21 62394 MOS STATIC RAM This invention relates to a MOS static RAM (random
access nenory). - A nmenory cell in an MOS static RAM has, for exanpl e,
5 a static type flip-flop circuit conprising of a pair of driving MOSFETs
whose gates and drains are nmutually cross- coupled, a |oad elz gt Sagala f-
pair of transfer gate MOSFETS. A nenory ajray is then forned ;f % ity
of such nenory cells arranged in a matrix and a plurality of conplenentary
10 data line pairs to which are connected input-output term - nals of
correspondi ng nenory cells. The | oad el ement nmay be, for exanple, an MOSFET
which is steadily turned on, and i Mo tErpresedRiet ween each conpl enentary
data line and the power terminal of the circuit. 15 A RAM having a
structure in which the |l oad resistors are connected to the data lines, is
shown, for exanmple, in U S. Patent Specification No. 4,272,834. The | oad
resistors connected to the conplenentary data |ines operate so that the
potential of the conplenen- 20 tary data lines is set to a predeterm ned
potential before a F&ig Adyensdorog@lates @ MR stablg RAM| trandobef ore
a data wite-in operation . into them The access tinme of the nenory in the
dat a read- ouBCERESWMEMOEY] <oper ati ons can be nade constant by the

pre-sett 'ng of the Rogn(aerﬁ;[olr?rl c?efllt % ZaSn %Eols rrae‘{]itcarwaﬁaz‘is'l Iggxs" example,

5 a static type flip~-flop circuit comprising of a pair of

o/ driving MOSFETs whose gates and drains are mutually cross- éé
coupled, a load element, and a pair of transfer gate MOSFETS.
A memory array is then formed by a plurality of such memory
cells arranged in a matrix and a plurality of complementary
10 data line pairs to which are connected input-output termi-
nals of corresponding memory cells. The load element may
be, for example, an MOSFET which is steadily turned on, and
is interposed between each complementary data line and the
power terminal of the circuit.
15 A RAM having a structure in which the load resistors_ (_
are connected to the data lines, is shown, for example, in
U.S. Patent Specification No; 4,272,834. |
The load resistors connected to the complementary
data lines operate so that the potential of the complemen-
20 tary data lines is set to a predetermined potential before a
data read-out operation from the memory cells and before a
data write-in dperation into them. The access time of the_
- memory in the data read-out and write-in operations can be
made constant by the pre-setting of the potential of the

25 complementary data lines.



9_ . .
-2- As a result of studies, however, the inventors of the present invention
have found that the.follow ng problens occur when fixed resistance | oads

constituted by MOSFETs descri bed above are used. 5 In the data
read-out operation, a predeterm ned word Line is selected, thereby
selecting a certain nenory cell. Then, the-level of a pair of conplenentary
data lines is determned by the selected nenory cell. In this case, the

read-out |ow | evel of one of the conplenentary data lines is 10 determ ned
by the ratio of the conductance characteristics of the driving MOSFETs and

transfer gate MOSFETad @ trh@udd B IHHE B2 MARRdrS! ithe v dr@ddbf the
MOSFETs. When a plurality of nmenory cells are selected sequentially in

order to readpreserte idatentisinohave foundmtthat) tHeorfed liowingl prigbliensi ty of
menory cells continuously, the levels of the conplenentary data |lines are
sequenti al |y decuriwhen Hixede redisteadcadomds censtithrtadhiby MOSFETsf data
of the opposite level is read out such as when the stored information of a
logic "1" is CGesgrdiredafabove: larer ag@dout of 20 the stored information of a
logic "0", for exanple, the |evels of the conplenentary data |ines change

greatly fram the hi gifafde SRt raadaRt pPeratioly |/ gredereriined wor

Gata 1ine i 5 RS &8 B ot Afug s AR BSTERIhG o enkA L NBAEy, et Ly

parasitic capagidhinthe b’ 3 WRATY Y SoiRithideaty MO RPN

‘ k// determined by the selected memory cell. In this case, the
read-out low level of one of the complementary data lines is

10 determined by the ratio of the conductance characteristics
of the driving MOSFETs and transfer gate MOSFETs to the
conductance characteristics of the load MOSFETs. When a
plurality of ﬁemory cells are selected sequentially in ofder
to read out the data (stored information) stored in a’

15 plurality of memory cells continuously, the levels of the
complementary data lines are sequentially determined by the
selected memory cells. 1In this case, if data of the

. opposite level is read out such as when the stored
information of a logic "1" is read out after the read-out of

20 the stored information of a logic "0%, for example, the
levels of the complementary data lines chaﬁge greatly from
the high and low levels to the low and high levels,
respectively. Here, the speed of the change of level of

- each cohplementary data line is limited by non-negligible

25 capacitance which is formed by parasitic capacitance and

stray capacitance coupled to the complementary data lines.

As a result, the data read-out speed is restricted.



As a result, the data read-out speed is restricted. 3 The inventors of

t he present invention have observed that when the |evel change w dth of
.each of the conplenentary data |lines is reduced, the tine of the change
fromone level to the other can be reduged, that the charge-up speed +

the conplenentary data |lines can be increased by increasing the conductéﬂce
of the | oad MOSFEfle dndenerisewef thangeesiedth iafventa cronipbdeaenbaeyvdadt a

|l i nes can be reduced, as well. Therefore, the inventors have exam ned
the possi bi thtat oWwhewr easeéngl e lcordirs grcewdid tithe d Hadc MOBFEFE ashauch
as possible in order to achieve high speed in the read-out operation. It
has been focouplenentgey, K dathalinesuisheedpeed) chheetvinepef khsechangat the
read-out operation is substantially effected for. a nenory cell which is
coupl ed to fREBURAS edF®lcofpl ctRPit HTPSFat G8RI RS MPdURPdy | tthath the

t d_whi ch lected by th f ot
Conduct anceoBRFERG PO RESFER APE | TeFeLener EFeY AR L ThPHe AN - BAt s

o ng. ber REREEh R BT Py (SFecEPRERREafEACY RY' Tung AoSHERE)"
data line a ggdtl@ﬁe' eg@e&@%’ﬁ%}gé airml QEN{hd Océmﬂ;éﬁ@aw &'aga lﬁﬁege it

is a kind o wast eful current However, the read-out s
reduced if can be reduced, as well. Therefore, the inventors have

%

examined the possibility of increasing the conductance of
the load MOSFETs as much as possible.in order to achieve ‘\J
high speed in the read-out operation.

It has been found, however.. that a further problen
develops, namely that the read-out operation 1is
substantihlly effected for a memory cell which is coupled
to the unselectéd compleﬁentary data lines in the write-in
operation and which is selected by the word iine.
Therefore, if the conductance of the load MOSFETs are
increased, relatively large currents flow between the load

MOSFETs and the selected memory cells. A current flowing

(
B
i

between the ﬁemory cell coupled to the unselected
complementary data line and the load MOSFET is irrelevant
to the write-in data; hence, it is a kind of a wasteful
current. However, the read-out speed will be reduced if
the conductance characteristics of the load MOSFETs are
reduced in order to reduce this wasteful curreat.

The present invention seeks to overcome this problem.

It does this by ﬁroviding an MOS static RAM comprising:



the conductance characteristics of the | oad MOSFETs are reduced in order to
reduce this wasteful current. The present invention seeks to overcone this
probl em It does this by providing an MOS static RAM conpri si ng: a
plurgbity of static nenory cells; a pair o canplenentary data lines to

whi ch data input-output termnals of the static nmenory cells are connected:
a plurality of word 18 mdaned ity &f St ManeRy teqllisval s of the static
menory cells are connected, respectively; variable | oad neans between a
power term nal of thé& cPREd t°§ncF‘-I“Hb1%%?r‘bF%Fr¥ntda?§/adét1é‘% n&g, which data
respectively, the variable | oad neans.bein apted tq be controlled such
that their i rrpedé’r?égt'b%‘égﬁﬁ§ hF SRR RASa ‘agt th‘/é)i £&23tt O pBREEPT N ‘E‘F}gﬁst e
i npedance there%f %@ta read- out operation; selection nmeans for

i
sel ecting one o oggiﬁ%ﬁlurality of word lines; control neans for

controlling the stat ?&1&%1&‘%@%5@%%&gﬁgx{@é‘d%‘&mwﬂ?@gaté}%‘ $@ 14l on

the selected state o e word eis d during a period fromthe start
of the selectiopdning1¥ordrlitiet G E{deiki NBewey t BRNAJ SadePl €dRMRCTSE

difference in the level difference between the pair of conplenentary data
lines to be chargegeictively;
.variable load means between a power terminal of the
circuit and_the complementary data lines, respectively, the
— _ variable load means being adapted to be controlled such
that their impedance becomes higher in a data write-in
operation than the impedance thereof in a data read-out
operation;
selection means for selecting one of said plurality of
- word lines;
control means for controliing the state of the word
line in the read-out operation so that the selected'state
of the word line is held during a period from the start of
‘the selection of the word line to the time when there is a
predetermined difference in the level difference between
the pair of complementary data lines to be changed in
accordance with the data stored in the static memory cell
to which the word line is coupled, the word line being

brought into the unselected state after the period.



_accofdahce with the data stored in the static nenmory cell to which the word #
line is coupled, the word |Iine being brought into the unselected state

‘after the period. In this way it is possible to provide an MOS static 5
RAM whi ch operates at high speed and consunes little power. - - S
Enbodi ments of the invention will Bw be described in detail, by way of

exanple, with reference to the acconpany- ing drawings, in which: Fig. 1is
a circuit diagram showi ng one enbodi nent of 10 the present invention; Fig.
2 is acircuit diagramshow ng another load cir- cuit arrangenent; Fig. 3
I's a diagramuseful for explaining the voltage characteristics of its
read-out |evel; and 15 Fig. 4 is acircuit diagramshowng a third
| oad cir- cuit arrangenent. Enbodinment 1 Fig. 1 is a circuit diagramof one
enbodi ment of the present invention. The particular configuration is not 20
essential to the invention, but. as shown, a RAMis fornmed on one

sem conduct or substrate such as single crystal silicon by the well-known
CMOS (conpl enent Apythisavaynit| dsoposeiblecbadpEclifie; ancYPit 8§atifcui t

(10 teghnigue. The NCSFETs.forgtn the penory cells are of the NN 25
channel™ t Whdchr epepr kel 3k ;?gpépﬁﬁﬁlaF@gF8H§uFﬁ§tléFéle power.

- "Embodiments of the invention will now be described in
detail, by way of example, with reference to the accompany-
ing drawings, in which: | ‘ \J
Fig. 1 is a circuit diagram showing one embodiment of
10 the present invention;
Fig. 2 is a circuit diagram showing another load cir-
cuit arrangement;
Fig. 3 is a diagram useful for explaining the voltage
characteristics of its read-out level; and
1S Fig. 4 is a circuit diagram showing a third load cir-
cuit arrangement. .

Embodiment 1

G

Fig. 1 is a circuit diagraﬁ of.one embodiment of the
present invention. The particular configuration is not
20 essential to the invention, but as shown, a RAM is fbrmed on
one semiconductor substrate such as single crystal silicon
by the well-known CMOS (complementary-métal-insulator-semi-
conductor) integrated circuit (IC) technique.
The MOSFETs forming the memory cells are of the N-
25 channel type and are formed on P-type well regions that are
in turn formed on an N-type semiconductor substrate. P-

channel MOSFETs are formed on the N-type semiconductor sub-



L .

in turn formed on an N-type sem conductor substrate. P- channel MOSFETs are
formed on the N-type sem conductor sub- strate. The P-type well region
wht ch acts as a substrate gate of the N-channel MOSFETs is connected to an
earthiyerminal of a circuit, and the N-type sem conductor sub- strate which
acts as a conmon substrate gate of the P- 5 channel MOSFETs is connected to
a power termnal of the circuit. A strdeture in which the MOSFETs
constitute the nmenory cells in the well regions helps to prevent erroneous
I nversi-on of data stored |n the nmenory cells, such inversion bei ng i nduced

b I I V
a%de_GI%ID Ei?(raraaﬁ?ﬂgﬁc ezfrhr% naltsypfeo rmenﬁt%ggrgﬁélg C|aF?|§| tas R r%‘ﬁ\é% ggra o
M ARY h I I | h

word 11nes [ oS Shibe, FEaHahed wbskns ds BeRoBciBaIED W8 BATR s
The nemory celeynl{naQ20E Iaa\e%ﬂaa%tsa%actiw 4G QN seﬁacbﬁahei%%@bby one

specific circuit, each nenory cel 'MC'i's constructed of menory

[err] and [ er ighraftes angaireactad a%r&l RPmiion Substratengaitedofotaack-ot her
and whose sources are connected to earth GND, and high resistance resistors

[err] 20 arsd BhansieleMOSFRTsdria eonolectlkds eoMaSpowgrQtexmdn®d affid thiee power
termnal Vcc, respectively, and that are conprised of a polycrystalline
silicon | ayer eifcanidf.er Agstte uiPSEETInQWhdiclt @hea MOSFETer cosedt itateethet he

comon junctions of
, memory cells in the well regions helps to prevent erroneous

— inversion of data stored in the memory cells, such inversion
being induced by e.g. % particles.
10 Terminals Ay, Ay, Dins Dout,'ﬁﬁ, E§, Voe and GND are
external terminals for the integrated circuit.
A memory array M-ARY has a plurality of memory cells
MC that are arranged in a matrix, word lines W, to W, and
complementary data lines Do,'so to Dy, Dj.
15 The memory cells MC each have the same construction.
As represented by one specific circuit, each memory cell'MC
U is constructed of memory MOSFETs Q) and Q; whose gates and
drains are cross-connected to each other and whose sources
are connected to earth GND, and high resistance resistors R;
20 and Ry between the drains of these MOSFETS Q1 and Q2 and the
power terminal V.o, respectively, and that are comprised of
a polycrystalline silicon layer. Transfer gate MOSFETs Q3
and Q4 are interposed between the common junctions of
MOSFETS_Ql and Q2 and the complementary data lines Do and
25 Bo, respectively. The gates of the transfer gate MOSFETs

Q3, Q4 that are in the same row are connected in common to

the corresponding word lines Wy, Wj and W, as shown in the

circuit diagram. The jpput/output terminals of the



.NCSFETS [err] and [err] and the conplenentary data |lines Do and 25 Do,
respectively. The gates of the transfer gate MOSFETs B, 4 that are in the
sane row are connected in common to the corresponding word lines [err] and

Wh as shown in the circuit diagram The input/Qutput termnals of the ..
menory cells disposed in the same colgm are con- nected to the b=

Py

correspondi ng pair of conplenentary data (or bit) lines [err] and [err] and

[err] and the like as also typically shown in the drawing. 5

The gate

el ectrodes of the transfer gate MOSFETs [err] and [err] are regarded as the

sel ection term nal

el ect r ode®BeBPTYE oTF

B pirrotRaotd ofie Sané febvlin ¢h¢ (Rbntara | i

data lines [err]

nput | out BRE T8 TP e Y TREGRterg art Of pcoffTbaadelsy 17 Tl on (he

MOSFETs [
circuit,

IS,

res) S r§ copstitut® a kiad flip- flo
?%é;oggga%?ﬁ)g %%‘:‘%% Ollsﬁ %ﬁaé %Qf gﬁ?ﬂe%ﬁ%SE%én%ii‘gntg%ate !Os di f?erent'

fromthatygfefhipafsOpeepicsil$ sRowheinr ehoaayaweaging of the term That

the resistor R of tﬁe monory cell MC descri bed above has an extrenely

hi gh r@si st ancehy agae selédatodée gfit theottansfef §EEET 2 when 20MOSFET QL
Is turned off is a little bit higher than '

MOSFETs Q, and Q, are regarded as the selection

terminals of the memory cells,_and'thg current
transfer electrodes or source-drain electrodes con-
nected to the data lines DO' 50 of the transfer

10 gate MOSFETS Q3 and-Q4 are regarded as the data
input/output terminals cf the memory cell.

In the memory cell, though the MOSFETs Q;, 0,
and the resistors R, /R, constitute a2 kind of flip-
flop circuit, the operating point in the data re-

15 tention state is different from that of flip-flop
circuits in the ordinary meaning of the term.
That is, the resistor Rl of the momory cell
MC described above has an extremely high resistance

ralue so that the gate voltage of MOSFET Q, when

20 MOSFET Ql is turned off is a little bit higher than’

the threshold voltage of Qz, in order to accomplish
low power consumption. Similarly,'Rz, too, has an
extremely high resistance value. This means that
both the resistors R and'R2 have high resistance

1
25 so that they can compensate for the drain leakage

C

-



the threshold voltage of [err] in order to acconplish | ow power
consunption. Simlarly, R2, too, has an extrenely high resistance val ue.
Thi s- means that both the resistors [err] and R2 have high resistance 25so

t hat’ they can cdnpensate for the drain | eakage current of MOSFETs Ql and
Q. he resistors [err] and R2 have a curgent supply capacity such that

t hey prevent the discharge of the data ché}ge stored in the gate

capaci tance (not shown) of MOSFET @' For 5 exanpl e, the drain | eakage
current of MOSFETs [err] and Q is typically of the order of 10-12 anperes.
The resistors R and R are of the order of about 10 giga-ohnms so as to
correspond to ¢MBrdmajmfIMQ&FEﬁgleuaménﬁ'-10The resiatatsoRgaané with this
enbodi ment, although RAM i s produced by t%e CMOS- | C techni que, the nenory
cell MC is corRjibavedafeenrent supplyia@apdcMBFETshahtiapothey!licon
resistance el enents as described above. The sizes of the nenory cells and
nenory 15 ar rexevent htke cdbseharde ehnthe fabacelarpenstoredpahed with the

case where P-channel MOSFETs are used in placg o ilicon resistance
el ements. In o?%%rgﬁbﬁd%?Pﬁﬁéﬁa%FﬁoF?%?l?ﬁ%ﬂ“ﬁe@%sﬁﬁ%ggt ézed,F?f can be
formed | MEAr S L1 LRE 9810 Ol EEREEcEreRE LEMEE¥RDI)OSTET L]
"and Q, is typically of the order of 10~12 amperes.
The resistors Rl and Rz are of the order of about
10 giga-ohms so as to correspond to the drain leak-
age current. |
10 In accordance with this embodiment, although
RAM is proauéeé by the CMOS-IC technigue, the memory
cell MC is constituted from N~channel MOSFETS
and polysilicon resistance elements as described above.
The sizes of the memory cells ané memory
15 array of this embodiment can be reducedé when com-
pared with the case where P-channel MOSFETs are used
&‘J in place of polysilicon resistance elements. In
other words, when a polysilicon resistor is used,
it can be formed integrally with the gate electrode
20  of the driving MOSFET Q, or Q,, and its own size
can be made éompact. If a P-channel MOSFET is used,
on the other hand, it must be spaced relatively far
from the driving MOSFETs Ql and 02. The use of a

polysilicon resistor eliminates such unnecessary

25 space on the semiconductor substrate.



" can ‘be nmade conpact. If a P-channel MOSFET is used, on the other hand, it
must be spaced relatively far fromthe driving MOSFETs [err] and [err]. The
use of a polysilicon resistor elimnates such unnecessary 25 space on the
sem conductor substrate. In the figure, the word line WO is selected;gy
t he out put signal which is generated 9y an NOR gate circuit Gl constitut¥ng
an X address decoder X-DCR This also applies to other word lines [err] 5
[err]. The X address decoder X-DCR described above is constructed of NOR
gates [err] and the like that are simlar to one another. Internal

conpl enmentary address signals generated by an X address buffer 10 X-ADB
receiving an exterahe gdduess sthraWol® ddne ¥lstisngedbkcdeplurality of bits
(that is, an address signal produced froma suitable circuit device, not
shown) ar ebgppheeduipus pigdusilewhiigbdisogsnraetesd by heNPRput term nal s of
these NOR gates [err] 15 In order to prevent unnecessary power consunption
at the tingate chscHéidGduEOBFELENFaRTt APodgRAERESTeRRCOA®TCel s, a timi ng

signal [err]g is applied_in commn to these NOR gates Gl _- G3, though the
arrangenenF’B§RnotggFﬁiFé&°tBPP F?scgﬁfP§§F§tV8ﬁg &%Hésdgua 20 stored in
t he segected menpry cell is supplied to

e e WL _

The X address decoder X-DCR descriﬁed above is -
constructed of NOR gates Gy, G, G3 and the like that
are similar to one another. Internal complementary
address signals generated by an X address buffer -

10 X-ADB receiving an external address signal AX con-
sisting of a plurality of bits (that is, an address-
signal produced from a suitable circuit device, not
shown) are applied in a predetermined combination
to the input terminals of these NOR gates Gl, G2, G3.

15 1n order to prevent unnecessary power consumption at
the time of the reaé-out operation through the mem-
ory cells, a timing signal ¢ is applied in common s
to these NOR gates Gl - G3, though the arrangement
is not limited to this configuration. The data

20 stored in the selected memory cell is supplied to
the complementary data lines by the high ievel
(logic "1") of the timing signal @, and thereafter the
word line that has been selected by the-read-out
operation of the stored data is put into the non-

25 selected state.



t he conpl enentary data lines by the high Ievel (logic "1") of the timng
signal ‘0, and thereafter the word |ine that has been selected by the
read-out operation of the stored data is put into the non- 25 sel ected
state., The pairs of the conplenentary data lines [err] [err] and [err]
in the nmenory cell described above are connected to common conpl enentary
data lines CD, CD through a colum switcH&ircuit G SWcon- 5 sisting of
the transfer gate MOSFETs [err] and [err] for the selection of data |ines,
respec- tively. A pair of input termnals of a read-out circuit RA and a
pair of output termnals of a wite-in circuit WA are connected to the
common 10 conpl enditeaPa ike £ ithes QPlEgmentary dader duinad Myt RA
delivers a read-out_signal to a data output termnal [err] while the
wite-in circhg ank Maceiljesi™ Hi8 R AR SiPFRATIRYDHIGRAYS rom a dat a
input termnal Din. |In the active state,. 15 the wjte-in circuit WA sends

a_conpl enent aFq &ANSfYS -q%\m%iwl%nbeﬁtﬁeryc aer'}e‘rﬂ%sry data |ines
CD, CD. The re ;'gﬁ &gﬁr C°§J'92ho%rcél%&owg%ﬁﬁ%ewévp?gﬁf‘ a control

signal Or sup Clrcul e Téead circuit RA

Fll fferentigl |y ;amldd 58 & dala s S Limddteogon cd)r?)laq{gant ary data
I nes CD . 13 1l .
le, le for the selection of data lines, respec-
tively. A pair of input terminals o: a read-out
circuit RA and a pair of output terminals of a
write~in circuit WA are connected to the common
10 complementary data lines CD, CD. The read-out
circuit RA delivers a read-out signal to a data
output terminal Dout' while the write-in circuit
WA receives a wrife-in data signal supplied from

a data input terminal D, . 1In the active state,

n

15 the write-in circuit WA sends a complementary level
write-in data signal to the complementary data lines CD,CD.
Kv) The read-out circuit RA is controlled ip Operation
by a control signal gr supplied from a control circuit
CONT. The readfdut circuit RA differentially amplifies
20 data signals of the common complementary data lines CD
and CD, and sends the amplified data signal to the &éata

. when the read~out circuit is
[

output terminal Do

in an operative state. When the read-out circuit is in

the inoperative state, tﬁe output terminal of the read-
25 out circuit RA is in the high impedance state 6r the

floating state.



and CD, and sends the anplified data signal to the data output terninal

Dout when the read-out circuit is in an operative state. Wen the read-out

circuit is in the inoperative state, the output terminal of the read- 25 .

out circuit RAis in the high inpedance state or the floating -state. .The

wite-in circuit WAis controlled in its operation by the control signaJE!

[err]. Wien opera- tive, the wite-in grrcuit WA produces a conpl enen- tary

data signal corresponding to the input data, 5 that is supplied to the

data input terminal Dto the common conplenmentary data |lines CD, CD. Wen

the wite-in circuit WA is inoperative, the pair of its output termnals

are in a high inped-, ance . f ' te. . 10 Sel ection

signals [err] an e[ev?iral]ngegelﬁiféaﬁ %%%#%?dé%ﬂdg%%dé? Y-DCR are applied

Lo the gal efediodditdSHTRD cHS calekigidl SUO titidn COIstdd ULe the

col um swi ?St(:rlso igTh_e Y ad?l;rggss decoder Y- D(%Ii S %nstpibt?%ﬂe yé NCR gat es

[err] and [tarrue, tthat waritesiim |caiirchfi ¢t Wiegntodidey .a Bieng Idneyral

conpl ementary address signals generated by a Y address buffer Y-ADB re-

cei vi ng an taaydadia widiresls asinpedpondigighha dihey iofpuwt @ateal ity of bits

(that i§, an address signal produced froma suitable circuit not shown) are
that is supplied to the data input terminal Dine

‘to the common complementary data lines CD, CD.
When the write-in circuit WA is inoperative, the
pair of its output terminals are in a high imped-
ance state or the floating state.

10 Selection signals Y, and Y, generated by a ¥
address decoder Y-DCR are zpplied to the gates of
the MOSFETs Ql3’ Q14 and le, Q16 that constitute
the column switch. The Y address decoder Y-DCR is
constituted by NOR gates G, and Gy that are similar

15 to eﬁch other. The internal complementary addfess

signals generated by a Y address buffer Y-ADB re-

C

ceiving an external address signal AY comprising
of a2 plurality of bits (éhat is, an address signal
produced from 2 suitable circuit not shown) are

20 applied in a predetermined combination to these.
NOR gates G4, GS‘

Upon receiving the control signals from ex-

ternal terminals WE, CS, the control circuit CONT
produces the internal control timing signal ¢ and

25 the like described above.



20 appli.ed in a predeterm ned conbination to these NOR gates [err]. Upon
receiving the control signals fromex- ternal termnals [err] the contro
cjrcuit CONT produces the internal control timng signal [err] and 25 the

| i ke” descri bed above. When a chip selecting signal applied to the
exterfial termnal [err] is at the high leyel,_that is, at a chip

non-sel ecting level; the internal controf4timng signal [err] is held at
the high level in response 5 thereto. The internal control timng signal
[err] falls -to the low | evel when the chip selection signal is changed to
the low | evel and a wite enable signal supplied to the external termna
VE i s changed to thé&hemva ehdlp, se@cting Hanal \arnlded topdhat i on node i s
designated. The internal 10 timng signal [err] changes to the | ow
level for a preddeanalntesnipgdi & Wedt e hiighsdied@dingbsitng®- is at the
| ow | evel under the high level state of the wite enable signal, and when

the address si gifala ARIRs ef Tide Jave lonitP s dd@nngd seateolis A
Cobi nat | on of HHIFR AN AN durt o L s e da s ] e ol e
detection g r cyiferet@at € MHe GyitdernalelcphtddC Wimingrd dra Id lgalls
-to the low level whgn the chip selection signal is changed
to the low level and a write enable signal supplied to the

- external terminal WE is changed to the low level, that is,

when a write-in operation mode is designated. The internal

th

10 timing signal ¢ changes  to the low level for redeter-

v
g

{2~
f~

the low

ot

mined period when the chip selecting singal is a2
level under the high level state of the write enable

signal, and when the address signal AX is changed

under the chip selection state.

15 A circuit for producing such a timing signal

¢ can be constituted by a suitable combination of

&\) heretofore known circuits such as address transient
detection circuits, gate circuits, delay circuits,
and the like. _

20 In this embodiment, the following circuit
elements form load means coupled to the
pairs of complementary data lines D, 50 and D, . El'

N-channel MOSFETs Q5 to Q8 which act as fixed
resistor elements are provided in the data lines D0 -

25 51, respectively. N-channel MOSFETs Qg to 0,



120 In this enbodihent; the followng circuit elenments form
| oad nmeans coupled to the pairs of conplenentary data lines [err] and [err]

N-channel MOSFETs [err] to [err] which act as fixed resistor
elements are provided in the data lines D - 25 D1, respectively.
N-channel MOSFETs [err] to [err] are connected parallel to theséﬁ

transistors [ert] [err] respectively,’$n order to speed up the inver- sion
read-out operation. The MOSFETs [err] operate continuously

when their 5 commonl y connected gates and drains are supplied with the
power source voltage Vcc The conduct ance of each of these transistors

Lerr] S SeheLoBRoSHERRChERE ey €55 tnekBR-biecarbisngd conduct ance of

the data stor%ggo err t he trans 8 MOSFETS [err]
that the di {;f er ?FQSFBQL%QM he BiaBy! %xsegpa@d ththéVgthfr the

conpl ement arg’da I nes I's determ ned by the nenory cell, becones .
suffi- CiengiMngféaé-oEQroﬁé@gﬂhen .t heneondgFETsCQ _Chapac- teristics of

t hese MOSFETs [err] throug are set 15. so thaP the hi gh | evel of the
conpl ement abpedalte Hdﬂﬂidﬂhudmy is 3.5 V and the whenl éheliris from0.5 to 1
V so that the voltage difference [err] may be as great as 3 V. The | ower
limt &f coodmmbahyeconnehtedpgates and drains are supplied

" with the power source voltage Vcc' The conductance
of each of these transistors Q5 - Q8 is set to be
sufficiently 1less than the combined conductance
of the data storage MOSFETs Q,, Q, and the transfer

10 gate MOSFETs Q3, Q4 that the difference between the
high level and low level of the complementary data lines,
wnich is determined by the memory cell, becomes suffi-
ciently great. For example, the conductance charac-
teristics of these MOSFETs Qs through Q8 are set

15 so that the high level of the complementary data
lines Do; D, is 3.5 V and the low level is from 0.5 .
to 1 V so that the voltage difference AV may be as S
great as 3 V.

The lower limit of conductance or the upper

20 1imit of impedance of MOSFETs Q - Qg is set to
values that can compensate for at least the
leakage current which develops at the junc-
tion of the transfer gate MOSFETs Q; and Q, in the

memory cell.



20  lint of

| npedance of MOSFETs [err] is set to values that can

conpensate for at |east the | eakage current whi ch devel ops
junc- tion of the transfer gate MOSFETs @B and 4 in the nenory cell.

The ¢onduct ance of each MOSFET forned on one sem conductor substrate by the
sem conductor inte- grated circuit technilfae is determned by the ratio of

its channel w

dth Wto its channel length L (i.e., WL). 5 The ra

is 5.8 [err] (refered hereinafter such as -5.8/2) for MOSFETs [err

[err] and 2.3/

is not limted to t?ﬁéec3§h88§an

2 for MOSFETs (Band of the nenory cell, though the

beqkath TMeBERLS

at the

tio WL
] and
nventi on

LRe B IS

2.3/16, for exanple, I's I'n accorgance MA?BV&ES?Ee ratios %?L of MOSFETs
Lerr] 1o [errledboygh.pebyPabbLerhee! byl LRE! Sdnkeohliheteonsntbour

each channel
t hreshol d volt
IS pos- sible

I'S arranged in the enhancenent node, and has a

ggsteé &@r8uYe dBchnigubniscaetdansaed by thesrathed
o prevent abnormal drop of the potential on the

ation,

iment, it

conpl enentary dat atki BRanfldli wgdahpwr todiseckhaantheldagahwii (g en, payLed
because MOSFETs [err] through [err] are disposed. In other words,
the data w$teTha periedW/Ehéspar# sPh/d4la (FPfesed hereinafter such as

10

15

20

25

-5.8/2) for MOSFETs Ql and Q2 and 2.3/2 for MOSFETs Q

Q4 of the memory cell, though the invention is not 1

to these values. The ratio W/L of MOSFETs QS to

Q8 is 2.3/16, for example, is in accordance with
the ratios W/L of MOSFETs Q; ¢to Q4.

Though not particularly limited to this con-
figuration, each channel MOSFET is arranged in the
enhancement mode, and has a threshold voltage of
+0.8 V.

In accordance with this embodiment, it is pos-
sible to prevent abnormzl drop of the potential on
the complementary data lines during a period such
as the data write-in period because MOSFETs Q5
through Q8 are diéposed. In other words, during
the data write-in period, the pair of data lines
that are not selected by the column switch C-SW have
their levels determined by the selected
memory cell. If, for example, MOSFETs:

Q3 and Q4 constituting the column switch C~-SW are

turned off and the word line W0 is at the selection

during 20

3 and

imited



that.-‘are not selected by the col um switch C-SWhave their |evels

det er m ned - by the selected nenory cell. If, for exanple, MOSFETs [err]
and [err] constituting the colum switch CGSWare 25 turned off. and the
word line WD is at the sel-ection 15 level, the levels of the unsel ected

data lines D and [err] are determ ned by tshe rmenory cell which is coupléﬁ*
to the word line [err] Here, the ne y cell itself that has the high

resi stance elenments R and 5 R2 such as shown in the drawi ng, does not
substan- tially have a driving capacity that keeps the data lines at the

hi gh | evel. Therefore, unlesg FETs ang arg_grovbded the data line
of  the ie¥electhe YaValfiALsTRE PPSEAREEP PakAi CAPRE Po be set 10 to the

hi gh level | bstantjally in {he float] tate. ~Lf the data |i D
and [ er 1|52 Dyepre Aeraenined B, sheSPabBEy cPEAT, anibhydfy Tong peri od

during the wwiég-%gngﬁéigﬁréﬂlgggpense Egg%?t?hfhgghgéﬁrﬁel&he | evel of the

dat a | i ne€®uBte9 'S-t 00be a Vel is reduced

shoan 1 n FREEHE R e Ao, R e R e Erent ary dat a
l'ine pet eﬂgiéﬁcﬁaasbgheﬁﬁwﬁt €He aeat:lﬂat_;,aa&ges not substan-
tially have a driving capacity that keeps the data
lines at the high level. Therefore, upless MOSFETs .
Q5 and QG are provided the data line of the k)
unselecﬁed data lines D0 and BO which is to be set
10 to the high level is substantially in the floating
state. If the data lines D, and 50 are kept i
the unselected state fo; a relatively long period
during the write-in period in response thereto,
therefore, the level of the data line of them
15 which is to be kept at the high level is reduced
abnormally by the leakage'currenﬁ. When MOSFETs
Q; and Q, are provided as shown in the drawing, \;}
however, this abnormal drop of the complementary
data line potential can be prevented, so that any
20 adverse influences upon the access time to the
memory cell can be avoided.
An internal control signal WE CS produced
from the control circuit CONT is applied to the
gates of MOSFETs Q9 through le. Therefore, these

25 transistors 09 - le-are turned off only during

»~



20 adverse influences upon the access tine to the nenory cell can be
avoided. An internal control signal [err] produced fromthe contro
Clbrcuit CONT is applied to the gates of MOSFETs [err] through [err]. -
'Thergﬁbre, these 25 transistors [err] are turned off only during t he
witesin operation (that is, when both thgchip selection signal CS and the
write enable signal WE are at the |low | evel) because the control signal WE
CSis at the lowlevel only at that tine. The MOSFETs [err] 5 are kept ON
during. the read-out operation and under the chip non-selection state.
MOSFETs [err] under the ON state constitute |oad el ements to the
correspondi ng ce|vErEiR Ty RRERFIRes thatobberidrer | Bethy the MISFEETS [err]
The conductance of the 10 |load elenent in, this case is set 40 a val ue

such that the ISBASCHEIT R (0 RIS hhyTHee seherte S HIRRY kel |
oxanpl 6, tho. VAT 15 U cRBA St AT b i BT Lot WES Cllat a
Lo TRt e VRt S Sefhd G A Sngl Ui WA 6 Y
source voll ggeoéféqrﬂe&é on \udify CHEI UL MG € OEEFd 1 b7 tdnE AaddSFETS,
“the chip non-selection state. MOSFETs 09 - le
under the ON state constitute load elements to the
- corresponding complementary data lines in coopera-
tion with MOSFETs Q5 - QB' The conductance of the
10 load element in thié case is set to a value such
that the level difference to bé set by the selected
memory cell between a pair oif complementary data
lines is as small as possible. . For e#ample, the
value is selected so that one of the complementary
15 gata lines is at the high level of 3.5 V and the
other, at the low level of 3 V so that the voltage
\_ difference AV may be as small as 0.5 V, at a pow-
- | er source voltége Vcc 6£ S'V. The conductancé. i
characteristics of MOSFETs, such as those of Qg
20 for example, are set in response to the former in
consideration of the relation between the combined
conductance characteristics with MOSFET Qs'conneCted
in parallel with Q9 and the combined conductance
characteristics of the transfer gate MOSFETs in the

25 selected mamory cell MC and the driving MOSFETs



20 for exanple, are set in response to the former in consideration of the
rel ati on between the conbi ned conductance characteristics with MOSFET [err]
-connected in parallel with Q and the conbined conductance characteristics
of the transfer gate MOSFETs in the 22 sel ected manory cell MC and the -,
driving MOSFETs .= in the ON state, #& al'so in consideration of the | evet
difference that is to be obtained between the conplenentary data lines. If
MOSFETs [err] and [err] have the WL ratios such as described 5 above, the
WL ratio of MOSFETs [err] through QL2 is set to 16/2, though the

ar r angerent, | S ptol id¥rl, thd Wisd Adiodditadmielodlidd upiice given to the

conpl enen- Tary. data nes during the data read-out operation 10 is applied

to the readrpd) @iftddeRR HHAUGE e Betomia GRI4IBesWidch MOSFETs [err]
and through the common conplenentary data Iines CD, CD. The read-out

circuit RAdias conblidmirddraldamllifigs- tiomdsrptd @ -Therefore, the
| evel difference 15 between the conplenentary data |imes né%essary for the
data read- aifid r-ato'ﬁoma_maa_/ thee flatratelos swdl s déasnyridell above. In '
t hese enbodi nents, the timng [err] described above is used in order to
bring aPl tahower dhe W4 ratio of MOSFETs Qg through Q,, is
' 'set to 16/2, though the arrangement is not limited
to this value. '
The level difference given to the complemen- i_;
‘tary data lines during the data read-out operation
10 is applied to the read-out circuit RA through one
set of column switch MOSFZTs 013 - le and through _
the common complementary data lines CD, CD. The
read-out circuit RA has a differential amplifica-
tion function. Therefore, the level difference
. 15 between the complementary data lines necessary for
the data read-out operation may be relatively small
as described above.
In these embodiments, the timing ¢ described
above is used in oOrder to bring all the word lines
20 into the unselected state after the stored data of
the memory cell MC is suppiied to the complementary
data lines and when the chip is not being selected.
Thé timing signal ¢ is at the low level (logic "0")

during the period from the start of the selection

25 of the word lines in the read-out operation to the



“

20 into-the unselected state after the stored data of the nenory cell MCis
supplied to the conplenentary - -data |ines and when the chip is not being

sel ected. The timing signal [err] is at the low level (logic "O'") during
theNgeriod fromthe start of the selection 25 of the word lines in the
read- out operation to the occurrence the predeterm ned |evel

di fference between the correspondi ng co enmentary data |ines, and during
the wite-in operation, and is at the high | evel at other periods. The
reason why the word 5 lines are brought into the unsel ected state by the
timng signal [err] after the conpletion of the read-out operation of the
stored data foooutheneepe§ the| prexiaherninedglevelt dhEfabencehe chip i s not
bei ng accessed is as follows. Unless a control signal 10 such as the tim ng
signal [err] betwsed, thaecorresprndipg| FepPdemaptaryi Aasai ipedught to the
sel ection | evel bg t he oggration of the X address gegoder X- DCR when the
chip is not benp@gluEiagtele WRAtREHDr GPRERFICBupPRY 18 fRetMBrd line at the

corpl erent ar yhHER AL PV Rbc BNAERRE BSFERIRG pora: ~oForRe b r el PofR, (i
Coe " SroEEne BreCERoMAE SThGORATNRR SoEbaRERCRLY Lhe | om0
" timing signal ¢ after the completion of the read-out
o operation of the stored data from the memory cell
~ MC and during the time when the chip is not being
accessed is as follows. Unless a control signal
10 such as the timing signal ¢ is used, one of a plu-
rality of word lines is brought to the selection level
by the operation of the X address decoder X-DCR when
the chip is not being selected. The memory cell
coupled to the word line at the selection levei
15 forms a current path between one of the-pai: of
complementary data lines and the earthing point
\./ of the circuit. In this case, therefore, a direct
current continues to flow through the load circuit
comprising of MOSFETs Qs Q9 and the like that are
20 turned ON, the transfer gate MOSFETs of the selected
memory cell MC, and the data storage MOSFETs that
are turned ON, and wasteful current increases.
When all the word lines ére brought into the non-

selection level by the timing signal & as in this

25 embodiment, all the memory cells are also brought



20 turned ON, the transfer gate MOSFETs of the selected nmenory cell M,
and the data storage MOSFETs that are turned ON, and wast ef ul current
.increases. Wien all the word lines are brought into the non- selection
l.evel by the timng signal [err] as in this 25 enbodinment, all the nenory
cells are also brought into the uniglected state in response thereto, ‘§6
that the increase of the wasteful curfént such as descri bed above can be
prevented. In this enbodi nent, since the read-out |evel of the 5

conpl ementary data lines is reduced to a mnimum necessary |evel during
read-out by reducing rela- tively the inpedance of the |load circuit of the

data |ines;{pg Pue'eﬁgéﬁéeeedtBeaeenQHCkaagsnsaaeaekeebstseS) the
i nversion read-out can done at hi gh speed. "The level of the

conpl enen- tﬁaéytﬁétﬁnétasgel6fthﬁepwastéﬂelopenﬁteﬁa gadhbgsreset at a high
speed by reducing relatively the i npedance of the load circuit during the
chip selecdegtgﬂbeeradeeaﬁdnhbécprehenne&t read- out operation 15 can be
made rapidly. At.this time, since the timng signal [err] prevents t he
occurrence of the thiseémbodimenhi, Siarepsher readsanpt ienetapfpehe
acconplished. In the wite-in_operation, on the other hand, the high and

| ow | ev2| scemplepentayyfatet hin@Fi L& Faduced to a minimum’

necessary level during read-out by reducing rela-
tively the impedance of the load circuit of the
data lines (or by increasing the conductance
characteristics), the inversion read-out can
10 be done at high speed. The level of the complemen-
tary data lines in the previous cperatién can be
reset at a high speed by reducing relatively the
impedance of the load circuit during the chip selec-
tion period, and hence the next read-out operation
15 can be made rapldly At this time, since the timing
signal @4 prevents the occurrence of the w;steful
current, low power consumption can be accomplished. | W/
In the write-in operation, on the other hand,
the high and low levels are applied from the write-in
20 circuit WA to the selected complementary data lines,
but the low level of the data lines can be reduced
to a lower potential by increasing the impedance cf
the load circuit. This makes it possible to execute
the write-in operation at a higher speed. Since

25 the impedance of the load circuit is increased in



20 circuit WA to the selected conplenentary data |ines, but the |ow |evel

of the data lines can be reduced to a |ower potential by increasing the

i nbedance of the load circuit. This nmakes it possible to execute the
writesin operation at a higher speed. Since 25 the inpedance of the |oad
circuit is increased.in this case, thewoasteful current flow ng through
all of the remaining nenory cells MC coupled to the unsel ected

conpl ementary data |lines can be reduced. Therefore, |ower power consunption
can 5 al so be acconplished. The wite-in operation can be nade at an arbi-
trary timng by the wite enable signal WE. There- fore, when the wite-in
operation is rdciesase., ithe wWamiefyl t aprerent ehdpwing Hehpeedvd whi ch
brings 10 the word lines into the unsel ected state after the passage of a
pr edet er ni ned adey i B HAFLIENG (MFROR | 1 DT FAHRIDER et i on of the

read-out op- eration of the stored data of the nmenory cell . MC, as in the
read- out oper &N%PPIHGHR 1 iSRRI atf[ﬁ;i’cf‘ep%vﬁﬁn B%e control

signal [err jed.to f E I's
chgngeal[ol e. ! T%gegéeu%FEéA’%fq?&%i?olr%ﬁl%?%%%%’%ﬁ‘%@f% c%)nr2 exanpl e, by
a control g gnglgd &fd | UL FBRIESents the com

The write-in operation can be made at an arbi-

trary timing by the write enable signal WE. There-
fore, when the write-in operation is necessary, it
is not suitable to employ the method which brings
10 the word lines into the unselected state after the
passage of a predetermined period from the start
of selection to the completion of the read-out op-
. eration of the stored data of the memory cell MC,
as in the read-out operation, thereby reducing re-
15 gquired power. |
The control signal WE-CS applied to the gates
\~/ . of MOSFETs Q9 through le is changeable. These
MOSFETs lef le may also be contrelled, for example,
by a control signal WE-CS which represents the com-
20 bination of the chip selection signal CS with the
write enable signal WE. When this control signal
WE-CS is used, MOSFETs Qg - Q;, are turned ON
in the chip seiecting state (that is EE: low
level), and the read-out operation mode (that

25 is, WE: high level). Even when the control signal



20-bination of the chip selection signal CS with the wite enabl e signal
[err]. Wen this control signal [err] is used, MOSFETs [err] are turned ON
in the chip setecting state (that is CS: |Iow level), and the read-out
operation node (that 25 is, WE: high level). Even when the control signal
is thus changed, it is possible to oQ#an the signal level difference
necessary for the data lines at the t of read-out and wite-in
operations. The power consunption does not substantially change. 5

. However, when the control nethod of MOSFETs [err] [err] is changed in this
. manner, it is to be noted that the access tinme of the nenory unavoi dably

becones reﬂsatgrh\(g X:Ha‘i‘%,-' fROri £X508Y £h1 e dies Gl thesed gfddon signal 10

[err] is brought to the non-selecting |level after the execution of the data

wite-in opRsAl IQIEs Ml ndiddary afer ke d¥fa iTidde Hmme way as in the
data wite-1n operation. In this case, the data line that has been set in

advance t agde ibe |V deasiodty drie wiehsyirc edperaighs, plTheal ity of data
lines starts changing to the initialize |evel of the high level due to

MOSFETs [ @soWer ddmsumgptidrhelasmmpthosspetmahtofalle dlmdevel data line is
great| )é ! iHrgJe%jerby v}'hheen ptar{easéotrifr:laprr?:élggdn Coef Ob];OSFETs Qs -
£ : 9
612 is changed in this manner, it is to be noted
that the access time of the memory unavoidably
becomes relatively longer.
For example, when the chip selection signal
10 TS is brought to the non-selecting level after
the execution of the data write-in operztion,
MOSFETs Q9 - le are kept OFF in the same way as
in the data write-in operation. In this case,
the data line thét has been set in advance to the
13 low level by the memory cell among a plurality of
data lines starts changing to the initialize level -
‘of the high level due to MOSFETs Q5 - 08. However, QJ/
the changing speed of the low level data line is
' greatly limited by the parasitic capacitance of
20 each data line and by the small conductance of
MOSFETs Qs - QB' As a result, each data line is
not always at a satisfactory initialize level when
the chip is first accessed for a data read-out

operation. A satisfactory initialize level is

25 ensured for the first time by the ON operation of



20 each data line and by the small conductance of- MOSFETs [err]
each data ljine is not always at a satisfactory initialize |evel
when-the chip is first accessed for a data read-out operation. A
satLé}actory ini'tialize level is 25 ensured for the first tine by

result,

operation of

thi s enmbodi nent,
Ther ef or e,

As a

ihe ON

MOSEETs [err] through Qi 4hen the chip is first ac- cessed
for a data read-out operation. Wien the control signal [err] is used as in

MOSFETs [err] -are turned ON 5 when chip accessing stops.
each data lines is set to the satisfactory initialize |evel when

the chip is not being accessed; hence, rapid read-out becomes possible.

Enbodi nent 2 MOSFETS Qg fhrough 2,o Wben thieaGham dfofitk§tadSher
of the data |ine | ag circuyit ig t gogﬁhoéy array. GCrcuits not shown in
Fig. 2 are subSSERE ZPFy & & 8afER oSk ?ﬁ&m;‘i'n Fig. 1. 15 I'n
this enbodi nent, a_seri circuit .cCQUII §- o=h . a P-channel MOSFET [err]
and an N-channel fET -OF (:Qn%rlog. (,Sg‘%ﬁgét ei’(? iEﬁ gar 558 &R ¢/ the | oad

circuit showntthF
characteristics of

5

10

15

20

25

when chip accessing stops. Therefore, each data
lines is set to the satisfactory initialize level
when the chip is not being accessed; hence, rapid
read-out becomes possible.

Embodiment

Fig. 2 is a circuit diagram showing another
example of the data line loaé circuit in the
memory array. Circuits not shown in Fig. 2
are substantially tﬁé same as those shown in
Fig. 1.

In this embodiment, a series circuit cqmpris-
ing a P-channel MOSFET 018 (020) and an N-channel
MOSFET Ql7 (ng) is connected in parallel with the
load circuit shown in Fig. 1 in order to improve
the power source dependency characteristics of the
read-out level (4V). The power source voltage Vee
is applied constantly to the gate and drain of the
N-channel MOSFET 017 (ng) in the same way as in
the embodiment shown in Fig..l. Since the internal

control signal WE-CS is applied to the gate of the

P-channel MOSFET Q18 (QZO), this transistor is'

exanpl e

iegﬁgﬁ 1Rn?, ISR TSR0\ d e RARL AW of dependency



20 read-out level [err]. The power source voltage Vcc is applied
constantly to the gate and drain of the N-channel MOSFET [err].in the sane
way as in the enbodiment shown in Fig. 1. Since the internal” control signa
[err] is applied to the gate of the 25 P-channel MOSFET [err] this “
transistor is 23 turned ON duri ngéd%e read- out operation and the chip \u
unsel ected preriod and is turned OFF ring the wite-in operation in the
same way as the N-channel MOSFET [err]. 5 Next, the purpose and the
construction of such a series circuit of MOSFETs [err] and [err] will be

expl ai ned. The conbiged,cong ctancg %inpedanc ). of the N-channel MOSFETs
[err] and [8FPRdt BYt 9Yrérdo Hﬁrﬁga 0 6y°Pﬁ§a36R€ra§ urce vol tage Vcc and

t he control sggﬁg£héﬁréﬁegﬁégggﬁggxoghgngowgrtggg@geo§gltage Vce is

relativelthF i'ned conductance can be regarded as

keeni ng su?g&ﬁgéigk%ngig g§hagbe¥gkggniﬁﬁegngc%émgrggytgg drop of the

power 15 ol'tage [err] n contrast, t ving MOSFET [err] and -
the transfeg0RLenNREETMDSEFER Bf tBe .yenory cell MC are dropped with those

gate valtage in response to the 8rop18f'the power source voltage

5 Next, the purpose and the construction of such
4 series circuit of MOSFETs ng (QZO) and Ql? (ng)
will be explained.

The combined conductance (impedance) of the 'EJ‘

N-channel MOSFETs Q5 and Q9 (Qs, Qlo) that are

10 turned on by the power source voltage Vcc and the
control signal WE-CS formed by the power source
voltage Vcc is relatively great; hence, the combined
conductance can be regarded as keeping substantially

a constant value irrespective 0f the drop of the power

15 source voltage vcc' In contrast, the driving MOSFET

Qy (02) and the transfer gate MOSFET Qg (Q4) of the
memory cell MC .are dropped with these gate valtage in
response to the drop of the power source voltage
Vcc' so that their conductance reduces relatively

20 greatly. For this reason, the level 6f the .data
line to be set to the low level between the complemen-
tary data lines D0 and 30 risgs toward the high level
as represented by broken line in the power source
vcltage characteristic diagram of Fig. 3 because

~

25 the ratio of conductance of the load circuit to



<

V , so.that their conductance reduces relatively cc 20 greatly. For this
reason, the level of. the data line to be set to the |ow |level between the
conpl.enen- tary data lines [err] and [err] rises toward the high | evel as
repregented by broken Iine in the power source vcltage characteristic

di agram of Fig. 3 because 25 the ratio ok, 6 conductance of the load circuit

to that of the nmenory cell changes wh “# he power source voltage Vcc.
drops. As a result, the level difference (AV) inported to the conpl enentary
data lines [err] and [err] by the nenory cell, becones small, 5 and the

margin of the read-out |evel deteriorates. The decrease of the voltage
di fference betvekat t®€ the meneey @kl t ShaANEHS A eMdERS rRBYRY change of the

conductance ratio can be substantially pre- vented PX FETs [err] and
[err]. 10 SQEECP-CPhFREE Y@E%é%o%iB AhstiTetRsta YRfile%Bt e i npedance

| t which i ' to th h th | t
R R T

rou o the |pow | eye r&n ead- a e edance a
t ni sgti me is i nttR3%e obiﬁgugeg?%e@%%tlg&g%%r%%f%f a%‘g?/%lp %gse&%si ?Ie)duced to

smal | levelsin [esPoRsent Pgileofl ORe Ofed PO EEvEPUEE e PbL 208 (€T T ]
- The decrease of the voltage difference between
the data lines due to such an undesirable change
of the conductance ratio can be substantially pre-
vented by MOSFETs Q9 and QlB'

10 The P-channel MOSFET Qg constitutes a vari-
able impedance element which is responsive to the
change of the power source voltage Vcc‘ This transistor
le is turned ON when the control level WE.CS is brought
to the low level during the read-out operation. The

15 impedance at tnis time is increased because the gate-
source bias voltage is reduced to small level in response

\/ to the drop of the power source voltage V..

The N-channel MOSFET Ql7 substantially con-

stitutes a2 level shift element. The high level

20 given to the data line Do is substantially limited
to a value Vcc - Ven limited by the threshold:
voltage vth of MOSFET 017. The restriction of the
high level of the data line Dy provides the follow-

ing advantage.

25 The gate-source voltage of the N-channel MOSFET



The N-channel MOSFET QL7 substantially con- stitutes a |evel shift elenent.
The high level 20 given to the data line [err] is substantially limted to
~a value [err] limted by the threshold voltage Vth of MOSFET [err] The
restriction of the high level of the data |line Do provides the follomh.ing
advant age. 25 The gate-source_voltage of the N-channel MOSFET -+
[err] that conStitutes the colum <%t ch C- SWshown in Fig. 1 is reduced if
the signal to be transferred is at the high level. Therefore, MOSFET QL3
cones to possess a relatively hi gh i npedance for the high 5 level signa

that is to be transferred the tran- si-stor. he data line-Dis at the
hi gh | evél,; that r%ﬂiéﬁ‘te‘rt‘é&?éecp’tﬁ q¢ “Hhtsd”’strcdhaﬁ %’\l aﬁm"g}red to t he common

Pt gh | ST e N e et ¥, el o 10 SRRy | ow [ evel by

ow i mpeddncts iien HATH 44 fived TR T SR s e oo As a )

evel  shith RAOTHERE % 4003 y%ﬂ{?‘ Bl e iy caced. | The

incregses; dif) id¥gnal that is to be transferred by the tran-
sistor. If the data line D, is at the hiéh level, B

the transfer speed of the data signal ﬁréhsferred

to the common data line CD through MOSFET Q4 be- '

comes relatively lower. -

10 If the high level of the data line D, is re-

duced to a relatively low level by MOSFET Q,, as
described above, MOSFET Q13 comes to pgésess a
relatively low impedancé—wheh it is turned ON by

the selection signal YO' As a result, the transfer

15 speed of the data signal can be increased.
The level shift voltage—caﬁsed by the N~
channel MOSFET Q17 substantially increases the im- | oA
pedance change ratio of the P-channel MOSFET Qlé as the
variable edance element. Thus, the power soﬁrce

50 Voltage V__ is supplied to the source of MOSFET Q8

cc
after its level is shifted by MOSFET Q.- There-
fore, when the power source voltage V;; changes,

the relative change raﬁio’éf the voltage applied'

across the source and gate of MOSFET Q18 becomes greater

25 than the change ratio of the power source voltage



6edance change ratio of the P-channel MOSFET [err] as the variable

| npedance el enent. Thus, the power source 20 voltage Vcc is supplied to the
source of MOSFET Qafter its level is shifted by MOSFET [err] There- fore,
wheyp t.he power source voltage Vcc changes, the rel ative change ratio of the
vol t™¥ge applied across the source and gatiwof MOSFET Q18 becones greater 25
than the change ratio of the power sour @8 ol tage [err] of its own.

As a result, the inpedance change ratio of MOSFET QL8 becomes greater. In
this enbodi ment, since a P-channel MOSFET [err] [err] ) whose conductance
beconmes smaller with the 5 drop of the_ power source voltage Vcc is

provi ded, congpsefibks oPWRhe Bondi FegutbndbbeahBRedABFACcERRNEE| cs of the

| oad circuit becomes possible. Therefore, the read-out |evel (AV) of the
menory cel | MRti® 96 MRPTET Bsg NEFAPEy SbREESAt as 10 represented by
solid line in Fig._3. nc FETs, [err] and [err] are Erovided, t he

conduct ance of NCSFETt%i?remB% tPeBEY ébg9§ i s@fLPBnﬁS sHAFFETQ; gan t hat
T5 "sams as Kool nbaet frodeuctahSs; BEEBRks  Ehoy)Br Pt BREVPE 1Tl 1T
and [err]Sca”dﬁéﬁug?_Eﬁé YBLeFSs8hralovbl eagelV, 3id/ gravgaed) 2,
respectively. e P-channel
compensation of the combined conductance
characteristics of the load circuit becomes possible.
e Therefore, the read-out level (AV) of the memory
cell MC can be kept substantially constant as.
10 represented by solid line in Fig. 3. Since MOSFETs
Q9 and Qia (ng{ 020) are provided, the conductance
of MOSFST Q9 (Qlo) described above is set to be
smaller than that of MOSFET Q9 shown in Fig. 1.
If the memory cell in this embodiment is the
15 same as that in the first embodiment, the W/L ratios
of MOSFETs Qg / Q9 and 018 can assume the values of about
<,/ 2.3/10, 3.3/2 and 25/2, respectively. The P-channel
MOSFZT Ql8 has a threshold voltage of -0.8 v, for
example. The W/L ratio of MOSFET 017 as the 1evel
20 shift element is set to be about 67/2, for example, so
that its impedance is sufficiently smaller than
ehe impedance of MOSFET 018' though this is not
particularly limited to this configuration.

In accordance with this second embodiment, the

25 current path formed by MOSFETs 017, ng and the.



MOSFET [err] has a threshold voltage of -0.8 V, for exanple. The WL ratio ~
of MOSFET [err] as the level 20 shift elenment is set to be about 67/2, for
exanpl e, so that its inpedance is sufficiently smaller than the inpedance .
of MOSFET Q18 though this is not particularly limted to this 'i/
configuration. In accordance wth thhfygecond-enbodinent, the 25 currenty”
path formed by MOSFETs [err] and the current path fornmed by MOSFET [err]
are simultaneously turned ON and OFF by the control signals WE CS and VECS,
respectively. Both MOSFETs [err] and [err]are of the N-channel type and
their gates are connected 5 to their drains. In other words, both MOSFETs
QL7 and [ ecnfrans padheiosmescbyd MOSTESY & qr AreVserEL t@peemslive el i mi nat ed
by increasing the i npedance of MOSFET QL7 L_ikewiseb MOSFET [err] can be
el i m nat edturoREveON apg PFE RESERPs COSLFPLafd Ir&ls| War £SeBPfi nat ed, the 10
foll owi ng must_be taken intqQ consideration. Since the source potential of
MOSEET [ er ME *CS .y E85PEG LY SPSFEP r#P%ﬁ%?% Pgd @R Qg BF&r eased
drastically _ at_ a relatively earl t age .of the start of drqp .of the power
sour ce voIngéhFePFf.aPHe&tﬁgpelénﬁoi%§friﬁ@nfﬁrﬁgﬁtc§ﬁﬁﬁF&€& to the data
i ne [eer] Lhiaugh NPSERL.[ el oieeieartasd duldn Hdoketis! iy Lhe drop of the
power sdurce volfage Vcc™  The current 17 ;
and ng are diode~-connected. Therefore, MOSFET 09
can be eliminated by increasing the impedance of
MOSFET Q- Likewise, MOSFET Q,p can be eliminated.
 However, if the MOSFETs Qg and Qo are eliminated, the
10 following must be taken into consideration,
Since the source potentizl of MOSFET Q18 is
reduced by MOSFET Ql?' its impedance is increased
drastically at a relatively early stage of the start
of drop of the power source voltage Vcc‘ In other
15 wo;ds, the current supplied to the data line D0
through MOSFET le decreases drastically with the
drop of the power source voltage Vcc' The current A
path of MOSFETs 017 and Ql8 is substantially cut
OFF when the power-source vcltiage Vcc is substan-
20 tially equal to the sum of the threshold voltages
of these two transistors. Therefore, when the power
source voltage Vee drops, the low level of the data
line Do determined by the memory cell drastically

drops. This means that the voltage difference be-

25 tween the data lines D, and 50 increases with



path of- MOSFETs [err] and [err] is substantially cut OFF when the
power - source voltage Vcc is substan- 20 tially equal to the sum of the
threshol d voltages of these two transistors. Therefore, when the power
source-voltage Vcc drops, the low |l evel of the data line D determ ned by
the menory cell drastically drops. This ?;ans that the voltage difference
be- 25 tween the data lines D and Z I ncreases with a drop in
t he power source voltage [err] However, the increase of the |evel

di fference between the data lines [err] and [err] neans an increase in
the time of change of each data line fromthe high 5 | evel to the | ow and
vice versa, and Aednepalifothe paeertaseurmet Mel&sges¥ Li-ne of the menory
during continuous read-out operation .of a plurality of data. Therefore,
when the increase oHovheezcctbs ipmpeeare10f the AewBlydééfprescaot desired,

It is desireble to enploy the MOSFETs [errg and [err] as shown in Fig. 2.
The MOSFETs [ ePRFYERE FBEr fafdr hite€uPpefPSplpn™88BA ARenipEheRSCodPce

I v d rel ati ly, T for h FET
hnd [orr] preovaht tiRe BRCERFPHRI 85 KaFBagachr the FEGEI TRE BaERI cronce
bet veen the daigubins LRErLod"dnbobibeDtayall Lkt Relts! BEsghange of

| npedance of
an increase in the access time of the memory

during continuous read-out operation of a plurality

of data.

Therefore, when the increase of the access time of
10 the memory cell is not desired, it is desireble to employ

the MOSFETS Q9 and QlO as shown in Fig. 2. The MOSFITs Qg

and Qlo form a current path even when power source voltage

Véc drops relatively greatly. Therefore, the MOSFETs Q9
and Q10 prevent the undesirable increase of the level
15 gifference between the data lines Do and Bo brought
forth by the change of impedance of MOSFET Q8-
N4 _ The circuit shown in Fig. 2 can be modified.
For example, it is possible to connect directly the

source of MOSFET 018 to the power source terminzl

20 Vcc and to interpose the diode-connection MOSFET

017 between the drain of 018 and the data line DD'
If this change is employeéd, the impedance change
ratio of MOSFET le becomes relatively small.

-

Embodiment 3

25 Fig. 4 is a circuit diagram showing still



The circuit shown in Fig. 2 can be nodified. For exanple, it is possible to !

connect directly the source of MOSFET [err] to the power sgurce termnal 20
Vcc and to interpose the di ode-connecti on MOSFET [err] between the drain of
[err] and the data line [err] If this change is enployed, the inpedance
change ratio of MOSFET [err] becom?7reLatively smal | . Enbodinent 3 25 X

Fig. 4 is a circuit diagram show ng

circuit for the data lines of the nenory array descri bed above.

enmbodi nent ,
and P-channel

still 27 anot her exanple of the |oad

In this

P-channel MOSFETs [err] and [err] connected in the latch form
MOSFETs 5 Cﬁl and [err] interposed between the sources of

the forner mnq:eeﬁ@ml% rd‘é‘e\/dl € iyeuidy £95 edé®tan pl ace of the
| oad MOSFETs (B and in Fig. 1 resEect|¥ dy The internal control signal

[err] is appinesd oo QHﬁamﬁ¥9§

only in the Mﬁlte I n_operation.. The N ETs r] and
anal ogous e&?éﬁ%d‘@\ enrsFeriage Q‘ng&%?@% “%

42 Ho
L oM G\ 30 ok ST T o
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15
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25

pr ovi
and sz interposed between the sources of the

31
former and the power source voltage Vcc are provided
in place of the load MOSFETs Q; and Q. in Fig. 1,
respectively. The internal control signal WE-CS
is applied to the gates of MOSFEITs 021, sz so that
they are turned ON only in the write-in operation.
The N-channel MOSFETs st and QZG are analogous to
the N-channel MOSFETs Q9 and Qlo in Fig. 1 or 2.
However, their conductance is set to be relatively
great because MOSFETs cof the parallel connection are
not'provided.

In this embodiment, MCSFrzTs 025 and Q26 are
turned ON during the chip nonselection state and
in the read-out operation, and the current neces-
sary for the read-out operation is supplied to the
complementary data lines D and D. In the write-in
operation, on the other hand, MOSFETs 921 and sz
are turned Oﬁ instead of these MOSFETs 025 and Q6
In this case, the read-out level supplied from the
selected memory cell to the unselected complementary

-

data lines is amplified by the positive feedback

&PMeat 10 they are turned ON

[err] are

s
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In this enbodi ment, MOSFETs [err] and [err] are turned ON during the chip
nonsel ection state and in the read-out operation, and the current neces-

safy for the read-out operation is supplied to the 20 conplenmentary data
lines\Jrerr] and [err]. In the wite-in operation, on the other hand,

MOSFETs [err] and [ectr] are turned C»?kpstead of these MOSFETs [err]and
[err] In this case, the read-out |eve™supplied fromthe sel ected nenory
cell to the unselected conplenentary 25 data lines is anplified by the
positive feedback 30 operation of MOSFETs 23 and (24 connected as the

| at ches. to the data line on

the side o;rhfcgggéd%aprté{]% ;Pg@gﬁ\%g;p%%gémgﬁ@g%&?e vi#t® cH'$ s turned 5 ON
2 Lurned OFF, Lemters Al dmperagen slat plora dhelofllg oourrence of |
Suppli ed 17 o TMETHTE &9 Ea TR VA 1 et el E ¥ it ientary data
writoin | ovel orTos R T R ey e MR TR [ Ter) s

| ess than thepofgluci e o¥r [ dnde?th [BI§R impedance state),

so that éhe occurrénce of d.c. current in the un-

selected complementary data lines in t@e write-in

~
operation can be prevented. Incidentally, since a

large write-in level is supplied from the write-in
10§ircuit WA to the selected complementary data lines,
latch MQSFETs Q23 and 024 cperate in accordance with
its write-in level.
In this embodiment, if the conductance of 021
- 024 is less than the conductance of Q25 and 026'
15 5 steady earth level may be azpplied to the gates of
| Q,, and szsinstead of applying the WE-CS signal. 1In
4 this case, gll the MOSFETs Qzl' 022, st and 026
are tqrned ON in the read-out operation, but.the
level of the data linés is determined by Q.5 and
20 Qs¢ because of the difference of conductance.
The present -invention may provide the following
effects. |
(1) A variable impedance means may be used as the

load circuit of the complementary data lines in the

memory cell array, and its impedance is reduced in



15 a steady earth level nmay be applied to the gates of [err] and [err]

i nstead of applying the [err] signal. |In this case, all the MOSFETs [err]
and [err] are turned ON in the read-out operation, but the level of 'he
data lines is determned by [err] and 20 [err] because of the difference.of
conduct ance. The_present inventbgp may provide the following effects. (I}
A vari abl e i npedance neans may used as the load circuit of the
conplementarv data lines in the nenory cell array, and its inpedance is
reduced in t he read-out operation and when the chip is not being
accessed. Therefore, the difference in level of the conple- nentary data

| ines due to the data stored in nenory nay be reduced to the mninmuml evel

necessary.epd BeSd-oat ogef:reacrﬁqggl aca?ggélvﬁ%ﬂwey cg,ﬁfljte\ id % igaile previous

operation cycle my be ¢ _ gh speed, "the nmenory operation may
be speededcdssled). TharFora VAT fdMAAGHh TRARY B the hapi1as the

|l oad circuit for the conplenentary data lines in the nmenory 10 cell array,
the inmpedaetary datacaddadsodie ito it \Fate stdrederial indory magt bany

wast eful current, otherw se occuring fromthe unsel ected conplenentary data
| i nes t hr cedincielde toeclthet ad nimmm \levell netmsdaxry.cdSimteandsetnf Itheer
power consunption nmay be acconpl i shed.

5 complementary data lines in the previous operation cycle may
be effected at a high speed, the memory ope:ation_may be.
speeded up. : o
(2) Since a variable impedance means may be used as the
load circuit for the complementary data lines in the memory

10 cell array, the impedance is increased only in the write-in
operation so that any wasteful current, otherwise occuring
from the unselected complementary data lines through the
selected memory cell, méy be reduced and hence lower power
consumption may be accomplished.

15 (3) In the read-out operation of the memory cells, the
word lines may be brought into the non-selection state after
the read-out of the data stored in the memory cell to the
complementary data lines and in the chip non-selection
period, and occurrence of a_wasteful current, which would

20 otherwise flow from the complementary data lines through thex
memory cell, can be prevented. Therefore, lower power
consumption may be_accoﬁplished.

(4) Due to the synergistic effect of (2) and (3),
extremely lower power consumption may be achieved.

25 Although the invention has thus been described with

reference to particular'embodiments thereof, the invention



15 (3) In the read-out operation of the nenory cells, the word |ines may
be brought into thes.non-selection state after the read-out of the data
strored in the menory cell to the conplenentary data lines and in the chip
non-sekection period, and occurrence of a wasteful current, which would 20
ot herw se flow fromthe conplenentaryWSQta | i nes through the nenory cell
can be prevented. Therefore, |ower po consunption may be acconpli shed.

(4) Due to the synergistic effect of (2) and (3), extrenely |ower power
consunption may be achi eved. 25 Al t hough the invention has thus been
described withgr r 4768 ¢ fobd e di r eqQf ._pvention
32 is not Iinife B?hgretohgugﬁggﬁ&%L%%ﬁagggd%%Egkégkggeggiﬁoég?ﬁggsqaays.

For exanple, theidRE0WYyes! ! FW%Ye&_%%ﬁies,t 2hieC membRyf LRR1ChaGUNEeN8VisRE L c
conbi nati on of P-channel  MOSFETs wi th N-channel NCgFETs. Thé | oad MOSFETs

[err] to [errflipafibp zirepliaCaaving aSicohdiaati®ans s pekhannkd! MosFEgan.
The precise construction of the nenory cell array and the precise circuit

construction efitht ¥-ghannedr MOSFETSUI t Than lbade MOSEETS b? ol RgUMakobes.
MOSFETs [err] and [err] .shown in Fig. 4 may be replaced 10 by MOSFETs QL7
through [erY] repdncefiohy resitisganze meanisesmehoey pellysildwoni.n Thes. 1 and
2, the flip-flop circuit conprising of the high resistance el enents
precise construction of the memory cell array and the
precise circuit construction of its peripheral circuit can
N be embodied in various forms.
MOSFETs Q35 and Q2¢ shown in Fig. 4 may be replaced
10 by MOSFETs Q37 through Qz¢9 such shown in Fig. 2.
In the memory cell shown in Figs. 1 and 2, the
flip-flop circuit comprising of the high resistance elements
Ri, Ry and MOSFETs Q;, Qz, can be replaced by a CMOS type
flip~flop circuit consisting of two CMOS inverter circuits
15 whose inputs and outputs are cross-connected. In other
words, the memory cell ﬁsing a high resistance element
g‘/ (hereinafter called a "high resistance memory cell”) such as
those used in the foregoing embodiments can be changed to a
CMOS type memory cell. A CMOS type memory cell needs low
20 power consumption in the same way as the high resistance
memory cell. In a CMOS memory cell, the:MOSFETs that cor-~
respond to the high resistance elements constitute active
load elements. Therefore, the CMOS type memory cell has a
relatively large driving caéacity for the daté lines that
25 are to be raised to the high level, unlike the high resis-

tance memory. The drop of the level of the unselected data

lines in the data write-in operation can therefore be sub-



Rl, R2 and MOSFETs [err] can be replaced by a CMOS type flip-flop circuit
consisting of two CM3S inverter circuits 15 whose inputs and outputs are
cross-connected. In other words, the menmory cell using a hi‘gh resi stance
el ement (hereinafter called a " hi gh resistance nenory cell") such as those
used in the foregoing enbodi nents ? be changed to a CMOS type nenory !
cell. A CMOS type nenory cell need ow 20 power consunption in the sane
way as the high resistance nenory cell. In a CMOS nenory cell, the MOSFETs
that cor- respond to the high resistance elenments constitute active | oad
el enents. sintcialley prevdAisd thypetieneNos Ceype hismary eeall velphdu-ge
driving capacity for the data lines that 25 are to be raised to the high

| evel , unlfideee t Iwhdn (the CNGS e ememomy YceTheisirugpedf MOSFEE g of the
unsel ected data lines in the data wite-in operation can therefore be sub-
stanti al | yehgrangintQgl showhelrONORS y e arsho? ynae|be dgketed fore, when the
CMOS type nenory cell is used, MOSFETs [err] through Q8 shown in Figs. 1
and 2 may be del &th&i PrEfReH; eﬁbﬁnﬁ#ﬂférﬁqurp%a??ﬂel%ﬁ)Mi%lm%l%oQo MOS 5

4 Al
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1. An MOS static RAM conprising: a plurality of static nenory cells a
pair of conplenmentary data lines to which data input-output termnals of
the:static nmenory cells are connected: a pluraly [ t-0 whi ch
the seJection termnals of the static rrennrmmg"l"gmg"gﬂgﬁﬁneﬂ ed,
respec€tively; variable | oad nmeans bet weend4 power teer.mi na e circuit
and the conpl enect4EMy data |ines, respectively, the variable | oad neans
bei ng adapted to be controlled such that their inpedance becomes higher in
a data wite-inlopersni¥0StsbtatitbeRAMpedmpcesihgreof in a data read-out
operation; selection neans for selecting one of said plurality of word

| ines; control meansaf@lueehityl pfngtanecsnemeryfcehbsword line in the

read-out operation so that the selected state of the word line is held
during a period fronttR2iEaf ofopRLeaens@ryonddtat Heliis d t9 nehight hdata

time when there is a predeternined difference in the | evel difference

bet ween the paitPRYEEOMHPHentERPIRRLE | Pg‘est}fﬁ e & g B8 BOT Yac 8L d&ncare
wiith the dataf%éyegklg the static menory cell to which the word line is
coupl ed, the wot 15he %‘ei ng brought into the unselected state after the

period. 2. AN M35 o STALd £a1 FAY ACCRLPa"% 1485 Clel MuntchUT EHE" selection

terminals of the static memory'cells are connected,

respectively;

variable load means between a power terminal of the
circuit and the complementary data lines, respectively, the
variable load means being adapted to be controlled such
that their impedance becomes higher in a data write-in
operation than the impedance thereof in a data read-out
operation;

selection means for selecting one of said plurali;y of
word lines;

control means for controlling the state of the word

{v/ line in the read-out operation so that the selected state

of the word line is held during a period from the start of
the selection of the word line to the time when there is a
predetermined difference in the 1level difference between
the pair of complementary data lines to be changed in
accordance with the data stored in the static memory cell
to which the word line is coupled, the word 1line being
brought into the unselected state after the period.

2. An MOS static RAM according to c¢ldim 1 further



%

conprising; a control circuit for controlling the variabre toad means, each

of the variable | oad neans conprising a reS|s mng a
current path between a correspondi ng conpl ene g!ﬁ"@ muu&@und the power -
termnal, and a first M SFET whose ga eI ectra so as to, .
receive the out put signal of the control circuit the first M SFET being Y

adapted to kompwiBa®gqn d NcéntLEU- Ok cAREr BbirORohitebehY nlgd they B e CdyYENt
pat h between the conplenentary data |ine and the power. term nal and being
adapted to heaBiumeathof f eapht lef Wwehé eviariapaeatlicnd means Aeohipbistialgl a RAM
according to claim2, wherein each of the static nenory cells conprises a
pai r of MOSFEBS shepeegaedeaeh tir fiareingt rodenzrenutpathy kovtossen a

connected, | oad el enents connected to the drain el ectrodes of the pair of
MOSFETSs, anGOa‘I’[q%@PQr’-%t € anskerepdafien datea dllei-lma elt@@d r Gdees powere

pai r of MOSFETs and the conpl egqentary I ne. An MOS static RAM
accor di ng tBeé'I‘“af'l”rﬁ]Z ora't‘falam Wiy e”ﬁ%gggh BP°Fﬁe E3h8 Mesesrdeanice

elenents is BS sijlicon r |stance e
c

accor di ng t8°8 °d SRhé&feit? FE58H t“rei'énet3 °e‘§'slp§‘ttarf5'§"@l\{gsr?etﬁt'§;[%fﬁ°’htr°l
di ode- connegt ad, fiiyl $heMpFigt | ﬁhﬁ]%” e dBP4% 6 tfurpr‘xneAVCBn gatlc

RAM according to. claimb5 which es a pair conmon

conpl enent aggadahad difr@thd NEREraBY Ul dbd B ELR - BREVBERH it tyeen

conplementary data |lines and the pair of common conpl enentary data |1 nes,
the complementary data line and the power. terminal and

being adapted to be turned off in the write-in operation. e
3. An MOS static RAM according to claim 2, wherein each
of the static memory cells comprises a pair of MOSFETs
whose gate and drain electrodes are mutﬁally cross-
connected, load elements connected to the drain electrodes
of the pair of MOSFETs, and a transfer gate MOSFET between
the drain electrodes of the pair of MOSFETs and the
complementary data line.

L. An MOS static RAM according to claim 2 or claim 3
wherein each of the load and resistance elements is a \J
polysilicon resistance element.

5. An MOS static RAM accordiné to claim 3, wherein each

of the resistance elements has a diode-connected first
MOSFET in the enhancement mode.

6. An MOS static RAM according to claim 5 which further
comprises a pair of common complementary data lines and

third and fourth MOSFETs between th_e complementary data

lines and the pair of common complementary data 1lines,



325 respectively, the third and fourth MOSFETs be ceive

sel ection signals af the gate el ectrodes thereof Lli% ﬁF“i uﬂjumrd and
feurth MOSFETs having a channel conductivity types on by a
sel e"ﬁg on signal" of a level substantially ual to the power source voltage
of tMe circuit. 7. Al static accordi ng .tq cl.ai wherein the
pair of N[)SFETS"SFP(?:S(PB{V%&?W)F eltlhi}%d ac"ﬁjg f‘?‘?ﬂ M%t %lﬁé@%ﬂ/@
t he sane channel %OHQ@ﬂgg@ggg{g e 1sA%t statgc RAM %%ardl to

. 8. | y
one of. claims 2 E5 5 Whereih eac %%gf’ﬁe vari abre F8%8 TaSSSTPaefnahereot.,

conpri ses a |eV%|§|§ ?i ﬁi‘ eé@‘g'%tlxiwnﬁﬁge‘jf&?rt?ﬁribﬁfsﬁ'%%{'chr&%ifnigr Sk th?ﬁ\';b-@yl

and the first M as a channel conductivity type I's turne

a gate potentiakofliudtiQuely e aMidh | ¥sediaheliOohNByCdl tefd 1RQUSN &ligdfal
the circuit. 9. An MOS static RAM according to claim8, wherein the |evel

shift elenent igfbal el hulsotdrei &l B¢t eqdalotot Raef iposie rMsQuirteaRth Iithiye
power termnal. 10. An MOS static RAM according to claim8 or claim?9,
wherein the | evelf thief cielcatent i s a di ode-connected second MOSFET. 11. An
MOS static RAM according to claim 10, wherein the second MOSFET and t he
pair of MOSFETs7ef edoh M@Srosyaddic RéMe agcordiimel tonddetdmviG ywhgpein the

opposite to that of the :
pair of MOSFETs of each memory cell and the third and

fourth MOSFETs have the same channel conductivity type.
wa 8. An MOS static RAM according to any one of claims 2 to
| % wherein each of the variable load means further comprises
a level shift element connected in series with the first
MISFET, and the first MISFET has a channel conductivity
type which is turned on by a gate potential of a level
substantially equal to the earth potential of the circpit.
9. An MOS static RAM according to claim 8, wherein the
‘level shift element is between the source electrode of the
first MISFET and the power terminal.
10. An MOS static RAM according to claim 8 or claim 9,
wherein the level shift element is a diode-connected second
MOSFET.
11, An MOS static RAM according to claim 10, wherein the
second MOSFET and the pair of MOSFETs of each memory cell
have a channel conductivity type opposite to that of the
first MISFET.
'12; An MOS static RAM according to claim 8, wherein each

variable load means further comprises a second MISFET which



first MSFET. 12. An MOS static RAM according to .claim8, wherein each
Vvariable | oad neans further conprises a secon\?\u“mHmnﬂ”“mul 37 *
‘ICLMS* forms a current path betweep_the po he

conpl enentary data line in the read-& operatitn,¢tte $ecdnd* M SFET being,
adapted to be turned off in the wite- in operation, the second M SFET

having a chéewis EorkMRISRE t pathpebopweent &heo RORAT oterménpls #nd SEET.

13. An MOS statjc txge RAM according to claim 12, wherein the |evel shift
el enent hasComR} euelEsR¥ecdrbet Hiine I\/EBFE‘T’"ﬁav“erﬂji eP‘bhaﬁr?@l”éd‘rﬂibctF bety

he f F T 14. A
;gggrgpggslt%e%c}'gq w%!?ﬁ] f’ﬁgpgl:rﬁ lpl £ § 0 Bfai trurd?em ‘boﬁlb? ‘F’)rﬁﬁf'ﬁry
data |ines, %mg;r t@lggd fltfh': X dfFI% bﬁrI‘Aﬁ‘-eﬁ'Tt I"hea eé)e/me?% hig

| i nes and tlhe co n conpl’enen a linés, respectl i’h and
fifth MOSF e, s€ | t ate

el ectrodes%%éreo@vgggﬁé%éje ﬁp %ﬁt?htgngﬁﬂ:f?ﬁ %FE#‘; Eal\‘niﬁg ?he sane
channel comict i tMogYBRadsct RFbeORAM G RIU G AN tdN & L '\@FEJﬁeréil?n AN

MOS static RAM according to claim 1 wherein the variable | oad means has
first and sgoonledMBFEHsfbetlearnithdgeovwerdicddr diinddited atfi E@NBPOSPENt ary

data |ines,
having a channel conductivity type opposite to that of the
first MISFET.
14, An MOS static type RAM according to claim 13 further \')
comprising a pair of common complementary data lines, and
fourth and fifth MOSFETs between the complementary data
lines and the common complementary data lines,
respectively, the fourth and fifth MOSFETs being adapted to
receive selection signals at the gate electrodes thereof,
each of the fourth and fifth MOSFETs having the 'same
channel conductivity type as that of the second and third
MOSFETs.
15. An MOS static RAM according to claim 1 wherein the .
variable load means has first and second MOSFETs between ~
the power terminal and said complementary data 1lines,
respectively, the gate and drain electrodes thereof being
mutually crbss-connected, and third and fourth MOSFETs
between the power terninal and said complementary data
lines, respectivelj. each of the third and fourth MOSFETs

being turned off in the data write-in operation and being

turned on in the data read-out operation.

&



respectively, the gate and drain el ectrodes thereof being nutual
cross-connected, and third and fourth MOSFETs bﬁlmﬂmmimmterm nal
ahd said conplenentary data lines, respectively rd and
four{ h MOSFETs being turned off in the dqgg wité-ih dpefatfon®and being

turn on in the data read-out operation. 16. An MOS static RAM
according to clgém lhnWadshstettibBe RAMORBRICoTFI N fdd cnehisi X6 hwhDOREFarther
connected in series with said first and second MOSFETs, each of said fifth
and sixth MOSFEdempeisgs cOnFLbl hed sdxitthatMOSFETS taonmesttosd aiml séfies with
substantially the same tine as the third and fourth MOSFETs. 17. An MOS
static RAM accosaidgfipstingndneecdnd WMOSFETedi agch| af nsaidhEifth and sixth
sel ection means includes anh address_decoder adapted to generate sel ection
signals to be SMPRPFEEY beirgecopbrolie@ssoahbatnéfelfsturpaft ARy 2@dnpfé) at
means adapted to recelve at least a chlgmse ect]

nal d adapted to
set the out put $¥PEhentiRtL¥sthecsare tHme Afnt ﬁléﬁ?ggna?@ng Fﬁgg chip

non- sel ecti on S$€$€ 18. An MOS nenory RAM substantially as herein
described with ?gﬁte to Fig. 1, or with reference to Fig. 1 as nodified

by Fig. 2 or Fi97.4'An MOS static RAM according to any one of the
preceding claims, wherein the selection means includes an
address decoder adapted to generate selecpion signals to be
.supplied to the word lines; and there is a further control
means adapted to receive at least a chip selection signal,
and adapted to set the output of the address decoder to a
non-selection level in a chip non-selection state.

18. An MOS memory RAM substantially as herein described
with reference to Fig. 1, or with reference to Fig..l as

modified by Fig. 2 or Fig. L.




