"A MEMORY DEVI CE" This invention relates to a sem conductor nmenory 5
device, and nore particularly to a technology which is effective when
applietl to a static RAM of |arge’ capacity. As stated in 'N kkei

El ectronics' issued on Septenber 26, 1983, pp. 125 - 139, static RAMs have
increa§¥ngly been, enl arged in capacity and enhanced in speed. First, 10
the arrangenent of a static RAMw || now-ba briefly explaiié DBy d of

t he acconpanyi ng draw ngs shows an exanple of the whol e arrarigelgnf &f a
sem conduct or menory .devi ce whi ch we have previously devel oped. 15

The nmenory device 100 shown in Fi'¢ MEMQRY PEMIQRB'Y mat 10 in which a | arge
nunber of nmenory cells M are arrayeg—Tmthe—skape—eft—a matri x consi sting of
rows and columms, an X decoder/driver 20 and a Y decoder 30 which serve to
select the nenory cell within the 20 menory mat 10 on the basis of address
data Ai. and so forth. The | decoder/driver 20 decodes the |ower (or upper)
bit data of the address data [err], to prepare alternative select signals
[err] The sel ect sThh@linwentignyrelages Sgplei 6@ Tis ondUs UGthaeayphi ch are
laid in the row - 2 - direction of the nenory mat 10. The Y decoder 30
decodes tgmgLﬁﬁﬁgcqoraqumﬁgebpgrt1cu1ar1y to a technology which

is effective when applied to a8 static RAM of large capacity.
As stated in 'Nikkei Electronics' issued on September
26, 1983, pp. 125 - 139, static RAMs have increasingly
o/ been enlarged in capacity and enhanced in speed. First,
10 the arrangement of a static RAM will now be briefly
explained.
Fig. 1 of the accompanying drawings shows an example
of the whole arrangement of a semiconductor memory device
- which we have previously developed.
15 The memory device 100 shown in Fig. 1 has a
memory mat 10 in which a large number of memory cells
M are arrayed in the shape of a matrix consisting of
w rows and columns, an X deéoder/driver 20 and a Y decoder
30 which serve to select the memory cell within the
.g-; 20 wemory mat 10 on the basis of address data Ai’ and so
forth. |
The X decoder/driver 20 decodes the lower (or upper)
bit data of the address data Ai' to prepare alternative
select signals Xo - Xu. The select signals Xo - X,

25 are applied to word lines W which are laid in the row



data of the address data [err] to prepare alternative select signals [err].
The select signals [err] 5 are applied to a Y select swit.ch bank (col um
switch bank) 40. The Y select sw tch bank 40 operates to sel ect. any of
conplementary data line pairs D and D, each pair of conplenentary data,
lines being laid in the colum directign_of the menory mat 10, 10 ~
In the above way, the menory cells Mw thin the nmenory mat 10 are
respectively selected in the row direction and the colum direction. The
menory cell M which is connected in the place of intersection between the
row and t heqcpétniosebecthd membry masi I®S the address 15 data[err] is
connected to comon data lines LI and L2 through the sel ected conpl enentary
data line pair [TwedY Ddecoder| 38s devwdésclectumper chobahéwdd) bIke change
of potentials appearing on the common data lines L1 and L2 is detected by a
read sense datswf ©the addreses Bata Aet e epr € peste tabeepnetivee read
output [err] of stored data. Fi 2 of” the acconpanyi ng drawi ngs shows part
of the intesebéctisighaly ¥f thg wemﬁhﬁ(ﬁaﬂqn;isiamalaiég +nYEig. 1, which
part we have previously develo ed. 25 As shown in Fig. 2, each of

t he paired evepsppkiedryo & ¥ esﬂaqn ree to e kB Tk Hepso wren esit fbr eof

connected to a common power source V  through a MOS field effect
bank) 40. he Y select switch bank 40 operates to select

any of complementary data line pairs D and D, each pair

of complementary data lines being laid in the column

direction of the memory mat 10. : o QJ
10 In the above way, the memory cells M within the o,
<

memory mat 10 are respectively selected in the row direction
-and the column direction. The memory cell M, which
is connected in the place of intersection between the
row and the column selected on the basis of the address
15 data A, is connected to common data lines L1 and L2
through the selected complementary data line pair D -
and D as well as the Y select switch bank 40. The change
of potentials appearing on the common data lines L1l J
and L2 is detected by a read sense circuit 50, and the |
20 detected result becomes the read output D of stored o/

out
data.

Fig. 2 of the accompanying'drawings shows'part of
the internal circuitry of the memory device illustrated
in Figq. 1, which part we have previously developed.

25 As shown in Fig. 2, each of the paired complementary



fransistor for pull-up mll and has the other end thereof connected to the
common data line L1 or L2 through a 5 Y select switch (colum swtch) sl
or s2.ncluded.in the Y switch bank 40. Accordingly, the stored information
witten in the selected nenory cell Mcan be read out in such a way that

t he change of the potentials conpl enent aci Iy _.appearing on the conmon data
lines L1 and L2 is detected 10 by the read sense circuit 50. The sel ect
switches sl and s2 in the Y select switch bank 40 are respectively
constructed using MOS field effect transistors. The Y select switches sl

and s2 are a&LcLGfﬁﬁlégdgggEa(BOB-anB%CE!n\se)chierfe%fn%mce@etdeckmde, t hat

s, 15 when no va ress data are input. At this tinme, the conmon

data lines L%q@ﬂﬂml:g 3bRerOBBATERIVL O REFRu@h MO HIeAEriffecata |ine
pairs D, D. this occasion, there®&rises the condition that the conmon

data lines Lﬂ-réﬂgiEzoi'atbr{/\pa]thf-hQahilllg adldathas amed totdier2@end tHexdeof
potentials are not fixed. en the common data lines L1 and L2 have becone

the floatingecshakesedntbhehsoronabacidetamidae dlarged hantimypgieen stored in
capacitors parasitic thereto are discharged neantine, and the potentials of
t hese cofmonY2pelectdasaiktichegcbluand swi tichjersldom s20 igorisidid alrl y | ow -
4 - potentials (for exanple, potentials close to the ground potential).
Therefore, whba ¥ngwienbr paokl k0i.s dgisoadimsgllyy the stored information
written in the selected memory cell M can be read out
in such a way that the change of the potentials complementarily
l,/ appearing on the common data lines L1 and L2 is detected
10 by the read sense circuit 50. The select switches sl
and s2 in the Y select switch bank 40'are respectively
constructedﬂusing MOS field effect transistors.
The Y select switches sl and s2 are all rendered
OFF (non-conductive) in a non-selected mode, that is,
15 when no valid address data are input. At this time,
the common data lines L1 and L2 are connected to none
of the complementary data line pairs D, D. On this
‘ occasion, there arises the condition that the common
data lines L1 and L2 fall into floating states and that
w20 their potentials are not fixed.
When the common data lines L1 and L2 have become
the floating states in the non-selected mode, charges
having been stored in capacitors parasitic thereto are

discharged meantime, and the potentials of these common

25 data lines L1 and L2 lower down to considerably low



selected to read out information stored therein, a long tine is taken -
before the potentials of the conmopn data 5 lines rise up to those at
which the sense circuit for detecting the potential change of the

conpl ementary data line pair operates stably, and a long access tine is
i nvol ved. W have therefore attenpted to gdesign the circuit, as 10 !
Illustrated in Fig. 2, such that a bias circuit 60 is wutilized and the
common data lines LI and L2 are always supplied with fixed potentials
(potentials close to those at which the sense circuit operates stably),
thereby to it hb B ; , | (o ' 0, devi sed
by us as gﬁg\%ﬁ?tianhltésg(.%‘c?i’gzﬁgggfhg?tier?ggggﬁcgl&%neﬁ sdﬁ,ué'tﬁ‘?n%3 and Z4
fornmed of ehnitgleh pf f ePleté £OPL St Qhend f¥$¥' ets
of vol tageyc?igvi der c)ier cuits (21 g?\d t2,3, gﬁ.ge%@ ant Zd;:‘;)p"‘,r:l 2?1% t a%gg%%)t‘\gégs'
20 at regRaekived Y tred dbirt Sk APoPRERIDnAlst 1Y itafbddid hea C n data
lines LI and L2. The two sets of voltage divider circuits (21 an 3, and
Z2 and Z4) tape Hespsidw Bef spentheegotentde lishe fCAURO L dydy g ce [err]
and the ground potential, and they supply the correspondi ng 25 common
data | pneslliheandilsk wg hté hehosét ageshakhaithed sense Tirdd¥Outdy t he

resi stance vol tage division of the voltage across the commbn power source
Vcc and eadeltepatiorg itlie potential change of the complementary

data line pair operates stably, and'Q long access time
is involved.
We have therefore attempted to design the circuit, as L_J
10 illustrated in Fig. 2, such that a bias circuit 60 o
is wutilized and the common data lines L1 and L2 are
always supplied with fixed potentials (potentials close
to those at which the.sense circuit operates stably),
thereby to shorten the access time.
15 The bisgs circuit 60 devised by us as
shown in Fig. 2 is such that impedance elements Z1, 22,
Z3 and Z4 formed of MOS field effect transistors are
employed for assembling two sets of voltage divider
circuits (Z1 and Z3, and Z2 and Z4), and that voltages
20 at respective voltage division points are applied to : o’/
the common data lines L1 and L2. The two sets of voltage
divider circuits (Z1 and Z3, end Z2 and Z4) are respectively
conneéted across the common power source vcé and the:
ground potential, and they supply the corresponding

25 common data lines L1 and L2 with the voltages obtained



Thus, the common data lines L1 and L2 are avoided fromfalling into the
electrically floating states and are 5 biased at fixed potentials. The MOS
field effect transistors. as the inpedance elenents Z1 - Z4 are respectively
control1ed to turn ON so as to have predeterm ned -equi val ent resistances
(inpedbﬁces) by fjxed.control voltages [er+«F and [err] Meanwhile, we have
carried out research fran the 10 vi ewpoi nts of | owering the power
consunption and enhanci ng the operating speed of a static RAM and have
devel oped a technol ogy wherein a static RAMis constructed using both

bi pol ar transtBiepghatbenpesissasdice ol tegr divisheropft hbet vehnaregy is
as stated below. In an address circuit, 15 a timng circuit etc. within a
seni conduct or 2GERBEy thEnCoBMAN POMETSiSRYFCS of . chBRY)i rRRTERPAtERLIENgi Ng a

ormed of b pbPAF~ FRRSFERBRE. akel dUnsR cLhi $00 £ F6f eYBLAEAnETPByi c
Dnd NOR afe [P RbARBY Lhteather SheEs IRt [ ot Tt PRI Yt FEF el o1 SFRo VDS
ircuit 13 raneneRoEl £3RARC PRrgRb Atk ofhf EY F Sk BRCe ProblbRapREstors
output i gnal s Fotht] FBeaRREeC Mol Y L PELAFEC o BROLEs {HEy  confrptied
out put transisfop,PgVoRIsb "8s! W have predetermined equivalent resistances
(impedances) by fixed control voltages Vsl and st'
U Meanwhile, we have carried out research from the
10 viewpoints of 1owering the power consumption and enhancing
the operating speed of a static RAM and have developed

a technology wherein a static RAM is constructed using

both bipolar transistors and MOS transistors. The outline

of the technology is as stated below. In an address circuit,
15 @ timing circuit etc. within a semiconductor memory, an
output transistor for charging and discharging a signal
line of long distance and an output transistor of large
fan-out are formed of bipolar transistors, while logic
circuits for executing logic processes, for example,
W, 20 the processes of inversion, non-inversion, NAND and
NOR are formed of CMOS circuits. The logic circuit
formed of the CMOS circuit is of lowv power consumption,
and the output signal of this logic circuit is transmitted
to the signal line of iong distance through the bipolar

25 output transistor of low output impedance. Since the



out put i npedance, the dependence of a signal propagation delay tine upon-
the stray capacitance of the signal 5 | ine can be.l essened, this function
real i zing the semiconductor menory of |ow power' consunption and high speed.
On the basis of the above technol ogy of the high speed and | ow power .
consunpti on SRAM enpl oyi ng the bi pol ar- -GS hybrid technql ogy we haveyy
further studied 10 t he enhancenment of an access time. As a result, it
has been reveal ed better for shortening the access tine to | ower the
potential of a common data line and to render the inpedance of the common

data line (eitpbe snphelude deldveirgdaltonhidestgnabnldaeabyi ek snaller.
15 That is, it has been found that when the inpedances of the comon
data lines dseavfl tBeabgépodntcoatpat trddsist ppshaving theeleenstants

whi ch are determ ned by capacitances [err] and [err] parasitic to the
respective covpon dapadenoes theardepehdente hef i apstignebspobpapgessonO
common data |ines can be reduced, so the signal transfer speeds of the
common dat adélapstimn bpoenthecsdralyt dapacd sondbeecnf f bhidsigaglwhen t he
potentials of the common data |ines are high, a differential pair of

transi & or slike andnQbecdrssiengdi,nd htitfe fnatiempreslizing theAse0iqonduonor
in Fig. 2 cone to have high base potentials . - 7 - and becone close to
sat urati on meeeryechf legnprer consampiiam andchighospeed:forns one factor

of lowering the signal L _
On the basis of the above technology of the high

speed and low power consumption SRAM employing the bipolar-~
CMOS hybrid techhoiogy. we have " further studied QJ

10 the enhancement of an access time. As a result, it has .

been revealed better for shortening the access time to ~
lower the pofential of a common data line and to render
fhe impedance of-the common data line (or the amplitude
of a signal on the common data line) smaller.

15 That is, it has been found that when the impedances -
of the common data lines L1 and L2 are rendered as small
as possible, time constants vhich are determined by
capacitances-csllbnd Csz parasitic to the respective U
common data lines Ll and L2 and the impedances of these

20 common data lines can be reduced. so the signal transfer ::
speeds of the common daﬁa lines can be enhanced.

It haé also been fouﬁd that when the potentials
of the common data lines are high, s differential pair

of transistors Q1 and Q2 constituting the sense smplifier

25 SA 50 as shown in Fig. 2 come to have high base potentials



transfer speeds. Wien it is intended as a counterneasure to reduce 5 t he
| npedances of the common data |lines and to | ower the potentials thereof by
the use of the common data line'potential generating circuit 60 shown in
Fig. 2; the ON resistances of the MOSFETs_ Zl_ 72, 73 and Z4 as the
|npedance el ement;s need to be rendered small. 10 It has been found,
however, that when the ON resistances (equival ent inpedances) of the
MOSFETs Z1 - Z4 within the comon data |line biasing circuit 60 are rendered
small to the end of | owering the inpedances of the conmmon data lines L1 and

L2, through cyrgental effhel! PU 3G UG ucoddl MDFEIS BBt BrLPe

non- sel ect ed e f carren ection of an arrow

figure) Increaﬁfgeégg Lb”? §Of@rW@M§h%¥¥E%€g¥'6¥‘IJbéfﬂ§gp9ﬁé'Qﬂéna1

attributed t rren augnent's it has been reveal e

that the cont Ygpb@RLem occurs in which when the ON resistances of
t he MOSFETs w§€%+%£€ﬁ sEom"mn data line biasing circuit 60 are reduced for

enhanci ng the Operﬁﬁéﬁgl§p§§danEQ%dQWs NS é 1 d suf et HoFed 6ebect ed
node increases this tine. - A typical aspect of performance of
the invergion gl Sﬂnﬁéégnt@st be E'h@serbtmmmdm iDined ldndersulvwer zed
the potentials thereof by the use of the common data
line potential generating circuit 60.shown in Fig. 2,
the ON resistances of the MOSFETs Z1, Z2, Z3 end 24
N es the impedance elements need to be rendered small.
10 It has been found, however, that when the ON resistances
(equivalent impedances) of the MOSFETs Z1 - Z4 within
the common data line biasing circuit 60 are rendered
small to the end of lowering the impedances of the common
data lines L1 and L2, a ;hrough current Ix flowing through
15 the MOSFETs Z1 - 24 in the non-selected mode (a current
flowing in the direction of an arrow in the figure)
increases this time; so a power consumption in this
iﬁ/ portion attributed to direct current augments.
That is, it has been revealed
20 that t;e contradictory problem occurs in which when
thé ON resistances of the MOSFETs within the common
data line biasing circuit 60 are reduced for enhancing
the operating speed, the power consumption in the non-
selected mode increases this time,

25



bel ow. A voltage which is dropped by a fixed voltage from5 the highest
in a nmenory device is divided by i npedance el enents,

operating potenti al
' data lines are biased by the divided voltages. By setting the

and conmon

N

resi stances of the inpedance el ements at snall values, tine constants which

are determ ned 10 by the resistances gqg_papacitances pafasitic to the ,
common data lines are reduced, whereby the potenti al

data lines
menory- cel
~enhance 15
fromthe hi

through thegpado9édt P8 tHRCPRRGRY

to a first

devi ce includinga ¢6)tagpl whakiht \i sofd meppedy toeld sSfixdd woPabgeOfremmmoOn
data lines coupled to said 5 plurality of menory cells for transmtting
informesi orcisé ditghest sepecaed n@gngot@Entsiald ipl i aledogr pfdeepoeyisel | s;

10

15

20

arising in correspondence with the stored infornmation of a

are qui ckened to shorten a data sensing period of tinme and to

changes of the common

an QCeepchi NBspeicCR e M daiife €T OPPERe DYt BRehbxed vol tage

ghest operating voltage is applied, direct current to flow

aspect of the present invention there is provided a nenory

divided by impedance elements, and common data lines
are biased by the divided voltages.

By setting_ihe resistances of the impedance elements
at swall values, time constants which are determined
by the resistances and capacitances parasitic to the
common data lines are reduced, whereby the potential
changes of the common date lines arising in correspondence
with the stored information of a memory cell are quickened
to shorten a data sensing period of time and to enhance
an access time.

Since the voltage dropped by the fixed voltage
from the highest operating voltage is applied, direct
current to flow through the path of the impedance elements
does not considerably increase in spite of the small
resistance values of these impedance elements, so that

loﬁéring in power consumption can be achieved.

. _ APP L HOen 'WL1T0péi denmblryzehCr €ase
in spite of the small 20 resi stance val ues of these inpedance el enments,

so that | ovgiéw, | N power consunption can be achieved. - - 9 - According

C

-



'(c) a’read-out circuit which is coupled to said pair of common data |ines
to receive said transmtted i nformati on and whi ch generates output signals
in response 10,to said transnmittéd information, wherein said read-out
“circui.t includes a differential pair of- 8 polar transistors having their
bases\ goupl ed to said pair of cormon data lines, respectively, and current
source neans coupled to said differential pair of bipolar transistors to
provi de operating 15 current to said differential pair of bipolar
transistors; (d) power supply neans coupled to said plurality of nenory
cells, said power supply _neans having first and second potential |evels,
wherein said first potenfCEPTRG s ayififdte ASPRCMAajtdhes ®z@®ReN ot ent i al

level ; 20 . . | t, i rcuit, which pl ed t
a1 0 powsr supdyYSREARE SR8 iEn BROAERELS MRTAISR A IANG o

third potential level betysen _Z)eiiuqagiié%it P@g&g}@g&g%%ﬂtsqnt ial levels; and

(f) a bias circuit connected to sai data |ines, wherein

the output voltage genergigda padd opY o’ Ael09 9RICIAGN S lidads

fed as a supply voltage to said bias circuit, and wherein ias circuit
i ncl udes neanspharahiidy B wmehdrgdice1qs TV il Shddaticifi d

differential pair of bipolar transistors are operated i a non-saturation
regi on when sasdoedliyy Gelieetelds onlscife@afid pluread t3PYfAlmckdbry cells;
(c) a read-out circuit which is coupled to said
pair of common data lines to receive said transmitted
W informétion and which generates output signals in response
10 to said transmitted information, wherein said read-out
circuit includes a differential pair of bipolar transistors
having their bases coupled to said pair of common data lines,
respectively, and current source means éoupled to said
differential pair of bipolar transistors to provide operating

15 current to said differential pair of bipolar transistors:;

(d) power supply means coupled to said plurality
of memory cells, said power supply means having first and
second potential levels, wherein said first potential level
is different from said second potential level;

s 20 (e) a voltage generator circuit which is coupled
to said power supply means and which generates an output
voltage having a third potential level between said first
and second potential levels; and

(f) a bias circuit connected to said pair of

25 common data lines, wherein the output voltage generated



According to a second aspect of the present invention there is provided a
menory device including: 10 (a) a plurality of menory cells; (b) a
read-out circuit including a pair of bipolar transistors for formng a -
sense circuit, said pair of bipolar trangigstors having bases; (c) a pai+. of
signal lines which are respectively 15 coupl ed to sai dsbases of saidwair
of bipolar transistors of the read-out circuit and to said plurality of
menory cells and which transmt conplenentary signals in accordance with
dat a st or edbynsgéBevoddage: gesferatiar neimecyiteissfed asi @ bappiyovolaiage
pair of bipolar transistors of said read-out 20 circuit; and (d) a

bi asi ng neake S8igr bdagy cirmuithgandt whereini saidt biesnedredito inciades
source voltage for providing a predeterm ned voltage, the predeterm ned

vol t age havMRgng fsrubiasdng said Paie of cemmensdatapddeesssor thatol t age,
25 ang a bias circuit connected to_ sai d predeterm ned voltage for biasing

sai d paPr ofaifgRdfferential pain /% Hip bFrangistagse, arpcoperated
predeterm ned bias volta %HQ?Vin val ue snal% r than the val ue of said
predetern?ngﬂ 90P93§§§§#£_ on IR ?ﬂﬂiﬁ?ﬁﬂ?a BPPOT¥r dBVARS Fors are
operated i nsglggg-ads%g%t 3@\}5 %eg‘rhv& rein said voltage reducing circuit

provi des sard- predet erm ne a predeternmined low 5 out put

i npedance in respaRaedihg? tPH 'Rcorid Edpect of the present invention

- there is provided a memory device including:

10 (a) a-plurality-of memory cells;

(b) a read-out circuit including a pair of bipolar ~

transistors for forming a sense circuit, said pair of o

bipolar transistors having bases:
(c) a pair of signal lines which are respectively
15 coupled to said bases of said pair of bipolar transistors of
the read-out circuit and to said plutality of meﬁory cells
- and which transmit complementary signals in accordance with
data stored in selected ones of said memory cells to said

bases of said pair of bipolar transistors of said read-out

20 circuit; and ' R,

(d) a biasing means comprising a voltage reducing
circuit connected to a power sourcé'voltage for providing a
predetermined voltage, the predetermined'voitage haVing a
value smaller than the value of said power source voltage,
25 and a biaé éircuit connected to said predetéfﬁined voltage
for biasing said pair of signal lines at a predetermined
bias voltage, the predetermined bias voltage having a Qalue

smaller than the value of said predete:mined voltage so that



-According to a third aspect of the present invention there is provided a
menory device including: (a) a plurality of nenory cells which store data

therein;, 10 (b) a plurality of word lines and a plurality of pairs
-~of data lines coupled to said plurality of nory cells so that each nenory

cell (s coupled to a word line and a pair "of data lines; (c) a pair of

common data |ines; 15 (d) sw tching neans connected between said

plurality of pairs of data |ines and said pair of comon data |ines and for

coupling a selad gsarict BiporaPltFandiotors! bi¥ S8pePatba0indat adn-nes, to
said pair of comon data lines; (e) an address circuit responsive to

addr ess si gnaatuifatiomdregignh 2owhéréin dspldrabltigefl réaueihynesrand ¢ o
said switching nmeans and includi ng neans for selecting a predeterm ned

menory cel | iprovdaiesisaid vprédetermined cesl tagaawithyaspredeitegmined low

predeterm ned word Iine and controlling said sw tching neans to couple a

predet er B ne®@utput pimpedancet in| response st dapaentoblcsigoaldat a | i nes

(f) a sense circuit coupled to said pair of commbn data |lines, said sense

circuit coupled td\%%mf?%ﬁs_rt@facm aspecti aéstheapyesente iovention

Circuit havi HHAER s RATYAAEE of eBOBE o8t SecAREAORAPE- i nes and

(a) a plurality of memory cells which store data
therein;
10 (b) a plurality of word lines and a plurality of pairs
\/ of data lines coupled to said plurality of mémory cells so |
that each memory cell is coupled to a word line and a pair
of data lines:;
(c) a pair of common data lines:;

15 (d) switching means connected between said plurality
of pairs of data lines and said pair of common data lines
and for coupling a selecte@ pair of one of said plurality of
pair of data lines, to said pair of common data lines:

(e) an address circuit responsive to address signals

20 and coupled to said plurality of word lines and to said
switching means and including means for selecting a

&J predetermined memory cell in accordance with said address

signals by selecting a predetermined word line and |
controlling said sﬁitching means to couple a'predetermined
25 pair of data lines to said pair of common data lines;
(£f) a sense circuit coupled to said pair of common

data lines, said sense circuit coupled to said pair of

common data lines, said sense circuit including a pair of



-

current source neans for providing operating current to said 5
*differential circuit; (h) a voltage generator havi-ng a bipolar transistor
with a collector coupled to a first power terninal proyided with a first-
power supply voltage of the nmenory devi @ said voltage generator providing
at an emtter of said bipolar 10 transi stor a predetermi.ned voltage "t
smal l er than said first power supply voltage; (i) a pair of first MOSFETs
whi ch are respectively coupled between said emtter of said bipolar

transi st or teiplsat kpansistorsntbatdaenvei assa @ifferenti@l) cixcquaiy of
second MOSFETs which are respectively coupl ed between said pair of conmon
dat a I|neshﬁﬁiﬂ§5h§§ﬁﬁiﬁﬁﬂhfgéetﬂ1ﬂaidtpainloﬁ sommoon datadid nesp End
voltage is supplied, said second power supply voltage being smaller than
sai d first pFRant LﬁRHEF%dP?%'@% £oFcPEPViding pRPradingy cunrentortalsaid
lines are hiased to a b|a £éage bet ween sai d predeterm ned vol tage and

sai d s@con@iFfnrentiat & so that said differential bipolar
transi stors are erateq%#ﬁ non- saturgt|o§ 8 i ons_when said pair of first
avifa g p Lshor

and second MOSFEFY ar® Yot HR9e FereFator. gRolaz transi
xanpl s wirth of SaiietRdF FaSFERR; 5y’ FrERFCbByPe Kamm éséwﬁra"ﬁged
drawings. WAPidefddk powdr Setbpfy WotaY 82 tnd" Alhoty aeViEa il
voltage generator providing at an emitter of said bipolar
10 transistor a predetermined voltage smaller than said first
§ower supply voltage; : . | s

(1) a pair of first MOSFETs which are respectively

O

coupled between said emitter of said bipolar transistor and
said pair of common data lines;

15 (j) a pair of second MOSFETs which are respectively
coupled between said pair of common data lines and a second
ﬁower terminal to which a second power supply voltage is
supplied; said second power supply voltage being smaller
than said first power supply voltage, wherein said pair of

20 common data lines are biased to a bias voltage between said \~)
predetermined voltage and said second power supply voltage
so that said'differential bipolar transistors are operated k’
ih non-satu:ation regions when said pair of first and second
MOSFETs are turned on for a read operation.

25 The present invention will now be described in greater
detail by way_of.examples with reference to the remaining
figures of the accompanying drawings, wherein: -

Fig. 3 is a diagram showing an example of the whole



-arrangenent of a menory device to which this invention is applied; Fig. 4
i's a diagram showi ng part of Fig. 3 and one 9d 5 enbodi nent in the
essential portions of this invention; Fig. 5 is a diagramshow ng an

-exanpl e of the charactéristi¢ of the nmenor8@device according to a first
enbodj pent of this invention; -10- Fig. 6 is a circuit diagram of
essential portions show ng a second enbodi nent of this invention; Fig. 7 is
a circuit dla%gan1of essen |aI ortloas ihomnng S B g}enbodlnent of thls

ey yhighsg

i nventi on; rangqq%p P*s 9€§| a8 M Baflnysntian
show ng a fourt odi ment of this invention;, Fig. 9 is a dlagran1shomnng
part of the @R ﬂeplcted in Fig. 8 and Fig. 10 is a circuit diagram of

Fererring o Fio. 9tk Wi, §8a0Rh STRRTA et pltcrig-nd S Pne. 2 g
sem condic!ored 641 £64) baghnti1=Rosth il B EOVES bt h has

been devel ope elenents an |polar 15

el ements are formefk Oexi pkeataya éaﬁl hhoﬁ@ﬂ taﬂcuaﬁpiteaufcw in point

of function. This sem conduct or nnry devicé 100 has a nmenory mat 10 in
which a | ar geHuwrd@tePisfE8V6¥ €RE! felbifyedaiiakedccbriings tana First

embodiment of this invention;



a matrix consisting of rows and col umms, an X decoder/ 20 driver 20 and a Y
decoder 30 which serve to select the nenory cell within the.nmenory nat 10
on the basis of address data [err], and so forth. The X decoder/driver 2Q
decodes the lower (or upper) bit data of the address data [err] to prepgre
alternative 25 select signals [err] ,The select signals [err] - 10 - %
~are applied to word |ines Wwhich are } din the rowdirection of the
menory mat 10. The Y decoder 30 decodes the upper (or lower) bit data of

the address datF %e”e] 1tsoapcl%lﬂga t@'&§%+vgf Sess8fhGh fg ?qucﬁls[ err] The

sel ect signals r] ‘are app ect swtch ban ol'umm switch

bank) 40. Jnswifn?ehe%c%wdt b B ik OPET 8K £8 ievéﬁkeern-any of

conpl enentary da line pairs D and [err], each pair conplenentary dat a

lines being |aigjpn tthg £qQl Qﬁfi'c]tpit &lﬁgaﬁémoafoésgbstqslrorpxrrfatonjso Thi s
sel ection is performed sinultaneously wth the selection of the word |ine

W In the ghewenpay thiedwiEbodimdds oM vikié nisbentrerry mat 10 are
respectively selected in the row direction and the col unh direction. The

nenoryscel | M Phgch8lis & Tivauiactdibgred hef pessenefialnpertaohison bet ween
the row and the colunn sel ected on the basis of the address data Ai, is
connect ed $Rowdfigoa daua th remsbddlisenit LOf tthbsighnvéstdonpl enent ary dat a
line pair D and D as -
Fig. 9 is a diagram showing part of the c1rcu1t
depicted in Fig. 8; and
Fig. 10 is a circuit diagram of essential portions

;0 showing another embodiment of this invention.

Referring to Fig. 3, the memory device 100 is constructed

as the foregoing semiconductor integrated circuit of
the so-called Bi/C-MOS type which has been developed
by us and in which C-MOS elements and bipolar
15 elements are formed coexisteﬁtly. and it constructs
a static RAM in point of function., This semiconductor
memory device 100 has a memory mat 10 in which a large
nunber of memory cells M are arrayed in the shape of J
a matrix consisting of rows and columns, an X decoder/
20 driver 20 and a8 Y decoder 30 which serve to select the
memory cell within the memory mat 10 on the basis of
address data Ai, and so forth.
The X decoder/driver 20 decodes the lower (or upper)
bit data o£ the address data Ai' to prepare alfernative

25 select signals X - X . The select signals X, - X

- 10 -



wel | as the Y select switch bank 40. The change of 20 potentials
appearing on the conmon data lines L1 and L2 is detected by a sense circuit

50, .antl the detected result becomes the read output D of stored data.
out Fig. 4 shows part of the internal circ%itry of the menory device
illustireated in Fig. 3. 25 As shown 4iln 1 he figure, the nmenory cells

M are -12- respectively connected to the pair of conplenentary data
lines D and D of each colum through MOS field effect transistors nl3 and
ml4. The MOS field effect transistors nl3, ml4 interposed between the

menory cel | %xe'Aéﬁ?%%{et a&gréifgﬁegzwgbg&gpfgggsqug géﬁgggctive) in the

row direction by ected word I'Trne i "%t he data

lines D, D ofgaVe P& 2 Be SELESE S ImatheheLY the nmenory cell Mlocated in

the place of intersection between the selected word Iine Wand 10 t he
sel ected data | ineen D,y Dhégodel °50 CledpllelsRANUSREEd (LY 1BTergMEgR data

lines L1, L2. Each of the data lines D a ne end thereodf connected

to a common e SOWKE Mdrédsogabaaa MSehi gkdpattegt cbrageisor for cc
pull -up m1 and has the other end t her edf connecFed 15 to the conmon data

line L1 & L3dlwciodignalserect W tchhécobyenerswigablssk or 92 included
in the Y switch ° n ° n
are applied to a Y select switch bank (column switch
bank) 40. The Y select switch bank 40 operates to select
any of complementary data line pairs D and D, each pair
-/ of complementary data lines being laid in the column
10 direction of the memory mat 10. This selection is performed
simultaneously with the selection of the word line W,

In the above way, the memory cells M within the |
memory mat 10 are respectively selected in the row direction
and the column direction. The memory cell M, which

15 is connected in the place of intersection between the
row and the column selected on the basis of the address
data Ai' is connected to common data lines Ll and L2

U/ through the complementary data line pair D and D as

. well as the Y selett switch bank 40. The change of

potentials appearing on the common data lines L1 and

L2 is detected by a sense circuit 50, and the detected

result becomes the read output Dout of stored data.
Fig. 4 shows part of the internal circuitry of

the memory device illustrated in Fig. 3.

25 As shown in the figure, the memory cells M are



bank 40. Accordingly, stored information witten in the selected nenory -
cell Mcan be read out in such a way that the change of the,potentials
conpl ementarily 20 appearing on the common data lines L1 and L2 is .
detected by the sense circuit SA 50. The select switches sl and s2 in the Y
sel ect switch bank are respectively conSt écted using MOS field effect &
transistors. Meanwhile, in order to avoid the condition that 25 t he
common data lines L1 and L2 fall into floating states -13- and do not
have their potentials fixed in a non-selected node, a bias circuit 60 for
applying fixed potentials to the cormon data lines L1 and L2 is disposed.
The bias ci Feapecsdvedyssoanesipd thihe npatmet coephepentaryzy 72, 73
and Z4 formed of MOS field ekfect transisfors are e Iog d_for assenbling
two sets of dgspt daesi Vi @8d & fuieach Aolygp z%‘?’%gpz’é nfied$  and that

Hot e hes eifang Eranggorort nig and (nhly nTae o8 PLefd t8ealE, Sorm"
i it bi i it 1 Z3 d Z2. d 74 ted th
oo powt aBatEEors.nI s BI% FHRAPoRtL AT uredn h e RPREy e il o or
i it | 1 d " { t i [t | t d
Gener ator ol 88 The; 48381 Ked B, THLENUMA @ Cehayelav¥], 07O
embodi ment , ;£ hg, ol £a0g 158353 b yF il de Vi i Sa GOS8\ M HiEL €0 OF w4 dLode

at the same time the data lines D, D of any column are

Selected, whereby the memory cell M located in the place

of intersection between the selected word line W and o/
10 the selected data lines D, D is selected and is connected '_::

to the common data lines L1, L2. Each of the data lines
D and D has one end thereof connected to a common power
source'Vcc through a MOS field effect transistor for
pull-up mll and has the other end thereof connected
15 to the common data line L1 or L2 through a Y select
switch (column switch) sl or s2 included in the Y switch
bank 40. Accordingly, stored information written in
the selected.memory cell M can be read out in such a K)
way that the change of the potentials complementarily -~
20 appearing on the common data lines L1 and L2 is detected. \
by the sense circuit SA 5S0. The select switches sl
and s2'iﬁ the Y select switch bank are respectively
constructed using MOS field effect transistors.

Meanwhile, in 6rder to avoid the condition that

25 the common data lines L1 and L2 fall into floating states -



train Dn in which a plurality of diodes are connected in series in the
forward direction. .Thus, a power source Vd having a fixed voltage | ower

t han that of the common 20 powel source Vcc is provided. The |ower
source voltage Vd is applied to the respective voltage divider circuits (Z1
and Zxysand Z2 and Z4). Accordingly, the™ cbfmBn data lines L1 and L2 are

bi ased to fixed potentials by the voltages produced through the resistance
di vi si on of 25 the | ower source voltage [err] -14- The MOS field
effect transistors as the inpedance elenents Zl - Z4 are respectively
controlled to turn ON so as to have predeterm ned equi val ent resistances

(i mpedances)ansy do xmoit dvave othebtt pgtentéalf fhisededn] aS5non-selBotedl t age
divider circuits (Zl and Z3, and Z2 and Z4) in the bias circuit 60 are fed
Wi th the volmegdg: \al bdcﬁ%rcisc‘dibp@edfgy appilydngy §lixede podeait ifadem t he
supply voltage. The potential V ref of the common data lines L1 10 and L2
at the tine ¥ tHe rmmen cdatdnlineschisaBld brdis2 disposed .selfhst ed,

becones: [err R3 and R4 denote the ON resistances of the MOS

where R1,
field effectb‘]tar%r%’r%‘f‘b’r*s % igpso Aarrapged §§thémPﬁﬁé&$ﬁc€1§“\9¥’éﬁﬁs
respectlsvel yZI ,Oqzi, z é i‘f‘”&, 8 ognﬁgg 1eid %Séclflt?rgnsistors

are employed for assembling two sets of voltage divider
circuits (21 and 23, and 22 and 24), and that voltages
at respeétive voltage division points are applied to
the common data lines Ll and L2.

.10 Here, the two sets of voltage divider circuits (bias
circuit) (21 and 23, and Z2 and Z4) are connected across
the common power source VEc and the ground potential with
a voltage regulator circuit (also termed "constant voltage
generator circuit" or "voltage drop generator circuit")

15 70 interposed in series therebetween.™ In this embodiment;
the voltage regulator circuit 70 is constructed of a diode
train Dn in which a_plurality of diodes are connected

), in series in the forward direction. Thus, a power source

Vd having a fixed voltage lower than that of the common

20 power source Vcc is provided. The lower source voltage

Vd is applied to the reépective voltage divider circuits
(Z1 and 23, and Z2 and Z4). Accordingly, the common data
lines Ll and L2 are biased to fixed potentials by the

vbltages produced through the resistance division of

25 the lower source voltage Va.



20. L2 are respectively connected to the bases of a differential pair of -
transistors @ and @ which constitute the sense anplifier SA 50. The

m ni mum base potential [err] of the transistors-QL and @ required for
these transistors to stably turn ONis_ [%rr where Vds denotes the _—
source-drain voltage of a MOS field effeét transistor B which operates;gs
a constant current source for the differential transistors @ and 2, and
Vbe the base-emitter voltage of the transistors 5 @Q and . Therefore, in
order to bring the sense anplifier SA 50 into a stable operation state at

hi gh di d [ ' ' i al
N on speed | BReORbs RIS RS, A IR, S b nEaBRAgRLLel 7]
certai n voRigagaker zh Thal s dedifdcedvefPlcondBL il gS¥OLLRAES Which are

. e :
applied to t ses of the transistors QL "and (2 are the m ni num required

potential , oy 5B WRi €8 hlGe! PFrdctid¥uided edfii N & SAL{Eeifdesand the
out put 15 dynam ¢ ranges oOf grounded-base transistors T27 and T28 which

constitute %hieﬁhhebsqmbi Fiigle dSlcaft 11 v st S LUIIPUL A4y ey Medi at e
anplifier do not narrow, either. The above e%b#anatroﬁ-ls illustrated
in Fig. 85 as thgheoveliagle YWVEdEMEiuiesd efistdmd &3 hengoppon 20 data
lines L1 and L2. ' : ' ' - :

and Z4) in the bias circuit 60 are fed with the voltage

Vd which is dropped by a fixed voltage level from the
'supply voltage.

The potential Vref of the common data lines L1

o/
10 and L2 at the time at which the column switches sl and -
s2 are not selected, becomes: ) _ o
' C R3
v = (V - peV_)e—m—m
. ref cc £ R1 + R3
: ' R4
(or V = (V = n-V,) ———r
15 ref cc f R2 + R4
vhere R1, R2, R3'and R4 denote the ON resistances of
the MOS_field effect transistors 21, 22, 23 and Z4 as
the impedance elements respectively,. _
' o/

On the other hand, the common dats lines L1 and
20 L2 are respe;tively connected to the.bases of a differential C:
pair of transistors Ql and Q2 which consﬁitn;e_the sense |
amplifier SA 50. The minimum base:potentiﬁl Vy, of the

transistors Ql and Q2 required for these transistors

to stably turn ON is:

25 Yo = Voe t V4s



Next, T'et's consider a case where the colum swtches sl and s2 are turned
ON by the Y select signhal [err] so as to read out the data stored in the
menory cell. In this case, the H (high) and L (low) information itenms 25
of the data stored in the nenbry cell causggthe potenti al -16- changes
of theggonplenentary data line pair D, D and the potential changes of the
common data line pair L1, L2 and are then input to the sense anplifier SA
50. The situation of signal transfer on this occasion is depicted 5 in
the formof current changes in Fig. 4. Wile the actual signal transfer

nechanlsn1|s @% gcged pgngﬁgéﬁgﬁcfgg ks~ ?Qmﬁgangka % %&ng‘ﬁpglu0|dated

Fig. 4 shall ow té® roug ereo Ich willF be briefly explained

below 10 fie}d SPHELROLPONS] BRbraBINwERRANBpekaR el Blsd aClodrdrransi st or

ml5 and MOS field effect transistor ml6 which constitute the nenory cel

(flip-flop cigfséht B6ubfedPofFEnet dierardnehlalt %tranrs,q%ri%tsl qal ¥nd he drain
of the OS field effect transistor nl5 is at the "H' | eve and that of

the OS fielghefdggtviraprésbasentfiittedt vblleagk" olfewle tFhasd spafrent i al s
are respectlve1y tranB®itted to the pair of conplenentary data |lines D and

D througb th@l Ggadi@Rd effect transistors nml3 and .nl4, to render the data
line Dthe "H' level and 20 the data line D the "L" |evel.
Therefore, in order to bring the sense amplifier
SA 50 into a stable operation state at high speed in
the data reading mode, the common data line potential
_ Vref in the stand-by mode is set at a value which_is
10 lower than V, by a certain voltage L.
That is, Vref = Vbe + V — £ is set. The bias
voltages which are applied to the bases of the transistors
Ql and Q2 are the minimum required potential, with which
the transistor Ql or Q2 is not saturated, and the output
15 dynamic ranges of grounded-base transistors T27 and
T28 which constitute the first amplifier stage of a
data output intermediate amplifier DOIA do not narrow,
L either. The above explanation is illustrated im Fig. 5
as the potential switching characteristic of the common
¢ 20 data lines L1 and L2,
Next, let's consider a case where the column switches
sl and s2 are turned ON by the Y select signal Yo so
as to read out the data stored in the memory cell. 1In

this case, the H (high) and L (low) information items

25 of the data stored in the memory cell cause the potential



Then, as regards the data line D, charges stored through the precharging -
MOSFET nmll in a parasitic capacitance [err] parasitic to this data line D
are discharged to cause currents Il and 12 to flrow 25 - As regards
the data line D, a current I3 flows 17-_ through t he prechargi'hg MOSFET
mil . Next, the conmon data lines LI and 1% W Il be considered. As regan&@
the comon data line L2, charges having been stored in a capacitance [err]
parasitic thereto are discharged 5 principally through the MOSFET Z4
(current 16), so that the potential of the comon data |ine L2 becones the
| ow | evel . the o hand, hﬁs regards t he conmon dat l'ene L1, a

capaci t anc& Qﬁ%ﬁs[ﬁgZEHQI%PT FRED ?EYCHSFQe 1ﬁFtHaIG 'pQrP“Gf t he
current 13 _and with a current 17 f hhro h th T Z1, ,so that t he
potential &% PP o"aﬂ“af‘#ﬁ 8 BREEOp g 'tPr 8¢cP2ithdvosFETs 71,

fipaff’tiﬂﬂe?f%ﬁ}'ih B, (hidf (00E08 PRBSRSRBRTARESR Sh RO dd e

cqutval ent WL af 4R nfcﬁiﬁgg? 80" Sy0E §eeAatat 8 f‘@?‘m’é e

Comon Tat 47 (e £ oFEF efsﬂ‘tﬂ%“‘%i?%?@*?ﬁé?é’?%f B0 WRERE B ene

resi stancegcRudinesifddEtrdnlsfe mééRanism is affected by various
factors and cannot be simply elucidéted, Fig. 4 shall

show the rough sketch thereof which will be briefly

explained below. - ' _ w
10 Assuming now that an n-channel MOS field effect ' .
_ <

transistor ml5 and MOS field effect transistor mlé
which constitute the memory cell (flip;flop circuit)

be in an OFF state and ON state respectively, the drain
of the MOS field effect transistor ml5 is at the "H"

15 level, and that of the MOS field effec£ transistor mlé
is at the "L" level. These potentials- are respectively
transmitted to the pair of complémentary data lines
D and D through the MOS field effect transistors ml3 &)
and ml4, to render the data line D the "H" level and

20 the data line D the "L" level. : e i:

Then, as regards the data line D, charges stored
through the precharging MOSFET mll in a parasitic capacitance
-Cs4 parasitic to this data line D are discharged to

cadse currents Il and I2 to flow.

25 As regards the data line D, a current I3 flows



set at the conparatively |Iow values, ow ng to which the potential change
speeds of the common data lines are raised. The inventors' study has
revealed that the accedd tinme shortens when the equival ent resistances 25

Rl, R2, R3 and R4 of the respéctive MOSFETs 71, Z2, - 18 - 73 and Z4 are
set tospe Rl, R2 < R3; R4. Noteworthy herel?s=that, even when the ON
resi stances of the MOSFETs ZI - Z4 are |lowered to sone extent as descri bed

above, the voltage Vd | owered by the certain 5 voltage fromthe supply
voltage Vcc is provided fromthe voltage regulator circuit 70 and is
applied to the drains of the MOSFETs Z1 and Z2, whereby the nmagnitudes of

t hr ough curr eritrough rtdoe prectansingMRSFET oml t hr ough t he MOSFETs 71, Z3
and those Z2, Z4 in the non-selected 10 node can be nade small. As thus
far stated, the cdimidn ddie qanropoiata kines Lbhweeddlanvilhebeqapnaidered.
| npedances of the common data lines L1, L2 are reduced w thout causing any
great througlttFeeardoths £aBPRdatR 14ne | k2w <harees bawring bggerating

speed can be enhanced whil st su resz&ng t he power consunption. That is,
the tinme const&ffied déb&cfeqﬂa‘t?p%‘i% sarBRTasEt g bhererecarpedisfharaed

comon 42 LGS ik 152 SeSeaRS IR U { QUSSR TRSdopecpgt hese
speed can beé%ﬁ“é%@%%tial of the common data line L2 becomes the
low level, | .
‘ On the other hand, as regards the common data line
L1, a capacitance Csl parasitic thereto is charged with
(. . 10 part of the current I3 and with a current 17 fed through
the MOSFET Z1, so that the potential of the common data
line L1 becomes the "H" level. The MOSFETs Z1, 22, Z3
and Z4 participate in the charge and discharge of the
parasitic capacitances Csl and Csz parasitic to ﬁhe
15 common data lines as briefly stated above, and the time
constants which are determined by the equivalent resistances
of the MOSFETs Z1 - Z4 and the parasitic capacitances
/ Csl' Csz exert influences on the potential change speeds
of the common data lines. As described before, therefore,
20 the equivalent resistances of the MOSFETs Z1 - Z4 are
set at the comparatively low values, owing to which
the potential change speeds of the common data lines
are raised. The inventors' study has revealed that
the access time shortens when the equivalent resistances

25 R1, R2, R3 and R4 of the respective MOSFETs Z1, Z2,



Fig. .5 shows the situation of potential change-over in the common data -~
lines L1 and L2. Fig. 6 shows a second enbodi nent i.n the essential portions
of the menory device according to this invention. 25 < The, enbodi nent
shown in the figure is basically - 19 - the sanme as the foregoing P
embodi ment. Herein, however, the outputl8tage of a constant voltage “w/
generator circuit which serves to produce the | ower source voltage Vvd for
operating the bias circuit 60 is provided with an 5 emtter foll ower so
as to realize a | ow out put inpedance. Wen the output inpedance of the
constant vol tage generator circuit 72 is lowered in this manner, an out put
vol t age sigAapndaképerecsesbty dedRlo Rfe Gikd RA4cuit 60 even if a signa
transm ssion line L3 coupling the 1 const ant vo“ﬁggﬁgﬂenerftor circuit
[

and the bias ci NeGPWOBERINBETEORS. tASty RI&R (VPGH T theerS8But of
ircult 720EnthecHRSBRTnE nrall PRBCAGRRRY ELPRS TIEFRR £5 1 ho out put
Lo SRk bRt eSO Sea B L R B RSP, T ©
T eOvET BsRhad FEPICER Aot AR I X A A thegoron ot
#Lpgsigan §Q§rgoiggggoreg§hQQL§ QA MPldina PP o remdt 72
drains of the MOSFETs Z1 and Z2, whereby the magnitudes
of through currents (direct currents) which flow through
the MOSFETs Z1, Z3 and those Z2, Z4 in the non-selected QJ
10 mode can be made small. . .
As thus far stated, the common data line potential
is lowered and the equivaient impedances of the common
data lines L1, L2 are reduced without causing any great
through current or steady current tolflow, so that the
15 operating speed can be enhanced whilst suppressing thé
power consumption. That is, the time constants dependent
upon the parasitic capacitances near the common data
lines L1, L2 decrease owing to the lowered impedances k)
of these common data lines L1, L2, whereby the enhancement
20 of the operating speed can be achieved.
Fig. 5 shows the situation of potential change-over
in the common data lines L1 and L2.
Fig. 6 shows a second embodiment in the essential

portions of the memory device according to this invention.

25 The embodiment shown in the figure is basically



useful for reducing a chip area. The constant voltage generator circuit 72
Is constructed using the emtter foll ower stage which is conposed of a

bi pol ar transistor Q7lfand a MOS field effect transistor 25 n74. The MOS
field effect transistor nv4 in this case_ y420- functions as a | oad

i npedagfe. This | oad i npedance is set suff|C|entIy hi gher than that of the
i npedance elenents Z1 - Z4 in order to prevent a consunption current in the
emtter foll ower stage fromincreasing. Besides, 5 MOS field effect
transistors nvl, nv2 and n¥3 and a diode train Dn are used for applying a

reference voltage to the emtter follower s re, when a fixed current
is fed to théth &&?ﬁr&ﬁrﬁﬁ§1éﬂf?QﬂQQﬁnﬁﬂRﬁéiﬁ¥?ﬁ t e RBR 1 | RPWeXefect
transi stors 3 a fixed vol e develo S acrQss both the

ends of the %ggdé’“ttrpé'it eargre] c‘?'ﬁ( % ofe ‘?ss?‘h‘b{l t?’é EhESBite of
t he bi pol t | d th
power. Sour ce " 43k Hewe e, AXodlld e ol (PR LELPOPS Hged Furt 150 1"
powier ST C@ fof lohelr ey YHd I yr‘{]&ws Oéxh la%d Ve gOgpDn pover

source Vcc by adjusting t er o e di odes e diode train Dn,

oo o PSR b EL AP ffe LIS SFTELLESEL
i npedance.  Thus, whha SHE RIARAL fAfpddadd® of the constant voltage
generator circuit 72 is lowered in this manner, an output
voltage signal can.be reliably fed to the bias circuit
Kg/ 60 even if a signal transmission line L3 coupling the
10 constant voltage generator circuit and the bias circuit
becomes long. As a result, in designing the layout of
an IC, it is also possible to arrange only the constant
voltage generator circuit 72 in a convenient place independently
and to transmit the output voltage thereof to the common
.15 data line biasing circuit 60 by means of Al wiring or
the like., This enhances versatility in the layout design.
Moreover, in an arrangement in which the memory cells
s . and the common data lines are divided into several groups,
the divided groups of common data lines can share the
St 20 single constant voltage generator circuit 72. This is
useful for reducing a chip area.
The constant voltage generator circuit 72 is constructed
using.the emitter follower stage which is composed of
a bipolar transistor Q71 and a MOS field effect transistor

25 m74. -The MOS field effect transistor m74 in this case



f oregoi ng enbodi nent can be attained. Further, in the enbodi nent shown inmn

Fig. 6,

the MOS field effect transistors nvl, nv2 for causing the fixed

current to flow through the diode train Dn and 25 the &/0S field effect .

transi st or

nv4 as the | oad resistance 21 - of ‘the bipol & transistaor

Q71 are respectively controlled by ext ef ried Signal s including, for exa#ﬁﬁe,
a chip select signal CS. This can realize an arrangenent wherein, in the
stand-by node (with CS being "H') by way of exanple, 5 the MOS field
effect transistors nvl, nv2 and nv4 are brought into OFF states so as to
autonaticmgﬁftLun OFF t he oggr tin? gomer source Vd of the bias circuit

i u ?

60. Thus,

TifR$iaT R 1Y pRrederaery LhiE besér i@88€amse on during,

f | e, d h di g h
non- sel oct GF T S G AR L8ReT  ERERLERRRORE ERe Ravedease o
' f deyj ' his i ion. .Li kew h
Grbodi mont HERTH H ¢ o ThSERRETRhTeLRbRae KoPpyaPF1Pn BRES %Btovi dod
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generator circuit 72 is constructed using the emtter ?ol?omer stage which
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.circuit 60 composed of the impedance elements Z1 - Z4

to the emitter follower stage.
Here, when a fixed current is fed to the diode
train Dn by the conduction of the MOS field effect transistors \W
m71l, w72 and m73, a fixed voltage devélops across both . .
the ends of thg diode train Dn' This fixed voltage
is input to the base of the bipolar transistor Q71l, the
emitter of which responsively provides the power source
Vd of low impedance output. The voltage of the output
power source Vd is set sufficiently lower than that of
the common power source Vcc by adjusting the number of

the diodes of the diode train Dn' etc., whereby the bias

can be furnished with the power source Vd of low voltage
and low impedance. Thus, the same effect as in the . o -
foregoing embodiment can be attained.

Further, in the embodiment shown in Fig. 6, the
MOS field effect transistors m71, nfz for causing the
fixed current to flow through the diode train Dn and

the MOS field effect transistor m74 as the load resistance



Av4. The MOS field effect transistor n74 in this case functions as a | oad

| npedance, and acts.to stabilize the potential. In addition, p-channel
depl et«i on-node MOS fieldd effect-transistors nvl and nv2 and fixed 25
voltage generating *di odés Ddl “and Dd2 are used for appl yi ng -22- a

referenge voltage to the enmitter follower 8tage. Here, when a fixed current
| flows through the diodes D and Dd2 via the depletion-node MOS field
effect transistors nvl and n72, the emtter of the bipolar 5 transi stor
Q71 produces the voltage Vd which is determined by [err] (where R71 denotes
the ON resistance of the MOSFET n¥1l, and [err] the base-emtter voltage of
the transistof qﬁg)bandlamlcnans1@towo@7ﬂnpqaawm@naﬂqmnﬁly Bomalked t he
out put voltage [err] to be |lower 10 t han the voltage of. the commobn power
source [err]byhexppanadi sdapelsoiasdydiag ofoarhex nde dlighesrkect] - 74
can be furnished wih the power source Vd of |ow voltage and | ow i npedance.
Thus, the saﬁEGEPie€§-asTPH5tﬁé“fGPé&éFﬁgaénﬁﬁﬁﬁﬁ&ﬁﬂf Y h&F &R i ned. 15

Furth th nbod Fi.g h
funct i on L 0 BpBRcAEAREnLY: BRE: SMHEL FEp bRt aton te Uit & i ARELe
| t d t th t | VU f
I uctuat png FRecHPPot38RAcRERRM & é%i%ﬁ@fg?m RIA R B B Quence,
20 the Oute%ugﬁtt %9@48@‘% sﬁa%%%b' b 28 t%ga'u%tmattm%ayt Wi
OFF the operating power source Vd of the bias circuit

60. Thus, it is permitted to automatically save power

C

consumption during, for example, any mode other than

10 the reading operation or the non-selected mode.

C

Fig. 7 shows a third embodiment in the essential
portions of the memory device according to this invention.
Likewise to the embodiment shown in Fig. 6, the
embodiment shown in Fig. 7 is also provided with a constant
15 voltage generator circuit 72 based on an emitter follower
in order to afford the power source Vd of low voltage
and low output impedance for operating fhe bias circuit 60.
o/ This constant voltage generator circuit 72 is constructed
using the emitter follower stage which is composed of
20 a bipolar transistor Q71 and a MOS field effect transistor
m74. The MOS field effect transistor m74 in this case
functions as a load impedance, and acts to stabilize
the potential. In addition, p-channel depletion-mode
MOS field effect transistors m71 and m72 and fixed

25 voltage generating diodes Ddl and Dd2 are used for applying



Thus, the bias potentials of the common data |ines L1 and L2 can be nore*
stabilized. This nakes it possible to performstable and reliabl e read-out
sensi ng even when, by way of exanple, the anplitudes of «ignal vyoltages 25
ontthe common data lines LI and L2 are s ply reduced.’ 4* - 23- Fig. 8.
shows a fourth enbodinment in the essenti portions of the menory devi égy
according to this invention. Unlike the precedi ng enbodi nents, the

enbodi ment shown in the figure has a bias circuit 60 constructed 5

wi t hout enpl oying a resistance voltage divider circuit. Here, the output of
a constant voltage generator circuit 72 of |ow voltage and | ow i npedance
out put as l&frefexense | cohpperclot §henenishgsn feddoviemesage and L2 t hr ough
i npedance el enents Z1 and Z2 respectively. _In_this 10 case, the constant
vol t age gener at ote%8r cCREn 79 fgxg ngPFﬁegédIOEIQHsa NPREN (thE ¢t which

o vseo bl b Reac e fondfadiiiadaiedinl RO hes T
exhi bi t ed i'#fb%rt%p'ar%'é?ésﬁﬂﬁfemﬁ\ BBWFZ ’cﬁSFeﬁPlg&ie ct?aé 3:\34&0' PEAT [err]
Fior o non SELiBE farf) bPRUdYsE FhETvol PRRELV,, SBATH W% decdidindd 010,
has the bi CB)I Qpctcl Qnag . Py pUthEQH (where R71 denotes the ON resistance

of the MOSFET m71, and vBEQ?l"the base-emitter voltage

of the transistor Q71) and which is of low impedance

C

output, By setting the output voltage Vd to be lower
10 than the voltage of. the common power source vcc' the
bias circuit 60 composed of the impedance elements ZI
- Z4 can be furnished with the power source Vd of low
voltage and low impedance. Thus, the same effect as
in the foregoing embodiments can be attained.
15 Further, in the embodiment shown in Fig. 7, the
diodes Ddl and Ddz function to compensate the temperature
dependence of the base-emitter voltage of the transistor

Q71 and prevent the output voltage_vd from fluctuating

C:

in correspondence with a temperature change. In_conseqhence,
20 the output voltage (Vd) is stabilized against temperatures. L;
Thus, the bias potentials of the common data lines L1
and L2 can be more stabilized. . This makes it possibie
to perform stable and reliable read-out sensing even
vhen, by way of example, the amplitudes of signal .voltages

25 on the common data lines L1 and L2 are sharply.reduced.



20 characteristic. The constant voltage generator circuit 72 shown in
the figure constructs an active circuit of the so-called voltage foll ower
by the use of a differential type high gain D. C. anplifier circuit 74. A
very hi gh equival ent inpedance is attained gn the input side of 25 this
activexgircuit, and a very Iom1equivalent'i2ﬁedance -24- on the output
side thereof. Accordingly, when a voltage obtained by dividing the voltage
of the common power source [err] by neans of high resistances RlL and R2 is
input, a D. C output which is substantially the sane 5 voltage as this
I nput voltage is Qduced with a |low output, i pedance. Thus, the comon
i U1 and F3Ecaf B8 th [eRpe

data lines L1 and L28a oiSa8e £ AUF: hckh sthe cesserpbal
causing a gre urrent or. through current.to flow.  Mreover, the
e potonti oPPEBiBRY o thE eBlosly (iR HesThad Ay L Eade  fV Rt 1on:
bet ween t he hi gh r@gsi n R2. | S kes it ,possible to bias the
conmon data | : ggs P?Ilgkg Egéi ?3’8%5%915%3 eM°c%{E."gt§het .s?m%%‘f’t'&f)'i'ﬁ for

hi gh speed regdipg aadtﬁsab'igu%erh%@ PGidd dilich | O, &é;geéwt put
voltage ([err]) of 15 the Constant vol tage generator ciTeurt s set

sufficiengly LQﬁﬁBuEhéBF§B9iﬁﬁ|E39%§¥5ﬂéﬁ%énvuﬁ¥§d¥mﬁ¥vf¥gycé}&%ﬁ{iérence

Concretely, it is set at a voltage which can ensure a potenti

capabl e of reRngdee,ngheubbitpuenblfy ol @¥nistneN AVUPL Y B r 45 SEACEDt Of
the MOS field )
72 of low voltage and low impedance output as left intact
is applied to the common.data lines L1 and L2 through
(N impedance elements Z1 and Z2 respectively. In this
10 case, the constant voltage generator circuit 72 is constructed
of an active circuit which simulates an ideal battery.
That is, the constant voltage generator circuit 72 is
used which has no directivity in impedance, namely, which
has a bidirectional output characteristic wherein a fixed
15 low impedénce is exhibited in both a case where an outflow

current (discharge current) Ix flows and a case where

)
an inflow current (absorption current) Ixi flows.,

U Fig. 9 shows an example of the constant voltage

| generator circuit 72 which has the bidirectional output

~/ 20 characteristic. The constant voltage generator.circuit

72 shown in the figure constructs an active circuit

of the so-called voltage follower by the use of a differential

type high gain D, C. amplifier circuit 74, A very high

equivalent impedancé is attained on the input side of

25 this active circuit, and a very low equivalent impedance



20 effect transistors that are used as the Y select switches sl, s2 -
between the data lines D, D and the comon data lines L1, L2, Fig. 10 shows
a static nmenory device of 64 kilobits according to this ienventiop. 25 .
The' embodi nent shown in the figure is so constructed -25- “that stored_
information witten a sel ected nenory c8l B4MFCEL is read out through'coﬁ@pn
data lines L1, L2 and a read-out sensing circuit SA 50, and-that the conmon
data lines L1, L2 and the read-out sensing circuits 5 SA 50 are dividedly
di sposed in a plurality of groups. In this 64 k-bit RAM the commpn data
lines L1, L2 and the read-out sensing circuits 50 are provided in a nmanner
to be divi de@ itheo or&Pptoide hergofihi chceerdinglyedvhRg actiodsess A
circuit of logic symbol in Fig. 10, 10 t he ogt ut side of which is.marked
in bl ack, ié’bga 884 Pyciyiding,ithe nvohresean og{'ﬁu9°FPaﬁsP§F&F for

Formad of - asaREsRadu Hisinane ) F48 rf LhLrapcenr BEcBBANB2dan as
wher cas a cRRBHEE. 81 or G A0y e E5hutt PeoRRRFbE TR Reroare. ae
non- 1 nvar 11 NELERES, Aok, YA (EFeake ' £4 YRAuCER 1 PR pC1RR00%0 e
signals A7 bu%%ﬁt impedance. Thus, the common data lines L1 and
L2 can be biased into low impedancesstates without causing
a great steady current or through current to flow. Moreover,
the bias potential can be set as desired in accordance W
10 with she ratio between the high resistances R1 and R2. .
This makes it possible to bias the common data lines e
L1 and L2 into states which are the most suitable for
high speed reading and stable operations.
In this embodiment, the output voltages(Vd) of
15 the constaﬁt voltage generator circuit 72 is set sufficiently
lower than the voltage of the common power source Vcc.
Concretely, it is set at a voltage which can ensure.
a potential difference capable of rendering sufficiently Y,
low the ON (conduction) resistances of the MOS field

'y
- LI

20 effect transistors that are used as the Y select switches o
sl, s2 between the data lines D, D and the common data
lines L1, L2.
Fig. 10 shows 8 static memory device of 64 kilobits
accofding to this invention.

25 The embodiment shown in the figure is so constructed



20 of TTL levels fromoutside by way of exanple and which serve to
deliver non-inverted outputs a7 - al5 and inverted outputs a7 - al5 to
conpl énentary out put si‘gnal |ines: The output transistors of the
non-inverting and inverting circuits G7 - 5 are forned of the bipolar
transigtors 25 as stated above, so that en when the output signal

-26- lines of the non-inverting and inverting circuits G/ - Gl5 are
arranged over. a l'ong di stance on the surface of a sem conductor chip, these
non-inverting and inverting circuits Gr - 615 can be operated at high

speed. 5 Next, a Y. decode will be briefly explained. It
i ncl udes 2-i%Maf SATSLiT ﬁ%??ﬁﬁp ?t3678 sef8ttaAameery 83 land

a15 and a7 VCEL HeRs Syomuieedhc sReoR pREE Abped bl fiph gdd o °
NAND

E:JH:B?{S Ing?t r}%&%}&g%:érr} aanC?iaﬁé‘Pong %pﬂ’a gg gﬂﬁLaEE gﬁﬂhggf‘ed to the

(nput term gled fiid ATO° MR Ole NTRELEGE! Log Py R4 5Q that the

stray capaC|tances of  the' output signal Tines o D circuits
Gr4 - G%3 bego I GAREEd S4 l,Laput NAND
circuits GBE(A- rS?59??61??(?lconst r%%gﬁsy&éyﬁals? Agd&ggtg]?%%{ltakmﬁlgﬂprgcw ts

whose out pulnt kALY F4ONE-HANE KHMO! e mwntmz-imy; L1, L2 and
" the read-out sensing circuits 50 are provided in a manner
to be divided into 16 groups, any of which is selected
% and activated. A circuit of logic symbol in Fig. 10,

10 the output side of which is marked in black, is a quasi-
CMOS circuit in which an output transistor for charging
and discharging the stray capacitance of an output signal
line is formed of a bipolar transistor and in which
logic processing such as inversion, non-inversion, NAND

15 or NOR is executed by a CMOS circuit, whereas a circuit
of ordinary logic symbol is a pure CMOS circuit. As
illustrated in Fig. 10, ;n an address buffer ADB, there

. are arranged noh-inverting and inverting circuits G7

- G15 whose inputs receive address signals A7 - AlS

20 of TTL levels from outside by way of example and which
serve to deliver non-inverted outputs a7 - al5 and inverted
outputs 27 - al5 to complementary output signal lines.
The output transistors of the non-inverting and inverting
circuits G7 -~ Gl15 are formed of the bipolar transistors

25 as stated above, so that even when the output signal



20 NAND circuits G/4 - 85 are constructed of quasi-CMOS 2-input NAND *
circuits whose output transistors are bipolar. On the other hand, in Fig.
10, .the output signal lines of the 3-input NOR circuits @4 - @5 are .
connected to the inputs of inverters GLOO - Gl01 at a short distance, 2

so that the stray capacitances of the oltpft =signal |ines

3-input NOR circuits P4 - PB5 have snmall capacitance val ues. Accordingly,
these 3-input NOR circuits (®4 - PB5 are constructed of pure CMOS 3-input
NOR circuits. Further, since the output signal lines of the inverters 5
GlO0 - d A are connected to the input termnals of 2-input NOR circuits
P8 - P9 ainesef tthie stemcinvensiagpadid dnve ntdinges igfcuites K7 ay

capaci tances of the output signal |ines of these inverters GLOO - GlOl1l are
smal | . Accor dily)lgre aesengedcpvers acione déssengee ofotdhe gurfpa®  of

wel | - known pure CMOS inverters. There will now be expl ai ned the nenory cel

M CEL of 1 %kt \#8RHCoRUEFPhit €RIR ntRSSP Mong)oyeAfinerdngd AANAEL NS |

M CEL is constructed yf_aﬁL%iE- fLOp in mhi%h thg_i%puts nd outputs of a
pair of ineriHstasS’ ToibdsElRoPe 8RETRELs AN DESIRSPERS and n- channel
M SFET a1, 2 - t -¢h I SFET 03 04
For trafster gattexerre f PHReFRER Y-BEr1cad d: SRR T ey g atpee. &
information. Thepf ransi ghe §a5E5nplhe FAND" QiredshY 8942dd59SS FAal

10
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- G81 and G82 - G85 and 3-input NAND circuits G86 — G93
to which the internal address signals a7 ~ al5 and a7
- alS provided from the address buffer ADB are applied.
Further, in the Y decoder Y-DCR1, the.output signal
lines of the NAND circuits G74 - G93 are arranged at
long distances and are connected to the input terminals
of a large number of NOR circuits G94 - G95, so that .
the stray capacitances of the output signal lines of
these NAND circuits G74 - G93 become large capacitance
values.
Accordingly, the 3~input NAND circuits G86 - G93
are consttuctéd of quasi~CMOS 3-input NAND circuits
wvhose output transistors are bipolar, while the 2-input
NAND circuits G74 ~ G85 are constructed of quasi-CMOS
2-input NAND circuits whose output transistors are bipoiar.
On the other hand, in Fig. 10, the output signal
lines of the 3-input NOR circuits G94 - G95 are connected
to the inputs of inverters G100 - G101 at a short distance,

so that the stray capacitances of the output signal lines

-27- of thege

C

C.

¢



20 which is applied to a word line X connected to an X decoder (row
decoder), and the information transfer between a conplenentary data |ine
pair D1001, D1001 and the flip-flop is controlled by these transfer gates.
In the reading operation, MOS field effect transistors 25 m and nR are
brought~into OFF states by a wite enabl & 27 =28- control si gnal WVECS, and
the information stored in the nenory cell is read out through a data output
buffer DOB as well as the read-out sense circuit SA 50 which is activated
by a read-out sense circuit select signal 5 [err] generated froma

read-out sense. circuit, selecti circuit a chip select signa
CS). In the W ﬁt'i'h“gs%p%‘g'i?‘bh R‘?’ﬁec?vb%“ﬂa ggéf 89 thaﬁsl §M8dd eapacd temce

brought i jt,q, QN st wh b t t SA 50
br ought i ni o "BEF + * P& adtE pat besn. Batnaubs B0, Fagruiss 654 <i gna

Y Th d 11, th h
asdata |ﬁ;utlgu c§%§¥ééﬁ%¥%§%§ d %pﬁ?r nﬁgﬁﬁe né?ﬁ“&2§5?¥¥é§%eﬁﬁéur?ug
DIA A di tGo t F the 15 d

200 of the anove SR TES *2?3 PEeéggn%?héi‘ngﬁlﬁft HEeC g mteR tagea

nes L1 L2 o tont e E5TERy AT EbaBhadneRr ol Y
fixed potentizalinfldNNOR & drcdies BPS - G99 at 2 short distance, the
capacitance values of the stray capgﬁitances of the output
signal lines of these inverters G100 - G101 are small.
Accordingly, these inverters G100 - G101l are constructed
Y 10 of well-known pure CMOS inverters.
: There will now be explained the memory cell M-CEL
of 1 bit which constitutes a memory array M-ARY.
This memor} cell M-CEL is constructed of a flip-
flop in which the inputs and outputs of a pair of inverters
15 composed of load resistances R1, R2 and n-channel MISFETs
Qlo01, QIOZ are cross-connected, and n-channel MISFETs
Q103, Q104 for transfer gates.
N The flip-flop 41is used as means for storing information.
The transfer gates are controlled by an address signal
A 20 which is applied to a word line Xl connected to an X
decoder (row decoder), and the information transfer
between a complementary data line pair D1001, D100l
and the flip-flop is controlled by these transfer gates.

- In the reading operation, MOS field effect transistors

25 ml and m2 are brought into OFF states by a write enable



20 circuit 60 is provided for the cormon data lines L1, L2 and read-out *
sense circuit 50 of each group. Sinultaneously therewith, the select signal
[err] of the read-out sense circuit 50 is branched, and tthe branghed si gnal
I's Used as the control signal of the bias circuit 60. Only 25 ground sjide
i npedance el enents Z3, Z4 within the bi as 48 =29- circuit 60 cor r espondiyge
to the selected read-out sense circuit 50 are brought into ON states, an
-all the other ground side inpedance el enents within the bias circuits 60
corresponding to the non- selected read out sense circuits 5 (not shown)
are brought into OFF states, % . a current for biasing the common
data lines Lcontrok signal MECRH !Iqu'-PG aBSornerion $tofedc dde e ¢ he

af orenenti oned 64 bit RAM by . way of exa Furt her sel ect signal Y
of the read W°%’er&%nc|ir%uﬂg‘il1agxﬁ§hF8Q‘nBaI° fgte ﬁr"'(?d’d‘c?tq’t with the

g%ﬁe'ﬁf;ﬂﬁ”“ Lﬁuﬂ%’sﬁ%@fﬁ?ﬁ BoB0=ebaR: iy o SAn Thatrha. by rode
enhod! ment . YhA TSRS et e oR hRpER 3‘5&9%%@%&?&&.3@2 100 can
Dol taues I, geEN Al tf,veJ.t@gfegg-gr.@t 3entll CUirkuit 212G O A |ow

vol t age as Clrcul ts OUt put rendere

LS‘SSST"PS&Z?@%&% SASC Kods 1€ ERE5 ek keeeaaghinr o8y e st 1y
In the writing operation, the MOS field effect
transistors ml and m2 are brought into ON states, whereas
the read-out sense circuit SA 50 is brought into an ' o/
10 OFF state by a read-out sense circuit select signal
Ys'. Thus, input data is written into a predetermined
memory cell through a data input buffer DIB and a data
input intermediate amplifier circuit DIIA.
According to the embodiment shown in Fig. 10, the
~15 memory device 100 of the above arrangement is characterized
in that only the common data lines L1, L2 connected
to the reed-out sense circuit 50 of the selected group
are selectively fed with voltages for biasing these U
data lines to a fixed potential. Concretely, the bias )
20 circuit 60 is provided for the common data lines LI, . \u)
L2 and read-out sense circuit 50 of each group. Simultaneously
therewith, the select signal Ys of the read-out sense
circuit 50 is branched, and the branched signal is used

as the control signal of the bias circuit 60. Only

25 ground side impedance elements 23, Z4 within the bias



20 | npedances of signal transfer |lines can be neglécted and only one
constant vol tage gener at or circuit 72 disposed in the IC can be exploited

in cgqmon. The effects 0f the present invention thus far described will be
summed. up bel ow. 25 (1) I'n a nenory devic which is so constructed that
- 30 -%8tored information witten in a selec?ed menory cell is read out

t hrough common data |ines, the equival ent inpedances of the conmopn data
| ines can be sharply reduced w thout causing a great through current or
steady current 5 to flow This achieves the effect that an operating

d b h t hout der ably, i t
(2) I 5 monbaf HOh GO WA 1 L TEreR rUhe ot LGk o€: ErRA-PAF oFRAFFON

T hes and a £a365a0 ombe Bt dtpee 18 FRE-EBtbn APl FRRCERARE he
read- out sensg Y P el ppsoridly 2 PLUERLL Yo pL,BEQUPS,

only the rea Sut sénse c one ura gr oups elng

sel ected andgolRorr ddffdntiif t L e tm.c&m&é*@tﬁféaﬂeétcgagset egr{:]eﬂ.b,e

read-out sense circuit of the selected group are selectively
vol t agessf or (hb%s'sﬁﬁéd)e%&éjeﬂxﬁaddmesiﬂ@o OFF Xca PO ENt1Rl enybepePy a

current for biasing the conmon data |lines can be | essened still sharply.
This achievea current for biasing the common data lines L1, L2 can
be reduced down to about 1/16 in the case of the aforementiohed
64 k-bit RAM by way of example. Further, the select
signal Ys of the read-out sense circuit has its logical
1 10 product.taken with the chip select signal CS. On this
occasion, the current for biasing the common data lines
L1, L2 is permitted to scarcely fiow in the stand-by
mode during which the chip select signal CS is inactive.
Thus, according to this embodiment, the average power
15 consumption of the memory device 100 can be saved more.
A constant voltage generator circuit 72 for applying
a low voltage Vd to the bias circuit 60 has its output
rendered a low impedance output ptilizing a voltage
follower, whereby the stray capacitances and other ﬁarasitic
20 impedances of signal transfer lines can be neglected,
and only one constant voltage generator circuit 72 disposed
in the IC can be exploited in common.
The effects of the presént invention thus far described
will be summed up below.

25 (1) In a memory device which is so constructed that



20 ‘the effect that the average power consunption of the entire nenory -
devi ce can be saved nore’” Wile, in the above, the invention, nade by the

i nventors has been concretely described in conjunction wth enbodi nents, it
is heedl ess to say that this invention 25 is not restrictéd to the o~

f oregoi ng enbodi ments but that - 31 30.-it can be variously nodifieg
within a scope not departing fromthe subject matter thereof. For exanple,
bi pol ar transistors nay well be enpl oyed for the inpedance el enents Z1 - Z4
within the bias circuit 60. 5 Wiile, in the above, the invention
made by the inventors has been chiefly explained as to the case of

appl i cat i onstereadsiafpsmRAIPRHMNER tltemnd it fae Sedcdapredlimedery ccefl util i zation
thereof, it is not restricted thereto but is also applicable to a ROMor a
dynani c RAMi8yTeR¢ 2ot thFosghnsramonTietanidnesn the fauiveltntto any
device including at |east the condition that stored information is read out
t hr ough conﬁBhegaP&ePiﬁéthe coggpon @agadines can be shagpby reduced

including: (a) a plurality of nenory cells; _
g Silhoug causin% a great %hrouéi current or steady current

5 to flow. This achieves the effect that an operating.
speed éan ﬁe enhancgd'without considerably increasiﬁg
a poﬁer consumption. |
(2) In a memoTry dgvicé which is so constructed that
stbred information written in a selected memory cell
10 is read oﬁt.through common data lines and a read-out
sense circuit.ahd that the common data lines and the.
read-out sense circuits are dividedly disposed in a
plﬁrality of groups, only the read-out sense circuit
of one of the plurality of groups being selected and’
15 activated; only the common data lines connected to the
read-out sense circuit of the selected group are selectiveli
fed with voltages for biasing these data lines to a
fixed potential,”ﬁheréby a current for b;ésing the common |
data lines can be lessened still sharply. This achieves
20 ‘the effect that the average power consumption of the
entire memory device can be saved more.
While, in the above, the invention made by the.
inventoré has been concretely described in conjuﬁction
with embodiments, it is needless tb say that this invention

25 is not restricted to the foregoing embodiments but that



(b). a pair of common data lines coupled to said plurality of nenory cells
for transmtting information stored in selected ones of said plurality of
menory cells; (:¢) a redd-out circuit which is coupled to said pair of
conmon dat a lines to receive said transmitted i nformation and which
gener at@s output signals in response to$ Y transnitted i nformation,
wherein said read-out circuit includes a differential pair of bipolar
transi stors having their bases coupled to said pair of common data |ines,
respectively, and current source neans coupled to said differential pair of
bi pol ar transistors to provide operating current to said differential pair
of bipol ar ti&nspat desvagdousdiemedidpied Mkihin AT ERPE P 2hi 4ePRUFAPBLy of
menory cells, said power supply nmeans havin fLéSt and second%g?%entlal

S

level s, wher£FABsEhE ﬁ%@ﬂ?ﬁiﬁﬂ%&ﬁ%ﬂ thezrgo 9¥eﬁ¥ﬁﬂp¥?on? @Eecond

otenti al | evel ; (e) a voltage erat or ch,is led,to id
'Bovver suppl ytﬁéaﬁ séﬁds\\//\mat,’hq'gféﬂe%ﬁ Xﬁffp{ff V\mf? a’g’lbp ?/? 9 ﬁlfﬂfpg
potenti al tween.sai d.first and. S otential levels; and (f) a
bi as C|rCU|t¥ion gét&dﬁﬂ&%s Wf;ﬁ%ﬁ (ﬁ W#kfk@hta lines, wherein thé )

out put vgl tage geg@(ﬁt ed , l;%/ﬂag q“cP e{wea,;toir cﬁv%g&létws thgd as a

supply Itdge 0 sai %nas CIrCUIt erein” sald bias

circuit inc !ﬂgeén@‘ms U UeAsidid A a?afaﬁieéog@%d@ﬁ@ Lhges

of application to a static RAM which forms the background

field of utilization thereof, it is not restricted thereto

but is also applicable to a ROM or a dynamic RAM by way
U lO of example. The invention is applicable to any device
including at least the condition that stored information
is read out through common data lines.
O/



e

so that said differential pair of bipolar tran5|stors are ed in
Tﬁﬂﬁa r ead

non-saturation regi on when said nenory devi ceU“mfml‘a“lHﬂ

operation. 2. A nmenory devi ce accordin rein said -

bifs circuit is a vol tage divider circuit which S conposed of a plurality
of inpedance el ements, the output voltage ggnerated by said voltage o

generator circuit is d|V|ded by said i npedance el enents, and said pair of
common data |ines are biased to a predeterm ned: potentlal by the divided

*

vol t ages. 3. A nmenory device according to claim2, wherein said
| npedance el epesigsare MS field effect transistors. 4. A nmenory
devi ce according to claiml, wherein said voltage generator circuit has an
arrangenent in which diodes are connected in series. 5. A nmenory

device according to claim1, wherein said voltage generator circuit
generates thelout put ofAlmemonpedewmice fncluding:A nenory device according
to claim5, wherein said voltage generator circuit is a voltage follower.

7. A menory devi é@) agcpluragity ofamemsryweeddsn sai d vol t age
generator circuit is constructed of bipolar and MS field effect
transistors in conbinat {Bh.a pairzaf gommon data jAdpssyceupiled decsadidng to

claiml, wherein each ne cell is.a flip-flop which is .conposed of
plurallty oEDmZmory cells forptrangmlttlng 1nfo¢%ation

stored in selected ones of said pluralltv of memory cells.

(c) a read-out circuit which is coupled to said
pair of common data lines to receive said transmitted o/
information and which generafes ouiput eignals in response
to said transmitted information, wherein said read-out
circuit includes a differential pair of bipolar transistors
having their bases coupled te said pair.of common data lines,
respectively, and current source means coupled to said
differential pair of bipolar transistors to provide operating
current to said differential pair of bipolar transistors:;

(d) power supply means coupled to said plurality
of memory cells, said power supply means having first and
second potential levels, wherein said first potential level
is different from said second potential level;

(e) a voltage generator circuit which is coupled
to said power supply means end which generates an output
voltage having a third potential level between said first
and second potential levels; and

(f) a bias circuit connected to said pair of
common data lines, wherein the output voltage generated

by said voltage generator circuit is fed as a supply



M SFETs. 9. A nmenory device according to claimi1, wherein the nenory
cells, the common data:lines and the bias circuits are disposed in a nanner

to be divided in a plurality of groups, and wherei u
'vol fage generator circuit is shared and utilized bum Iﬂﬂmm llm”nF
whi chyare provided for the respective coampp data |ihes of the®

correspondi ng groups. 10. A menory device according to claim9,
wherein said out put of sai d vol tage generator circuit is of | ow output
| npedance. 11. A nmenory device including: (a) a plurality of nenory

cells; (b) a read-out circuit including a pair of bipolar transistors for
formng a sense circuit, said pair of bipolar transistors having bases; (c)

a pair of S'gnﬁélkéﬁést&héSBdaﬁﬁaéeéP?E&i¥e|¥n80uﬂéﬁélﬁos§§adb@§§eé19Eu§%|d
pair of bipolar-transistors of the read-out circuit and to said plurality

of nmenory cel |l gnapdavki ibahsapsri bisoiRGesRI8apYiei ghatémmbnaaaeadanaesw th
data stored in selected ones of said nenory cells to said bases of said

pai r of bipol asotthasi sabdsdbffernentiabdpadut ofi bépotlarandansi8bofd) axe
bi asi ng nmeans conprising a voltage reducing circuit connected to a power
source vol t ageoperapedvini agnen-saturation region when said memory
device is selected for a read operation.
2. A memory device according to claim 1, wherein
said bias circuit is a voltage divider circuit which is
\_ composed of a plurality of impedance elements, the output
voltage generated by said voltage generator circuit is
s divided by said impedance elements, and said pair'of common
data lines are biased to a predetermined potential by the
divided voltages.
3. A memory device according to claim 2, wherein
- said impedance elements are MIS field effect transistors.
4. A memory device according to claim 1, wherein
said voltage generator circuit has an arrangement in which
diodes are connected in series.
5. A memory device according to claim 1, wherein
said voltage generator circuit generatgs the output of
low impedance.
6. A memory device according to claim 5, wherein
said voltage generator circuit is a voltage follower.
7. A memory device according to claim 5, wherein

said voltage generator circuit is constructed of bipolar

and MIS field effect transistors in combination.



/ -
predeterm ned vol tage, the predeterm ned voltage having a value smaller
than the val ue of said power source voltage, 5 m “N“Fwt
connected to said predeterm ned voltage for bi émﬂm‘um m signal -
|{nes at a predeternined bias voltage, the predeterm ned*bi%s Vol tage =~
having a value smaller than the value of_sgjd_predeternned voltage so¥hat
said pair of bipolar transistors are operated in a non- 10 saturation
regi on, wherein said voltage reducing circuit provides said predeterm ned
voltage with a predeterm ned | ow output inpedance in response to a contro

signal. 12. A menory device according to claim1l., wherein said bias
circuit conprises a voltage divider to which said 15 pr edet er m ned

voltage is fed. 13. A penory deyice accordi to,claim.11 rei.n.said

vol tage reduding circut™eB ié@glﬁﬁ 8ﬁF9f§gngofﬁo%égH&r%ﬁsise%%ani4. A

menory device according to.claimli, .wh [.n g o | includes

a pair of M%ﬁgﬁﬁﬁg?m?fgﬁfhg\s/%g}%ﬁé??&ggt ‘é’g&gﬁd% r&n E%re)oass-coupl ed.

15. A nennrnnygy#fgbaccording to claim1l, wherein said control signal is
al"70

based on a sign r indicating a chip sel ected node. 16. A nmenory
device inclugling: (a) & RbHbayi B¥vebemaBRbYdGaly ToMdl@insUqr evhdatenirt her ei n;
5 (b) a plurality of word lines and a plurality of pairs :

the memory cells, the common data lines and the bias

circuits are disposed in a manner to be divided in a

plurality of groups, and wherein the output of said

voltage generator circuit is shared and utilized by said s
bias circuits whiqh are provided for the respective common .
data lines of the corresponding groups. | ~/
10. A memory device according to claim 9, wherein

said output of said voltage generator circuit is of low

output impedance.

11. A memory device including:

(a) a plurality of memory cells;

(b) a read-out circuit including a pair of bipolér
transistors for forming a sense circuit, said pair of bipolarkg
transistors having bases; |

(c) a pair of signal lines which are respectively (~j
coupled to said bases of said pair of bipolar transistors
of the read-out circuit and to said plurality of memory
cells and which transmit complementary signals'in accordance
with data stored in selected ones of said memory cells to

said bases of said pair of bipolar transistors of said read-

out circuit; and



- of data lines coupled to said plurality of nenDLy_ee++s~SU‘fﬁ§fﬂeabh nenDry

cell is coupled tqg a word .[ine and a pair of data |ine |r
conmpn dat a Ilnes 10# (d)- switching maaafs‘“m s‘ en sal d
-plurality of pairs of data lines and saB8 pair ] Ifnes and for

~ couplyng a selected pair of one of said plurality*of pair of data lines, to
said pair of common data lines; (e) an address circuit responsive to
address signal s 135)aﬂﬂjhiﬂﬁingimQﬁﬁﬁumepniﬁlngyaovoiﬁﬂﬂelrﬁdscdna to
said switching nmeans and includi ng neans for sel ecting pr edet er m ned
memory cell i Eﬁﬂiﬁcﬁﬁﬂﬂ?@ﬁ?#n?&u%iERHP%S§°§F§ﬁaV§1599§ef@EtPﬁgvéding a

o1 cdet or i no@EAIS LD eaffd\eéfﬁatqré’q'q' e A L
f d

i cui - Coupat 4é AL aﬁﬁ%sﬁbﬁ*ﬂiéﬁﬂfcgﬁg@”%ﬁtﬁ% EpffERe. PPatepe°
ncl uding a Rald Pl AldY Aol £ Ed B ésigegéaastggﬁ.gsagnwitt

circuit avi ng bases coupled to sard pair ommon i Nes A
current sSour Gy iy S50y gAY SPeELGhAY i!ﬁéﬁ”httﬁ B%h@ie@bfﬁn&'h%'& ' a'
circuit; (h) a voltage generator having a bipolar transistor a

col lector coyllaydl vl ¥adé, Sthd PRédéLérminedrbusdod1 vage &airlihgt aow.s.rue
supply voltage of the menory device said
smaller than the value of said predetermined voltage so that
said pair of bipolar transistors are operated in a non-

10 saturation region, wherein said voltage reducing circuit

provides said predetermined voltage with a predetermined low
\ output impedance in response to a control signal.
12. A meémory device according to claim 11, wherein said
bias circuit comprises a voltage divider to which said
15 predetermined voltage is fed.
13. A memory device according to claim 11, wherein said
voltage reducing circuit comprises an emitter follower
— transistor. |
Y

14. A memory device according to claim 11, wherein each
20 memory cell includes a pair of N-channel MOSFETs having

their gates and drains cfoss-coupled.

15. A memory device according to claim 11, wherein said
control signal is based on a signal for indicating a chip

selected mode.



vol tage generator providing at an emtter a
'predetern1ned voltage smaller than said first power vol tage; (i) a
pair of first MOSFETs which are respectively mlMﬁ Hﬁﬁ al d emtter
of said bipolar transistor and said pair3gf c —~
(J) a pair of second MOSFETs whi ch are respectlvely coupled betmeen sa¥d
pair of common data |ines and a second power termnal to which a second
power supply voltage is supplied, said second power supply voltage being
smal | er thah6sai & memorypdevicaidmciudingyge, wherein said pair of 15
comon data lines are biased to a bias voltage between said predet er m ned
vol tage and sai d(8dcofd P3saL it RE mememcebls ehichi atoref dasat i al

bi pol ar tran5|stors are operated in non-saturation regions when said pair

of first anBh@E@dRd MOSFETS are turned on for a read operation. 20 17. A

menory device ac di ng to m 16 mhe’ | sald lurality_of nmenory cells
have sttic type?ﬁﬁ d?& t??ﬁ"?ﬁf $|§pp}pgplétybeﬁtpairs

devi oo aceoPh ﬁétfogér%‘ m Véqe?%?%%‘?%#°f€8§l§§ﬁé§ﬁ§wafaalﬁa§°
control ter ghggl btk RRARIAY Wr CANGabpRbdNEl LNYbeal LiRedaRl B BEESt i On
Sal

- node so that age generat generates said pre deCer
vol t age mheafadgﬁhpluge%glected.

(c) a pair of common data lines:;
10 | (d) switching means connected between said plurality ;
of pairs of data lines and said pair of common data lines ~
and for caupiing a_selected pair of one of said plurality of KJ
pair of dafa linés, to said pair of common data lines:
(e) an address circuit responsive to address signals
15 and coupled to said plurality of word lines and to said
switching means and including means for selecting a
predetermined memory cell in accordance with said address
signals by selecting a predetermined word line and
éontroliing said switching means to couple a predetermined
20 pair of data 1ine§ to said pair of common data lines; ~—/
(f) a sense circuit coupled to said pair of common
data lihes, said sense circuit coupléd to sai§ pair of ~
common data lines, said sense circuit including a pair of
bipolar transistors that serve as a differential circuit
25 having bases coupled td said pair of common data lines and
current source means for providing operating Qurrent to said

differential circuit;

(h) a voltage generator having a bipolar transistor



+ 19. A nenory device according to claim 16, wherein gate 5 electrodes of
said pair of first MOSFETs are coupled to receive a timng signal and
whergin gate el ectrodes of sai.d pair of second

» receive a sense circuit acti‘vation signal 3720. Mﬁmﬁi mi“ﬂamuml)rdl ng to
claim 16, wherein said 10 current source means inc u es ant htrd MOSFET
wi th™a source- drain path coupled between said enitters of said
differential sgolar transi stors and sai d second power termnal. 21.

menory devi cHi%Bcdr gPddectan &PMP%@ ek it %ﬁﬁcPQEPr tﬂrmtnamtpamvbdgd|ar

transistors ar g NPN trggflstors A nengﬁé vice constructed and
arranged to ¥pEPafe i §RH%£I§VE£§“N¥Q%#P i the menory ddeyieeesaddand

as 11T ustrat gy boF! Genk ¥ Brobl ding 5 355 WRANAL bf" 234 8% 1 porar

5 transistor a predetermined voltage smaller than said first

power supply voltage;

(1) a pair of first MOSFETs which are respectively
coupled between said emitter of said bipolar transistor and
said pair of common data lines;

10 (J) a pair of second MOSFETs which are respectively
N\ coupled between said pair of common data lines and a second
power terminal to which a second power supply voltage is
supplied, said second power supply voltage being smaller
than said first power supply voltage, wherein said pair of
15 common data lines are biased to a bias voltage between said
predetermined voltage and said second power supply voltage
so that said differential bipolar transistors are operated
in non-saturation regions when said pair of first and second

MOSFETs are turned on for a read operation.

20 17. A memory device according to claim 16, wherein said
U plurality of memory cells have static type memory cells each
of which has a flip-flop circuit composed of a pair of N-

channel MOSFETs and load elements.

18. A memory device according to claim 16, wherein said
25 voltage generator has a control terminal for receiving a

control'signal indicating a chip selection mode so that
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15
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sald voltage generator generates said predetermined voltage

when a chip is selected.

19. A memory device according to claim 16, wherein gate
electrodes of said pair of first MOSFETs are coupled to
receive a timing signal and wherein gate electrodes of said
pair of second MOSFETs are coupled to receive a sense

circuit activation signal.

20. A memory device according to claim 16, wherein said
current source means includes a third MOSFET with a source-
diain path coupled between said emitters of said
differential bipolar transistcfs and said_second power

terminal.

21. A memory device according to claim 16, wherein said

differential bipolar transistors are NPN transistofs.

22. A memory device constructed and arranged to operate
substantially as herein described with reference to and as
illustrated in Fig. 4 to Fig. 10 of the accompanying

drawings.

W/



