2092403 -1- "A STATIC MEMORY" The present invention relates to a static

e , and nore particularly to a static random access nenory constructed
of NA3ul ated-gate field effect transistors (hereinafter referr'ed to as "MOS
statif RAM) . A MOS static RAMis usually provided with a sense anplifier
along with a nenory array conposed of a plurality of static n?aﬂrgzc@lz
which are arranged in a matrix form a plurality of word |ine | ih
the selection termnals of the nenory cells arranged in the sane rows are
connected in comon, and a plurality of data lines with which the data
termnals of the nenory cells arranged in the sane colums are connected in
common. A.data signal of conparatively low |l evel delivered froma sel ected
-2- menory cell is anplified by the sense anplifier. In the case of a
circuit arrangenent in which a data line to be selected from anongst a
plurality of data lines in the nenory array is coupled to a conmon data
line through a colum switch circuit, the sense anplifier has its input
term nal connected to the conmon data |ine. In this case, the output

term nal

*A STATIC MEMORY"

The present invention relates to a'atatic
memory, and mofe particularly to a static random
éccess memory constructed of insulated-gate field effect
transistors (hereinafter referred to as "MOS static
RAM"). |

A MOS static RAM is usually provided with a
sense amplifier along with a memory array composed of
a plurality of static memory cells which are arranged
in a matrix form, a plurality of word lines with
which the selection terminals of the memory cells
arranged in the same rows are connected in common,
and a plurality of data lines with which the data
terminals of the memory cells arranged in the same
columns are conneqted inlcommon. A data signal of

comparatively low level delivered from a selected



of a.witing circuit is also connected to the common data |ine.

Accordingly, in the operation of reading out data, the data si gnél reaj

fromthe nmenory cell which has been selected by the word |line and the
colum switch circuit is supplied to the sense anplifier through a commobn
word line, whilst in the operation of gﬁiting down data, a data signal
delivered fromthe witing circuit Ts Supplied to the selected nmenory cel
:thfﬁugh the conmmon word line. In the operation of reading out the data, the
read-out operation speed is limted by the period of tinme in which the
potentials of the data |line and the common data |ine are brought to
predeterm ned potentials in accordance with the data signal delivered from

t he nenory ceII,aﬂghg SPEL 3 4 { ahtSEheS s8halh R§qer1pl i fier
-3- The sense anpli w&constra%%t e?F o?f?ﬁsﬁ?gt eB—g gates fie ef fect
transistors (hereinafter referred to as "MOSFETs"), especially the sense
anplifier being in the differential circuit form has its sensitivity

affected by the varying rante ehe 3Pas8Pgf & 8izbuit Rerabgienfht drd Whidwut
term nal thereof. Wien the varying range of -the input signal becones |arger

or smaller than a gicktadlimeé Ytddbé as@tectd F£om amonigetofla pPlaraditys of

anplifier is decreased. _
data lines in the memory array is coupled to a common
data line through a column switch circuit, the sense
amplifier has.its input terminal connected to the
common data line. In this case, the output terminal
of a writing circuit is also connected to the common

- data line., Accordingly, in the operation of reading

out data, the data signél read out from the memory
cell which has been selected by the word line and the
column switch circuit is supplied to the sense amplifier .
through a common word lihe, whilst in the operation of
writing down data, a data signal delivered from the
writing circuit is supplied to the selected memory

cell through the common word line;

In the operation of reading out éhe data,
the read-out operation speed is limited by the period
of time in which the potentials of the data line and the
common data line are bfought to predetermined potentials
in accordance with the_daﬁa signal delivered from the
memory cell, and the operating characteristics of the

sense amplifier.



po@fytial of the common data line before the initiation of the data
read-out can be made a desired_| eyel _in advance by arranging a MOSFET -
bet ween, for exanple, a power SouPce terminal and the conmon data |line, the
MOSFET causi ng a vol tage drop of-a nagnitude equal to or greater than the
t hreshol d vol tage t hereof. Simlarly, the potential of the data |ine can,

pe set 1o a desired | Cufle feABURRnp1 ¥ 2y AN AP IO Al LabEREET =~

bet ween the power source term nal e data |1 ne. I'n thi's case, since

the potential Gafile el EPFeld! eﬁhhg‘is%Bﬂ:_st Rhddihd it F¥SrPrpadt to the

prescribed values in a period such as a chip non-selection period, the

period of tinmgd R sbsiidpse)Pobepeicablly Ene Wedlde taeuﬁmiézechsém@ ned
potentials according to the data signal delivered fromthe nenory ce
becones conparigi it YdsfPétentladddircRit Foruf, Hus HighasdndbDtPeitgl s of
t he common -4- data line and the data line are limted by.the MOSFETs,
the sensitivitaffidctédd Isgntheavaryling riangenlofhard. irgut sigmskquent |y
permtted to make the data read-out speed conparatively high. However, the
MOSFETs for apgs yern@ppbiedatovtheadepuks téesdmaie thehmef gi when stheo
| eakage currents or tailing currents which are not negligible.

varying range of the input signal becomes larger

Wa view of increasing the speed of the data read-out operation; t he

or smaller than a desired varying range, the sensitivity

of the sense amplifier is decreased.

With a view of increasing the speed of the
data read-out operation, the potential of the common data
line before the initiation of the data read-out can be
made a desired level in advance by arranging a MOSFET
between, for example, a power source terminal and the
common data line, the MOSFET causing a wvoltage drop
of a magnitude equal to or greater than the threshold
voltage thereof, Similarly, the potential of the data
line can be set to a desired level.in advance by
arranging an apprapriate MOSFET between the power source
terminal and the data line. In this case, since the
potentials of the common data line and the data line
are preset to the prescribed values in a period such
as a chip non-selection period, the period of time in
which these potentials are brought to the predetermined
potentials according to the data signal delivered from
the memory cell beccmes comparatively short.

In addition, since the highest potentials of the common



In such a case where the chip-non-selection period is nade conparatively .
| ong, the potentials of the conmpbn data line and the data line are raised _&
approximately-to the potential of the power source termnal by the Ieakag@égy.
currents or tailing currents. These | eakage or tailing currents of the o
MOSFETs have their magnitudes increasd with a rise in tenperature.
Therefore, when the tenperature rises, the potentials of the conmmon data
|ing and the data line are responsively raised to undesirable levels in a
conparatively short tine. In response to the excessive potentials of the
common data |line and the data line, the sensitivity of the sense anplifier

' duced, that th t - is |imted. -5- Int
of an arrahgenent SPERCHCNE (RRSCERSCSARR APS: a8 rHGLHAY e KHe HOSTERS
f [ troll b hi D, ti ' | . when .t tential of .th
common data 1ine PSURBIRLFITIRTGRES S deRee, BRENAT R S SRRt dL

| t f thi . i fj ' i ' t] h
Vovel of the data oot crrbredhehRAly BRERCRRY o7 bk solq SRR Rt ™
anplifier has beegﬁggg@éﬁg}gti?ggﬁpﬁg i ve state by the chip selection

put vo e's

signal. 10 The o age o nSe anplifier is thereafter set to
a level corresponding to the data | evel delivered

However, the MOSFETs for applying the bias
voltages as described above give rise to leakage

currents or tailing currents which are not negligible.

In such a case where the chip non-selection

period is made comparatively long,.the potentials
of the common data line and the data line are raised
approximétely to thg potential of the power source

~ terminal by the leakage curfents or tailing currents.
These leakage or -failing currents of the MOSFETs have
their magnitudes increased with a rise in temperature.
Therefore, when the température r?ses, the potentials
of the common data line and the data line are responsively'
raised to undesirable 1levels in a comparatively short
time. In response to the excessive potentials of
the common data line and the data line, the sensitivity
of the sense amplifier is reduced, so that the data

read-out speed is limited.



fromthe nemory cell. Accordingly, the data read-out speed is also limted
such output characteristic of the sense anplifier. 15 . It is
ordingly an object of the present invention to provide a MOS'static RAM-

" which can effect a stable high-speed operation. According to a first aspect

of the present invention there is provided a static nenory conprising: 20

a static nenory cell mhich has a sel ectfon termninal and a data term nal

signal line which is ied wth ata si el i d_ fromsaid statie
menory cell; a sense %FlgP%ﬁﬂ fi(ﬁs%ﬁfa éﬁﬁg i th 2% h gﬁ data signa

through said §éﬂ§é 'ifi'fler 12: theP! f.%zré%w ié"“% £heipg! 99% a MXSFET for

appl ying a bias vol e to sai S|gna I ne, sal I'as voI age having a

val ue | ower ed; wi EBn“c‘i-%Fi%h 3, RN SONES 9ol La08a | 200 acpouer sour ce

line; 5 and resistance neans for su ying a current to said MOSFET to

prevent an abBQEEBElEUS%fOEh% Q@Hﬁaﬂiﬁaﬂg said £d shot k&€ PYnagheakage
current of sald MOSFET, said resistance neans being connected befween 10

said MOSFET ang aegefrab@acauweent'dr@ dAigis ASTEdglh Ngr t ehas seegvd aspect
of the present _
amplifier is reduced considerably irrespective of
the level of the data read out from the memory cell,
immediately after this amplifier has been brought
into its operative state by the chip selection signal.
10 The output voltage of the sense amplifier is thereafter
set to a level corresponding to the data level delivered
from the memory cell. Accordingly, the data read-out
speed is also limited by such output characteristic
of the sense amplifier.
15 It is accordingly an object of the present
invention to provide a MOS static RAM which can effect
a stable high-speed operation.
According to a first aspect of the present -
invention there is provided a static memory comprising:
20 a static memory cell which has a selection
terminal and a data terminal;,
a signal line which is'supplied with a data
signal delivered from said static memory cell;
a sense amplifier which is supplied with

25 said data signal through said signal line;



i nvention there is provided a static nenory including; a plurality of

staticnenory cells which are arranged in the formof a matrix and each o

B

whi ch 15 has a selection termnal and a pair of data termnals; a plurality
of word |ines each of whi ch has the selection termnals of the static

menory cells connected in comon; a plurau{ty of paired data |lines each of
20 mhlch has the paired data tern1na|s of the static menory cells connected
i n"~common; a pair of connog data.l - s i t.ch fl cui t L coupl es the
paired data line to be s&8 &¢f&d éﬁSHdst ﬁlrlﬁ ﬁ/ of pa‘l?ed dat a
lines, to said p o] a I| S; SE; AP r which
has a pair of m%hg)l? %m&ago&%ﬂegr&totsoals l?élsrl rfaef;olﬁ%mn d%%%gl I nes; a

bi as clreuit whi BainGhidanenloBRET o G13ap ikl b 451 110! fatacd 0 sai d

pair of common data 5 nes

with respect to gopaWwebweUkear¥el (348 alged fe %&%@owrﬁuﬂ@% i gad

resi stance nmeans for supplying a current to said

FET to prevent an

bias vol tages having va Ues reduced

abnor nal ri s¢ of angl0 potential of said signal |line by a | eakage current

of sai d MOSFET,

10

15

20

25

sai d resi stance neans bei ng connected
rasistance means for supplying a current

i -

of said signal line by a leakage current of said
MOSFET, said resistance means_being connected between
said MOSFET and a reference potential point.

According to a second aspect of the.present
invention there is provided a static memory including;

a plurality of staticmemory cells which are
arranged in the form of a matrix and each of which
has a selection terminal and a pair of data terminals;

a plurality of word lines each of which has
the selection terminals of the static memory cells
connected in common;

a plurality of paired data lines each of
which has the paired data terminals of the static
memory cells connected in common;

a pair of common data.lines;

a switch circuit which couples the paired
data line to be selected amongst said plurality of

paired data lines, to said pair of common data lines;



- =

bet ween sai d -MOSFET and a reference potential point. The present invention
111 now be described in greater detail by way of exanple wth reference 15
t he acconpanyi ng draw ngs, wherein:- Figure 1 is a circuit diagram of
.preferred formof static nmenory; Figure 2A is a |ayout pattern di agram
“menory cells, 20 Fi gure EB Is a layout pattern di agram of
wiring layers corresponding to the |ay6ff pattern in Figure 2A and Figurg,
2C is a sectional view of asasem' or%dllé(i,t QJ; isc%bs};tgsate taklen Iong, he |ines
A-A in Figure 2A 25°% SENSe aMPtynte "I dif DerBttondl Wavetorm

di agram of th@e%ﬁ?ﬁ%.l%”@oiufﬁl% ;@O‘g&iid" 39S ]é?rﬁ{.c%”&?ﬁég %%ngs L ayout

pattern diagramof Circuit - enerit's consti I'ng ras"€ircuit

shown in Figure 1; whigl ¢;Ei0Wig « tli%ﬁépcitﬂcplq?deéli;W%Fﬁs,ﬁeg%conductor

substrate taken along the l'ines A-A" 'in Figure 4A; an gures 5 and 6 are
circuit diagrapgp19fingssells dlo1RAddsOND @G Ut I Ut Hfmsn "BLLET cation of

the enmbodi nent shown'in Figure 1. Figure 1 shows the circuit of a KGS
static BAM ThenBAY kaidhelilay h@1mRdG = rasimglva 5edd -reduced with
respect to a power source voltage fed to a powar
source line; and
resistance means for supplying a current
to said MOSFET to prevent an abnormai rise of a
10 potential of said signal line by a leakage current
of said MOSFET, said resistance means being connected
between said MOSFET and a reference potential point.
The present invention will now be described
in greater detail by way of example with reference
15 to the accompanying drawings, wherein:-
Figure 1 is a circuit diagram of one preferred
form of static memory;
Figure 2A is a layout pattern diagram of
memory cells,
20 Figure 2B is a layout pattern diagram of
wiring layers éorresponding to the layout pattern
in Figure 24, and
Figure 2C is a sectional view of a semiconductor
substrate taken along the lines A-A' in Figure 2A;
25 Figure 3 is an operational waveform diagram
of the sense amplifier shown in Figure 1;

Figure 4A is a layout pattern diagram of circuit



"RAM has external t.erminals [err] to [err] to [err] and GND, and is oper _
i.n- such a way that a power source voltage is supplied froman external .
power source 9 across the power source termnal VDD and the earth term na
G\D. The MOS static RAMincludes a nenory array 1, which is constructed of
menory cells lato 1d, word lines [-rr] t-o [err], and data lines [err] to
[erF]. The respective nenory cells have arrangenents identical to one

anot her, Each of the nenory cells is constructed, as illustrated in detai

by the nenory cell |a. The nenory cell conprises a static flip-flop

circuit whi ch conspdementsiconstd tutdmmrsthe bias eirepit shown. ipyying

their gates and drains crqgss-caoupled to each other, |load rgsistors _[err]

and [err] and tranBigRrgade whdderFiguze 4B,{3 A r?e%f%airg-"#ﬁsﬁgct i vel y

i Tou't and the pafr SSRIGEPANGHIS ASPSERFYS SRR lioRg Eori 1#BE8: he nod
circuit an e pafr : _ e node
of the load resistgrg,[eLrl.and ] supplied with the power source

‘vol tage t hrough thg §5w§?‘ ?3‘@?“55[ ?’@f'm Léf [err], and is thereby operated.

In the nemory cel |, one of duiylng, MRS % [&58]cPgale Gl absahkoyght 1nto

t he "on"

conduct or substrate by the known CMOS integrated circuit technol ogy. Th%giﬁw

essential portions each constituting a modification

of the embodiment shown in Figure 1.

Figure 1 shows the circuit of a MOS static
RAM, The RAM is wholly formed on a single semi-
conductor substrate by the known CMOS integrated
circuit technolegy. The RAM has external terminals

AX, to AX,, AY, to AY) ; Do CS, WE, D._, nd

uUT in op
GND, and is operated in such a way that a power
source voltage is supplied from an external power
source 9 across thé power source terminal VbD

and the earth terminal GND.
The MOS static RAM includes a memory array 1,
which is constructed of memory cells la to 14, word

lines W, to W , and data lines D,, EI to D_, 5;.

The respéctive memory cells have arrangements
identical to one another, Each of the memory cells is
constructed, as illustrated in detail by the memory
cell la. The memory cell comprises a static flip-flop

circuit which consists of driving MOSFETs Q, and Q,



te and the other into the "off" state in accordance with the data to be

d. The current consunption of the nenory cell consists of. an operating
current which flow through that MOSFET which is turned "on" in the pair of -
driving MOSFETs [err] and [err],~an& a=l eakage current which flows through
that MOSFET which is turned "off". The current consunption is reduced by
I ncreasing the resistances of the load resistors [err] and [err]. The
| eakage current flownn gé h the r|V| MOSFET in the "of f" state
causes a vol t ag¥® 1k sgehes| 8 TR R 193¢ Rduces

Ther efor . 1 ﬁﬁ%feié’gi Sré%‘vi 26 ?ﬁELFtsZ% it s, . NDfSF Eﬁ*eg»#‘?ré;é’#‘éﬁ?vitf hei
- b I

oner 11 m ts oPRIFTERa A cRachehE FHs, TR e A T or ] are

set by the reqw&[e” o CEBHEP R HIRAC it 1ot e gegBL¥ g1

The | oad resistor err are resrs ance val ue of ,
for exanpl e sewgy ff%k@f LQigeyanlen@ ‘3.3:’“%1‘.”& d&s 'sdugsat HE,
power consurrptlon of e rrefm?y ceFiP %% at a re%éljﬁjltlhg&stlg\lus <tihei‘-eof
Wth a view to reducing the occupying area of the menory cell, the
resistors R and R are

The memory cell has tlke node of the load

-’

resistors R, and R, supplied with the power source
voltage through the power source terminal V. DD’ and is
thereby operated. In the memory cell, one of
driving MOSFETs Q1 and'02 is brought into the "on"
state and the other into the "off" state in accordance

with the data to be held.

The current consumption of the memory cell-
consists of an operating current wiich flow through
that MOSFET which is turned "on" in the pair of
driving MOSFETs Ql and Qz. and a.}eakage current
which flows through that MOSFET which is turned “off".
The current consumption is reduced by increasing
the resistances of the load resistors R, and R,.

The leakage current flowing through the driving
MOSFET in the "“off" state causes a voltage drop across
the load resistor, and consequently reduces the
voltage applied to the gate of the driving MOSFET

in the "on" state. Therefore, the resistances

of the load resistors Rl and R, have their upper



constructed of, for exanpl e polycrystalline silicon | ayers of cohparative@i}§>
high resistivity which are fornmed through field insulating filns of

cqQnpar ati vel y» great thickness on the surface of the sem conductor substrate

formng the MOSFETs. In each nenory cell, the gates of the transfer gate
MOSFETs [err] and [err] are regarded the selection termnal of the
corresponding nenory cell, and the-drains of the data termnals for

recei ving and delivering data. The nenory cells la to Id are arranged in
the formof a matrix as shown. The nmenory cells la and [err] and the menory

celI's I band |d arq i) Gsk 1By t Eife SBERKAGUScabdefitlCoENthe Briitdingon
termnals connected to the word lines [err] and [err] in common, - 10

- respectively. MOSFEMSDON ViK€ l6wer DiWith ofidtheeresistancels of c and | d
are arranged in the sanme colums and have their pair of data termnals

connected to the ple ]ﬂiadiat@siéﬁsﬁs[kérhndnﬂ ,Darendetaby lthvee xrelquizredl Dn
I n conmon, respectively. The data |ineS [err]™to [err] which are arranged
in correspondencepuwdrtéunsumpbtbnvehazautyrcet&ccoEu#hs memogyheeklad to

common.data lines CD and CD through transfer gate MOSFETs [err] and [err]

whi ch constitute &heollosd sresistorscBjtand R, are set at a high
resistance vaue of, for example several megohms
to several gigaohms in order to reduce the power
consumption of the memoty cell in the data retaining
status thereof. With a view to reducing the occupying
area of the memory cell, the resistors R, and R, are
constructed of, for example polycrystalline silicon
layers of comparatively high resiétivity wvhich are
formed through field insulating films of comparatively
gfeat thickness on the surface of the semiconauctor

substrate forming the MOSFETs.

In each memory cell, the gates of the transfer
gate MOSFETs Q, and_Q4 are regarded as the selection
términal of the corresponding memory cell, and the
drains of the data terminals for receiving and

delivering data.

The memory cells la to 14 are arraﬂged in the
form of a matrix as shown. The memory cells la and
lc and the memory cells lband 1d are arranged in the
same rows and have their selection terminals

connected to the word lines Wi and Wh in common,



The -word lines W W in the nenory array 1 are connected to the

?x'espondi ng output termnals of an X address decoder 2, and are
; ordingly selected by the X address decoder 2 respectively. The paired

ansfer gate MOSFETs [err] and [err] and [err] and [err] constituting the

colum switch circuit 10 have their gates connected to the correspondi ng

output termnals of a Y address decoll@er 3 in common, respectively, and are

sel ected by the Y address decoder 3. The X address decoder 2 is supplied

Wi th address signals fed to the address input termnals [err], to [err],

t hrough address buffer circuit [err] to BXk. The X address decoder 2 has

its operation c&eapedtdvelyea cdiFeeorenpgifacetds lagnd handhkhe) signal

CSis-at its lowlevel, the word Iines WL - Ware brqught to their

non-sel ecti on | 888CRY &P} clg apdeldcdreyargpngrd AR thes sdMehals. The Y

address decoder 3_.is simlarly supplied with address signals fed to the
address input t &OHIERS "‘[”éfr’}g'f% ?g??'f Paif; gfgRakaq cemeack

Sl €
the pair of i np CHNERTS OF SRERnTEASALPL AR PaoR g Sk LARA, s o
connected to t%%d“ﬁ;p&tn (O] Sr8kp8ctivk1yd Cirhe idath tﬂrn%‘ég*bl to D_
which are arranged in correspondence with the
respective memory cell columns are connected to
common data lines CD and Eﬁ'through transfer gate
MOSFETs Q4. Q;, and Q;,, Q,, which constitute a column

switch circuit 10.

The word lines W; - W in the memory array
1 are connected to the corresponding output terminals
of an X address decoder 2, and are accordingly

selected by the X address decoder 2 respectively.

The paired transfer gate MOSFETs Qq and Q 0’
and Q3 and le constituting the column switch
~ circuit 10 have their gates connected to the
corresponding 6utput terminals of a Y address decoder
3 in common, respectively, and are selected by the Y

address decoder 3.

The X address decoder 2 is supplied with

address signals fed to the address input terminals Axl,



transf er gate MOSFETs [err] and [err] on the other side. The out put
termnal of the sense anplifier 4 is connected to the input term nal of an

oui put buffer - circuit 5. The sense anplifier 4 conprises a differential
anplifier circuit which consists of differential MOSFETs [err] and [err]
MOSFETs [err] and [err] effecting & cddremt nirror operation, and a MOSFET
QL7 for providing a constant current. The MOSFET [err] is also operated as
a power switch. Wien a chip selection signal which is supplied to the chip

- 12 - selection termnal CSis brought to_its |OM/JE%§L such as earth
potential of the cFPcBfy: EthEough Pd%rﬁﬁtﬁé?“%ﬁrcﬁ’#%c HPLedt®rom a

trol ' it 8 th t f th ET ' ds th o t
becoms i (s high | chBr  AbhE KoagdFestdeqade¥r ] 4 FES CBRERELORI o ( he
"on" state, dth i fi 4 i ' Th buf f
c??cu?taSGCoﬁgrise§°§ggag}§gﬁ Ick?%ﬁmﬁéﬁﬁfgﬁkgﬁéfga%t EH@H§$3§??ﬂ§°§%5?é of
Its output t ' h t I I | trol
cireuit 8 is at tneiphan Soone B 1 JeFRevel LIl SRa EERRITT °

circuit 5 is brouggt LpROBEBEchtOd thel@ifon Wl edfifork OTEH81 F18Wahedo1)S
at the high level, ®he out put

irrespective of the address signals.

The Y address decoder 3 is similarly supplied
with address signals fed to the address input
terminals AY, to Ail' through address buffer circuits

The pair of common data lines CD and CD
are connected to the paif of input terminals of a
sense amplifier 4 on one side, and are connected to
the output terminals of a writing circuit 6 through
transfer gate MOSFETs Q,, and Q,q on the other side.
The output terminal of the sense amplifier 4 is
connected to the input terminal éf an output buffer
circuit 5.

The sense amplifier 4 comprises a
differential amplifier cifcuit vhich consists of
differential MOSFETs Ql3 and 014{ MOSFETs Q, and Q6
effecting a current mirror operation, and a MOSFET Q4
for providing a constant current. The MOSFET Q;7
is also operated as a power switch. When a chip

selection signal which is supplied to the chip



corresponding to the output |evel of the sense anplifier 4. The

n data lines CD and CD have also a bias circuit 7 connected thereto.
The bias circuit 7 conprises an n-chgnnel MOSFET 0 for level shift the
gate and drain of which are connected to the power source termnal [err],
p- channel MOSFETs [err] and [err] constituting an equalizer which are o
respectively connected between the source of the MOSFET [err] and the
common data |ingglebtand €erminal B -isskoeghtt 06Sitsr Lbwanévegr r] which
are respectively connected between the comon data |ines CD and CD and
earth. The MOSFideh| akr bagtth potientdizl f t€ile CODEERLtodthe &bateoat r ol
signal CS so as to be in the "on" states during the chip non-sel ection
period. Wien thaighgbawhichphiseduppliied eftom nal controbacifBuis 8t t he high
| evel , the control signal CSis brought to the |ow | evel such as earth
potential. The tWMOSFEEsgpser pfakire MOSFER Qs ongapondsotheretontost at es by
the low |l evel of the control signal CS. In e case where the bias circuit
7 is onitted frbereme éFPchﬁEP-Sﬁgq%ﬁeﬂﬂﬁeﬂ xesebtentBebMOREER Rhe common

data lines CD and CD as,. has been_set. b
Es brought into the "og& state, and the sense

G%@:Lnal of the output buffer circuit 5 is brought to its low level or high
e

amplifier 4 is energized.

The output buffer circuit 5 comprises a
3-status circuit which includes the floating state
of its output terminal. When the control signal CS
provided from the control circuit 8 is at the low
level, the output terminal of the output buffer
circuit 5 is brought into the floating state. Wwhen
the control signal CS is at the high level, the output
terminal of the outéut buffer circuit 5 is brought
to its low level or high level corresponding to the
output level of the sense amplifier 4.

The common data lines CD and CD have also
a bias circuit 7 connected thereto. The bias circuit
7 comprises an n-channel MOSFET on for level
shift the gate and drain of which are connected to
the power source terminal VD « p~channel MOSFETs
Q51 and Q2,5 constituting an equalizer which are
respectively connected between the source of the

MOSFET Q,, and the common data lines CD and CD,



the nenory cell selected during a preceding data read-out operation is
still~ held by stray capacitances (not shown) which exist between these

cqQqmon data |i'nes CD and CD and earth. In this case, if a data signa
which is provided fromthe menory cell to be selected anew has the inverted
level to the level of a data signal whichshags been provided fromthe menmory

ceII sel ected previously, a conparatively Iong time will be taken before
t he™potential difference between thé common data lines CD and CD reaches a
new potential difference. That is, the access tine - 14 - of the RAM

wi |l become |ong. landheressstubsrr.t BadbR RgS whiiichl ialre/ reBspcbivéXy as shown
in Figure 1, the potenti al di ff erente corr sponding to the previous_data as
stated above is nadsompectednbetwgencthebyrommanodaitatl ines (CISHNG qmrr]
and [err] are held in the "on" states during the chip non-sel ection peri od.
When, in this manneandtéarfbiential difference between the pair of common
data lines CD and CD is nade approximately zero in advance, the potenti al
difference corresponding to the data of the menory cell to be selected anew
can be afforded to the common data line pair CD and CDin a conparatlvely
short time, with the result ThetMPREEZS:Ryq BNk Uiy BFe M kehrarnteebled

short. by the control signal CS so as to be in the "on"
states during the chip non-selection period.

' When the signal supplied to the external terminal CS
is at the high lével..the control signal CS is
brought to the low level such as earth potential.
The MOSFETs Q21 and sz are brought into the “"on"

states by the low level of the control signal CS.

In the case where the bias circuit 7 is omitted
from the circuit, the potential difference between
the common data lines CD and CD as has been set by
the memory cell selected during a preceding data
read-out operation is still held.by stray capacitances
(not shown) which exist between these common data
lines CD and CD and earth. In this case, if a data
signal which is provided from the memory cell to be

- selected anew has the inverted level to the level of
a data signal which has been provided from the memory
cell selected previously, a comparatively long time
will be taken before the potential difference
between the common data lines CD and CD reaches a

new potential difference. That is, the access time



LA%Ee the MOSFET O in the bias circuit 7 7s connected in di ode
onPi guration, it causes a voltage drop approximately equal .to its
thfeshol d voltage across its source and drain. During the chip

non-sel ection period, therefore, thg camon data |lines CD and CD are
supplied with a voltage whose level is shifted by the MOSFET [err] with
respect to the power source voltage of the power source termnal [err].
The sense anplifier 4 including the differential MOSFETs as stated above
has its sensitpy¥ thelRMM Willnfheesmed 1eng.he | evel s of bias potentials
applied to its pair of input termnals. In the case where the bias voltages
of the pair of input termnals of the sense anplifier 4 are raised above a
desired value, a voltage which is applied to the drain of the constant
current MOSFET [err] is mortisse poadengherenitdssl bias tdbrcubst whise the sense
anplifier 4 is operated by a conparatively | ow power-source voltage e.g. +5
volts, the conpramided reentshdeBirEin[ Figurods, rkiie epdténtiab diiffierence
constant-current characteristic because its drain voltage is limted to a
conpar ativel y rowrespondirng toathecprewiiousd daka casssbateduabewe MBSFET

QL7 is therefore increased by raising the drain
made approximately zero by reason that the MOSFETs

-

Q,, and Q,, are held in the "on" states during the
chip non-selection period. When, in this manner,
the poténtial difference between the pair of common
data lines CD and CD is made approximately zero in
advance, the potential difference corresponding to
the data of the memory cell to Dbe selected anew

can be afforded to the common data line pair CD

and CD in a comparatively short time, with the result

that the access time of the RAM can be made short.

Since the MOSFET on in the bias circuit 7
is connected in diode configuration, it causes a
voltage drop approximately equal to its threshold

voltage across its source and drain.

During the chip non-selection pericd,
therefore, the common data lines CD and CD are
supplied with a voltage whose level is shifted by
the MOSFET on with respect to the power source

voltage of the power source terminal Vbp*



vol tage thereof. The increase of the drain current of the constant current. --
MOSFET [err] increases the drain currents of the respective differential
MOSFETs [err] * and [err]. In this case, when the potential of the common
data line CDis nmade | ower than that of the common data line CDin

accordance wth the data signal prodeeHsfan1the menory cell, the drain
current of the MOSFET [err] is increased and that of the MOSFET [err] is
decteased. As a result, a low |level signal of conparatively good | evel

is provided at the drains of the MOSFETs and, 15copnec¢ted. jn common. In
contrast, when the potenti alThs %?ﬂ?%dﬂﬁ%ﬁgg%?ﬁ ¢ fme ?ggnﬁgﬁ | ower than

that of the common | ine i n_curyent .of, the FET [err] is
decr eased and thatdg%%%ﬁ?n%ﬁégg¥nﬁag¢fsi%si %?gﬁgeﬁ?°veA£g§ Eégult, a hi gh
| evel signal is prQyi Sr.qmth FET. [r [err] n this case,
gowe?/er_, t he drai niﬁ(&)‘gﬁ' g:d'é'r 18%9 g%%%if%ﬁ;?ﬁ?gnggmgﬁsdlﬁye;sv8FE _?_gf |
evel opi ng across S r zeQnpect err
with the result thatsfhggﬁﬁgpgése<a é%g %ra|n %8?§%%? g? %ﬁgugEgFET Q4 is
made conparativel y¢+gilina1@V ng to the conparatively small increase of the
drain current of the MOSFET [err], the increnment of a voltage to be applied

across the gate and source of the MOSFET [err] is limted to be
conparatively snall.

In the case where the bias voltages of the
pair of input terminals of the sense amplifier 4 are
raised above a desired value, a voltage which is
applied to the déain of the constant current MOSFET
017 iﬁ correspondingly raised. In the case where the
sense amplifier 4 is operated by a comparatively low
power-source voltage e.g. +5 volts, the constant
current MOSFET Ql7Idoes not exhibit an ideal
constant-cur;ené characteristic because its drain
voltage is limited to a comparatively low value.

The drain current of the constant current MOSFET
Q4 is therefore increased by ra%sing the drain
voltage thereof. The increase of the drain current
of the constant current MOSFET Ql7 increases

the drain currents of the respective differential
MOSFETSs Q4 and 014; In this case, when the
potential of the common data line CD is made

lower than that of the common data line CD in
accordance witﬁ the data signal prdvided from the
memory cell, the drain current of the MOSFET Q13 is
increased and that of the MOSFET Q14 is decreased.

As a result, a low level signal of comparatively good



q3ult, the increnent of the drain current of the MOSFET [err] becomes
atjvely small. Notw thstanding that the drain current .of the MOSFET

g increased by the increase of the drain current of the constant -
current MOSFET [err], the incredse % tThe drain current of the MOSFET [err]
I s made conparatively small, and, hence, the high | evel signal to be
provided fromthe MOSFETs [err] and 15 is nade a conparatively | ow | evel

-17- The | evel h_gggpi 3% gﬁé}{le‘#e& g;]tl Sldéégﬁgl oft t{lgegbbg@g\gﬂ&; r;%é)i a?

vol tages of the™pal m hal'S” have been ralse

consi derabl e i nat he Il of the sense amplifier 4 is
Rhag ARSIV B Mol

i ncreased by maKilf8g C ow the drain - source conductances of
the MOSFETs [err] and QL6 as the drain | oads of the respective MOSFETs
[err] and [err], in other words, where the MOSFETs [err] and [err] are nade

conparatively small in sige.coleradde Wkl tRé pbeehtdl]l 8¥chknd Wommad the
sense anplfier 4 is |lowered, the output buffer circuit 5 fails to execute

the desired opegataoiline) dDel s asdehbowet hEhlhashue! bEgeheoonird ddtdf
input termnals are | owered bel ow the desired value, the drain current of

the constant cullieet COQ%HE drain d¢srventecofethe MOBFE®S sd g dddreased
decrease of the drain current of the constant current MOS [err], a
char gi ng and that of the MOSFET Ql4 is increased. As a result,
a high level signal is provided from the MOSFETs Q4
and 015. In this case, however, the drain voltage
of the MOSFET 014 is lowered by a voltage developing
across the source and drain of the diode-connected
MOSFET Q, ., with the result that the increase of the
drain current of the MOSFET Q14 is made comparatively
small. Owing to the comparatively small increase of
the drain current of the MOSFET Q14 the increment
of a voltage to be applied across the gate and source
of the MOSFET Q5 is limited to be comparatively small.
As a result, the increment of the drain current of the
MOSFET le becomes comparatively‘small. Notwithstanding
that the drain current of the MOSFET Q3 is increased
by the increase of the drain current of the constant
current MOSFET Q17. the increase of the drain current
of the MOSFET Q5 is made comparatively small, and
hence, the high level signal to be provided from the

MOSFETs 013 and le is made a éomparatively low level.



current to be supplied to the input capacitance (not shown) of the outpuis)
buffer circuit 5 through the MOSFET [err] or a discharging current to bﬁ‘u
supplied to the input capacitance through the MOSFET [err] decreases. As-a
result, the operating speed of the sense anplifier is limted. The
sensitivity of a sense anplifier i® alf7ateh circuit arrangenent, that is,
the sensitivity of a sense 18 --anplifier including a pair of input

FETs having their gates and drains cross-coupled with each other
i ncreases by raising the input bias voltages because the input MOSFETs_have
| arge conductances. |n the Theeleveihdomerima af rthg digh igﬂﬁ%|$¥9¢$bure
1, the potentials of the common data_lines CD and CD are | owered to_the
appropri ate | evel sabythectimerwhepcthe bias valtages of thepatr L /input

F e R LIt i RMEVNE ST OETTOR TR T e
CiMB. In he casc GRRPCVAPEE EREGRIN Bt SASNASPAD PRELLELET 4 chby R PaRR
oL ent 12l & 1 ai sed BYHSESHRBaBPYPRE AT S AT AGIOtR poudrontErte T
term nal VDD when ég§6&£§E§I§s[SkrkhipgmkﬁﬁéﬂsEﬁf%réwgqﬁfg as the drain
loads of the respective MOSFETs 013 and 014, in other
" words, where the MOSFETs le and le are made

comparatively small in size.

When the level of the high level signal of the
sense amplifier 4 is lowered, the output buffer circuit

5 fails to execute the desired operation.

Iﬁ the case where the bias voltages of the pair
of input terminals are lowered below the desired value,
the drain current of the constant current MOSFET Q,,
is decreased. In response to the decrease of the drain
current of the constant current MOSFET Q;,, 2 charging
current to be supplied to the inpqt capacitance {not

- shown) of the output buffer circuit 5 through the MOSFET
Qis or a discharging current to be supplied to the input
capacitance through the MOSFET Q13 decreases. As a
result, the operating speed of the sense amplifier is

limited.

The sensitivity of a sense amplifier in a latch

circuit arrangement, that is, the sensitivity of a sense

LA



copfiisti ve. Even in the case where the MOSFET [err] is provided, the
cofub\®data |lines CD and CD have their respective potential s. raised

S ably when the resistors R3 anglaR4_are onmtted. Exanples of the
potential variations of the commopn data |[ines CD and CD at the tinme when
the potentials of these common data |ines CD and CD have - 19 - been
rai sed to the power source voltage in advance, are indicated in Figure 3 %5
solid-line curvasp@eied GBclaidy S (Paer bRC1ABRENMoREETS HAVANGP thfile
afforded to the common data |ines and CD by the selecteg menory ce
exhibits only agatemaand \GHairdtdtoyslosuptealwtthheabhSeeher 1ridiedidP’ Y
cell are nmade conparatively small in size. Although this is not essential,
current is causkg raifsimg fthmminpuedsias velbabesebebahieebehends hi gh
| evel to the other common data Iine CD to be nmade the |ow | evel through the
MOSFETs [err] aMOSFEMs| havendaxge odndhetamteps of the "of f" timngs of
the equal i zer MOSFETs and 22. As a result, the potential of the comon
data line CD to be nade the high level is also | owered as shown in Figure
3. In the case where the control signal CS to be supplied to the constant
current MOSFET [err] is dad&hercaseofcthe airguisnparangesienpteatiopn i ne

in Figure 1, the potentials of the common data lines CD

and CD are lowered to the appropriate levels by the
MOSFET on, so that the sense amplifier 4 coperates

at a high sensitivity. As-a'result, the output of.the
sense amplifier 4 is brought to an appropriate level
corresponding to the data supplied to the common data

lines CD and CD within a comparatively short time.

In the case where, for example, the MOSFET
Q,0 has been removed from the bias circuit 7, the common
data lines CD and CD have their respective potentials
raised substantially to the potential of the power source
terminal Vop when the MOSFETs in and Q,, are rendered
conductive., Even in the case where the MOSFET Q0 is
provided, the common data lines CD and CD have their
respective potentials raised undesirably when the

resistors R3 and R4 are omitted.

Examples of the potential variations of the
common data lines CD and CD at the time when the

potentials of these common data lines CD and CD have



in order to pernit the data of the nmenory cell to be read out at a éggbf
conparatively high speed, the sense anplifier 4 is activated by this J.:
cantrol signal CS before a sufficient level difference is given between the =~
common data |ines CD and CD by t=he X*| eeted nmenory cell. Herein, since the
Ievel di fference of the commpn data lines CD and CDis small, the

differential MOSFETs [err] and [err] are sinultaneously brought into t he
conductive states, with the result that the output of the sense anplifier 4
is tenporarily bepn raiged & the (PRWERSBOVRER:VPAE2G8 BN 2dYRR  irnes

CD and CD have been raised undesirably as described,abgye, the drai
current of the condrgnindicatad NosEiovee 3 28 EBgrﬂyangWerri"rﬁﬁ g&sgﬂdas

referred to above. _Ih t put volt Lifi '

ghﬁggaoiﬁelomerfd §¥bgtﬁ§‘g§ﬂP¥§E$§¥§d[ ri%?é%ﬁ%%i?iﬁgigﬁgggnb I Ei%ek?gure
const an rr err : d_"

colnE r ol f/icigrrll_al Cﬁt Pf%rdg& i I\/DS‘&E \f[em&é? né‘%}:gﬁ?gn%r E(;BVSH&PF"?S#X E;S.‘teput

vol t age ou | I s LR |

changed to the b R derdiy 'boli! EXE1pi 8! Sl Bl eokiBaradively jomad

Do s oo e R4S e OSPERICae U i s iz
comparatively small in size. Although this is not
essential, current is caused to flow from one common
data line CD to be made the high level to the other
common data line CD to be made the loﬁ level through
the MOSFETs Q,, and Q,, on account of the
delays of the "off" timings of the equalizer MOSFETs
in and Qe _Aé a result, the potential of the common
data line CD to be made the high level is also lowered

as shown in Figure 3.

In.the case where the control signal CS
to be supplied.to the constant current MOSFET Q,,
is made the high level at a coﬁparatively early time
in order to permit the data of the memory cell to
be read out at a comparatively high speed, the
sense amplifier 4 is activgted by this control signal
CS before a sufficient level difference is given
between the common data 1ines CD and CD by the
selected memory cell. Herein, since the level difference
of the commbn data lines CD and CD is small, the
differential MOSFETSs Q13 and Q14 are simultaneously
brought into the conductive states, with the result that

the output of the sense amplifier 4 is temporarily

L



he sense anplifier 4 beconmes |ower than the logic threshold voltage VT of
out put buffer circuit 5 the output of the output buffer circuit 5is
morarily inverted even in the case where the data of the high level is -,
read out fromthe nenory cell. gé therefore inevitable that the read-out
time of the date is late. In contr t, when the bias circuit 7 is provided
with the level shifting MOSFET [err] as shown in Figure 1, the |evels of

the conmmon data lines CD and CD are thereby | owered as shown by broken ~
lines in Figurqg.e - 21 - Therefore, the magnitude of recession of the
out put vol tage of f%e sense anplifier 4 in the activation of this anplifier
I's reduced ad indicated by the broken- line curve [err] in Figure 3. I t

is thus possible to read out the data fromthe nmenory cell at high speed.

The resistors R3 and R4 gy erié O¥a880where’ ¢he conficHdda e Nates tdy speed
of the read-out operation, in other words, to prevent the level rises of

the common dat ard fwﬁﬁél}béléﬁdraﬂséheuhaébiﬁﬁbﬂ&r laad |dedbriped edbowé, t he
| evel shifting MOSFET [err]. The resistors [err] and [err] are provided

bet ween the r e tdnein cnmrrentt of | thes coRstamnh tCR RNt MOSHFET
potential (0 V). In order to prevent the power consunption of the M from
i ncreasi ng durii®m cdmpazatlvely sthereased alscreferred to above. The
output voltage vaT of the sense amplifier 4 is therefore
lowered greatly as indicated by a solid-line curve
Yoy iﬁ Figure 3 when the constant current MOSFET Q,4
has been turned "on" by the control signal CS (solid-
line curve CS in Figure 3), even if the output voltage
Vour ought to be made the high level. This output
voltage vaT is changed to the high level again as seen
from the solid-line curve VOUT because a comparatively
large level difference exists between the common data
lines CD and CD. When the output voltage Vour
the sense amplifier 4 becomes lower than the logic

of

threshold voltage V& of the output buffer circuit 5,

_ the output of the output buffer éircuit 5 is temporarily
inverted even in the case where the data of thehigh
level is read out from the memory cell. It is therefore

inevitable that the read-out time of the date is late.

In contrast, when the bias circuit 7 is provided
with the level shifting MOSFET Q0 28 shown in Figure 1,
the levels of the common data lines CD and CD are

thereby lowered as shown by broken lines in Figure 3.



to a conparatively high resistance so as to conduct current substantia

equal to or seonewhat greater than the | eakage current of the level shifting °*
. MOSFET [err]. In a nodified formthe reS|stors R3 and R4 can be repl aced by
di ode- connect ed MOSFETSs. Howevers i4li s~ desirable, that like the

resistors RL and R2 in the nenory QeII the resistors [err] and [err] are
corposed of polycrystalline silicon | ayers (not shomm) - 22 - which are

formed on the sen1 E%H%§sq5§tGﬁé&a%gﬁagggfkaEg Baul Al e °E§53nd RA

conpar atively grea a8 e ThEr S Ehe TesSistors

are conposed of po%&g&y (;Afrghél &g@ $ﬁé£i?fbgehh&§ RN Qlot itaRilon of

occupyi ng areas can e conpara |veI cause e polycrystalline

silicon | ayers can t LMe t -
y %ﬁd&f h; & Fegnacal hy hsd&b%erdesys the Brokeh

addition, the resistor of a polycrystalline silicon |ayer does not

have a stray capac ']Ifi‘i@ectﬁfvé ar aihVPid'uﬁéth. valrge @S thud poaEidle do
source junction of a MOSFET e it is formed on the sem conductor

substrate through tdead icug métaat—,anﬂréml thehmehory id et High epeede,
a silicon dioxide film Therefore, the resistors conposed of
polycrystalline silicon layers afford only

fésistors_[err] and [err] have their conbined parallel resistance vaIueéé%?fd

The resistors R3 and Ry are'provided in order
to stably enhance the speed of the read-out operation,
in other words, to prevent the level rises of the
common data lines attributed to the leakage (or

tailing) current of the level shifting MOSFET Q,,.
The resistors R4 and R, are provided between the
respective common data lines CD and CD and the

reference potential (0O V).

In ordér to preveht the power consumption of the
RAM from increasing during the chip non-selection, the
resistors R, and R, have their combined parallel
resistance value set to a compar;tively high
resistance so as to conduct current substantially equal
' to or somewhat greater than the leakage current of the

level shifting MOSFET Q,,.

In a modified form the resistors R, and R,
can be replaced by diode-conhected MOSFETs. However,
it is desirable, that like the resistors R, and R,
in the memory cell the resistors R, and R, are

composed of polycrystalline silicon layers (not shown)



Ho not substantially limt the signal variation speeds on these common
lines CD and CD. Even when the | eakage current of the MOSFET @0 for - .
setting the bias potentials of the @8mwn data |lines CD and CD exists at,
for exanple, a long chip non-selection period of a high tenperature, it is
absorbed by the high resistance of the resistors R3 and R4, so that the
bi as vol tages can be prevented fromrjsin - I.n the activation

of the sense anpfh¥Ghrane EQEneg opnth FuP%mi?QBdWQﬁPExﬂﬁﬁsgﬁﬁ?%h MOSFET

[err]_ accormlu*ﬁ%g gh P i | t ages .,of the co n data lines, CD and [err]
tixed to b ‘Et%‘é%ﬁl&aiﬂ-é-g&% YSLY gremt]

?gsr]lﬁgcongs ganL and const nt s shown gé broken I|ne T&XFZ Bﬁ 3.

Thus. the stabl ERtFERRaRant DR EAS SAZSI™ R B be
I d. Enh

Feapect i vely F‘SES%%%@%%%”?E%&%%&%@% J%h "’#&Fv%n% hedhEes, ©

t Y/
constructed of Mpher( BiELE 8Bcubiin é&%ﬁa%r}éﬂ% m‘*@éré i os*e@%.%nl

to that of the gmall because the polycrystalline sllicon 1ayers can

jggigratively smal | stray capacitances to the common data |lines CD and CD )
d

ﬁ

-1

be endowed with a comparatively high resistivity.

In addition, the resistor composed of a polycrystalline
silicon layer does not have a stray capacitance of
comparatively great value as -in the drain or source
junction of a MOSFET because it is formed on the
semiconductor'substrate through the field insulating
film which is made of, for example, a silicon dioxide
£ilm, Therefore, the resistors composed of
polycrystalline silicon layers afford only
comparatively small stray capacitances to the common
data lines CD and CD and do not substantially limit
the signal variation speeds on these common data

lines CD and CD.

Even when the leakage current of the MOSFET
on for setting the bias potentials of the common
data lines CD and CD exists at, for example, a long
chip non-selection period of a high temperature, it is
absorbed by thehigh resistance of the resistors R3
and R,, so that the bias voltages can be prevented from

rising.



eart’h. Accordingly, the respective data lines are supplied with voltagesg .
whose | evel s have been shifted by the MOSFETs for the data |'i ne | oads.
Since the | eakage currents of the |oad MOSFETs [err] etc., can be absorbed
by the simlar high resistances of the R@sistors [err] etc., the |evel
rises of the data lines [err] etc.,. can be prevented. In the above

destri ption, anongst the MOSFETs [err], those MOSFETs whose channel region
parts are - 24 - assigned arrows toward the gates as in, for exanple,
the MOSFET [err] are n-channZh vBeFETtivatdomefe thesrremsemplifibenct
region parts of which are assigned arrows in the opposite sense as in, for
exanpl e, the MOSFETbased]onr the- tnapmen RicHes Pone rawiery MPBEET| Riprt
Is constructed of a CGMOS (conplenmentary MO circuit, The illugtyat ﬂ

n- channel MOSFETs h§9@°¥ﬁépglﬁod$h§apé§ﬂb0@&?99%%)Q%u?thEﬁ%ﬂ?Paaag? i ges

circuit, whilst the p-chanael MOSEETs have their bod at es upl ed t he
power source ternm g Chnargefixed- &9 s \Fé"%?%%lqgttﬁ‘acgg‘l%??ruéﬁfat ed

in Fi 2A to 2C__Figute 2A_sh the | t_pat h |
LgfoLEUQSZporatgd afﬁﬁ%a$E§PI8§ZF ggP@'eﬁ$ﬁé§¥”5£@ ﬁéﬁrégﬁéF§ﬁ2§§gix e

and constant as shown by the broken line in Figure

resistors [err] and [err] are |ocated between the respective data |ines alifg

LN

3. Thus, the gable enhancement of the speed of the

read-out operation can be realized.

Enhancement-mode MOSFETs Qg., Qg Q, and Qg
for data line loads are respectively located between
the data lines Dl‘ BI, Dn and 3; and the power source
terminal Vppr In addition, the resistors Rg: Rg.

R, and Rg constructed of polycrystalline silicon
layers and having a purpose similar to that of the

resistors R3 and R4 are located between the respective

data lines and earth.

-

Accordingly, the respective data lines are
- supplied with voltagés whose levels have been shifted
by the MOSFETs for the data line loads. Since the
leakage currents of fhe load MOSFETs Qs 06 etc., can
be absorbed by the similar high resistances of the
resistors Rs, R6 etc., the level rises of the data lines

D, . 5; etc., can be prevented.

In the above description, amongst the MOSFETs
Ql - sz, those MOSFETs whose channel region parts are

‘u



he layout pattern of the evaporated alum niumlayers. Figure 2C shows a

tional view of the part of a sem conductor substrate seen in the

ection of arrows A-A" in Figure 2A. The sem conductor substrate 11 shown -
¥ Figure 2C is a single-crystal silicon substrate, for exanple, having a
resistivity of 10 ohmcmand w td i24 serface being parallel to the crystal
pl ane (100). That part of the surface of the sem conductor substrate 11
which is to formthe nmenory array is nade a p-type well region. 12 of a

depth of, e.g. 4 [err] which is forned 25 - by the inplantation of

boron ions and @asignedarrewsrtoward thefgates. ashdoe exsmple
surface of the sem conductor substrate 11 which are other than surface

parts correspondhey MOSEER Qe 3%g) Bnchaneal MOGBERsT Asd theae dGHFERMJ
Som conCtor Yl ekna el sk B AT s ™ °
RSB R M ST R T e RN
(B0 SO S S ! bR el RSN RS
€.g. about 50 nipe’ diFIBFL ECohELLBERECOE AMelMo¥ | ddiplementary

MOS) circuit. The illustrated n-channel MOSFETs

have their body gates coupled to earth potential of

the circuit, whilst the p-channel MOSFETs have their

body gates coupled to the power source terminal Vop*

The memory cells have a structure as

illustrated in Figures 2A to 2C. Figure 2A shows the
layout pattern of the memory cells before evaporated
aluminium layers are formed, and Figure 2B shows
the layout pattern of the evaporated aluminium layers.
Figure 2C shows a sectional view of the part of a

semiconductor substrate seen in the direction of arrows

A-A' in Figure 2A.

The semiconductor substrate 11 shown in
Figure 2C is a single-crystal silicon substrate, for
example, having a resistivity of 10 ohm-cm and with
its surface being parallel to the crystal plane (100).
That part of the surface of the semiconductor substrate
11 which is to form the memory array is made a p-type

well region 12 of a depth of, e.g. 4 pm which is formed



gat oxide film 13" are overlaid with polycrystalline silicon |ayers 15b, )
15c; etc., which have a thickness of, e.g. about 0.35 .um and which serves—*;
as, a wiring and a gate el ectrode. The polycrystalline silicon |ayer [err]

is directly coupled with the n-type sem conductor regi on 14d. In

addition, the polycrystalline silicon |ayer [err] has a portion [err] which
does not substantially contain a cqﬂdu%$iv+ty type-determning inpurity,

and~a portion which contains an n-type inpurity. The portion [err] is
utilized as a high -26- resistance elenent. The surface of the

sem conductor substrate 11 in covered with an insulating film 16 which is,
e.g. about 0.6 umthick and nade of phosphosilicate glass. The structure

FiTet. The Sent condderde smRLatatdm RF CRSFER! SPEg Sk Fth S PASEE |
o B2 o L he” et S L EESa LA EhbfLBek PG tse skl e
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MOSFETs and n'Cmm“EﬂrfgéE§3§rts corresponding to active regions such
as MOSFET forming iegions and semiconductor wiring
regions are formed with field oxide films 13 having
a comparatively great thickness of, e.g. about 0.95 ym
by the know selective oxidatién. The surface of the
p-type well region 12 is formed with n-type semi-
conductor regibns 149. 14§ etc, which serves
as the drain mgion and source region of the MOSFET.
On the channel region of the MOSFET, a gate oxide film
13" having a comparativély small thickness of, e.g. about
50 nﬁ is formed. Thé field oxide film 13 and the |
gate oxide f£film 13' are overlaid with polycrystallline
silicon layefs 15b, 15c3 étc., which have a thickness
of, e.g. about 0.35:nm and which serves as a wiring
and a gate electrode. The polycrystalline silicon
layer 15c3 is directly coupled with the n-type
semiconducﬁor region i4d. In addition, the polycrystallin
silicon layer 15c3“has a portion R, which does not
substantially contain a conductivity type-determining
impurity, and a portion which contains an n-type

imptrity.' The portidn R,y is utilized as a high



Those™parts .of the thin oxide filmfornmed which correspond to direct

Lentact portions as shown by DC2 in Figure 2C are renoved by the sel ective
t<hi ng. The surface of the resultant senm conductor substrate 11 is forned- -
h a polycrystalline silifgn | ayer by the known chem cal vapour

deposition (CVD) techni que. = 27 - On the polycrystalline silicon |ayer
formed, a first silicon oxide filmbeing, e.g. about 0.3 [err] thick is
formed by the CVD technique. This silicon oxide filmis used as a mask I n

the case MOt fid 4 YBFeh PV ihY bis¥elde'S8 o CaldfedRivgys! 2l |1 ne

silicon [ayer. SrTicon oxi mis sele etched and

remved Shufdgedorl ofs OvEDAACWITH BiPlsddiny Pelag yolal gne sili con

| ayer in hi gh resi stance el enent err|~etc. are to be forned.

Subsequegpen PPSP0G L SaBank "e, B 1k LHIBX dddl hadl bf SRdspRbillRate
g1

pol ycrys Ine layer” In this case, the first silicon oxide filmfunctions
as the i gaygddy diffusion mask, and hence, the phosphorus is not diffused
into those parts of the polycrystalline silicon |ayer which correspond to
the high resistance elements Rl etc.

The structure shown in Figure 2C can be

obtained by the following method of manufacture:

First, the semiconductor substrate 11 which
is formed with the p-type well region 12 and then with
the field oxide film 13 is prepared.

The surface parts to form the active regionsg,
that is, the semiconductor substrate surface parts
which are not covered with the field oxide film 13
are formed with the thin oxide film to serve as the
gate oxide filqﬁ of the p-channel MOSFETs and
n-channel MOSFETs. -

Those parts of the thin oxide film
formed which correspond to direct contact portions as

shown by DC, in Figure 2C are removed by the

selective etching.

The surface of the resultant semiconductor
substrate 1l is formed with a polycrystalline silicon
layer by the known chemical vapour deposition (CVD)

technique.



Subsequently, the polycrystalline silicon layer other than its parts which:
are to formthe wring |ayers, the high resistance el enents and the gate
electrodes of "the p-channel and n-channel MOSFETs is etched and renobved .
t he sel ective etching. - 28 - Onthepurface of the sem conductor
substrate 11, a second silicon oxide filmfor an inpurity diffusion nmask is
fonged by the CVD techni que again. Those parts of the second silicon oxide
filmwhich overlie the substrate parts to formthe p-channel MOSFETs and
p-type polycrystalline silicon wiring |ayers are selectively etched and

d. In thi t chi t lylqis | ol s I
i old oxide i1 funct ion SoBstHR PRIVETYE A LR Mif il s Waldy
th t ide fil LOgs t ' d t.rat
urface i n wich (1 GYErE PLS1EAA° Gl Taln MR B RS ol ©
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diffused into the exposed polycrystalline layer a ‘conductor substrate

surface as a p-typeki@el£i¥m IBUaseld b¥Pa HRIBKC M UH (cdsd)iviier@San hﬁ‘-—tgﬁpe
drain regions and source regions of the p-channel MOSFETs are forned in the

surface of the sem DpEpLterisuifrased $ntee thiee pllysrystialline silicon

| ayer and the field oxide filnms function as the
silicon layer.

The first silicon oxide film is selectively
etched and removed so as to be left on those parts of
the polycrystalline silicon layer in which the high

resistance elements Ri etc. are to be formed.

Subsequently, phosphorus as the n-type
impurity is diffuséd into the polycrystalline layer.
In ﬁhis case, the first silicon oxide £ilm functions
as the impurity diffusion mask, and hence, the
phosphorus is not diffused into those parts of the
polycrystalline silicon layer which éorrespond to the

high resistance elements R, etc.

Subsequently, the polycrystalline silicon
layer other than its parté which are to form the wiring
layers, the high resistance elements and the gate
electrodes of the p-channel and n-channel MOSFETs is

etched and removed by the selective etching.



impurity diffusion mask, the p-type sem conductor regions are self-aligned )

W espect to the polycrystalline silicon |layer and the field oxide

fi The pol ycrystalline si?'con | ayer havi ng been nade the n-type by the-
pr us diffusion of the n-t be inpurity is turned into the p-type by the
di ffusi on of the boron. .- 29 - After renoving the second silicon oxide

film a third silicon oxide filmfor an inpurity diffusion nmask is fornmed

on the surface of tg SRl GROGLEROL SN Tkl S¥n NG EYDgl BERIARYC 1 THOSE ™
Xi-de ¥ 9 I C over?le F e

parts of the third Silicon m substrate par'ts to

form the 1k Saskich JASKELS Bl ik By St Sabht By ety (10 | avers

are selectively etc renove IS etc ep, e gate oxide

films overlydiwd s hPSEmBA" by 2he! Q?Poit?g;ﬁiigﬁ“ 489880 surface in which the

drain regions and source ré&gi ons anne FETs are to be forned
are al so etched and renoved. Subsequently, phosphorus as an n-type inpurity
I.s diffused into the exposed polycrystalline silicon |ayer and p-type well

region surface. ThuphoBet Eaet%eaifcmwcaé&oﬁ@géﬂnsceﬁ bikg.dd" Finm €gi ons and
source regions of the n-channel MOSFETs are forned in the surface of the

p-type welwhiclyioverlhe theusubstrateipdrts othCE£drinnthet Ea&aamretls of the
polycrystalline silicon | ayer which correspond to the hi gk

MOSFETs and p-type polycrystalline silicon wiring

layers are selectively etched and removed. In this

etching step, the polycrystalline silicon layer and the

field oxide films function substantially as an etching

mask. As a result, the gate oxide films overlying those

parts of the semiconductor substrate surface in which

the drain regions and source regions of the p-channel

E 4
MOSFETs are to be formed are etched and removed.

Subsequently, boron is diffused into the
exposed polycrystalline layer and semiconductor substrate
surface as a p-type impurity. Thus, p-type semiconductor
regions as the drain regions and.source regions of
the p-channel MOSFETs are formed in the surface
of the semiconductor substrate. Since the polycrystalline
silicon layer and the field oxide films function as the
impurity diffusion mask, the p-type semiconduttor
regions are self-aligned with respect to the polycrystalline
silicon layer and the field oxide films. The
polycrystalline silicon layer having been made the
n-type by the previous diffusion of the n-type impurity

is turned into the p-type by the diffusion of the boron.



resi stance el enents R etc., because the second and third siILcon.oxideQ%%}
films function as.the inpurity diffusion nmask. After etching and renovi -
the third siltcon oxide film an oxide film having a thickness of, e.g. 1
[err] (light oxide film not=shén)=is formed on the exposed :
pol ycrystalline | ayer by the thermal oxidation. - 30 - Subsequently, thé
insulating film 16 made of phosphoilicate glass. is forned aqn.the surface of
the-resul tant senPE&eFuAenowingthe csecond giligen pyidesfiddi| mis
formed, phosphorus in the insulating film316 is not diffused intq the

pol ycr yat shirde sidigon Quide £iim fox an impurityodiffnsion, maak, i g e
2C are provided in the insulating film 16, and the underl ying |ight oxide
fiIn1(nEP’EEQMM?“bﬁhﬁN§Qﬁ§§ﬁ§i Eh%h?ﬁﬂ4°9ﬂ599§85répéégﬁéiﬁ um | ayer
having a _thickness_of,, e.g. 0.8 umis fornmed on the surface of the sem -
conductBPesGBQtg&F@P*ﬂﬂfﬁt is thereafter selectively etched and renpved.
In Figure 2A, the n-type sem conductor regions are indicated by broken-Iline
patferns 14a - 14d, and the finished polycrystalline silicon |ayers of

and G2 i ndl cato ARES FATe [bE he OEbPR T pERA, ALY FGF i Pes O
crosshabeliigedtnle sifdirate parts to form the n-channel MISFETs

and n-type polycrystalline silicon wiring layers are

selectively etched and removed. In this etching step, the

gaté oxide films overlying those parts of the p-type well

region surface in which the draiﬁ regions and source regions

of the n-channel MOSFETs are to be formed are also

etched and removed.

Subsequently, phosphorus as an n-type impurity
is diffused into the exposed polycrystalline silicon layer
and p~type well region surface., 'fhus, n-type semiconductor
regions as the drain :egions and source regions of the n-channel
MOSFETs are formed in the surface of the p-type well region.
The impu;ity is not introduced into those parts of the
polycrystalline silicon layer which correspond to the high
resistance elements R, etc., because the second and third

silicon oxide_films.function as the impurity diffusion mask.

After etching and removing the third silicon oxide
film, an oxide film having a thickness of, e.g. 4008 (1ight
oxide film, not shown) is formed on the exposed polycrystalline

layer by the thermal oxidation.

~-n



:‘err] and [err] indicate the direct contact portions where the
‘;abycrystalline silicon layers and the n-type sem conductor.regions are
\}

»

ectly coupled. Parts with I3@tward rising hatching as in areas Rl and R2
cate those portions of the polycrystalline silicon layers in which
wubstantially no inpurity. is introduced, that is, - 31 - the portions
‘whi ch serve as the high resistance el enents. The pol ycrystalline silicon.

| ayer 15b constit usabsegtiently /) ite \¥hsuldt8hgofionslie wade idE gate
el ectrodes of the transfer gate MOSFETs in the nenory cell. The transfer

gat e MOShghosphosillicate Qylasyiris formédrandtheosuriface ofpalren conduct or
regi on 14a, the channel region [err], the polycrystalline silicon | ayer 15b
whi ch extsesisl tanthsenizonductey culidtrated t hS8inceh&hecllighti conduct or
region 1l4c. Likew se, the transfer gate MOSFET [err] is formed fromthe
n-type senidedfilor iseg'mmgmmlawapmum th&n:lalsuﬂajnmq CH4, and the
polycrystalline silicon | ayer 15b. The dr|V|ng MOSFET Is fornmed fromthe
n-type sdiftentiGcisr npégiddffused dnta skhetpe Bﬁ&ﬁﬁ&lalrlég!%rlmﬁi and the
pol ycrystalline silicon layer 15¢c3, whilst the driving MOSFET [err] is
formed fromthe n-type sem - conductor regions 14d and 14e, the channel

region [err] and the_polycr talllne silicon ]a err The
pol ycrystalline si PRPSR Y the jqontact £° L ého in

Figure 2C are provided in the insulating film 16
and the underlying light oxide film (not shown) by the

selective etching.

An evaporated aluminium layer having a thickness
of, e.g. 0.8 um is formed on the surfaée of the semi-
conductor substrate, and it is thereafter selectively

etched and removed.

In Figure 2A, the n-type semiconductor regiona ~&
are indicated by broken-line patterns l4a - 144, And the
finished polycrystalline silicoﬁ layers of esolid-line
patterns. Parts with rightward rising hatching as in
areas CH, and CH, indicate the channel regions of the
MOSFETs, while parts with crosshatching as in area;

DC, and pC, indicate the direct contact portions where
the polycrystalline silicon layers and the n-type
semiconductor regions are directly coupled. Parts with
leftward rising hatching as in areas R,y and R, indicate
those portions of the polycrystalline silicon layers in

which substantially no impurity is introduced, that is,



di?ectly coupled with the n-type sem conductor region 14c sefving as the ééggb
source region and.drain region of the MOSFETs [err] and [err] in the

contact portion [err], whilst the polycrystalline silicon |ayer 15c3 is -
directly coupled with the n-w#ypelsem conductor region serving as the source:
vegion and drain region of the MOSFETs [err] -32- and [err] in the

‘contact portion DC2. One nenory cell is thus formed as descri bed above.

" The—pol ycrystalline silicon layers [err] constitutes the power source
wiring | ayertherpprtinns vhich iserwe as the bighcresiatange elememts.ayers
[err] and 15c¢3 of the nenory cell. The n-type sem conductor regions 1l4a,
14b, 14e etc., are provided with contact portions [err] etc,. On the

insulating film16 shown in _Figure 2C, evaporated alum niumlayers 17a to
17f in a pattern as shBfnPRlveRtaling ilicanclayercl6bagonstifutes

fhe cont act Wi (FERACHAG W oot A% SHRSBLrater EnpeoRFe n one momory
The n-type SHEEROTBPOPE Soe F2AnPeer (Fate MpsBERs 1l she BRRPry"
ConStL Ut 48 0oL And! BEbiiick b AIBFREICCL SRHUT 1o BGRHAPY 2
serving as tfi¢ FORHBA FOUhC EHe -Vl -1 REEIEokCEbbion 14a, the
channel région CH4, the polycrystalline silicon layer
15b which extends on the channel region CH3. and the
n-channel semiconductor region l4c. Likewise, the
transfer gate MOSFET Q4 is formed from the n-type
semicondpctor regions 14b and 14d, the channel region

CH,. and the polycrystalline silicon layer 15b.

The driving MOSFET Ql is formed from the n-type
semiconductor regions l4c and l4e, the channel region
CHl and the polycrystalline silicon layer 15c3, whilst
the driving MOSFET Q, is formed from the n-type semi-
conductor regions 144 and l4e, the channel region CH2
and the polyc;ystalline silicon'layer 15¢c,. //

OWA The polycrystailine silicon layer 15¢, is
directly coupled with the h—typé.semiccnductor region
l4c serving as the source region and drain region of the
MOSFETs Qy and Q, in the contact portion DC,, whilst
the polycrystalline silicon layér 15c3 is directly
coupled with the n-type semiconductor region serving

as the source region and drain iegion of the MOSFETs Q,

i a



ection GND. The evaporated alum niumlayer 17e constitutes the data

D2 in the next menory cell colu The pattern of menory cells in one -
menory cel | - 33 - row and the patteérn of nenory cells in another nenory
cell row agj.acgnt :t.heret LAl SYymMBhkl d N Figure
2A. Fi gureghﬁ RO\%\/%’ t%&(% %ﬁ)ﬁ%?‘%ﬁ?%égfb?aé respéc@?%/ug Ie%rﬁei\r%"slé1 '
constitutigﬂu h%th%%.Qd“aéécéﬁﬁggw£b§0efi9Ufe 1, whilst Figure 4B shows™
the section orf a Sem conductor substrate portion seen in the direction of
arrows A-A" in Figure 4A In Figure 4A, sem - conductor regions such as a
p-type well region 12a regions of a p-channel MOSFET and n-channel MOSFET
and the drain and sogee/ rytd1DehécsDsibodi caledabyseroken |ines, and
pol ycrystalline silicon layers "have their patterns i ndi cat ed by solid
lines. In zedstitntedy abr Poier sohbce wisyngslagee Vgﬁ;r apd tigy ns
I.ndi cated by two-dot chain |ines. These regions are fo d
si mul t aneoeshpinubushda didpe giolscregtabliingi shldeont Layeerst hédgam)r y
array. The n-channel MOSFET [err] is formed fromn-type drain régi ons 14f
and 14h anendnlicyed dhe memaxy orellg which are formed i the surface of
the p-type well

GEE%[err] I n"the ‘contact portion [err], and constitutes the earth
e

The n-type semiconductor regions l4a, l4b, l4e

etc., are provided with contact portions cl, Cz, cj ete,.

On the insﬁlating film 16 shown in Figure 2¢C,
evaporated aluminium layers l7a to 17f in a pattern as shown
in Figure 2B are extended. The evaporated aluﬁinium layer
17a is coupled with the n-type semiconductor region l4a in the
contact portion Cy. and constitutes the data line D,y in
one memory cell column. Likewise the evaporated aluminium
layer 17¢ is coupled with the n-type semiconductor region
14b in the contact portion C, and constitutes the data line
5: in one memory cell column. The evaporated aluminium
layer 17b is coupléd with the n-type semiconductor region
l4e serving as the common source region of the MOSFETs Q,
and Q, in the contact portion c3, and constitutes the

earth connection GND.

The evaporated aluminium layer 17e constitutes

the data line D2 in the next memory cell column.

The pattern of memory cells in one memory cell



régi on 12a, and an n-type polycrystalline silicon |layer 15d which serve'__._

as a gate electrode. The p-channel MOSFET [err] is forned froma p-typ
drain region14i and a p-type source region 14) which are fornmed in the
surface of the semiconductor supstypate 11, and a p-type polycrystalline
silicon |l ayer 15e which serves as a gate el ectrode, whilst the p-channel
MOSFET Q22 is fornmed froma p-type drain region 14k, the p-type source
regt~on 14j and the polycrystalline silicon |ayer 15e. The drain regions 14f
and 14h of the MOSFET Q20 are coupled to an evaporated al um nium |l ayer 17g

serving as theowoand the' pattern @/ Riendryugéllsnincanpeheranemdiy ¢elr64
and C81 to C84. Simlarly, the polycrystalline silicon layer 15d is coupl ed
to the evapormswdadjacentuthexeto hige tsulstintiabbyastmmetirical @s|. The
drain region 14g of the MOSFET [err] is coupled to an evaporated al um ni um
| ayer 17h t hrahmoéncint Biguper 22qns [err] to [err]. The evapor at ed

alum niumlayer 17h is coupled to the common source region 14 of the
MOSFETs [err] and [err] through contact portions C91 etc. The

pol ycrystalline silicon |ayer 15e is coupled through a contact portion Cl1
to an evaporated al uni Rigureadd simwstithe layeupppassern: pfi khecont r ol

si gnal CS. . .
respective elements constituting the bias circuit 7

shown in Figure 1, whilst Figure 4B shows the section
of a semiconductor substrate portion seen in the directiom
of arrows A-A' in Figure 4A. 1In Figure 4A, semi-
condwtor regions such as a p—fype well region 1l2a

regions of a p-channel MOSFET and n-channel MOSFET
and the drain and source/have their patterns indicated
by broken linés. and polycrystailine silicon layers
have their patterns indicated by solid lines, 1In
addition, evaporated aluminium layers have their
patterns indicated by two-dot chain lines. These
regions are formed simultanedule%ith the respective
regions which constiﬁute the memory array.

The n-channel MOSFET on is formed from n-type
drain regionsl4f-and 14h and an n-type source region
l4g which are formed in the surface of the p-type well
region l12a, and an.n-type polycrystalline silicon
layer 15d which serves ag a gate electrode. The
p~channel KOSFET'Qzl is formed from a p~type drain
region 14i and a p-type source region 14j which are

formed in the surface of the semiconductor substrate 11,

and a p-type polycrystalline silicon layer 15e which

A 3



. .

drain regions 14i and 14k of the MOSFETs [err] and [err] are
gg%yectively coupl ed to evaporated alum niumlayers 17] and .17k serving as
t common data |ines through contacB4portions [err] etc, and [err] etc. .
- 35 - Polycrystalline silicon |ayers 15f and 15g are arranged on the field
oxide film 13. The polycrystalline silicon |ayer 15f has one of its ends
coupled to the evaporated alunmi niumlayer 17j through a contact portion _
[err], whil st the‘egfo‘r%r%t%ug%% electradeaywhilsy the mrechsnnieks ends
simlarly coupl e%)tes he evaporated al ym nium |l ayer 17k through a contact
portion C122. Rz st ?ﬁéegi gFE’BnaI Rytype: Sradmy atavidk hei r

respective ot her ,ends coupled to an eVﬁgariasd al_.um nium_| ayer 17 serving
c

as the earth conid® & BTG TS oPPAorhecPolYsFystakline

Li kewi se to the Y2 t | D llicon |ayers shown in Figures 2A to 2C,
t he pol ycrystall %ﬁ'@'é’fﬁcor&+ﬁ§’§%‘ 15f and 15g have portions [err] and

[err] in which substantially no inpurity is introduced, respectively. The
remai ning portions of the polycrystalline silicon |layers 15f and 15g are of

the n-type. Regarding (he si@sipginFoa0oRk MIPFERdl duhl Jdhedeakage
I

current between the drain and source thereof is proportional to the area of

the drain regi onyOSFETEQ, ) ldrd CoESE€a S 8nt BoabeRabRaP 3] uhidlitnP the

drain

layer 17g serving as the power source wiring VbD

through contact portions c61 to c64 and C81 to c84.
Similarly, the polycrystalline silicon layer 154
is coupled to the evaporated aluminium layer 1l7g

through a contact portion Ci0°

The drain region l4g of the MOSFET Q0 is
coupled to an evaporated aluminium layer 17h through
contact portions c71 to'c73. The evaporated aluminium
layer 17h is coupled to the common source region 14j .
of the MOSFETs Q21 and sz through contact portions
Cg; etc. The polycrystalline silicon layer 1l5e
is coupled through a contact portion c11 to an
evaporated aluminium layer 17i which is supplied with

the control signal CS.

The drain regions 14i and 14k of the MOSFETs
021 and sz are respectively coupled to evaporated
aluminium layers 17j and 17k serving as the common data

1i t i
ines through contact portions ClOl ete, and Clll etec.



r'e'gi ons 14f and 14h and source region 14g are 50 pmand 9 [err], . ,
respectively, the.l eakage current reaches a nmagnitude of about 10 11 anpere~"
at.[err]. Herein, this |eakage current is absorbed conparatively well by
affording a conparatively great resista¥e of the order of [err] ohmto
each-of the polycrystalline silicon - 36 - layers 15f and 15g. In
this case, the length and width of the portion R3 and R4 in the

pol ycrystalline silicon layers 15f and 15g are specti vel e, _for
example 5 pmand 3 pm Figur é’@mﬁaaf}%??eﬁif?sﬁ ﬁb’&ﬁ%ng?# 8% 2% as
circuit 7. | nstead of the polycrystalline:.siligon_high.Lesi nces R3
‘and R4 in the enbodﬁ@nlar(’ffa’%ﬁl‘g}/lé?%régﬁ%rﬁ‘ﬁ e fi e&l?age&i%rrent of
the MOSFET [err] in_the bia IS QUi t oo F. e @?gs

sources are connect &8 lﬁfxﬁié;ﬁﬁﬁ#tﬁi£¢§§§i§%§%%n%%% ggga |n§§g %25?%é3
and the reference potentyiad I MEF ] i h
| eakage currents wh%%#é%éﬁn P the |'ea %%égéér%%?ﬂ%bQ?ﬁL1%§%§E+QPZr?féug

As a result, in spiggd@héiEEJ 1At qyrrepzfgilgeetﬂgs 1ykei/ataiNdne

potentials of the conmon CD b#d are made the deSired val ues

as in the previous iiGddEENMayer 18y MEEEdfe[ 8£" Ltanénker ElinilewlY coupled

preferably have a structure in which the conbined drain
to the evaporated aluminium layer 17k through a contact

portion Cyap¢ The polycrystalline silicon layers 15f
and 15g have their respective other ends coupled to an
evaporated aluminium layer 1?e serving as the earth

connection GND through contact portions c131 and c132.

Likewise ta the polycrystalline silicon layers '
shown in Figures 2A to 2C, the polycrystalline silicon
layers 15f and 15g have portions Rq and R, in which
substantially no impurify is introduced, respectively.
The remaining portions of the polycrystalline silicon
layers 15f and 15g are of the n-type.

Regarding the biasing n-~channel MOSFET Q,,.
the leakage current between the drain and source thereocf
is proportional o the area of the drain regions thereof.
In the case where the length and width of the drain
regibas 14f and 14h and source region l4g are 50 um
and 9 pm, respectively, the leakage current reaches

11

a magnitude of about 10~ ampere at 100°c. Herein,

this leakage current is absorbed comparatively well by

affording a comparatively great resistance of the order

11 ohm to each of the polycrystalline silicon

L8
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FET [err]. In other words, it is preferable that the size of the drain

i ons of the MOSFETs @3 and &k i s.equal to or greater than the size of -
the drain region of the MOSFET [err]. - 37 - The MOSFETs [err] and
[err] can have a channel type opposite to that of the MOSFET [err].
However, it is preferable that the MOSFETs [err] and [err] are the sane as

Lf‘ﬁurw?iﬁlﬁlu[s:ey VRPN ESRORART 1887 ) . hABTER 1RARS o o tfgﬁéeﬁi‘ﬁ%f?eamgﬁ
T
eakage cur rent S8, HEAbR PR %spér%%ﬁ* s i e TR BRI

and,Lemper 2 ureadepenieRcars 15 A dide G HOREISLIORAT HRRED! el 11 oo

illustration isg gg%?letge Snd & Suplerr] etc., in Figure 1 can also be
replaced with MOSFETs si ar to "MOSFETSs [err] and [err] in Figure 5.
Figure 6 shows an alternative enbodlnent of the witing circuit 6. The
MOSFETs [err] and [err] for .transmtting wite-down signals are held in
the "of f" states by the pdgur@ S5Sigdws \én lté&nitivehemboaimeakect i on,
and their | eakage currents are

of the bias circuit 7. Instead of the polycrystalline-~

@%%Ekage current thereof becomes greater than the |eakage current of the
g

silicon high resistances Rq and R, in the embodiment

of Figure 1 for absorbing the leakage current of the
MOSFET Q,, in the bias circuit 7, MOSFETs Q,5 and

Q24 whose gates and sources are connected are arranged
between the common data lines CD and CD and the reference

potential.

The MOSFETs Q,, and Q,, cause drain leakage
currents which absord the leakage current of the MOSFET
on. As a result, in spite of the leakage current
of the MOSFET on. the potentials of the common data
lines CD and CD are made the de;ired values as in the
previous embodiment. The MOSFETs Q,4 and Q4 should
preferably have a stru?ture in which the combined drain
leakage current thereof becomes greater than the
leakage current of the MOSFET on. In other words,
it is preferable fhat the size of the drain regions of
the MOSFETs Q23 and Q24 is equal to or greater than the

size of the drain region of the MOSFET on.



utTI{zed to prevent the excessive rises of the potentials of 'the common €N
data lines CD and.CD. - 38 - -The witing circuit 6 is constituted by a = -
NAND (or NOR) -gate circuit of 2 inputs so that both the pair of output
term nals can be held at the |ow I evel during the chip non-selection. The
witing circuit 6 includes a first Zﬂruiﬁ dgate circuit MOSFETs [err] to
[err] a second 2-input gate circuit-conprising MOSFETs [err] to [err], and
an tnverter circuit 1V. The chip selection signal CSis applied in conmon

to the gates of the MOSFETs rr [ er whi chsare '

first ?nddseconﬂ gate circuiﬁgqjvd§%§iﬂ ]31?&§Q?24e9%§3%59§35f°§%8%§? DI N
Is applied to the gates of . the FET. 9 Lah t | : @f

t he second gate ci r?XPF gﬁptor?é"ttl\étoh%é’r t?l‘a e.oﬁﬁ%m ?gégt gls‘é’%gle&l}blslj\]% is

inverted by the invgkgggfgﬁ¥gﬂgh£€Yé€§eﬁéégg?%t t hgndages aket ReeMaBhRETS

e, TR ke ot FaaaftchER, frentn 5o
held at the high |evel 5’%:’@%%2%9% €0 Eafinét! 87peolnd @hak faeyl |9
' are manufactured simultaneously with the MOSFET on.
Under these conditions, the leakage current levels
of the MOSFETs 023 and 024 correspond favourably to
the leakage curient level of the MOSFET on irrespective

of their deviations and temperature-dependencies.

As a result, the undersirable potential rises

of the common data lines can be favourably prevented.

Although no illustration is made, the
resistors Rg: Rgs Ro, 38 etc., in Figure 1 can also
be replaced with MQSFETs similar to the MOSFETs 023
and 024 in Figure S. | |

Figure 6 shows an alternative embodiment
of the writing circuit 6. The MOSFETs Q,g and Q,4
for transmitting write-dowh signals are held in the
"off" states by the.contrbl signal WE during the
chip nbn;selection, and their leakage currents are
utilized to prevént'the excessive rises of the

potentials of the common data lines CD and CD.



9 - chip non-selection, so that the MOSFETs [err] and [err] are held in
€E§ "on" states, while the MOSFETs [err] and [err] in the "off" states.
sequently, both the outputs of the first and second gate circuit are .
respectively made the | ow | evel=ir388spective of the wite-down signal
[err]. During the chip non-selection, accordingly, the |eakage current
supplied fromthe MOSFETs [err] -to the commopn data |lines CD and CD ,
t hrought he MOSFETs [err] and [err] is supplied to the reference potenti al™
si de through the MOSFETs The ryritingeeifchitdbi da onsdrktutedithss and t he
MOSFETs [err] and [err] held in the "on" states at this tine. As a result,
the bias vol tagm (9% ¥RhosRate airFrés e&n 2ndmpudd M dFhate Rt ng.

During the chip selectjon, _the MOSFETs 026_and are held in the "on"
states and the I\"&ZE’%{‘[ e‘?fr]°‘émufegﬁfmﬁa}ﬁe°agag’e éi%i?%f%%&?‘ﬁw | evel
of the chip sel ectli i gnal o.that the,output levels of the witing
circuit 6 are dgtee‘f#rfi'ffq*'hga%%rég enW‘t'ﬁellﬁé: fee- down si gnal DIN. The
circuit of this enbodi ment can favourably prevent the undersirable rises of
the potentials of the common data lines, |ikew se to the enbodi nent shown

in Figure 5. In additi PEILR9ck RchiE R 5g§x§ﬂ#§¥§t t he

el ements which increase gﬁ%ﬁa%gggtgnggs as |§§ﬁ¥g precedi ng enbodi nent

are not 2-input gate circuit MOSFETs Q,5 to Q,g5. a second 2-input
gate circuit comprising MOSFETSs 029 to 032, and an

inverter circuit IV.

The chip selection signal CS is applied in
. common to the gates of the MOSFETs 026' Q28 and
030. 032 which are the inputs of the first and second
gate circuits on one side.

The write-down input signal D, is applied

N
to the gates of the MOSFETs 029 and Q31 which are the
inputs of the second gate circuit ‘on the other side.
A write~down input signal 5;; inverted by the inverter
circuit IV is applied to the gates of the MOSFETs

. st and 027 which are the inputs of the first gate

¢circuit on the other side.

In the circuit of this embodiment, the chip

selection signal TS is held at the high level during the



-'ZQ\- coupled to the common data lines CD and CD. It is therefore possib—
to increase the speed of read-out of data. The nenory cells may be any Sy

known construction as long as they utilize a static flip-flop circuit. Each..-
menory cell may be forned of only p-chagwel_or n-channel MOSFETs, in

addition to the GMOS circuit. Furthernore, in the case where the |evel

rises of the data lines as referred.to above are not an inportant problem

as tn the case where the capacitance value of the common data lines is

large relative to tbaipohdiiseldctidiesso ttitat ecEhet MOSFEPS! D, ,0aRE Q4
for the | eakage current absorption with which the data |ines 5 e prOV|3%d

can be omtted. aral Meldl.in the Acriitstatesprwvhilel thenyOSEES‘BaQ %
nmenory cell which has a selection termnal and a data ternminal; a signa

line which is suppl andl @t in cten "of£" ssgm'aésdeICoasequen&&wsamtbt &hiec

menory cell; a sense anpliitier which is squlled with said data signa

t hr ough sai d si gnal outpats of the first a second gate circuit are
respectively made the low level irrespective of the

- write-down signal Dyye

During the chip non-selection, accordingly,
the leakage current supplied from the MOSFETs Q,,
to the common data lines CD and CD through the MOSFETs
021.and Q5 is supplied to the reference potential
side through the MOSFETs 018 and 019 held in the "off"
states and the MQSFETs 032 and 028 held in the "on"
states at this time. As a result, the bias voltages

on the common data lines can be prevented from rising.

- During the chip selection, the MOSFETs Q,¢
and Q3O.are held in the "on" states and the MOSFETs
Q,g and Qg, in the "off" states by the low level
of the chip selection signal CS, so that the output
levels of the writing circuit 6 are determined in

accordance with the write-down signal Dyye

The circuit of this embodiment can favourably
prevent the undersirable rises of the potentials of
the common data lines, likewise to the embodiment shown
in Figure 5. In addition, according to the present
embodiment, the elements which increase stray

capacitances as in the preceding embodiment are not
L



bneal |ine, said 10 bi'as voltage having a value |owered with respect to
a—power source voltage fed to a power source |ine;, and resistance neans for.
supplying a current to said MOSFET #Q0 prevent an abnormal rise of a

potential 15 of said signal |ine by a | eakage current of said MOSFET,

sai dresi stance neans bei ng connécted between said MOSFET and a reference

as circuit which includes a MOSFET for applying a bias voltage to said "~ "

potential point. 2. A static nmenory according to claim 1, wherein sard
resi stance neansceudplednte thencamponydafe: dines CI) andiCDconlt ayer f or ned
on a sem conductqr substrate in which said static nenory cell, said sense

anplifier and safke¥etRre|pegsibiectpoincrease the speed of yead-sout
menory according o, Caiml1, wherein said resistance neans is constituted
by a MOSFET for 2%+ seni conduct or substrate in which said static nenory
cell, said sense anplifier and said bias circuit are forned. 4. A
static nenory according to Caim3, wherein said MOSFET serving as said

resi stance nmeans has the hannel nductiyity type as that of sajd
MOSFET in said bias circd?@gﬁgémgry ce i?t&?ﬁb‘ﬁ%ﬁﬁﬁz . AR I L6 4,
wher ei n as long as they utilize a static flip-flop circuit.

Each memory cell may be formed of only
p-channel or n-channel MOSFETs, in addition to the
C-MOS circuit.

Furthermore, in the case where the level
rises of the data lines as referred to above are not
an important problem, as in the case where the
capacitance value of the common data lines isllarge
relative to that of the data lines, the resistors Rg
to Rg etc., for the leakage current absorption with

which the data lines are provided can be omitted.



sal d MOSFET serving as said resistance neans has its gate coupled.to its

source. 6. A static nmenory including: a plurality. of..static nenory 4&%}

cells which are arranged in the formof a matrix and each of mhlch has a
selection termnal and a pair of data terminals rd l i nes
each of which has the selection term nals of theuﬂﬂﬂ m

connected in comon; a plurality of palredqhéta gach of mhlch has the

paifed dat a ter;ﬁﬁ?fﬁéf the static nmenory cells connected in conmon; a
pair of comon d a switch circuit which coupled the paired data

line to be sel ectied anongst pl t aired data lines, to said
pai r of conmon dgta Imeg§ éégénsémgﬂp**fxggﬁmﬁ "has a pair of input

term nals coupied o said, aidc ol fopupy daig LhBER: n3sDAS 8 iich Whi ch

i ncludes a MOSFET for 5 ylng voltages to said pair of comon

data |ines, saldJgfﬁiﬁgdt;@@sah§g¢ggt¥§hugglneduced with respect to a
power source voltage fed to a power source l'ine; and resistance means for

supplying a current to 10 sS@ghsh MBRETwhOchr e¥eBlppn ieBNQLiRARl af iggea0f a
potential of said signal |ine by a | eakage current of said
5 signal delivered from said static memory cell;
a sense amplifier which is supplied with
said data sigﬁal through said signal line;
a bias circuit which includes a MOSFET for
applying a bias voltage to said signal line, said
10 bias voltage having a value lowered with respect
to a power source voltage fed to a power source line;
and
resistance means for supplying a current
to said MOSFET to prevent an abnormal rise of a potential
15 of said signal line by a leakage current of said
MOSFET, saidresistance means being connected between
said MOSFET and a reference potential point.
2. A static memory according to claim 1, wherein
said resistance means is formed from a polycrystalline
20 silicon layer formed on a semiconductor substrate
in which said static memory cell, said sense

amplifier and said bias circuit are formed.

-
*.



rence potential point. 7. A static menory ai.m6, 15
ein said each static menory g i ncl udes a pair of MOSFETs whose gates. .
and drains are cross-coupl ed to e other, and a pacﬂlmum
el ements which are forned fron1po|ycrystalllne silic "%i"%h are
respectively connected to the drains 20 of said pair” of¢ MOSF
wherein said resistance neans is also fornmed froma polycrystalline silicweh
| ayer. 8. A static menory according to Gaimé6, wherein said

tt . 4
resi stance meansg|s const pt 4egeiBY mamé2y d%égéd?ﬁggﬂto‘bfﬁim 11d“$%s£€%ance

menory according to Caim8, whereln sai ving as sa

means has the sag@iahaesebtanbdumbhnis’ i sf WonhaAS thitdla Aly SR ModfSFET in said
bias circuit. 10. A static nenory according to Cla|n16 erein said

bias circuit furféemednihudesenipanlueto¥OubEtrdticimWhich said
swi tched-controlled by a chip selection signal, and wherein said pair of
comon dat a | i nestatichbmemghy belmoteahdah@naaﬂﬂmﬁxfféﬁﬁhﬂuf&ﬁldn such a

way that said pair of MOSFETs in said bias circuit are rendered conductive.
bias circuit are formed.

:ﬁi?ET sai d.resi-stance neans bei ng connected betmeen sai d MOSFET and a Y
;

4, A static memory according to Claim 3, wherein
said MOSFET serving as said resistance means has the
same channel conductivity type as that of said MOSFET

in said bias circuit.

5. A static memory according to Claim 4, wherein
said MOSFET serving as said resistance means has its

gate coupled to its source.

6. A static memory including:

a plurality of static memory cells which
are arranged in the form of a matrix and each of which
has a selection terminal and a pair of data terminals:

a plurality of word lines each of which has
the selection terminals of the static memory cells
connected in commonj

a plurality of paired data lines each of which
has the paired data terminals of the static memory
cells connected in common:

a pair of common data lines:

a switch circuit which coupled the paired

data line to be selected amongst said plurality of

‘n



117 A static menory according to Caim6, further including:, a
plurality of MOSFETs for applying bias voltages to the respective -paired -,
data |ines, said bias voltages having values |loweréd with respect to said
power- source voltage fed to said power source line, and ' of

resi stance el enents which.are connected between salm‘mﬁﬁ%ﬂm“ﬁ‘“m ed data

| ines and said reference potential point. é%. c wenor Y

acébrding to Claim6 or 7, wherein said resistance neans conprises first
and second resistors connected between the respective common data |ines and

the reference ROLRII] Alafpiflnes, 8 d81q paipAodt BuhGBPHLYL AGGadi NG to

Claim12. wher €l n sal and’ second™ r ors are forne

pol ycrystal line Sili(x”k!§@ﬁ§§'a@é?ifier @h§Eﬁth%F?§t %xra%gogqgﬂg,to Claim

6 or 7, wherein said resistance ans conprises and second MOSFETSs.

15, A stat{riBiiy SoeP1ed "ot 9288YpaRe B CRAmINeREIaNY iGeal s,
wherein said sense anplifier conprises a pair of differential MOSFETs a

constant-current el enerd wd€he spPPi t eshacEORBEARIdeGURN BIISFET FYH ces of
said differential MOSFETs connected in conmon,

5 applying bias voltages to said pair of common data
lines, said bias voltages having values reduced with
respect to a power source voltage fed to a power
source line; and

resistance means for supplying a current to

10 said MOSFET to prevent an abnormal rise of a potential

of said signal line by a leakage current of said

MOSFET, said resistance means being connected between

said MOSFET and a reference potential point.

7. ) A static memory according to Claim 6,

15 wherein said each static memory cell includes a pair
of MOSFETs whose gates and drains are cross-coupled
to each other, and a pair of resistance elements
which are formed from polycrystalline silicon layers
and which are respectively connected to the drains

20 of said pair of MOSFETs,:and wherein said resistance
means is also formed from a polycrystalline silicon

layer.

8. A static memory according to Claim 6,
wherein said resistance means is constituted by a

25 MOSFET.



¥

ETs. 16. A static nenory according to Caim15, wherein said sense
ifier is formed as a CMOS circuit. 17. A static nennrﬁﬁconstructedv.

substantially as herein described wig$ reference tom“ m'" ul rated in
Figures 1 to 4, or in Figures 1 to 4 as nodified by L 5 or
Figure 6 of the acconpanying drdw ngs.

ié% | oad el enents. which are connected to drains of said differenti al
a

9. A static memory according to Claim 8,
wherein said MOSFET serving as said resistance means
has the same channel conductivity type as that of said

MOSFET in said bias circuit.

10. A static memory according to Claim 6,
wherein said bias circuit further includes a pair of
MOSFETs which are switched-controlled by a chip
selection signal, and wherein said pair of common
data 1ines.are brought to potentials equal to each
other in such a way that said pair of MOSFETs in

said bias circuit are rendered conductive.

1l. A static memory according to Claim 6,
further including:

a pPlurality of MOSFETs for applying bias
voltages to the respective paired data lines, said
bias voltages having values lowered with respect to
said power source voltage fed t; said power source
line, and

a plurality of resistance elements which

are connected between said respective paired data

lines and said reference potential point.

12. A static memory according to Claim 6 or
7, wherein said resistance means comprises first
and second resistors connected between the respective

common data linés and the reference potential point.



T

wherein said firét and second resistors are formed

from poljcrystalline silicon layers.

14. A static memory according to Claim 6
or 7, wherein said resistance means comprises first

and second MOSFETs.

15. A static memory according to any one of the
preceding claims, wherein said sense amplifier comprises
a pair of differential MOSFETs a constant-current
element which supplies a constant current to sources

of said differential MOSFETs connected in common,

and load elements which are connected to drains of

said differential MOSFETs.

16. A static memory according to Claim 15,

wherein said sense amplifier is formed as a CMOS

circuit.

17. ‘A static memory constructed substantially
as herein described with reference to and as
illustrated in Figures 1 to 4, or in Figures 1 to 4
as-modified by either Figure 5 or Figure 6 of the

accompanying drawings.



