.



pl enentary address signals in predetermned conbinations, the 25

| nternal conplementary address signals being produced by the X-addr
Ppuffer X-ADB that receives external address signals [err] supplied
suitable circuit ‘that is not shown. - 7¢ Though there is no particular
limtation, the pairs of data lines DO, [err] and D1, [err] in the nmenory

array M ARYQ . ar qm t | & C

SW t>c/h| ng C|q L?%Pép cons étjtr% Ptlgg slelru‘;'ég:at %Déé ﬂPng %%EE@% and
QL2 for sel ehlrrint to sulfi'@ ddgies. zﬁaﬁ m@ RETEY el Aic! bRGSG Roored 51
there are cohnec I nput termnals of a reading circuit R and out put

termnals of ud Welth!dipaCityC ghin ‘é\ﬁoWTBf‘ MOSPEF! 0250ho0 EEhATRAR! Yyal rays

.MARYO to M at are"not shown, have al so been connected to t el r

corre- spondj ng-diRPidhisSé 'Ed}‘?'hﬁtcéf M@grrgepctgpg circuit Rand to their 10

correspondi ng output termnals of the witing circuit W The out put

termgnal of the reaﬂe&u}d@hg% thi3 eRBdBifentaths intisdryl eel NACIEY BonsfipUL
termnal [err], and a wite data signal is applied fromthe data input

terninal Di nyiteat B9 hAEhEnAQrMOSFETY ahbepulyicriyBtallihe catiiboyVreSpitafte si gnal s
Y1, Y2 are supplied froma Y-address decoder 15 Y-DCR to the gates of

MOSFETs 9, &lbthent lastdesédibel hathowenshotigh ethiehmeniopycarmyt i paddaced m
switching circuits. The Y-address decoder Y-DCR are constituted by NOR gate

circuits G3, b CMOSIC tthehniranbThinmelpscedete the shwesi obuenjoryni nal s
of these NOR gate circuits G3, (4 are applied internal conplenentary

address 20 cells a%id)mnriynafraydeompared dwithnwhent pestranehcMOSFETBakre
conpl enent ary
10 used instead of the polycrystalline silicon resistance elements. That

. of these NOR gate circuits Gl, & and so on receive internal com
@m a

is, the polyérystauine silicon resistors can be formed as a unitary
structure toéether with the gate elecirpdes of driving MOSFETs
Q1, Q2, and their sizes can be reduced, toc. Unlike the case of
uSing p-channel MOSFETs, fuftherm_ore, large spacing distances are
15 not required from the driving MOSFETs Ql, Q2 and, hence, useless
- blank portions are not formed.
| In the figure; the word line W1l is sele;:ted’ by a driving

" eircuit DV1 which recei’ires a select signal formed by an X-address

- decoder X-DCR. The same also holds true for the other word
20 . lne W2. - | | | |
The X;address decoder X-DCR is constituted by NOR gate
circuits Gl, G2 and so on that resemble one ancther. The inputs
of these NOR gate éircu_its Gl, G2 and sb on receix_re internal com-
plementary address signals in p:edetermined combinations, the
25 internal complementary address signals being produced by the

X-address buffer X-ADB that receives external address signals Ax

supplied from a suitable circuit that is not shown.



rss signals being produced by the Y-address buffer Y-ADB that receives
external address signals Ay froma suitable circuit that is not showmn. A -~

control circuit CON produces an internal control timng 25 , signal ‘-
upon recei pt of control signals fromthe external termnals.[err],[err].
Though there is no particular limtation in this enbodi nent, an.internal

chip select signal [err] of the non-sel e_g:t7 condition which is fornmed by the
control circuit CON and which has the high'|level when the chip has not been

sel ected i s applieghoaghheherous ricpartivutars limitatio®] thBepdieR afakigt&i rcuits
Gl, & and so on constituting the X-address decoder X-DCR, so that all of

the word |i pgesape, (DBicesd ileDI Ha tve mehext etrepd-ARYD arfdliconBeerdt s a
direct current fromflow ng through a | oad MOSFET QS of the data |ine, the

transfer gate ddsfdrl datadines 'GDO/ \COB| ViaVEolumim eetitching ofF¢ulier fondtie t hat
10 has been sel ected, and a nenory MOSFET QL that has been rendered

conduct i ve, tute byheraisferhgatenMOSFETDs @8 QXY QRN Can® @12 JoR gelésui t

di agram of the reading circuit according to the enbodi ment of the present
i nvesti on. - datd MrsesenbBdi thentcommeon idatarditesoCO0, pODR, theres agé Wonnbdted2 15
of a differential formas a sense anplifier SAO which anplifies a read

si gnal frominpet tempinalsirofag MG, cifbuit Rsantheutmadterminalesf of warittrgory
cell appearing on the comon data lines CDO [err] are supplied to bases of
t he differ eniricatit tW.anComtmors drta Hes & othelramembrivagirays MSARY X hor ecei ves
an operation timng signal [err] is con- 20 - nected to common emtters
of the diffd-&RY3Ithetare povrahonn, Tave also been connected to their corre-

sponding input terminals of the reading circuit R and to their
10 corresponding output terminals of the writing circuit W. The output
terminal of the reading circuit R sends a féad signal to the data

output terminal D_ .., and a write data signal is applied from the data

out
input terminal D, to the input terminal of ‘the writing circuit W.
Select signals Y1, Y2 are supplied frou_: a Y-address decoder
15 Y-DCR to the gates of MOSFETs Q8, Q10, él-l and Ql2 that constitute
-the above-mentioned column switching circuits. The Y-address
'de_coder Y-DCR are constituted by NOR gate circuits G3, G4 and so
on that resemble one another. To the input terminals of these NOR
gate circuite G3, G4 are applied inter'nal.co.:nplementary address
20 signals in predetefmined combinations, the internal complementary
address signals being produced b§ the Y-aﬁdress .bu.f.fer Y-ADB that
receives external address signals AY from a suitable circuit that is
not shown. ) _
A 'conthI circuit CON '-pr'oduces an internal control timing
25 | signal upon receipt of control signais f'rom”th.e external terminals



Anot her memory array M ARY3 which is representatively shown is' also
equi-pped with a sense arrpllfler SA3 that consists of simlar differentiah
t.ramgi stors T3, T4, and ar n-channel MOSFET Ql4. The correspondi ng @

collectors of the differential transistors T1, T2, T3 and 25 T4 4
so on are commonly connected to a pair of I.nput term' nals of the main
anplifier MAthat will be described |ater. -9- Qperation timng signals

[err],[err] supplied to the gates of MOSFETS "Q13, Q14 connected to conmon

S e £2§e?'vfe*ﬁ53€§d R N L
o aced unbrn R S selec ARHERCE 1 Il ot B8N bridluBF SRLET N

is placed un con fio SO recel

| _
Co M ARva, i PGS 37 R bl eiler CON B4 s BTN Hagh My IO
sense anplifigen &%wmn%%é& éemayzsaéﬁg%e Fg#é 1ﬁ§hf%?8ui’a9s

to effect the reading operation, 1s turned on he” remal ni ng

threq sense qmehbrfmehs gefe Mfclivs e, &7 an@)ﬁ&e‘dﬂ %ﬁsﬂiuﬁﬂ ?@Fa'atrbeés 0

tran5| stors 2, T3-and T4 constituting the compn sens I ers

to SA3 are cgpasfdre-DTRMdet et efi bhenbag rﬁh&d | istors
T5, T6 whi che€5 © constsﬁ ute a c?rguPt g!;&l ‘ri]?% l:és‘;t agglﬁ{edéor;egénal n -
anpl i fier MnoBastiscll EbRERIIH.ANThHE qfﬁvzﬁzs?»d@f@cts it o @ ogvg
voltage fornmed by the next bias circuit. Nanely, serl connecte I odes

r?l D2 for sihidiglo at fiad MOBFET QboPMEdataUlSE, \tﬁétﬁaﬁsférr gla te and an
ychannel MOSFET Q16 for flowing a bias current, are connected I n series
MOSFET Q3 of a menmiory cell MC connected to any word line that
10 has been selected, and a memory MOSFET Q1 that has been rendered
conductive, when the chip has not been selected.
- Figure 2 is a circuit diagram of the reading circuit according
to the embodiment of the present invention.
In this embodiment, use is made of bipolar transistors T1, T2
15 - of a differential form as a2 sense amplifier SA0 which amplifies a read
| signal from the memory array M-ARYO0. That is, the read voltages of |
a memory cell appearing on the common data lines CD0, TD0 are
supplied to bases of the differential transistors T1l, T2. An n-channel
MOSFE'I‘ Q13 which receives an operation timing signal ¢ a0 is con-
20 nected to common emitters of the differential transistors T1, T2.
Another memory array M-ARY3 which is representatively shown is
‘also equipped with a sense amplifier SA3 that éonsists of similar
differential transistors T3, T4, and an n-channel MOSFET Ql4. The
corresponding collectors of the differential transistors T1, T2,. T3 and
25 T4 and so on are commonly connected to a pair of input terminals of

the main amplifier MA that will be described later.



20 bet ween the power-source voltage VDD and a point of ground

ial. Further, an n-channel MOSFET 23 is connected in parallel wth,
ode D1, and, though not specifically limted, the gate of the MOSFES
>3 1s . served with a read control signal WE + [err] which assunes the | ow

| evel *during the readi ng operation. N channel 25 MOSFETs -QL5, Ql7 are
connected to the emtters of the transistors T5, T6 to formbias currents
therefor. The gates of these I\/DSFETS -Q]5 Q17 are served with a control

signal [err] whicl Ip%’i»i%%s'aﬁhﬂ (Siond tdéa%l suiweagtct hier gadisngt
S

operati on. Therefo t he MOSFE turned on only during the
readi ng opgf stmﬁo @lcéﬁnédfddembscommﬂ@iﬂttﬁlsyof RhehdifferlentabFETs
@0, Q1 an annel FETs 5 @2, 4 ‘are connected in parallel,

- as load ”E%P&uagimenaweromwbysmrceqa\zelmgmtvmsarms tthet qeckivat er s of

the transistors T5, T6. The p-channel MOSFETs 20, Q@1 are rendered

conduct i ve yahgatdnirolmagaanWE #+hE8r vgathslevek ial venderedr toedowi lekehr ound
potential of the circuit, and the gates of the n-channel MOSFETs @2, @4

aregserved (idgjcal *0") whea hthe' ehib dsrgeledtedi gndl isV\Blacedennier Qdle cesdr .
out puts of these transistors TS, T6 are transmtted to a data output buffer
DOB vi a enidon@itibal | Getest G5nand t@6 Rldd retéivel comphénentasyoéddress
transistors T7, T8 are connected to n-channel MOSFETs Q18, QL9 that form
operati on Gygn&Rlt axi haybithat selectatbe ihemory argeysdd-ARVH thddrARd3contr ol
signal [err]. Operation of the circuit of this embodinment will be described
bel ow wi t h Tiedrafonee only aa tNGSRETcwanch dbrmsgan Dperation current for a .
sense amplifier SA corresponding to a memory array that is selected d
10 to effect the reading 'operation, is turned on, and MOSFETs of the
remaining three sense amplifiers SA are turned off.
Collectors of the differential transistors T1, TZ. T3 and T4
constituting the common sense amplifiers SAO to SA3 are connected
to emitters of the base-grounded amplifier transistors TS5, T6 which
15' constitute a circuit of the initial stage of a main amplifier MA. Bases
of these transistors TS5, T6 are served with a bias voltage formed by
the next bias circuit. Namely, serially connected diodes Dl_, D2 for
shifting the level of the power-source voltage Vo, and an n-channel
ICIOSFET Q16 for flowing a bias current, are connected in series
20 between the power-source voltage Vpp and a point of ground
potential. Further, an n-channel MOSFET Q23 is connected in parallel
with the diode D1, and, though not specifically limited, the gate of
the MOSFET Q23 is served with a read control signal WE + C8 which
assumes the low Ievel 'd'uring the reading operation. N-channel
25 MOSFETs Q18, Q17 a}e connected to the emitters of the' transistors
TS5, T6 to for:n bias currenfs therefor. The gates of these MOSFETs

Q15, Q17 are served with a control signal WE.CS which assumes the



In the reading operation, a wite enable signal [err] is set to the high .

| evel, and a chip select signal [err] is set to the low level. 20 .o
Thesrefore, a read control signal [err] becones the high level, and an
inverted signal WE + [err] thereof becones the |ow | evel (not shown). -
Accordingly, if-the address signals axi, ayi supplied at this tinme assu

the low level, the NOR gate circuit G is _opf(ﬂe_g to produce an out put

signal. paO of the high |level which renders e MOSFET Q13 25 :

conductive. Avgbpleveli duringr tharepfing qnerdticRe df hersionei shetMaREETEor s

T1,- T2, and the read signal fromthe pnenory array MARYOis anpli- fied and

i s produced t@idughQiRcareoteEnrab e only GRHAT HhehEpading OPSTaien ttRefasdht r ol
signal [err] of the main anplifier MA beconmes the high |level, MOSFETs QL5

to QL9 constib@ﬁi%ﬁ%scmﬁséﬁFﬁgﬂYr'ces are -rendered conductive to flow
operation currents intQ the transistors T5 to T8. Therefqre, the 5

output signals of tHreheansl MOPTETEr Q300 Qfk 2nd prebansey Mbéfj@?%ut put

buf fer DOB which is not shown, apnd a read output signal [err] -is, obtained
from Bhe ext RAtd Q% ﬁfﬂaﬁqnmf#riﬁgaﬁﬁ%' seéﬁi@dzﬁﬁam gf"%” R the Poyers of

Lerr] 1o SouseeoHBene Ypp FROCHE SRUSRISRREAt (o AARBIRNEE (Aike T6hat 1 or m
Pl 1 71 er o SASnE Poierel MPPERTENE 20oraPL (%5h THARTSR. ERDULLY Py aih umes
Hence, the mai,n anplifier MA is served wt opt&‘y t he gl ectrj.c, cyrrent
produced by tFBCEANSIT SRS RTS) AWV SRFYES (Withsground potential I°g hee

VAL 0. 9P Bl LB Yt uR B ¥ lRhadet oSt i, G5 Y b
10 with the read control signal WE + CS. N
| _ Collector outputs of these transistofs TS5, T6 are transmitted
to a data output buffer DOB via emitter-follower trémsistors T7, T8,
The emitters of the transistors. T7., T8 are connected to nfchannel
MOSFETs Q18, Q18 that form operation currents _the:'efor,_ and are
15 served with the read control signal WE.Cs. |
Operation of the circuit of this embodiment_will be described
below with reference to a2 timing chart of Fig. 3.
. In the reading operation, a write enable signal WE is set to
the high level, And a chip select signal C'S is set to the lbw Jevel.
20 Thereicre, a read control signal WE.- CSs becomes_fhe high levei, and
an inverted signal WE. + 5 thefeof becomes .the low _1evé1_ (not shown). |
.Aéco_rdingly, if the address signals axi, ayi.supp_lied at this time
assume_the ldw levél, the NOR ga_ie circuit G5 is opéried .to prbduce
an 6utpuf sign.al'_ ¢pa0 of thg high level which rezﬁders ;he MOSFET Q13
25 conductive. An opei'ation current flows into the differential transistors
| T1, TZ. _and the reaé signal from the memory array M-ARY0 is ampli-

fied and is produced through the collectors.



control signal [err]. CS becones the low |l evel and its inverted signal VE +

ofdergt)i on currents for the anplifier transistors of the 20 . sense
anp/Ifiers SAOto SA3 ‘and of the main anplifier MA, are al}l rendered
nonconductive to inhibit their operation. In this case, depending upon the
conductive condition of MOSFET (23, the bias voltage of the circuit of the

T ebecomes the high level. Therefore, MOSFETs Q13 to QL9 for formng -
5 ‘

~initial stage of the nain anplifier MA berpres nearly equal to VDD - Vf (Vf

denot f d I f di od h I
VBFETe 22 and QIR (it OLieT, S4ndl| SRFeEan EOBFER) bianed Uh-FS P&IGE ¢ he

b tential -of fall T, h I
voerene. Cnovain Sheldfer” B Hikols, B hebh RREDL TS TETe Fhs ARCQERS e ot nge
of the data out ttmuj}ger CII‘C it DOB are rendereg cf: ut V, Fig. 4is
2 circuit GORSHIREI ADEEUHEnt BONRGRERTe ToRAeER seontit Y%é"pﬁ ¥ent

ona seni cARAEERN enbeeria k8, Bhe 88 Bthts I Ty Anfetorty Be® 1O

that ued fqvtﬂ*&”“f St T B8R EPhler %gﬁr?%ﬁﬁeﬁ“*ﬁaa{“'ar '

[Tﬁlrer %(i [gﬁire] %Iffeélogﬁﬁhﬁﬁg‘sgﬂgaﬁ%ou? ?-é‘{fsrﬁ% L ﬁ%&?ﬁr AV
Unli , '

are denot e o A e SRR e BiseBartigtmippl UL DN T D 0f  meror y
cell's consti t“t' nqﬂﬁhﬂ?&@&a %é sense aﬁﬁ:ﬁfﬁ’e%ﬁ\f 1 A9 OF dthet RBhryNe ®

menory cell is shown
arrays M-ARY1 to M-ARY3 the operation timinq signals ¢ al to ¢

10 become the 1ow level, and MOSFBTs Q14 and the like that form Opera-
tion currents. are rendered nonconductive ’I'herefore, the sense
amplifxers SAl to SA3 establish the condition of high output impedance.
Hence, the main amplifier MA is served with only the electric current
produced by the selected memory array M-ARYO, |

15 In the writing operation, th'e ﬁrrife enable signal WE is set to
the low level as indicated by a broken line in Fig.. 3, €0 that the
control signal WE CS becomes the low level ang its inverted signal

| WE + C8 becomes the high level Therefore. MOSFETs Qi3 to Q19
for forming operat.ion currents for the empl:lﬂer transistors of the

20 sense amplifiers SA0 to SA3 and of the main ampliﬁer MA are all
rendered nonconductive to inhibit their operation. In this case,
-depending upon the conductive condition of MOS?ET Q23',. the bias
voltage of rhe circuit of the initial .s'tage of the main 'amplifier' MA
becomes nearly equal to VDD - V (Vf denotes a forward voltage of

25' - the diode D2). Further, -channel MOSFETs Q22 and Q24 that

| serve as load means are turned on to raise the base potential of the

emitter-follower transistors T7, T8, and p-channel MOSPSTs {not



t@nsi stors Ql2, QL3 of which the bases and collectors are coupled in a

" crossing manner, and pnp-type transistors Ql4, QL5 20 that are
connected to their collectors. Though there is no particular limtation,
the drive npn-type transistors Q 12, Q.13,are of the multi- emtter
construction. The emtters on one side are conmonly con- nected together,
and the emi t3RownbithefLonatiiute ySIEQHY dnathe AnRRE Ftega ol theidptpOwpuy
menory cell and are connected to a pair, 25 of conpl enentary data
lines DO, [ ePRifernsiremtte r%§eﬁ?%$??ﬁ§l FOBRBAAUCHNE. dri ve npn-type
transi stors QL2, QL3 nay be constituted by two transistors of which the
bases and collectors are conmmonly connected . - 13 - together. Further,

he | oad nsi , 5 b I d by | oad |
Cl amping i odes t ek Sar & BoRnRREEY FIRGTRFGPT & SHPORS SRAPURREE DTRBI mon
i t f the 1 oad 181 St 4 5 tedt dJ, VO
ohi B 15 ShollF PERPERbARRERaeR, s Blapied o BBSRFTTIe, Bin, FhE MAM o
cel |~ eS| | db bl ack b
of o hurber 9 the CHEUEF St Gh (IRPFARERETOR, BHERITRKG SR AAcP Avaste

W Uh 5 hol di Hyeem Phhte i, SsresiinkR o7 matntd e b ateRie o, and

“ the figure. Though there is no particular Iimtation, in one nenory cell,
use is made of a flip-flop circuit which consists of drive npn-type

(0% 01g o FHERMY sORURRE ROORE R B0 BhaBl5, EIe'Sact ShReld B OIS
QT o0oC! o6, §3 LA SRR, BE0 BRI R0 clnd SpB e,
10 external terminals. The figure, however, does not show power-source
terminals -V__ and GND. Unlike the circuit of the embodiment of
Fig. 1, furthermoré. trahsistor_s are denoted by Q, and MOSFETs are
denoted by M. | _
B Among a pl.urality of memory cells constituting & memory
15 | array M-ARY, a circuit of only one memory cell is shown in
the figure. Though ihere is no particular limitation, in one memory
cell, use is made of a flip-fiop circuit whit_:h ‘consists of drive
W, ‘npn-type transistors Ql_Z. Q13 of which the bases and collectors are
c::buﬁled in a crossirig manner, and pnp-type transistors Q14, Q15
20 that are éonnec‘_ce_d. to their collectors. Though there is '_no particular
| iirhitatiéh. the drive npn-type trﬁnsistors_ Q1l2, Q13 are of the multi-
emitter construcﬁqh. Tﬁe emitters on one side are commonly con-
' nected tbéeihe_r. and the emitters of the other side serve as
input/output terminals of a memory cell and are connected to a pair
25 of complementéry daté liheé D0, DU that are representatively shown.
The drive npn-type transistors Q1l2, Q13 may be constituted by two

transistors of which the bases and collectors are commonly connected



_The | ding current lines STO, STn are provided with constant-current 15
S § Ist (not shown) that supply holding currents ta the menory cells.
er, the simlarly constructed nmenory cells are arranged in a nunber
‘the vertical colum, and input/output termnals thereof are
commonly connected to the conplenentary data |lines DO, [err]. 20
Thus, nmenory cells are arranged in _a nunber of mx n along the rows and
colums to constitute a menmory arr&3 M ARY. The word |lines WO, Wh which are

to ! ute a n ne wor 0. W w
{ranai ot or SoRREery 7 rdiet, CRIEIEE RenBiald O SEITMPP So TeRRAH KT L1
pr oduced bg%socpge%&tors and B &7 d1866¢ dhat-dreReorfiibiedsirs 'p%‘?llﬁlf WP i ed

froma sui circurt not shown are Inputted to the address ers XABO

to XABK vi %Eégté'{ﬂé’i‘". The cnmon CéiitfésS oXARe! Ibawranmﬁﬁ?sggﬁ.eqﬂéjﬁéelrs

XABO t 0 XAl orm noni nverted address signals and inverted dress signals

dependi n ney i tor ¥ BHSS W) , : X- addr ess
p g %%gge{-rfggn ,taﬁ: weHITARS WU WhtR isaﬂsbusm;tptrbsehim&égsaé

decoder X- e X-address decoder X-DCR forms a wor . i ne

selgct signal to 8kRGhe2aBBVE-thefGontd héthéryBeddasmcentdle, eammeentary
data lines DO [err] representatively shown are connected, via transistors

QL8, RO t halnSRF CBIES(FeYrédBnted E3Nasbldck Boghasmel niyberTef Ml aged M3 t hat
are al so provided conmonl'y for other conplenmentary data lines not shown, 10

and that ara?raﬂaa&ohlaﬂgbm@uaiemwahnﬁmdqa o% 88l &rdiRdhn6Stdd thathw a
read/wite current Ir. An address decoded signal YO produced by

" word line W0. The laterally stretching row is prpvided with a holding w
current line STO which corresponds to the word 'ﬁne W0, and the
10 "~ commonly connected emitters of one sidle -of' drive transistofs Q12, Q13
‘of the memory cell are connected thereto. "Mgmory' cél_‘is are also con-
nected in the samé' manner as abo§e .'vvith respect to another
representatively shown row (word line Wn, holding current line STn).
The holding current lines ST0, STn are 'pro\'rided with_ constant-current
15 sources Isi (not shown) that supply holding currents to the memory
cells. | | | | |
Further, the 'sim'ilarly' constructed fnemory ”cells are arranged
" in a number of n along the vertical column, and inputloutp'ut.terminals
thereof are commonly connected to the comple:ﬁeﬁtary data lnes bo. D0.
20 Thus, memory cells are arranged in a humbef o f mxn aion§ the rows
and columns to coastitute é memory array M-ARY. |
'I'ﬁe word lines W0, Wn which are representatively éhown are
selected or not selected by word line drive transi'sto.rs.. Q16, Q17 that
receive address decoded signals X0, Xn 'whiéh are'"prcduced' by .the
25 X-address decoder X-DCR. o
Address signals' éupplied frbm 2 'sﬁ.itab'le circuit not shown

‘are inputted to the address buffers XABO to XABk via external



t he Y-address decoder Y-DCR is applied to the bases of the tran- sistors
QL8 -and @0 that work as columm switches. Nanely, address signals supplfed
frowra suitable circuit not shown are inputted to the 15 addr

buffers YAB O to YABl via external termnals YAOto YAl. The addres

buffers YAB O to YABlI produce noninverted address signals and inverted
address signals according to the i rRpdi# address signals and send themto the
Y- address decoder Y-DCR. Therefore, the Y-address decoder Y-DCR forns a

data |i S| t hect p PY; I&Fgm t

I ?ngs. | Rgczregeligzén%sg?ﬁé 95 t§n§§(¥|e' (r:re'rIl‘?‘ ,Qs? hac?udgrﬁgts hergelgés J?\ggrgar i cu?%_)rlip Siﬂ, :
limtation, : . o | I : )

plr 21de'fl elr (r)nnnegoﬁ as :\%ﬁf&a%aerét% gat a ?i nes 1%‘%?1{@&:5152&%%% %gge}kla\dgg?aet“edé?gmat _

's, a diode [Boanthe A58t Wiress aggamnanaégélﬁg ArBrSE IR REBUEPLS! e base

and the colleCtor of a transistor ector is

served W th gatddePRBERE! Pheh Nanel XCHidrestN8edbdle XEDERUdradl atword®

connected in series are con- nected, via a transistor @9, to an n-célannel

I\/DSFI%;]I' M2 thihe selBbPRYSR @o‘%&iétﬁ”h word ill¢fe .t he one nentioned above.
g |

Though there I's no particular mtatio n, the transistor Q21 is of the
mul ti-emitter const Iﬁ‘%fié’rbmﬁdﬂlnie%tc%@eéérﬁﬂle‘iﬁnttﬁﬁy Rl BHBOSG Y TRt 2

lines DO, 5. A source of a very smal | constant current is coupled to the 5

conpl ement ar yeglAdgerthiOe1PShdwal ake cd)‘ﬁfé&'%d. Qrigefrﬁl.§mb¥s @IB! Q20 harent

I s absorbed at all tinmes by transistors , (Q24) I ch receive a constant

vol tage bl tbespglast BSIURHS AwitdledssOto ai¢naRneh MBSEETE NS -arddP VB 213?239& ed

t_@Jhe emtt ers thereof. Therefore_, the data |line which is not cted is
bi ased by a dko provided ooy cfori statbripRaettalp ddra BHEE Hotashenar d

vol tage of the
10 and that are turned on by an internal chip select signal CS to form a
 read/write current Ir. An address de_coded signal Y0 produced by

the Y-address décoder Y-DCR is applied to th_e bases of the tran-
sistors Q18 and Q20 that work as column switches. Namely, address
signals supplied fr_om a suitable circuit not shown are inputted to the

15 | .address buffers YABO to YABX via external terminals YAO to val.
The address buffers YABO to'_ YAB{ produce noninverted address
signals and invertéd address signals according to the input address
signals.and send them to the Y-addreés decoder Y-DCR. Therefore,
the ?-address, decoder Y-DCR forms a data line select signal to select

20 a pair of 'compleméntary ‘data lines. According to this embodiment,
though there is no particul_ar limi_tatiqn. & bias circuit is subsequently
providéd t0 applf a predetermined bias voltage to data lines that have
not been selected. That is, a diode D3- and a resistor R6 are con-
nected in series between the base and the collector of a transistor

25. Q21 of which the éoliectox_‘ is served with earth potential of the
circuit. The diode D3 and resistor R6 connected in series are con-

nected, via a transistor Q19, to an n-channel MOSFET M2 that



di ode D3 and a voltage across the base and emtter of the transistor Q1.

- WWen the conplenentary data lines DO, {err] are selected, the current Ir

egiytlor R6 via the transistor QL9. Therefore, the 15 + transistor Q1
[ dered nonconductive, and potentials of the conple- nentary data |ines
DO—{err] are determined with the stored data in the selected nenory cell.
Emtters of current switching transistdpss~-Q7, 6 are coupled to the

conpl enentary data lines DO, [err] in order to wite/read the 20 dat a
rel ative t@radieedra cuekenoilraikevthehanei mestioned rayrasenThoughl there

Col l ector outputs of these transistors.Q7, Q6 -are sent to-the input

termnal s @ rAd@arsiculanimitaton MthehtransistorcQ21tiscofitpei hulthtemitteyper a-
tion and forns an output signal that neets the input |evel of a data_gutput
buf f er DOB consstudtitred ang ECicopmected tocthepcomplementeryTaattines DO, Pdik.a

o“ ed by the MOSFET M2 that is rendered conductive flows into the b
i

out put buffer DOB produces a read output signal that will be sent through
t he external ternifnabufeerdf aTherysmalhicohstandr cwrrend o coupled o cthe
simlarly to the main anplifier of the enmbodinent of Fig. 1. - 16 -

Qutput vol icogaderéntary data limeés DYy B cNemelx ,apevemplsmadl constamtbases of

- the current swtching transistors Q7, Q6. The witi 8%5Ci rcuit WA which
[

forms the aurpent\slabsprbediat il itimesiyt transigtans § €Q ¢t which rzaeeive or s
QL to B, a constant-current source provided 5 . to the common emtters
t her eof , r esiconstantRepltRge pb bithareushothedases ckheseof and which have resis-qQ1,

@, and a resistor R3 provi ded between earth ‘potential and a point .
wher e the rtoss tannecrad 2 thedEmittersothexecdr of the transistor B are —

‘commonl y connect ed_toget her. Bases

Therefore, the data line which is not selected is blased by a
10 voltage which is nearly equal to the sum of a forward vol't_age. bf the
diode D3 and a voltage across the base and e&ﬂtter of the transistor
Q2Zl. When the co’rriplemehtary daté lines DO, DU are selected, the
current Ir produced by the MOSFET M2 that is rendered conductive
flows into the resistor R6 via the transistor Q19. "I'here_fore. the
15 transistor Q21 is rendered noncon'duct':lv'e, axid poténtiais‘- of the comple-
mentafy data lines DO, DU are determined with.the stored data in the
selected memory cell. ' | | T\
Emitters of current switching transistors Q7, Q6 are édﬁpled
t!; the complementary data lines DO, B0 in order to wﬂtélréad the
20 daté relative to a z"nemcr? cell of a row that -is shown representatively.
Collector outputs of these transistors Q.7. Q6 are sent to the input
terminals of the main amplifier MA which effects the amplification opera-
. tion and forms an output signal that meets the input level of a data
output buffer DOB constituted Sy ECL (emitter couplléd' l_ogic).' The
25 '_ data output buffef DOB produces a fead output signal thai will be sent
through the external terminal Dout’ The .ma.ixi' aziapli_fier MA is con-

structed similarly to the main amplifier of the embodiment of Fig. 1.



b_f ‘the transistors QL, 2 are served with wite data signals [err] 12@

sent. froma data input buffer DIB that will be described later, and b
thg transistor B is served with an internal wite enable signal we se
froma control circuit CONT that will be described later. According to thig
enbodi nment, though there is no particular Iimtation, the data input buffer
DB is constructed as described bel ow, 15 so that noise will not
generate in the output voltages VT, Mp of the writi ng circuit WA accordi ng

operation Namsl y, Gorpuneraites i LA TCe WY S O A ebaiedl oo
1 of or ence. Vol BRGERIoOF IPRLGRTRAT sAiEnfnd RRRBRHs B RS- r BF itulle.
(e ot St 306 LSRR 38 P Bl VL VP W SRERRRERDST . "
G 1 or ot | al SEFERE MRy OB D, o L wBERE, BELRHE BaBvARY v
Lransdotor FR3ne Al enirort el NGIREE Ao AR hotig ST
o e ool | Bt o8 ol LAIRRIRE Q1A ol EIbARCORIEHENLE bl
e data o1 onel st 1 2Belt ahil e SPRORP ERRANDS WTRERS OIS
VoL 0 SPGREL 518 (R SE O CcihaBRL oA osisett Tnaste,
[err] T's appbi qele! fradiester Q] GP%rb died WittWrWhiceha i sighely g, ,
| 10 ' sent from a data input buffer DIE that will be described later, and
| base of the transiétor_ Q3 is served with an internal write enable signal
we sent from a control circuit CONT that will be described later.
According to this embodiment, though there is no particular
limitation, the data input buffer DIB is constructed as described below,
15 | so that noise will not generate in the output voltages V1, V2 of tl'_:e
writing circuit WA according to the change of levels of the.input data
- signals din' Ein during the writing operation. Na:riely,' a transistor Q8
receives a write data signal supplied through the external terminal Din‘
and a transistor Q9 is impressed with a reference voltage Vb2 through
20 the base thereof to discriminate the input signal, and these transistors
Q8 and QS are cdnnected together in a differental manner. Resistors
R4 and RS are connected to the collectors of these differential tran-
sistors Q8 and Q9. Collector outputs of the differential transistors Q8
and Q_9 are applied to!bases‘of emitter-follower transistors Q25, Q26,
25 and data signals 'din and 3m are sent from the emitters of these tran-
sistors Q25 and Q26 to the writing circuit WA. The coliector of a

Qifferential transistor Q10 is connected 'té the common emitters of the



nected in a differential manner relative to the transistor QL0. The )
et or of the transistor QL1 is connected to the collectors of the -
griential transistors B and @ via diodes D1 and D2. 10 "
ding to this enbodi ment, although there is no particu- lar limtation,
e operation currents 11 to 14 for the transistors QL to QS and for the

transistors @, QLl, @5 and (26 are {¢roed by n-channel MOSFETs M4 to M

that are rendered conductive by an Internal chip select signal c¢cs, in order

Lo reduce. Lhg | NGLLEGHLYB 1SS Q8 an8UNSENo WARD hECaell Bigrigay, bei ns

sel ect ed. “cireurt which receives control si gnéP"_s supplied
via the exi&gng{ tv?iﬁl”‘n’&@'&é[ﬁé ]deﬁg‘:al%ﬁ.ﬁ? dporPtRdUSIRRald) £PHRBe LI ON control

;
signal for e data output buffer he internal” wite enabl e signal

[err] that i er ikl 69 T Quilify Whiel FexRiahr 6péfatidh. A refhenbé to the
data i nput e%%#%éra bl B, R?ngﬂflheui nternal chip se ecat si gnal cs. -el nt er nal
circurtry f-,}},ﬁ—afg%r W30 id fé%iﬂiea' evahe Base R fntrin@best @Ol i idiSerimi-

vel | - est abl'i shed principles for making such. control circuitry. \Wen the

congrol signal 1Heeififerndl Yofitd @rialdte |QUnAL TR, | Thergernd write edsbleel ect
the chip, the control circuit CONT produces an internal chip select signal

cs of the fg’a&ﬂﬁl Fecls agpliddetoither bhge &f WheRritdastsnQl whidas dow-r] is
g

set to the | evel to place the chip under the - 18 - nonsel ected

condi tion, ddiged Rt BOKiIEEFertidl HEhRepralsnies withaipansisteniqitsel Taé si gnal
cs of the low level. The reading operation is perfornmed when the term nal

l[err} i s s lolleBtdh@f Mitgh tr@vabtan Qihes conneorld ferthe tollembrs @ftite | ow
evel . n .

.
differential transistors Q8 and QS via diodes D1 and D2.

10 ' According to this embodiment, although there is no particu-
lar limitation, the operation currents 11 to 14 for the transistors Q1
to Q5 and for the transistors Q8, Q11, Q25 and Q26 ere formed by
n-channel MCSFETs M4 to M$S that are rendered conductive by an
internal chip select signal cs, in order to reduce the inefiective

15 current when the chip is not being selected. .

The control circuit CONT which receives control signals
supplied via the external terminals WE and T3, produces an opera-
tion control signal for the data output buffer DOB, the internal
write enable signal we thai will be supplied to the writing circuit

20 | WA and to the dati input buffer DIB, _and the internal chip select
signal ¢s. Internal circuitry for forming these signals can be
cons_tructed utilizing well-established principles for making such .
control circuitry.

~ When the control signal TS is set to the low level in order

25 to select the chip, tﬁe contrel circuit CONT produces én internal

chip select signal cs of the high level. On the other hand, when the

control signal T3 is set to the high level to place the chip under ihe



5 the data input buffer DIBin this case, the wite enable signal _.

[err]. assumes the high level since the termnal [err] assunmes the high \
levet. Therefore, t-he transistor Q 10 is rendered nonconductive, the
transistor QL1 is rendered conductive, and the electric current 14 fl ow
being divided into one-half into the resistors R4 and RS via diodes D1, D2.
10 Therefore, irrespective of thegignals fromthe external term nal

Din the output l-evel is fixed to the internediate | evel, and noi se caused

by the ch £ |« ' ] ted f
by Lhe, chande el gl indBiore XL Yokl lridls BOVES, UGG B it otho
oper ati on. 1‘:'&11? select signal égsc#}rw&%%&,oleya’s enbodi nent, the read/wite

current Ir for the nenory arra and operation current for the

wILIng Clrcuit WA U reRalipeRtsh KeDUrRIOND Wik BEOIUFRIAVTE"S

MOSFETs whi ch are operate e I nterna I'p sel ec? Si gng
Ther ef , t i i ' f f ' | I,y 20
erefore *k%;'fbeftﬁe%:g‘gg%ﬁlr&m the Pérsviaal TF £ Wly {c:,‘f’%gglo\%’agécv?e‘;;g Ih

when the chip is not se . Current-source circuits tor-prod

oper agi on Curth‘é”%:étd‘ Qﬁpﬁf‘%ngféf’ e ah B{igc%ﬂstgi’ le Srritd gk&&é‘fgﬁﬁgﬁgw ¥

decoders X- DCR, DCR, are So constitute e sane

be rendered eaadues! % HIGH 1e96Fisthcd thiehfernihel WH abifes Y hict 4R5L CS

in order to reduce the ineffective current.

pr oduci ng op@)@éﬂe@ﬂ:&,uﬁhenér%nfsﬁtoi-@lgqgr&?ﬁéﬁﬂoﬂéﬁ:ﬁon}& e.\éhggfi'a%rs‘fstor

rendered nonconductive under the con- dition where the chip I's'n
sel ected, th@Qnuipifendiegsdl soridititend, aaketife ter1eR! %ﬁ‘i‘rér?:v?hjﬂows ‘betflg”

Ascording to this enbodi nent, the MOSFETs
divided into one-half into the resistors R4 and R5 via diodes D1, D2.

10 - Therefore, irrespective of the signals from the external terminal Din'
the output level is fixed to the intermediate level, and noise caused
by the changé of level at the external terminal Din is prevented from.
appearing in the read reference voltages V1, V2 (Vrefc) in the reading
operation,

15 According to this embodiment, the read/write current Ir for
‘the memory array M-ARY, and operation current for the writing
circuit WA that is representatively shown, are produced by the
MOSFETs which are operated by the internal chip select signal cs.
‘Therefore, the ineffective current is prevented from flowing wastefully

20 . when the chip is not selected. Current-source circuits for producing
operation currents for the peripheral circtii;s, i.e., for the addre;s
decoders X-DCR, Y-DCR, are also constituted by the same MOSFETs
that will be rendered conductive ﬁpon receipt of the internal chip
select signal cs, -in order to reduce the ineffective current. When

25 the MOSFETs for producing operation currents for the address
decoders X-DCR, Y-DCR are rende:red nonconductive under the con-
dition where the chip is not selected, the output signals thereof take

a non-select level.



duci ng operation currents for the transistors are turned on or off
regpensp ve to a chip select signal dependi ng upon whether the chip is o
d or not 5 = selected, thereby to reduce the current. from wasteful -
wfig under the condition in which the chip is not selected. Furthernore,
as shown in Figure 5, provision may be made of a circuit 100 for detecting
t he change of address signals, and a circuit 200 which, responsive 10 to
t he detect.ion outputs thereof, produceé’t% ing signals to tine-serially
operate the address buffer, address decoder, nenory array. MARY, reading
circuit and witing ciraegicoridincheoorders nembédirent sothbaMOSEERsof t he
circuit blocks is tine-serially operated 15 only at required tim-ngs by the
operating tinfoy prgdakcdnguederattiorn sl 1enks wher ethaettangipsogsl ect ed.
In this case, the consunption of current can be reduced even under the
condi ti on whezeet hBrprdp ons oFelafdt aeSPRANFiYeghPdat ehinchedfchr FaAG8dent
it is noted 20 that construction of the circuit 100 for detecting the
change of adddeBendiggar®oms whahhasdfie ehiPii1e gelarFedaPE RBE descri bed

here. Siml arl - 20 - construction of., a timn i gnal generatqr, 200 to
oroduce t3 ne. Se}paEedimthETEREh A TEHGR HhncCUEEEPEI AEORo RAERE LRGN

design principles. for MR rd Tindi{ £ 1Y wnlOh LRSI BREE 1LMRok M N

selected. ' Furthermore, as shown in Figure 5, provision
may be made of a circuit 100 for detecting the change U
of address signals, and a circuit 200 which, responsive

10 to the detection outputs thereof, produces timing
signals. to time-serially operate the address buffer,
address decoder, memory array M-ARY, reading circuit
and writing circuit in the order mentioned, so that
each of the circuit blocks is time-serially operated

15 only at required timings by the operating timing
signals, under the condition where the chip is selected.
In this case, the consumption'bf current can be feduced
even under the condition where thé chip is selected.
With regard to such an arrangement, it is ﬁoted

20 that construction of the circuit 100 for detecting
the change of address signals is well known, and its.

details are not described here. Similarly, -



5 signal generator 200 is conprised in conbination of CMOS static _
inverters for producing delay signals and CMOS static gate circuits for
progtici ng the timng signals. In the two above described enbodi ments, ‘
when the operation currents of the bipolar transistors are to be forne(
the MOSFETs are operated in the saturated region. Therefore, the MOSFETS
produce a nearly constant operation current for the bipolar transistors. 15
In the first enmbodi nent, furthernore,-w@n-the address buffer ADB and the
address decoder DCR are constituted by MOSFETS and bipolar transistors in
order to increase the operation speed (e.g., when - 21 - arequired
logic circuit psnsersiitlivhed b tﬂ%i%Fﬂénaﬁfgeﬁeﬁétaf—f26%”&8' t .
constituted by bipolar tramsistors is provided 1o receive the output signal
of the logic cpredute $Amchalertila IUBSHNY e 954 PIEcsROEgdhEVEN at a hi gh
speed), operation currents for the bipolar tran- 5 sistors are

produced by thécNBBEEﬁg,t@nWeuhe&ﬁuNﬁﬁﬁﬁg§i@ﬁepfﬂﬁ£h§1e§0ﬂéf0||ed in the
same nmanner as nentioned earlier, such that the RAM consunes reduced

amounts of el emakiagptiee rwaiilrewittidyt. f epdsiri mgtance nceRasedmopgr at i on

speed. In this case, furthernore, provision may be made of a circuit for

detecting $he shagngd gkneddtess 200gnad scompeei 463 in comibenat bornent i oned

circuit 100 for detecting the change of address signals, as well as a

timng signal -P6rGMAG statdict invies ters dfieor cpeedueing delay signals

and CMOS static gate circuits for producing the

' timing signals.

In the two above described embodiments,

10 when the operation currents of the bipolar transistors
are to be formed, the MOSFETs are operated in the
saturated region. Therefore, the MOSFETs produce
‘@ nearly constant operation current for the bipolar
transistors.

15 . In the first embodiment, furthermore, when
the address buffer ADB éhd=the address decoder DCR are

\/ . constituted by MOSFETS_and bipolar transistors

in order to increase the operation speed (e.g., when



ddress buffer, decoder, sense anplifier, witing circuit and the -
g circuit in the order nentioned only at required tinmngs, inthe 15/

.Sa manner as nentioned earlier. This nmakes it possible to reduce the

consunption of electric power even under the condition where the chip is
selected. Preferably, the tine-series owputs of the circuit 200 are

led to the MISFETs of the i ous | circuits (i.e,, add
bui Tors,  deGoReRatred: logie, et I8 BoRRB ik BYoHIRMGREF X6 incbja Sier20

U rent - soUFEEF JORBUEHS dT e P PRI R tRE ey i PRARIGS fhesSsier fbet i on
Chat w1 DOUEERCUOBAL 81 ik RS ROoch? diet dbe SubseqierpaREs SADar o
ol ati vel'y B GENATL AL § GHOB.FPERAL:, SprErirs,Birrazt dpn theo BUGHIBE  GARD
areat |y rdguggrs &rd F586EEea W SCHERIRER, 238 Hhesr MHRETE e sermaror
ool 3 " QRenBbalal 3o, 358, BRnPeE 0 Rty holdh 2o e L
Ve e BEARRECRd oo SRS R SRR AAE i ABSHIETeS e,
e e o ehEERBE BB bRl ke B SR el o
be made of a circuit for detecting the change of address signals like
10 the aforementioned circuit 100 for: detecting the change of address
| signal_s_, as well as a timing signal-forming circuit ke the aforementioned
circuit 200 for forming timing signals, in order to time-serially operate
the address buffer, decoder, sense amplifier, writing circuit and the
| reading circuit in the order mentioned only at required timings, in the
| ' 15 same manner as mentioned earlier. This makes it possible to reduce the
corisumption -of electric power even under the condition where the chip
is selected. Preferablf, the tme-series outputs of the circuit 200 are
coupled to ihe MOSTETs of the various periph_eral‘ circuits {i.e., address
5uffers. decoders, etc.) to provide the time-series operation by con-
20 trolling the iurn-on and turn-off time.of the MOSFETs which serve as
current sources for the bipolar transistor. |
By virtue of thé construction set forth above, the following
advantages can be achieved:
(a) MOSFETS that will be turned on only during the periods
25 of operation are used to produce operation currenté for the bipolar
transistors that require relatively large operation currents. Therefore,
wasteful conéumption of electric current is reduced, and the consumption

of electric power is greatly reduced.



(c) Since MOSFETs that will be turned on only during the 10 readi ng
operation are enployed .to produce operation currents for the differential
tr&nsi stors that constitut'e a sense anplifier, wasteful con- sunption
electric current is.reduced. This hel ps maintain the advantage of | ow
consunption inherent in the CMOS stagis RAM and a devi ce enpl oyi ng bi\g
transistor circuits can be realized mhlgh 15 Is powered by batteries
and the like. (d) The nenory array MARY is divided into a plurality of

Funct1on. - such tnee” t nEubn st uEr PefRicte SofilsRi S Bitdler ‘Fanc oo
VOSFETs ¢ hatlptd B8 grech2f §ie¢ie, ELERI SoMOS stapic RAM. LBy 2 i o
D1 pol ar RV ERY Thek D CEFERE 8 abndc o THOW ) ot el 1
educe t he ALY, Proderti6n Slhe cutibhy, aeficdRIP FRERE. IR SR 0C Uhi p

LS Nt el ng,3gkeclitatich) culbBids ﬁge's%ﬁféﬂ_akmﬂfadasﬁ B ehetdaRRaCU reNnt s

for The circui I s In the RAM and the circuit blocks are time-serially
-23- oper at %gfgt_w%ﬁﬁu‘l £ifd BENG% memRPYSEAEs 19 [RNees feiesrédre Bhanal s of

address signa erefore, wasteful consunption of electric current can be

reduced Undegr?&& Qbdinlg 8Bty WTED fdkeahitPpbssibtd e6t@omplish a high A
|

nunber of modifications of the invention described in the above two
e@odl MeNnt s rgafind opebafon.,

(c) Since MOSFETs that will be turned on only during the

10 reading operation are employed to produce operation currents for the
| differential transistors that constitute & sense amplifier, wasteful con-
sumption of electric current is reduced. This helps maintain the
advantage of low power consumption inherent in the CMOS static RAM,
"and a device employing bipolar transistor circuits can be realized which
15 is powered by batteries and the like.

(d) The memory array M-ARY is divided into a plurality of
blocks, and the sense amplifier is provided Qith an addréss decoder
fu.nction.‘ such tﬁat the consumption of electric power is further
reduced and the operation speed is further increased.

20 | (e) Since MOSFETSs that will be turned on only when the
chip is selected are used to produce reading and writing currents
for the memory array M-ARY in the bipolar RAM and to produce
currents for such peripheral circuits as the writing circuit and the

" reading circuit, it is made possible to greatly reduce the wasteful
25 consumption of electric cu;'rent when the chip is not being selected.
(f) MOSFETs are used to produce operation currents for

the circuit blocks in the RAM, and the circuit blocks are'time-serially



For i nstance

, the resistors for holding data in the menory cells of the

enbudi nrent of Figure 1 may be replaced by p-channel MOSFETs. |[In place of .
S 10 circuit, furthernore, either the n-channel MOSFETs or p-channéds

Ts: may
control can
of p- channel
transi stors
timngs of o

be enpl oyed. Further, the peripheral circuits.and the timng
be realized in a variety of other ways. Mreover, t-he gates
MOSFETs whi ch 15 produce operation currents for the bipolar
may be served with a predgierm ned constant voltage at the
peration. The foregoing description has dealt with the case in

whi ch the invention was adapted to the CMOS 20 static RAM and the bipol ar
RAM t hat ser PRPERLeFABERGHOLRE SAMIRGS] FRSPONGEVETIRO i¢hamge on, however,

should in no
sem conduct o
for anplifyi
operation cu

be, limted thereto_qnly, byt can be widely adapted to
ASHaciion i EP? b P dBIRZEE S RAGTAIE udSHRFRA R { rumsteful s

e B 0sE EER L B SO

' d ' ' b Lndeyi i.ncl.udi ng: ca diff i al
ittt navi g SLTOLELEE £ b bno e BrARC I S <qeda cocive At

respectige b

10

15

20

25

ases thereof nymper of modifications of the invention
described_in the above two embodiments éré_possible.
For instance,lthe resistors for holding data in the
memory cells of the embodimeht of Figure 1 may be o -
repiacéd by p-channel MOSFETs. 1In place of thé CMOS
'circuit; furfﬁermbre, either the n-channel.MOSFETs

or p-channel MOSFETs may be empldyed. Further;.the
peripheral circuits and the timihg contrbl can be
reaiized in a varigty of other ways.

Moreover, the gates ofp-channel MOSFETs which
produce operation currents for the bipolar transistors
may be‘sered with a predetermined constant voltage
at the timings of operation. ' ' o

The foregoing description has dealt with the
case in which the invention was adapted to the CMOS
static RAM and the bipolar RAM that served as the
background of the invention. The invention, however,
should in no way be limited thereto-only;'bui can
be ﬁidely adapted to semiconductor integrated circuit
devices that include bipolar transistors for amplifying
and transmitting signals and a circuit that produces

operation currents for the bipolar transistors.



i nput signals and generate at respective collectors thereof output signals
in response to the input signals, emtters of said first and second bi pol
trapsistors being coupled'to each other to forma common emtter; (b

first MOSFET that serves as a current source to supply an operating Cufre
to said differential circuit, said first MSSRHET-having a source-drain path
coupled to said common en1tter to formsaid operating current for said
differential circuit; and (c) nmeans for generating |gnal
for appli catloﬁéﬂéﬁﬁ_gate of said first MOSFET so t@ﬂ“ ‘E’“@M
transistors generate said output signals only dur| em sai d
first MOSFET is rendered conductive by said first control signal. 2.

A sen1conducto i ntegrated circuit. device accor g t.o cl %, whereln t he
i nput signals ncl ude co%pf&ﬁéﬁ?ggyc Cgnat ﬁﬁ?teﬁaférgﬁﬂ %; ISifases to
each ot her. .sem conductor integrated circuit devi ce accordi ng
to claim1l, fur?ﬁer n Iudlng storage neans for storing data therein and

coupl ed to said first anda3eqond cReRahds o ALY $ala YR S AU 1dUlna

signals in response to the - data stored Iin said’storage neans to

the bases of sahgoflb&SftraaeJ,l%e@Q@dwmml e delidRS iaH HeSpIRIRRC Waklley -titbreot
A sem conductor Integrated circuit device according to 5 claim3, wherein

sai d storage neapati BGhudes andegengretll at respective collectors thereof

output signals in response to the input signals, emitters
QJ of said first and second bipola: transistors being coupled
to each other to form a commén emitter; |
.(b) a first MOSFET that serves as a current source
to supply an operating current to said differential circuit,
said first MOSFET having a source-drain path coupled to said
common emitter to form saia operating current for said
- differential circuit; and
(c) means for generating a first contro; signal
for application to a gate of said first MOSFET.so that said
bipolar transistors genérate said output signals only during
a period when said first MOSFET is rendéred conductive by
said first control signal. |
2. - A semiconductor integrated circuit device according
to claim 1, wherein the input signals include complémentary
signals that have opposite phases to each othef.
3. A semiconductor integrated circuit dévice according
to claim 1, further including storage means for storing data
therein and coupled to said first and second bipolar

transistors to suppiy said input signals in response to the



tructed of at |east one MOSFET. 5. A sentconductor ‘integrated circuit
e according to claim3, wherein said storag tatic ,
y cell constructed of a plurality of MOSFETSs, had
Sem conductor integrated circuit device accordi ngllllﬁluﬁlmmmu her
i ncluding a pair of conplenentary data |ines cou ctive
bases of said first and second bi pol ar transistors fdr output I ng signals
in response to the input signals, wherel ®3atd static menory 15 cel |

conprises of a pair of MOSFETs having their gates and drains nutually
Cross-connect ed, high resistance el enents bei ng connected to the dr ai ns of

. the pair of FETs of transfer _ga F s cou tmeen
the drains l\%%i‘—é_ﬁ&aﬁﬂg?awﬁaﬁg 5:0 ggg tfoti%

| i nes. t uj e ccordlng to claim 3,
wher ein salg'5P§¥%rgnfqgﬁéé%égufggﬁéfgtéké r%lﬂ%&ﬁﬁng# ‘sensi ng said input
signals and wherein said . -26 - 1111111111111 11111111111 * C
L M S * generating neans provides said first control signal for

the gate of gaid A igeniddREdtdP meégtstaa' ei§ea§e gbweiet Al £al

storage neans is selected for a read Operation. A sem cona cté?
i ntegrased Q1w (3, IS B COE L thé?a?éainath wﬁenaaesse thedfIYSF ad 110
means provi des said first-control signal when a wite enable S|gna

i ndi cat es acor@tructed of at least one MOSFET.

<
5. A semiconductor integrated circuit device according to ‘
claim 3, wherein said storage means includes a static memory

cell constructed of a plurality of MOSFETs.

10 6. A semiconductor integrated circuit device according to
claim 5, further including a pair of complementary data
lines coupled to said respective bases of said first and
second bipolar transistore for outputting signals in
response to the input signais, wherein said static memory
15 cell comprises of a pair of MOSFETs havihg their gates and
drains mutually cross-connected, high resistance elements
being connected to'the drains of the pair of MOSFETs, and a.
pair of transfer gate MOS?ETS coupled between the drains of
the pair of MOSFETs and said pair of complementary data

20 lines.

7. A semiconductor integrated circuit device according to
claim 3, wherein said differential circuit is a sense

circuit for sensing said input signals and wherein said



b

condition to read the data stored in said storage means by said sense
circyit. 10 9. A sem conductor integrated circuit device according tQ
el ain 7, wherein said generating nmeans provi des—said first contraol sigggﬁ
when a chip select signal indicates a Chlp select condition to read
data stored in-said storage neans by sai a ¢ nse uﬂlml "mﬂm"mle
sem conductor integrated circuit device accordi ! rein said
generating nmeans provides said first control S|gnaldmhbn ) fhhﬁ is selected
for a read op raR4 (gﬁg t ed c | evi c
according to gléglbmg% n\%gﬁétﬁe? 5 c% isﬁ{]gfrel o?°’§{éﬁ%fa‘?*$’té?én?f’£| the
transi stors a | Moy s

oy Cperat ny ey MoErEn o SEite MNLT SESL it rupen

bi pol ar transistor operating as an anpll

whi ch constitsatd etoragenmesdly a8 fs¥1ettich a6y dé'f‘éa&' Sl {.RO' ar
transi stor, said second MOSFET receiving a secon contr Signal’ wher eby

t he - 27 - bipolar transistor of the anplifier circuit generates an
out put signal only during a period when said second MOSFET is rendered
conducti v by8sai dAssemhdonductor dintegrated i dAABE EcIBIRRY to
device including: (a) a nenory array having a plurality of word |ine a
plurality of @h8im| Vnewherndin piaddageneraitimgmeans:|groviiss ashid §§tgt
plurality of said word and data |ines so that each nenory cell is coupled
to a word | i Né°RRACAt SigRal when a write enable signal indicates a read

condition to read the data stored in said storage means by

~/ said sense circuit.

10 9. A semiconductor integrated circuit device according to
claim 7, wherein said generating means provides said first
control signal when a chip select signal indicates a chip
select condition to read the data stored in said storage

means by said sense circuit.

15 10. A semiconductor integrated circuit device according to
W, ' claim 7, wherein said generating means provides said first

control signal when a chip is selected for a read operation.

- 11. A semiconductor integrated circuit device -according to
claim 1, wherein said output signals.of_said differential
20 | transisto:s are amplified by an amplifier circuit which
consists of a bipolar transistor operating as an amplifier
element and a second MOSFET which constitutes a current
source for said amplifier circuit bipolar transistor, said

second MOSFET receiving a second control-signa1IWhereby the



p

data line, said nmenory array further haviag—heans—for—providing a

10 e [ [

p?E%§E§ signals in response to data stored in a selected one of said .
gLty of nenory cells; (b) a read circuit c MHMH!IIEHHEH\MP palr OV

signal s-of said nmenory array, said read c¢jircuit pair

bi pol ar’ transistors coupled to forma diﬂpéréntlaﬁ Cirduif ahd a NCSFET to
provi de operating current to said differential circuit, said pair of
bi pol ar transi stors having bases coupled to receive said pai r of signals

Sour ces drar DAPRNAL AR ot Softhe b e 88 S03BRLE ddRer il 20 1
current for 3ai r?dud Jf SNty CAEF LG aggr%gﬂaa w% E Te¥shd MosEET _

provi ding a co

naI to oper at coupl e

gate of sai (is'VQ%'ﬂ%TerécP ddridudel ve COYt £21 3"B@RSNA' esh@ﬁ:-w@i%n%qn”ol 25

for said MOSFET to provide sald operating current for “sa
differential circuit to which said MOSFET is coupl ed, wherein sald contro

si gnal

si gnal

is provided by said contro

of “sai dspl una.i t YA cfemizaniducidt smeridry Adéefteondgaudingtnory device
according to claim12, 5 further including address circuit means for

sel ecting one of (s d pimewdry yaxfayehavingebl plurvhildityi ofceavrdd inessaia
menory array and which is coupled to receive address signals that indicate
an address @lurald tiheobHifdata dlines sandyacpluradipycolfl memoryaice Llsnor y

array.

10

15

20

25

coupled to said plurality of said word and data lines so
that each memory cell is coupled to a:word line and at least
one data line, said memory array further having means for
providing a pair of signals in response to data‘étored in a
selected one of said plurality of'memory cells;

(b) a read circuit coupled to receive a pair of
signals of said memory array, said fead circuit including a
pair qf bipolar transistors coupled to form a differential
circuit and a MOSFET to provide operating current to said
differential circuit, said pair of bipolar transistors
having bases coupled td receive said pair of signals and a
common emitter coupled to said MOSFET, said MOSFET having a
source-drain path coupled tolsaid common emitter to form
said operating current for said differential circuit; and

(¢c) control means for providing a control signal to
operate said MOSFET, which is coupled to a gate of said
MOSFET, so that said control means provides said control
sighal for said MOSFLT to provide said operating current for
said differential circuit to which said MOSFET is coupled,

wherein said control signal is provided by said control

means to read data stored in said one

/

U



10 14. A sem conductor nenory device according to claim 12, wherein said
plurality of menory cells include static nenory cells constructed of
MOSEETS. 15. A semi conductor nenory device according to claimi#; mh‘

sa plurallty of data lines are a pIuraIQ@y of
data i nes, wherein each static nenory cell |s mi.mumlﬂi[j
conplenentary data lines, and wherein each of sa at

conprises of a pair of MOSFETs having their gates and dr ai ns nutually
Cross- connecmadans)itgh resd sdatecstdore@nis Seidgor@ ofCsaidcipathrtad ittie of
drains of the pair of said MOSFETs, and a transfer gate MOSFET bei ng
coupl ed bet wemmary celisis of the pair of said MOSFETs and said pair of
conpl ementary data l'ines. 16. A sem conductor nenory device according to
claim12, . - 29 - wherein said differential circuit is a sense circuit.

17. A sentconductor menory_devi ce according to claim12, wherein said pair
of signals gérer at’ecF?"l"cﬁﬁ’%‘&‘i“élt%n‘b‘P‘PBYa??'&?anéPGGEdééﬁpft@rr&it%ﬂy X.gnal s

t hat have opposi.t hases éo one nother A sem conduct or nenory

devi ce aébor&qﬁf (ﬂQﬁ*H E?ﬁss%*HCREEFE?aP§ f&Fh§G¥ﬂ?ﬁﬂ¥9 che of
d t d | | ted
for . 101 ead b RAAL 16D °§'@€ﬁ%§ﬂa§t¥%‘?”w§ﬁﬁ3ﬂ§esp s o

claim 12,

memory array and which is coupled to receive address signals
that indicate an address of said one of said plurality of

\ memory cells in said memory array.

10 14. A semiconductor memory device according to claim 12,
wherein said plurality of memory cells include static memory

cells constructed of MOSFETs.

15. A semiconductor memory device according to claim 14,
wherein said plurality of data lines are a plurality of

15 pairs of complementary data lines, wherein each static
memory cell is cbupled to a pair of complementary data
lines, and wherein each of said static memory cells
comprises of a pair of MOSFETs having their gates and drains
mutually éross-connected, high resistance elements being

20 connected to the drains of the pair of said MOSFETs, and a
transfer gate MOSFET being coupled between the drains of
thé pair_of said MOSFETs and said pair of complementary data

1ines.t

16. A samiconductor memory device according to claim 12,



wherein said control signal includes a timng signal for operating said

differential circuit. 20. A sem conductor nenory device accordlng to claim

12”15\ wherein said control signal includes a -
seln duct or menory device accordlng to Ia|n11 ﬁﬁﬂm& W ontro
A sée conduc accordlng

me I ncludes a gate circuit.
to claim 12, wherein said control nmeans is coupled to recelve at |east 20
one internal control signal in accordance with at |east one external

control S'w@r@ﬁ%&ﬂafagnaben@%&il é&:@hﬁalﬁ ¥ Byl uei ALy fEMory and

wherein contro
accordance with said interna

means provi des said control signal for sai FET in
control signal indicating that said nenory

array is.selected for a read operation. 5 23. A sem conductor nenory device
accordi ng tx7 £l & nsdiicehdueitors methozynidesiice gealordimgides e1@isdeper m ned
vol tage which is provided by said control neans. 24. A semn conductor nmenory
devi ce accovhireinosaidi pai?, ofhedgnalisugeneratesd (fifom satdimemadpyi fier

coupled to 10

receive collector outputs of said differential circuit

bi pol ar5 t r samtay okncludedonapi enepitiayesignads dhat shgrereppogivé nain
anplifier bipolar transistors coupled to receive said collector outputs of
sai d differphases tPrenet apPEbPE- transi stors and at | east one second

MOSFET coupl ed 15

to provide operating current to said main anplifier

bi polar transistors only when a second control signal has been

10

15

20

18. A semiconductor memory device acc°rding'to'c1aim 12,

wherein said MOSFET is turned on in accordance with said

control signal only when said memory array is selected for a

~read operation.

19. A semiconductor

wherein said control

memory device according to claim 12,

signal includes a timing signal for

operating said differential circuit.

20. A semiconductor

wherein said control

21. A semiconductor

wherein said cdntrol

22. A semiconductor
wherein said control

one internal control

memory device according to claim 12,

signal includes a pulse signal. "/

memory device according to claim 12,

means includes a gate circuit.

memory device according to claim 12,
means is coupled to receive at least

signal in accordance with at least one

external_control signal apblied from the outside of said

semiconductor memory

and wherein control means provides said

?



“recei ved by said second MOSFET indicating that said nenory array has been
sel ected. 25. A seniconductor nenory devi.ce accQLdLﬂg_LQ_ELQLH}lZg 29 -
fukther including a witing circuit having a plurality of bipolar ‘- -
transi stors coupled to data |ines of said,REND 'iro\&SﬁF;T'i
coupled to said witing circuit bipolar t?g‘r?\si Hmmmnnm&nHman eperat’i ng
current to said witing circuit bipolar transistors only wleen=said first 25
control signal is received by said third MOSFET. -31 - 26. A

sem conduct ogoRe#FBLY sdgriale faC @alid MOSFET ain debordei®d v ftRak k1 af

bi pol ar transistors forns a sense anplifier coupled to said data |ines of
sai d nenory shtaynaQ tontredeisigrall pifdidgting tHatadshi damdnyrr agyay2is A
sem conductor nenory devi ce according to any one of the preceding clains 12
to 26, wheresalsaitddcdorr @ resshoperdtidss. neans for operating said first
MOSFET in a saturated region. 10 28. A sem conductor nenory device
according to claim 12, wherein there are provided a plurality of nenory
arrays, each coupled to a sense anplifier, further including a gate circuit
coupl ed Bo eddh of Semdconductammanery devige\aerordingit ¥el c3piMal2io
said gate of a MOSFET aqf_ the respective 15 sense anplifier to which said
gate circuitWherednpsadd Satrrek Signaliiinclindes) dpredsterningdovratage

said control ﬁ?‘xligﬂalist %r%%'i%e'\é:%';ETsao dtc.t.lgn £s en(‘:éér\l/se' sense anplifier to

LJ 24. A semiconducfor memory device according to claim 12,
wherein further including a main amplifier coupled to

10 receive collector outﬁuts of said differential circuit
-bipolar transistors, said main amplifier comprising a
"plurality of maih amplifier bipolar transistors coupled to
receiQé said collector outputs of said differential circdit
bipolar transistors and at least one second MOSFET coupled

15' to probide operating current to said main amplifier bipolar
transistors only when a secqnd control signal ﬁas been
received by said second MOSFET indicating that said memory

array has been selected.

25. A semiconductor memory device according to claim 12,
20 further inéluding a writing circuit having a plurality of
bipolar transistors coupled to data lines of said memory
array and a third MOSFET qoupled to said writing circuit
bipolar transistors fo ﬁrovide an operating current to said
writing circuit bipolér transistors only when said-first

25 control signal is received by said third MOSFET.



which said gate circuit is coupled when one of the respective nenory array

to which said respective sense 20 anpl i fier isToupted—+has—been—sel ect ed:

for operation. 29. A semniconductor memory includi a) a pIurallty of .
Aemony arrays each of which includes a plurality ﬂﬁu I WH' 'plurallty

Q%%p.ta lines and ‘a plurality of nenory gglls co
pidpality of said word and data |lines so that each nennry Tcell is

olpled to a word line and at |east one data |line each of said pIurallty of
menory arrays including means for providing a pair of output signals in
response t 6. Ansemiraondnctorr meémorya deslies ebaordig st dcpdimal2fy of
menory cells. (b) a plurality of read circuits each of which is coupled to
recei ve saivheeeinos Bé#pupfsbgpaﬂsroﬁrﬁmsﬁs&q&axﬂQRNSHansgnssray, said
plurality of read circuits 10 including a pair of bipolar transistors to

form a di f ARk fiercceupledate saidshieta dinesiafe sald memery @rray to

. said differential circuit, each_said pair_ of bipolar transistors having

bases étupF%ﬂc?tV?eEBFQBtsﬁﬂﬁnﬁéFr°5fs@&@p&@@ﬂﬁﬁuﬁ%?%ﬁ t he correspondi ng
menory array and 15 a comon emtter coupled to said MOSFET, the
respective MOSFET having a source-drain path coupl'ed to the common emtter

of Lhe corr£sPongl BgnPRLRAREREPRLAGLY HIVIYS decdllliidd)to ‘Y ' She 2"

coupl ed to ‘€ach ‘of ~sali
the preceding claims 12 to 26, wherein said control means

- -

" includes means for operating said first MOSFET in a W/

saturated region.

10 28. A'semiconductor'memory device according to claim 12,
wherein there are provided a plurality of memory arrays,
each coupled to a sense amplifier,.further including a gate
circuit coupled to each of.said sense amplifiersito provide
a_control signal to said gate of a MOSFET of the resﬁective

15 sense amplifier to which said gate circuit is coupled, each
gate circuit including means for pfaviding said control |
signal to said MOSFET of the respectiﬁe sense amplifier to
which said gate circuit is coupled when one of thé |
respective memory array to which said.respective sense

20 amplifier is coupled has been éelected for operation.

29. A semiconductor memory including-

(a) a plurality of memory arrays each of which
includes a plurality of word 1ines, a plurality of data
lines and a plurality of memory cells coupled to said

25 plurality of said word and data lines so that each memory



>

'nghaI to said MOSFET tothe respective read cCijyfpy ich said c
medhs is coupl ed and‘further including ns f Jmmma ﬂﬂtﬁ 25
I *

20 provide a control signal to a gate of said MOSFET of the respectiy

read circuit, said control neans including neans for provi +d C

MOSFETs to pravi de operating current tg “correspo rentia
circuit to which said one of said MOSFETs is coupled so that a sel ected one
of said read circuits is operated to read infornmation stored in said one

of said pluralyy yief‘;]% iy %c! {58'ésw?x?’?héf%;égg%xﬁoﬁﬂuié%t”%%r ¥ad3Cq YNy Lo

claim 29, mhereln ectors o ar tran5|stprs I'n one of t he
read 5  Cildgdil o $afPUPl €Fal Pt NEf CREMEEY Ob S rafst mﬁcﬁlulagb " meaaS I£3Or S

of all the other read circuits thereby form ng cohmon co ors which are

coupled to previaadyldpeirfof d@EPLblsignavsPih rBspehBenNte to input
signals. 31. A sem conductor integrated circuit device according to 10
clai m 15 wharsiormstibmi pobredt innsi sévestedeconé beshPl pangaatityl of t ype
and said MOSFET is an N-channel MOSFET. 32. A sem conductor menory device
accordi ng t memcryndellsr a sem conductor menory according to claim 29,
wherein said bipolar transistors are of the NPN conductivity type and 15
sai d MOSFET is an(iN chrarperalbreETof 38ead Actzantbadeschr ofnwbdcht 48 circuit

devi ce constructed_substantially as herein _described with reference to and
as il ustratGo¥PR¥ed HeO FkeepbupyPabddpals ngs. output signals of the

respective memory array, said plurality of read circuits
LJ' 10 including a pair of bipolar transistors to form a
differentia; circuit and a MOSFET to provide operating
current_to said differential circuit, each said pair of
bipolar transistors having bases coupled to receive said
pair of output signals of the corresponding memory array and
. 15 a common emitter coupled to said MOSFET, the respective
MOSFET having a source-drain path coupled to the common
emifter of the corresponding pair of bipolar transistors;
an¢
(c) control means coupled to each of said MOSFETs to
20 provide.a control signal to a gate of said MOSFET of the
respective read circvit, said control means including means
for providing said.COntrol signal to said MOSFET to the
respective read circuit to which said control means is
coupled and further including means for selecting one of
25 said MOSFETs to provide operating current to the
corresponding differential circuit to which said one of said
MOSFETs is coupled so that a selected one of said read

circuits is operated to read information stored in said one



10

15

el [T

of said plurality of memory cells.

30. A semiconductor memory according to ciaim 29, wherein
the collectors of the bipolar transistors in one of the read
circuits are coupled to the collectors of the bipolar
transistors of all the other read circuits thereby forming
common collectors which are coupled to a main amplifier for

forming an output in response to input signals.

31. A semiconductor integrated circuit device according to
claim 1, wherein said bipolar transistors are of the NPN

conductivity type and said MOSFET is an N-channel MOSFET.

32. \A/gamiconductor memory device according to claim 12, or
a semiconductor memory according to claim 29, wherein said
bipolar transistors are of the NPN conductivity type and

said MOSFET is an N-channel MOSFET.

33. A semiconductor integrated circuit device constructed

substantially as herein described with reference to and as

"illustrated in the accompanying drawings.




