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219 54 96 A SEMieOTN4 FHG -\RCfLﬁ‘DMCE, [err] Thgb%4rt35
i nvent.i on rel at e S CATacaancacany. rrtegrated-circuit device, and
particul arly, but not exclus- 5 |ver, to a sem conductor i'ntegrated
circuit device conpris- ing a static random access nenory (hereinafter

abbrevi ated to ﬁ%‘ﬁﬁicoﬁ@@cf@ﬁ“imﬁéhhﬁb @R@ﬁ‘i"ﬂ 'D'{‘svfx%

CIrCUIt in mhlc A

field effect transistor) connected T Series. Tne. pomer Sour ce potentlal S
applied to the common termnal of the -two |oad el enents, and the conmon
source of the two drive M SFETs receives the ground 15 potential of the
circuit. A nmenory cell of the type in which a resistance el enent made of
pol ycrystalline silicon is enployed as a |oad elenent, is known. The nenory
cell of this type perniTise phegbénticisiveptdbni medgtasi b hesemieondadwsi st -
20 ance el enment can be forned over a drive M SFET. An-SRAM having menory
cell's of this typtagratied|otecduih dapineseahdt partApplacdyi obutandtomstrlus-
No. 54-128295, Japanese Patent Application No. 57-160999, and Japanese
Pat ent Applléﬁt@ﬂehx) t5Y-a 2semicopduchprainsRavated airoudtsdevies® iqonges-
25 article entitled ' A 30ns 64k CMOS RAM by Ki m Har dee, 2
lng a static random access memory (hereinafter abbreviated
to ‘SRAM'). _ .
: _ The memory cell of an SRAM is formed by a flip-flop £
U p-tiop g;
circuit in which a pair of inverter circuits are cross-'

10 coupled. Each of the inverter circuits has a load element
and a dfive MISFET (gate-insulated field effect transistor)
connected in series. The power source potential is applied
to the common terminal of the two load elements, and the
common source of the two drive MISFETs receives the ground

15 potential of the circuit.

A memory cell of the type in which a resistance

element made of polycrystalline silicon is employed as a

load element, is known. The memory cell of this type
_permits a high dens;ty of integration because the resist-
20 ance element can be formed over a drive MISFET. An SRAM
having memory cells of this type is disclosed in Japanese
Patent-Applicatiod Laid-open No. 54-128295, Japanese Patent
Application No. 57-160999, and Japanese Patent Application
No. 59-125247. A similar SRAM was also disclosed in the

25 article entitled 'A 30ns 64k CMOS RAM' by Kim Hardee,



Mchael Giffus and Ron Galves in | EEE International Solid-State Gircuits
Conference’ in 1984. The inventors have investigated howit is possible to
emhance the densities of integration of SRAMs, and have found the foll ow ng
probl em The ground potential of the circuit is supplied to the common
source of the two drive MSFETs by a wiringsline which is made of
sem(cogg_uctor material. Since the resistance value of this wiring |line my

be as High as sgyghabit! e®siffud Cldrda - RopE 88168kLI ain t Eof xh%ekh%*&h%r\ta&

rise. Consequently, the difference between a power source potential and

the source pot egblad-beaeaeeisailits CbrHEersfeeainngoBm’gins in witing and
reading of information are reduced, and mal functions are prone to occur.

To suppress such mal fheciineeatorshhasre sinvastigated owaiof ishposisible
line needs to be increased so as to |lower the resistance thereof. It is
accordi ngly di f tocenhance ethee ddnsidricss 0b£ft himtegmatiarel bf TBRANSs £Sand

i nvention therefore seeks to overconme, or at |least aneliorate, this

probl em A firshavuepfeundf thecfpltowingi pvobilema t heref ore provides a

sem conductor integrated circuiit device conprising: word |lines which are of

a doubl e-1ayer film cSiBroEPHdaPOteRtiAY Rirth| GE¥Gath LEnEuppPLiedn tand

ﬁets gf?ngngl 1/vlr"]|1| 2{31‘1%@:%%{%%9% c':? %h(:eor@w?g ngr:?\fresuIlsg‘-‘%Q'saryy aar %firr?i(x:atgor y
line which is made of semiconductor material. Since the
resistance value of this wiring line may be as high as
several tens of Q/D . the potential thereof is liable to
rise. Consequently, the difference between a power
source potential and the source potential becomes small.
Thus, operating margins in writing and reading of
information are reduced, and malfunctions are prone to
occur. To suppress such malfunctions, the cross-
sectional area of the wiring line needs to be increased
so as to lower the resistance thereof. It is accordingly
difficult to reduce the area of the memory cell.

\/ The present invention therefore seeks to overcome,

or at least ameliorate, this problem.

A first aspect of the present invention therefore
provides a semiconductor integrated circuit device
comprising:

word lines which are of a double-layer £ilm
comprising a first film of polycrystalline silicon and a
second £film of a silicide which is a compound of silicon

and a refractory metal, and which extend in a row



direction over a sem conductor substrate; data |lines which extend in a
colum direction over said sem conductor substrate and two of which
constitute one set of conplementary data |ines being“connected to an

i dentical memory cell; a plurality of 3menory cells each of which conprises

cross-coupled first and second M SFETs, first and second swi tching M SFETs
bei ng confeEEER1RB: REER &aSEHLCrRAUSTRTs SUEIFTMCSHETs and said )

) . . . N/
I y d I h, t.h I d ed d d
complement a1 Cgigel Gk ARt CoFL FCEPIOER MRS nee o o

semi condugl gl SUAILIGAAe Al bIBIBYCEAAE DEbNEraLEIEO ddhd 016, U

col unmms over sai sem conduct or substrate, correspon 0 Intersection

poi nts bepugedeths pRbaiplehdh tatd it a5 alihedl vedMY YRIHA Yedldld 4h NES
respectively; load elenments which are respectively coupled to the first and

second M DBEASichill Glemdiryl R@11i;nes which are formed over said sem conductor
substrate which serve to supply a ground potential to said nenory cells,
and whi ch are madelafrafllieysaife nempetys cad lish@aehofo fsaihd clorecbdprtses t he
first wwring lines being on a second insulator filmon the sem conductor
subst r at ecroAs-chiupleds figfst eng ceorend NMLSEEDs, f Fimsiteiang ggecerd t han

the thickness of the first insulator film _and second wiring |lines which
serve to §Hﬁﬁpyiagﬂﬁ;§FETs being connected between said first and .

second MISFETs and said complementary data lines with
their gate electrodes connected to said word lines, said
gate electrode being on first insulator film on the
"semiconductor substrate, said memory cells being arrayed
in rows and columns over said semiconductor substrate,
which correspond to intersection points between the word
lines and the sets of complementary data 1lines
respectively;

load elements which are respectively coupled'to the
first and second MISFETs;

first wiring lines which are formed over said

semiconductor substrate which serve to supply a ground . \~J

potential to said memory cells, and which are made of the
same layers as those of said word lines, the first wiring
lines being on é second insulator film on the
semiconductor substrate, the thickness of the second
insulator film being greater than the thickness of the
first insulator film; and

second wiring lines which serve to supply a first



4°fixed potential via the |load elenments to said nenory cells and which are
formed over said first wiring lines with an insulator filmintervening

t.her ebet ween, said.second wiring |lines ex&ending substantially in the sane
direction as said word lines, the second wiring lines being integral with

and of the sapeddy@otdhtide LA eheM™ésa ldleheiReONdoasNEd hlRoRyeSENt
I nventQ_‘on provi des a sem conductor integrated circuit device conpri sing:

word | Thes whigllsfren@f whidaulire | Pyefiedi be@O Ui Midrsk fhifingi hanek _
pol ycrystalline silicon and a second filmof a silicide which is a conpound
of silicon anithr ehr athsudanetral fiand iMtehvenispd thermebetvwaln £Ckia@d over
a sem conductor substrate; data |lines which extend in a colum direction
over said serfeeAnflicvbringbdingse excendibngf suhstlantdadiiyt Uire the semeof
conplenentary_data |ines, each set of conplenentary data |ines being
connected to HFIHERD ca4F bl y vodd ; 1ingpur e ySBFORENOIF I | 11886h of

whi ch conpri ses, cross-coupled first and_second M SFETs, first and secqnd
Sw L ohi g’ M SFEHEE DR HEEEBRn i TR WaEn A (= 1P SLoRRE Aonthfn SE8R0 and
sai d conpl errequré/ndsata lines with their gate el ectrodes connected to said
word |ines, sdl ga?e‘ el ectrode being on first insulator filmon the

sem conductor substyate, s S@dtla "BEPEYt CEhLSpRELBA LAt h3%GRYi0on provides a

semiconductor integrated circuit device comprising:

word lines which are of a double layer film
comprising a first film of polycrystalline silicon and a
second film of a silicide which is a compound of silicon
and & refractive metal, and which extend in a row
direction over a semiconductor substrate;

data lines which extend in a column direction over
said semiconductor substrate and two of which constitute
one set of complementary data 1lines, each set of
complementary data lines being connected to an identical
memory cell;

LJ . & plurality of memory cells each of which comprises
cross-coupled first and second MISFETs, first and sgcond
switching MISFETs being connected between said first and
second MISFETs and said complementaery data lines with
their gate electrodes connected to said word lines, said
gate electrode bging on first insulator film on the
semiconductor substrate, said memory cells being arrayed

in rows and columns over saild semiconductor substrate,



in rows.and col ums .over said sem conductor substrate, 4a whi ch
correspond to intersection points between the word |lines and the sets. of
conpl ementary data |lines respectively; |load el enents which,are respectivelye:
coupled to the first and second M SFETs; first wiring |lines which are '
formed over said sem conductor substrate, which serve to supply a ground
potential to said nenory cells, and which are nade of the sane |ayers. gs
those of said word lines. the fir8g wiring lines being on a second h

i nsul apichi koredspads vy GrlidartoDIdaits BoOuddn CkRESToph the second
insulator. filmbeing greater than the thickness of the first insulator

film andeecamldwitheg bieras W Cle ey Yenleh sappl Ydatd r tidéxsed potenti al
via the load elements to said nenory.cells and which are forned over said
first wespagtivedgswith an insulator filmintervening therebetween, said
second mﬁring | i nes extending substantially inthe same direction as said
word |ines, thedsedemenksr whdchi are pesngctivedyvacowpind sadtdbe t he sane

| ayer as, the |l oad el enents; wherein gate el ectrodes of the first and :
second TRFSEERSd, pecoOnds MISFEIRIY bel ow the | oad el ements with an insul ating

film therebetween and extend in t sane
?irst WQring 19nes wn?ch are formed over said

semiconductor substrate, which serve to supply a ground
potential to said memory cells, and which are made of the
same layers as those of said word lines, the first wiring v/
lines being on a 8econd insulator film on the‘
semiconductor substrate, the thickness of the sécénd
insulator film being greater than the thickness of the
first insulator film{ énd
gecond wiring 1ines which serve to supply a first
fixed potential via the load elements to said memory
cells and which are formed over said firsﬁ wiring lines
with an insulator film intervening therebetween, said
second wiring lines extending substantially in the same O
direction as said word lines, the second wiring lines
being integral with, and of the same layer as, the loed
élements;
wherein gate electrodes of the first and second
MISFETs are substantially below the load elements with an
insulating film therebetween and extend in the sanme
direction as the load elements.
The gate electrode of one of the drive MISFETs nay

be extended, and is used for cross-coupling. This makes




dirrection as the | oad el enents. The gate el ectrode of one of the drive

M SFETs may be extended, and is used for cross-coupling. This nakes 4b
LI unnecessary to provide wiring for cross-coupling between gate
el ect r odes. It is also unnecessary tao _provide wiring for cross-coupling

bet ween resistance el enents which lie afbve the gate el ectrodes. A

sem cc('r_\fductoatr eghaR s FgVerd | R SPfde eWi¥ SngBY die ERERA ddusSlithiga wWay
that ttfe gate el ectrodes of the two drive M SFETs and filnms on the side

wal | s t her eobedwearsegate aelesitrodidris, the danm adsducimiecegsamyneed not
be formed in the channel region of the drive M SFET. The two resistance

el ement s nmayprre i de e iovEn gt HEopatar ad eccovpbingf hdtweew dres/is DASFETS.

This nmakes it _possible to change the resistance val ues_of the resistance
el ements in EIREESHIGHAIEHGE it 2908 nele oFR e #Iegfe29deshich is (are) to be
witten into the rrermré?gell and to feed cyrrents I n éhe directions in

whi ch the voltage di ffePEReRAPFLOT nEgiony TR PPEVPPLLAS(SAKE BFERTS The
present | nveRtoh Ko DERAS RETJTdn theWEFNThY Rhe UeRY A QN RIadbeogevi ce
the two drive MISFETs and films on the side walls thereof
are used as a mask. Thus, . the semiconductor region need
not be formed in the channel region of the drive MISFET.

i The two resistance elements may be placed over the
gate electrodes of the two drive MISFETs. This makes it
possible to change the resistance values of the
resistance elements in correspondence with information
(voltages) which is (are) to be written into the memory
cell, and to feed currents in the directions in which the
voltage difference of "1" and "0" is clarified (self-
bias).

The present invention may hence permit the density

of integration of the device to be increased, and also

may



enhance the reliability of the device. An enbodiment of the invention will =~
now be described in detail, by way of exanple, with reference to the accom
panyi ng drawi ngs, in which: 5 Fig. 1 is an equivalent circuit

di agram showi ng a nenory cell of an SRAM for expl ai ni ng one enbodi nent of
t'he present invention; Fig. 2Ais a plan view of the nmenory cell of the
oRAM of Fig. 1 for explalnlng one enbodiTent of the present 10 |nvent|gD;
Fig. 2Bis a sinplified schematic viewwith Fig. 2A showing features oftthe
present invention; Fig. 3 is a sectional viewtaken along line IIl - Ill in

Fig. 2A agg ééce the reﬂﬁ%%ﬁrﬁégiéf ené aé€¥@e5h0“”ng the menory cell of
a

n SRAM at vari ous steps in acturing process for explaining a

process accordi ngahoeRbedsMer VS LKk, m@ef{\m&h %198 ndw! e 6a85Er PhES
views, and Figs. 7 to 10 are sectional views. The present

i nvention Wi BeR@¥1hebgesaly ke axddp1éf eweﬂ@eré@eaén@@b@@ fEAt abBomhi ch
the invention is applied to an SRAM wherein the flip-flop circuit of a

menory cel pahgifignarawingd ,ofid whiest stance el enents and two M SFETs.
Conmponents having the same functions are assigned the same 25 reference
nureral 5 in all tRéghi guies amceghivalent ocircepeadbagyanesvovwbeg. a

Referring to Fig. 1, a word line W. extends in a row
memory cell of an SRAM for explaining one embodlment of the

present invention; '
Fig. 2a isla plan view of the memory cell of the SRAM ;;
of Fig. 1 for expiaining one embodiment of the pre§ent
10 invention;:
Fig. 2B is a simplified schematic Qiew with Fig. 2a
showing features of the-bresent invention;
Fig. 3 is a sectional view taken along line III ~ III
in Fig. 2a; and |
15 Figs. 4 to 10 are views showing the memory cell of an
SRAM at various steps in the manufacturing process for
explaining a process according to present invention, in
which Figs. 4 to 6 are plan views, and Figs. 7 to 10 are A

sectional views.

The present invention will now be described with

e
c\

reference to an embodiment in which the invention is applied
to an SRAM wherein the flip-flop circuit of a memory cell is
constructed of two resistance elements and two MISFETs.

Components having the same functions are assigned the same

[ L
[Se )

reference numerals in all the figures and shall not be
repeatedly described.

Referring to Fig. 1, a word line WL extends in a row



-6- direction, and a plurality of word lines are laid in a colum direction
(the direction in which the word |lines extend shall hereinafter be called
the row direction.) A.-set of conplenentary data lines [err] and [err]
extend in 5 the colum direction, and a plurality of sets are laid in the
rom1d|rect|on (the direction in mhlch the dgta |lines extend shal

her after be called the colum direction). The menory cell of the SRAM
conprises a flip-flop circuit which has a pair of input/output termnals,
and 10 switching M SFETs sl and 2 which are respectively 7 connect ed
to the input/autrpetibar,Manadl & pAuplauridly tof Ohosdichi ne@svaye CBALE @hCa
arranged and di sposed at the predeterm ned intersection between the word

li nes W. and tbaudat dikrieeedobl (the danteanisd i intwhbclrethe ywdrdellinasray.
One of the source and drain regions of each' switching M SFET is connected
to the data | iem¢ebd shall, hefreliaafitemtbercalledntret eowtditeetiapud/ out put
termnal of the flip-flop. The word line W. is connected to | Q_the gate

el ectrodes of both tReseki oEhcogpesrEAYwrdgtantimes DL Tard \PEFEXEepdr if

and [err]are switches which [err]
5 the column direction, and a plurality of sets are laid in

the row direction (the direction in which the data lines

extend shall hereinafter be called the éolumn direction).
The memory cell of the SRAM comprises a flip-flop

circuit which has a pair of 1nput/output terminals, and

10 sw1tch1ng MISFETs Qg1 and Qg2 which are respectively



are controlled by the word Iine W.,, and they serve to selectively connect *

the flip-flop circuit wwth the data lines DL and DL. 15 The flip-flop

circuit conprises MSFETs [érr] and [err] and resistance. el enents [err]

and [err]. This flip- flop circuit stores information "1" or "0" which is

transmtted fromthe data line DL or DL.-The flip flop circuit conprises

two inverter circuits which are cross-coupl ed. 20 The respective inver%gr

circuits conprise the resistance elenent [err] as a load and the drive”

M SFET [err] and those [err] and [err] The output of one of theé inverter

circuits .is applied to the gate el ectrode of the drive M SFET as the input

of the ot kghneBvredt &b checunpuitd omytryal t23oiaghison. A PRar@ldssy coupl i ng

t hereforeis achi eved w t hout | owering the density of integration as wl|l

- be descri bgdshahemenomyacedigance RreRngRied FrdsddsrompdntdtortheThe inverter
circuits are supplied with a power sgyrce'potentiald[%%%L t hrough t he

cor r espongireg etesngngdc é nEedSEREACS P& hd T O *% esi stance

elenents [err] and [err] g¢qntro th%rna nitudes qf currents f Lowi ng from

t he power Wo@mnde thecdagid §E|?LHO| %@QMﬁ%ﬁﬁﬁ*ﬁ“ ot Y According to

the present invention, the resistance elements Rland R2 are self-biased as
will be-ﬁé§@ﬂi5€daﬁater. | JThat is, the resistance val ues of the resistance

el ements [err] Sangtoife%ye Ut AU I L UM R N PO 1O be

delivered as o S thellnverter circuits.
MISFET is connected to the data line DL or DL, while

the other is connected to the input/output terminal ;;
of the flip-flop. The word line WL is connected to
1V the gate electrodes of both the switchihg MISFETs Qsl
and 932' The MISFETs Qsl_and Qsz are switches which
are controlled by the word line WL, and they serve to
selectively connect the flip-flop circuit with the data
lines DL and DL.
15 The flip-flop circuit comprises MISFETs
Q1 and Q2 and resistance elements Rl and RZ' This flip-
f£lop circuit stores information "1" or "O" which is -

— oot/
transmitted from the data line DL or DL. The £flip flop

circuit comprises two inverter circuits which are cross-coupled.

2V The reSpective inverter circuits comprise the resistance

eiement R, as a load and the drive MISFET Ql’ and those
R2 and QZ‘ The output of ﬁne of the inverter circuits
.is applied to the gate electrode of the drive MISFET

as the input of the other inverter circuit in mutuel

25fashion. The cross-coupling thereforeis achieved vithout



The two inverter circuits are connected to a fixed potential, for exanple,
the ground potential [err] of 15 circuitry by comon wiring. To this end,
tthe sources of the two drive M SFETs are connected to the common wiring for
the ground potential. According to the present enbodinment this wiring is
not fornmed of a sem conductor region but is rmed of a layer having a
still Llower 20 resistance. In the menory celF, the witten information can
be regarded as being stored in a parasitic capacitance C. The parasitic
capacitance C includes principally the capacitance of the gate el ectrode of
the M SFET 25 [err] or [err] and the junction capacitance between one

seni conduct forer i O (PALLEy 1O01 O Of - L A JLUON PGS SUPELeat e

According to ment the parasitic capacitances are

I ncr eased anfial_s&ft f‘;rf&_so%{@ng@d.upgd Yhé hped s@x@rdd yih d sifd uences on the
r .

M SFETs [err]~-and [err Fig. 2Ais a plan view show ng the nenory

cel s of the SRAMOE . §4e PEES e r ¢ UVENT 408, spshi e viscid £opwedf ual vi ew of
the nenory cells in Fig. 2A, and Fig. 3 is a sectional view taken al ong
line Il - liduide Prertial Vi hetlptaugli ebe of ot gs pidAliangl teéspdednyeews
shown 10 in Figs. 4 to 6 to befeferfed to later, insulator filns other
than fiel d5i esethetos R Im;dvhich The pesistionchee emgntse cande conductor
| ayers are not shown ih order to facilitate understanding of the

arr angenment R2 control the magnitudes of currents flowing from the

power source V and stably hold the written information.

_ cc’

e According to the present invention, the resistance elements
Rl and Rz are self-biased as will be described later.

10 That is, the resistance values of the resistance elements

R

and R2 are changed in corfespondence with signals

1
to be delivéred as outputs by the inverter circuits.
The two inverter circuits are connected to a fixed
potentiai, for example, the ground potential Vss of
15 circuitry by common wiring. 7To this end, the sources
of the two drive MISFETs are connected to the common
W wiring for the ground potentiali According to the present
embodiment this wiring is not formed of a2 semiconmductor
region but is formed of & layer having & still lower:
2V resistance.
In the memory cell, the written information can
be regarded as being stored in 2 paresitic capacitance
C. The parasitié capacitance C includes principally

the capacitance of the gate electrode of the MISFET

25 Q1 or Q2 and the junction capacitance between one semiconductor



of the present enbodinment. 15 Referring to Figs. 2A and 3, nuneral 1
desi gnates a sem conductor substrate which is nmade of single-crysta
silicon of the n -type. Nuneral 2 designates a well region of the p -type,
which is provided in the predeterm ned part of the main surface of the
~sem conductor substrate 20 1. Shown at nuneral 3 is a field insulator film
twhi ch is provided over the main surfaces~bf the sem conductor substrate 1
and the well region 2. This field insulator film3 isol ates sem conduct™dr
el ements fromone another. In the part of the well region 2 under the field
insulator 25 film3, a p-type channel stopper region 4 is provided. Thi s
channel st LPPe4 Nt RIS ez iMnSFRRE Br @WbeReRRk.Ng, and

el ectricaff ??éoFggggefhggégﬁﬁcoﬁductor efg%e:?sh In the SRAM of the
present egEQQEHEH 1tkhehgege@é&tcelnbgdqh@nqo'rt&ier paired iafi cncelpaitlances

M SFETs. e n-channel M SFETs are forned in the p -type well.region 2.
Though not gheWincikbaspar apldesalf tcierattns axfe tresi uremip vy thelults (sense
anplifiers, decoders, a timng signal generator, input and output circuits,
etc.) incknderifgonpkdmentasy ol Shei MLREETs Qclemdn&,.and p- channel M SFETs
constituting the conplenentary MS circuits are respectively fornmed in the
p -typeSwel | rE§gen22 asdat pdas Migre shawimhdihe Areseiystedild 1. Each

H SFET is substantially surrounded with the, fi eIFd, [ nsztbl at ar
of the SRAM of the present invention, lig. is'a conceptual

view of the memory cells in Fig. 24, and Fig. 3 is a
sectional view taken along line III.- III in Fig. 2A. -
In the plan view of Fig. 2A and imn plan views shown
10 in Figs. 4 to 6 to be referred to later, insulator films
other than field insulator films which are provided
between respective conductof layers are not shown in
order to facilitate understanding of the arrangement
of the present embodiment. . N
15 Referring to Figs. 2A and 3, numeral 1 designates

& semiconductor substrate which is made of single-crystal

silicon of the n ~-type. Numerai_2 designates a well

O

region of the p -type, which is provided in the predetermined
part of the main surface of the semi;onductor substrate

20 1. Shown at numerazl 3 is a field insulator film, which
is provided over the mein surfaces of the semiconductor
substrate 1 and the well region 2. This field insulator
film 3 isolates semiconductor elements from one another.
In the part of the well region 2 under the field insulator

25 film 3, a p-type channel stopper region & is provided.

.z



15film 3, and has its configuration stipulated by the sane. That is, each

M SFET is formed in a region (active region) where the field insulator film
3-4s not provided. The-switching M SFETs [err] and [err] conprise
insulator filns 5 as gate. insulator filnms, conductor 20 |ayers 7A as gate
el ectrodes, [err]-type and [err]-type senicpﬂgpctor regions 8 and 10 as
soufceyand drain regions, and p+-type sem conductor regions 11 for
preventing soft errors. The M SFET Qlconprises an insulator film5 as a
gate insulator film a conductor |layer 7D as a gate 25 el ectrode,
[err]-type and [err]-type sem conductor regions 8 and 10 as source and

drain regionsy, jandn@nRe1t ¥P8ppeRi eepdbet & pragicit sl arars iy S FRr $of t
errors. The MSFET [err] conprises an insulator filmb5 as a gate insul ator
film a condyGloql opa¥etidf, a8nd gaketyieladdiy domlatred e ahitoddyrtor
sem conductor segions 8 and 10 as source and drain regions, and a
[err]-t.ype saepeardyctor region 11 for preventing soft errors. The M SFETs
[err] and [err] are formed in the well region 2. 10 The gate insul ator
films 5 are nade @hn shlei 58AMdpéxitde PirladenthiemP adideandrmdheomesarparts of
the main surface of the sem conductor’ substrate 1 as well as the well

regi on 2 bei mplilyse 236t coasteyrsas. ofheFhandedliVdes 7A The spchamredk e

ggggrﬁgegoumﬁ%sF%%sl%%%rfgghg% g%méﬁé”ﬁki€¥ﬂé“¥é¥f?ré??ﬁ%cg.VW%ﬁﬁhgh

not shown, the peripheral circuits of the memory cells
k/ (sense amplifiers, decoders, a timing signal generator,
input and output circuits, etc.) include
10 complementary MIS circuits. n-channel and p-channel
MISFETs constituting the complementary MIS circuits
are respectively formed in the P -type well region
2 and the ﬁ--type semiconduétor substrate 1. Each
MISFET is substantially surrounded with the field insulator
15 £ilm 3, and hés its configuration stipulated Sy~the
same. That is, each MISTET is formed in a region (active
region) where the field insulator film 3 is not provided.
The switching MISFETs Qsl and Qsz comprise
insulator films 5 as gate insulator £ilms, conductor
20 1ayers 7A es gate electrodes, n ~type and nt-type semiconductor
.regionS'B and 10 as source and drain regions, and p+-ty§e
semiconductor regions 11 for preventing soft errors.
The MISFET Ql comprises an imnsulator film 5 as
a gate insulator film, a2 conductor layer 7D as a gate

2> electrode, n -type and n+-type semiconductor regions



a filmof polycrystalline silicon and a filmof a silicide being the

conpound 'between silicon and a refractory netal (such as nol ybdenum

tantalum titaniumor tungst'en), formed on the polycrystalline silicon

film The conductor 20 |layers 7A, 7C and 7D nay be made of silicide

{ilns, refractory netal filns, etc. The gqte el ectrode 7A is extended in
he row direction over the field insulatortifilm3. That I's, the conductor

| ayer 7A is used as the word line W.. The source and drain regions are™

brought into the so-called LDD (Lightly Doped Drain) structure by the

sem conductor regions 8 and 10. In order to formthe LDP structure,

insul ator didme 1D are gPuiadeshbrdboih Tegiarses2df -2aRki~®YPehe conduct or

| ayers 7A to 7D in 5 self-alignnment thereto. The inpurity introduci ng mask

9 may wel | séeicembuattbaftegiathel h Loy prrevepEdmguee bt 28EPHAS 10 and the

[err]-type sem conductor regions 11 have 3gen fgrned The sem conduct or
region 8 Heise MLSEBUIQs yceBRELHEF afPohBFEWAF OFh #1Phat 25f the seni conduct or
10region 10. Thus, an electric field %ntensi%x at z@e p-n éugction bet ween
the sem comdert®rinsipates the 9RPPUFERF on®2®tah~ p®5nbdePafed. Since
the junction depth ([etr of the sepm con | ' 1, the
coveragé’tﬁ%?%%ﬁ°%ﬁdé?'T%%pﬁa?%Pe?ec?*ggeggﬁ%?énggg%ggogeggﬁggﬁe a channel
is formed),can, bg.l ess : } £O G reghons.8_are.fornmed by ion
ol antat | Brentel B Er Tt e TH€ SFELACPAPELAL. TRARORS,S- el ol
semiconductor region 11 for preventing soft errors.

‘The MISFETs Ql' QZ’ Qsl and Qsz.are formeq in the ;;
well region 2.
10 The gate insulator films 5 are médg of silicon
dioxide films which are formed on the parts of thg main
surface of the semiconduﬁtor substrate 1 as yell as
the well region 2 being the active regions.
The gate electrodes 74, 7C and 7D are made of double-
15 layer films (poly-cide structure) each of which comprises
a £film of polycrystalline silicon and 2 film of a
silicide being the compound between silicon and 2 refractory
metal (such as molybdenum, tantalum, titanium or tungsten),
formed on the polycryst#lline silicon film. The conductor
20 layers 74, 7C and 7D may be made of silicide films,
‘refractory metal films, etc. The gate electrode 7A
is extended in the row direction over the field insulator
£film 3. That is, the conductof layer 74 is used =as

the word line WL,

25 The source and drain regions are brought into the



thre gate el ectrodes 7A, 7C and 7D as a mask. The sem conductor region 10
constructs the substantial source region or drain region or the
cross-coupling wiring of the flip- 20 flop circuit. The sem conduct or
regions 10 are formed by introducing an inpurity with ion inplantation,
using the inmpurity introducing mask 9. Thejpnsulator filnms 9 and the

seni caonductor regions 8 are onmtted fromall the plan views. 25 The

| ayout ~of the M SFETs [err] and [err] -13- which is schematically shown
in Fig. 2B, is done as follows in order to cross-couple the two inverters.
First, as regards the configuration of the field insulator film3 within

the memory cellyDaelin {hfei £pMDbOLEDESEN 9! st Pe MSERTD gRd the n -type

sem conduct Y regions 10 as the wiring, Fig. 4 ray be referre

M SFETs [erg;mfwgh&&%iér @?i&ﬁﬁﬁd hpdoYe. acthverdegi o8 ésfaneﬁeby the
field insulator In this 10 active region, parts for formng the

M SFETs [erpppaggrXr@Fe, re69etityel yinnsangetei provghed uppepoand | ef t
| ower areas in Figs. 2A and 2B. These two parts are made unitary by the

[err]-type skei sDaesicoédDreselyi ofi dbebhoshucsofotapersbfAquel yDfiem a right
upper position 15 to a left |ower p05|t|on in. Figs. 2A and 2B. This
sem conduGt selfeglbgnuént stheretpsi ngheotnpunhtEt ingreotechSFETsK[ err]

9 may well be removed after the n+-type.semiconductor
regions 10 and the pfftype semiconductor regions 11
" have been formed. The semiconductor region 8 has an
impurity concentrationm lower than that of the.semiconductor
l9region 10. Thus, an electric field intensity at the
p-n junction detween the semiconductor region 8 and
the well region 2 can be moderated. Since the junctioen
depth (xj) of the semicénductor region 8 is smal}, the
coverage thereof under the gate electrode (into a region
15 vhere a channel is formed) can be lessened. The semiconductor
regions 8 are formed by ion implantation, using principally
the gate electrodes 74, 7C and ;D as a mask. The semiconductor
region 10 constructs the substantial source regiom or
drain region or the cross—-coupling wiring of the flip-
20 flop circuit. The semiconductor regions 10 are formed
by introducing an impurity with ion implantation, using
the impurity introducing mask 9., The insulator filmsl
9 and the semiconductor regions 8 are omitted from 211
the plan views.

25 The layout of the MISFETs Ql' Qz. Qs1 and Q52



and [err] and is the source or drain region common to them On the other -
hand, active regions for formng the MSFETs [err] and [err] are _

i ndependently formed in 20 right |ower and left upper areas in Figs. 2A and .,
2B respectively. The connection between the M SFETs Q and [err]is done by
the gate electrode to be described bel Qyiv_SecondI y, as regards the
onfigurations of the 25gate el ectrodes ‘b and 7C of the respective M SEETs
-14- [err] and [err] Fig. 5 may be referred to. The conductor | ayer 7c
which is the gate el ectrode of the M SFET 2 has one end part connected

wi th the sem conductor region (source or drain region) 10 of 5 the M SFET

[err] through a contact .ho f i _ipsul 8t ododd |48 5, and has the
lﬁé&ﬁ%} %ée%?¥ onhged iR Fhg.ipsul 84 odo

ot her end”ﬁé#t’éb he sem conduct or region (source or drain

region) 10 aqf the ot S EIrbgELtolibleugheatvonineértote. 6. The .
conduct orf 9iR8° A8 forc]fredrﬁllr\l/lg thergate el ectrode of 10 the M SFET [err] also

serves as wrigg for connegitas the gan€igheatiodeodfthaefMBEET [err] and
the source or ‘drain regions of the MSFETs [err] and [err] and as wiring

for conn'e:(_:x?;‘pgag‘;ye MBOFEIswiehih ahd pemory Thdlconamweilns thger 7D which is
the gate electrode of the M SFET [err] 15 has ome end part connected with

the sem copgitics OFatEeh oaf ( Sdier S SFETH #And rtd on)~"¥®Cf the M SFET [err]
t hr ough ' _
J semiconductor regions 10 as ‘the wiring, Fig. 4 may be

referred to.

The MISFETs Qzland Qsz are formed in one active o/
region defined by the field insulator film 3. 1In this
10 active region, parts for forming the MISFETs Q82 and
Q2 are'respectively-arranged in right upper and left
lover areas in Figs. 2A and 2B, These two parts are
made unitary by the n+#type semiconductor region 10
which is formed obliquely from a right upper position
15 to 2 left lower position in Figs. 24 and 2B. This semiconductor
region 10 is the Qiring for connecting the MISFETs Qs2
and Q2' and is the source or dr;in region common to ::
them. On the other hand, active regions for forming
the MISFETs Q1 and'Qsl are independently formed in
20 right lower and left upper aress in Figs. 2A and 2B
respectively. The connection between the MISFETs Q1
and Qsl is done by the gate electrode to be descriﬁed
below.
Secondly, as regards the configurations of the

25 gate electrodes 7D and 7C of the respective MISFETs



a contact hole 6. The conductor layer 7D forming the gate el ectrode of the
M SFET [err] also serves as wiring for connecting the gate el ectrode of the
MSFET QL and 20 the source or drain region of the MSFET [err]. These two
points will be understood by referring to Fig. 2B. Onvng to the :
con{igurations of the field insulator film3 and the gate el ectrode 7C (and
the' gate el ectrode 7D), the cross coupling efi-the two inverter circuits is
realized without hanpering enhancenent in the density of integration. Mre
specifically, the sem conductor -15- regions 10 (and 8) defined by the
field insulator film3, and the gate el ectrodes 7C and 7D are used as the

wring for tbe 6has9 CO?E%Lng.mé@yyglyégkﬁpgﬂlgﬁye for the cross coupling
and any area for conRécting it 5 are not necessary. No conductor |ayer

for form ng resi sgfRCEoRHAERRES liayereTiedihicieiidahe gRAGEOrdidtddodd he
spaci ng between the gate el ectrodes 7C and 7D and the spaci ng between the

resi stance el,@mgRies MESFET §h. hhke oh@ureadl gruktdraimmecagidong tof dhwe M SFETS
[err] 10 and [err] may be connected by shaping the gate el ectrode 7D
simlarly to ste®acgadacebecregden’Csalintee dhdl wmedind rstgdon Jayidr o&C (7D) has
as low a resistance as several J[err]’it can be used as the wiring for
connect i ng 3t éeMMIEEES. QLHe tdawnads ofcanfe atud akd \fe HATSRRTS A ahd  and ‘

[err] 15 are supplied with the ground potential [err] (= 0 V) of
insulator £ilm 5, and has the other end part connected

with the semiconductor region'(sburce or drain region)
10 of the other MISFET Q1 through a contact hole 6.
The conductor layer 7C forming the gate electrode of
10 the MISFET Q,, also serves as wiring for comnecting
the gate electrode of the MISFET Q2 and the source or
drain regions of the MISFETs Qsl and Q1 and as wiring
for connecting the MISFETs Ql'and Q ;- The conductor
layer 7D which is the gate electrode of the MISFET Q1
15 has one end part connected with the semiconductor region
(source or drain region) 10 of the MISFET QsZ through
(L 2 contact hole 6. The conductor layer 7D forming the
gate electrode of the MISFET Ql’ also serves 2s wiring
for connecting the gate electrode of the MISFET Q1 and
20 the source or drain region of the MISFET Qsz.These two
points will be understood by referring to Fig. 2B.

Owing to the configurations of the field insulator
film 3 and the gate electrode 7C (and the gate electrode
7D), the cross coupling of the two inverter circuits
is realized without hampering enhancement in the density

of integration. More specifically, the semiconductor



the circuitry by the conductor layer 7B. Since the conductor |ayer 7B is
formed of the sanme material and by the sane step as those of the conductor
| ayers 7A, 7C and 7D, the resistance value thereof is as small 20 as
several [err]. The conductor layer 7B is connected to the source regions
the M SFETs [err] and [err] through ceastact holes 6. This conductor
| ayer 7B is provided while extending in the row direction over the field
insulator film3 25 substantially in parallel with the conductor |ayer A,
It fornms a ground potential |ine common to a plurality of nmenory cells._
arranged in the row direction. The source regions of the M SFETs Qland @
are made |argemd Nan (Lhe @N2ide RO e eafe1Ry RS ¥ 4§ connect i on
5 with the conductor layer 7B. In particular, the source regions are nade
| onger than tha dhai BateUiedRe tirbdiele 7RG WiDSe rdi neeld @ qfhd he gate
el ectrodes 7C and 7D as shown in Fig. 2B. Thus, the conductor |ayer 7B can
be preventad ifigomoavehleaerions icoapddmguct amy ayeting/exktQuwwide’/D and can be

made substantially rectilinear without |owering the density of integration.

Si nce t he foondik@t @irolsay eoupl ings aad @wyr @giest Zoce cvalnee tiinfg Gan suppr ess
t hesoccurrence of the fluctuation of the potential thereof ascribable to

current & fArnineg pBceissergh tHe neesdpcteir daysirndeori f orimiingray, margins in

t he operations of witing and reading information )
resistance elements is needed , either, Accordingly,

the spacing between the gate electrodes 7C and 7D and

the spacing between the resistance elements diminish, QJ

Thé source and drain regions of the MISFETs Qs2
10 gnd Q2 may be connected by shaping the gaée electrode
7D similarly to the gate electrode 7C. Since the'conductor
layer 7C (7D) has as low a resistance as several SE/D,
it can be used as the wiring for connecting the MISFETs.
The sources of the two drive MISFETs Q1 and Q2
15 are supplied with the ground potential vss (= 0 V) of
the circuitry by the conductor layer 7B. Since the
conductor layer 7B is formed of" the same material and
by the same step 2s those of the conductor layers 74,
7C and 7D, the resistance value thereof is as small
20 as several Q/. -
The conductor layer 7B is connected to the source
regions of the MISFETs Q1 and Q2 through contact holes
6. This conductor layer 7B is provided while exteﬁding
in the row direction over the field insulator film 3.

25 substantially in parallel with the conductor layer 7A.



can be wi dened, malfunctions can be prevented. Mreover, in a case where
the wiring for supplying the ground potential is nmade of a sem conductor
r.egi on, the cross- 20 sectional area thereof needs to be enlarged for

| owered resistance. This |leads to the disadvantage that the width of the
wirg ng enlarges. Since the resistance value of the conductor layer 7B is
rou hIzJone'order smal | er .than that of the sém conductor region (the 25
former 7is several hundredths cf the latter), the area -17- of the ground
potential line beconmes smaller. It is accordingly possible to reduce the
areas of the nenory cells and the nenory cell array in the colum

direction. Further, as exenpl.ified i,n Fi g.. 2B, alum numwring .5 LVss needs

to be run foFtafBFé‘ﬁeFeFﬁf’gg’g ﬁ?%?é"rt’bi‘l %Eirﬁ)er ycca'aﬁnsr%n(f tpol‘f}%lt?o%ect ed

with the condyctor | ayer €y 4f yatio t he
Cheronenory’ ERLES, B rihddh MRS Sdd inekity

potenti al regard, ayer has the | ow
resistance value _th erl, 0l N8 Ed g NN Vi f{d di [ an be
reduced. Thﬁs?}lrgsepggiggpﬁg toﬁ(e) té’teﬁhng'l1 t yé%% :tgrgt egrati % n the r]%{V\J/'r%ell(r:ect i on

in the memory,cel b hal 534625 38 RN AKEkkod Iy k¥ td ¥ Qtfconnect SOA!
errors and to 1 ncrease the parasitic capacitances of the storage nodes of
the 15 mensr wiedl lkhet RonBucityre 18fa OTBEUCIIH pagiiulllr | cHords®ikce
regions are made longer than the drain’regions'iﬁ the
i lengthwise direction of the gate electrodes 7C and 7D
o as shown in Fig. 2B. Thus, the conductor layer 7B can
be prevented from overlapping the conductor layers 7C
10and 7D and can be made substantially rectilinear without
lowering the density of ihtegration.

Since the conductor layer 78 has a low resistance
value, it can suppress the occurrence of the fluctuation
of the potential thereof ascribable to currents flowing

15 through the memory cells. Since,in this way, margins
in the operations of writing an? reading information
iJ; can be widened, malfunctions can be preventéd. Moreover,
in a2 case where the wiring for supplying the ground
potentizl is made of a semiconductor region, the cross-
20 sectional area thereof needs to be enlarged for lowered
resistance. This leads to the disadvantage ﬁhét the
width of the wiring enlarges. Since the resistance
value of the conductor layer 7B is roughly one order

smaller than that of the semiconductor region (the

25 former is several hunéredths cf the latter), the area



The sem conductor region 11 is provided in contact wth the sem conduct or
regions 10. This sem conductor region 11 is provided especially under the
two sem conductor regions 10 of each of the M SFETs [err] and [err] and
under one sem conductor region 10 of each of the MSFETs [err] and [err]
((in a part enclosed with a dot-and-dash Jjpne 11 in Fig. 2A and 5) More.
specifically, it is added to th.e sem conductor regions 10 shown in Fi ¢
2B. In other 25 words, the sem conductor region 11 is provided in those™
-18- parts of the menory cell which contribute to increase the parasitic
capaci tances C of the storage nodes for information. Since the p-n junction
bet ween tdpe 13RMgG@RMC ipait emagiain Liin @nise d dite s eshaldnsct ae riagi on 10 is one
of the 5 regions of high inpurity concentrations, the junction capacitance
t her eof GaltdidiinplycdoadiblEhux téiucoftheravess af ritbutwshdroy al pha
particles can be prevented. The sem conductor region 11 is fornmed at an

| mpurity deineerindattihen denpryr addah arway oin thhke v lurpd bredtion.

| uAccordingly, it can serve as a barrier for suppressing the intrusion of
mi nor i ty Fudhetar #scexempd ifiatha el 181 off o2 UBAAUR IET I8 t i cl es and can
prevent the soft errors. The sem conduc region 11 is fornmed b

or
i nt rodutilng sL0eads mRume Uy G190 § mpf et R Tt e U AP heP Y e Bet r odes

7C and 7D and ther Pyl L, ddud O Do "BRE Qsn LS N % 7B
so as to suppress the fluctuation of the potential thereof.
In this regard, since the conductor layer 73 has the ;J
low resistance value, the number of the aluminum wiring
10 1ines Lvss can-be.re#uced. Thus, especially the density
of integration in the row direction in the memory
cell array can be enhanced.
In order to prévent soft errors and-to increase
the parasitic capacitances of the storage nodes of the
15 pemory cell, the p+-type semiconductor region 11 is
formed. _
The semiconductor region li is provided in contact i~
vith the semiconductor regions 10. This semiconductor
region 11 is provided especially under the two semiconductor
éJ regions 10 of each of the MISFETs Q, and Q, and under
one semiconductor region 10 of each of the MISFETlesl
and Qsz (in a2 part enclosed with a dot-and-dash line 11 in
Fig. 2A and 5). More specifically, it is added to the

semiconductor regions 10 shown in Fig. 2B. 1In other

25 words, the semiconductor region 11 is provided in those



t hé sem conductor region 11 is constructed so as not to reach the region
where the channel is forned. It does not affect the threshold voltages of
the M SFETs 20 [err] and [err] Since the allowance of nmask registration for
constructlng t he sem conductor region 11 is not required, the density of
|ntrgrat|on can be raised. The inpurity for1 onstructing the sem conduct or
region,11 (for exanple, boron ions) has a higher di ffusion 25

coeffi cTent when conpared wWith the inpurity for constructing -19- the
sem conductor regions 10 (for exanple, arsenic ions). Since both the
impurities are ion-inplanted using the identical mask, the sem conductor
region 11 i's gy ded e eongeidrey seoeil Towbliiich oconegibuse 100 0OinSpesiSet O
envel op 5 the sem conductor regions 10. Thus, the areas of the p-n
junctions betyerpdhesisein coaphcitanceyi Gnofithedstheragemedasiutoor regi ons
10 can be increased. The semi conductor region 11 is also formed under the
seni conduct orinfgiuwatsidh by Hincalifhereneejvhrcihendbetrgeantboestnitentuckdr
This can prevent the comnbination of depletion regions (the punch-through)
between the sregiwmddctad ridift GHREHBCIIMEEPHNT AGL A8 %ﬂe1§oﬁP%e°Fe§P5n and
the drain region, Thus the short_channel effect,can be, reduced, The

semi conduct drT $&kRWH ofy 1mp“r1t%e°ﬂ§%8nﬁ§?éf9nfOrt&ﬁhéﬁﬂ?ﬁb°?he

fanct OO (G dle "l OO T 8Y SREELELRA. | nbD2' cREOBock! oaN PO

errors attributed to alpha particles can be pre§ented.
St The semiconductor region 1l is formed at an impurity
concentration higher than that of the well region 2.
loAccordingly, it can serve as a barrier for suppressing
the intrusion of minority carriers created in the well
region 2 by alpha particles and can prevent the soft
errors.
The semiconductor region 1l is formed by introducing
15 an impurity by ion implantation, using the gate electrodes
7C and 7D and the impurity introducing mask 9. Accordingly,
the semiconducgor region 11 is ‘constructed so as nﬁt
to reach the region where the channel is formed. It
does not affect the threshold voltages of the MISFETs
20 Q1 and Q2. Since the allowance of mask registration
for constructing the semiconductor region 1l is not
required, the density of integfation can be raised.
The impurity for constructing the semiconductor

region 11 (for example, boron ions) has a higher ~~ diffusion

25 coefficient when compared with the impurity for constructing



part apart fromthe sem conductor regions 10. The sem conductor regions 10 _ -

may be constructed using the conductor |ayers 7A - 7C as a nask,
t he sem conductor 20 region 11 may be constructed using the
conductor layers 7A - 7C and the inpurity introducing mask 9, and the b

gem conductor regions 8 need not be prong d. An insulator film12 is
formed so as to cover the M SFETs [err] a [err].The insulator film12.25
is made of, for exanple, a silicon oxide film -20- The resistance ‘it
el enents [err] and [err] and the wiring for applying the power source
potential [err] thereto are fornmed on the insulator film12. They are -

formed usi fige as@p] y6RySt €1 | PEg SRS CDM { yer eddmpd Che § Sef 0L MBG,5yON the
insulator film12. The polycrystalline silicon |ayer 14 conprlseg'parts
(conduct orsimyerisgtidthé hospurisi st ance i6n+ DTtk dy dsisodpging an

I mpurity, and parts of high resistance 14B in which no inpurity is

i ntroducedidemtiecahnashk y, thorsexdopiducosengion Iintioduesdi d@anto a part
other than a part (14B) which is enclosed with a dot-and-dash line 143

i ndi cat ed #}0m8 gtho/Semr RAdUHOT FRRAIDY 1Qyar sol/es stplaceeloper the

conductgy layer 7B (the wiring for the ground potential), and is extended
in the rowtf riRMIRAPUIF 1R 79831008 of0¢ i I Thus, 1the |areamsef uthe the wiring
for the power source pot.enti al 1ich is connected to, the yespective nenory
cells arré%d%djunctloég békweeﬁ yﬁk semicon uctoz region L{ agg

the semiconductor regions 10 can be increased. The

semiconductor region 1l is also formed under the semiconductor ;;

regions 8 by the difference of the diffusion coefficient.

1V This can prevent the combination of depletion regioms (the

punch~through) between thg semiconductor regiomns 10 functioning

as the source region and the drain region. Thus, the
short channel effect can be reduced.
The semiconductor region 11 may be used merely
_15 for enhaﬁcing the function of the barrier to the minority

carriers. In that case, it can be formed in a deeper

part apart from the semiconductfor regions 10.

The semiconductor regions 10 may - be constructed ~
using the conductor layers.7A_— 7C as a mask, the semiconductor
<0 region 11 may . be constructed using the conductor
layers 74 - 7C and the impurity introducing mask 9, and
the semiconductor regions 8 need not be provided.
An insulator film 12 is formed so 2s to cover the
MISFETs Ql.'Qz, Qsl and QsZ' The insulator film 12

45 1is made of, for example, a silicon oxide film.



in‘the row direction. OnMng to the fact that the conductor |ayer 14A (the
wiring for the power source potential) and the 20 conductor |ayer 7B (the
witing for the ground potential) are placed with the insulator film 12

i nterveni ng therebetween, a capacitor is inserted between the power source
pot ¢ntial and the ground potential as illustrated in Fig. 2B. This

capaci tar has a higher capacitance because ot%t he 25 thinner insul ator
film when conpared with a capacitor -21- in which the conductor |ayer
14A is placed over a wiring for a ground potential made of a sem conduct or
region. This capacitor can reduce the mal functions of the nenory cells

ib d th I ' 5 i al, o h d
attributed to t e.l.f #%%ggén%cﬁo{)ré#%%%\g%sgnf%magrr%;eﬁtel %lrol[%gt e groun

potential. Parts o# f or med

W der than thg other P d0 dNEf &S ddifsGaPaci t The part 14B
i n which no ir}lr??ﬁ-uralq’?ylyﬁg‘rgltﬁztro ucedp(the parstfo whi clflal sccsn(a:clmge?ee(fovmth-the

dot - and- dash Jidg ok4R)e W itheisatkaSaddie £E8 AARNCamlengnt Sfo[r%{erc% and

[err] One end of each of the resistance elenents [err] and [err S

connect ed t 0 dif gPRAVGI0 1SR AL e | 14 oni MGk yledA14ThA 1N ers engkofa t he
resi stance element Ris connected to the source or drain region 10 of the
M SFET [erry dnhruhieghinksh la toontfictm hio2 & 67 tesn ob ol yeomytsaeil 1i@lee skl iddch i s
formed in the insulator film12. In addition, the other end

layer 14 comprises parts (conductor 1a?ers) 14A whose

resistance is lowered by introducing an impurity, and

parts of high resistance 14B in which no impurity is

introduced. The impurity, for example arsenic‘is introduced
10into a part other than a part (14B) which is enclosed

with 2 dot-and-dash line l4B indicated in Fig. 2A and 6.

The conductor layer 144 is placed over the conductor
layer 7B (the wiring for the ground potential), and
is_extended in the row direction on the insulator film

15 12. It constructs the wiring for the power source potential,
vhich is connected to the respective memory cells arranged
in the row direction. )
Owing to the fact that the conductor layer 1&5
(the wiring for the powver source potential) and the
20 conductor layer 7B (the wiring for the ground potential)
are placed with the insulator film 12 intervening therebetween,
a capacitor is inserted between the power source potential
and the ground potential 2s illustrated in Fig. 2B.
This capacitor has a2 higher capacitance because of the

25 thinner insulator film, when compared with a capécitpr



of the resistance elenment R is connected to the gate electrode 7C of the «°
M SFET @ through the contact hole 13. In consequence, it is connected to

the source or 20 drain region 10 of the M SFET [err] through the gate ..
el ectrode 7C. The other end of the resistance element R2 is connected to -
,the gate electrode 7D of the M SFET [err],,t hrough a contact hole 13. In
addition, the other end of the resistor nﬁ s connected to the common .~
source or drain 25 region 10 of the MSFETs Q and @ through contact *

-22- holes 6 and 13. Since the gate electrodes 7C and 7D are shaped as

stated before, the resistance elenments [err] and [err] can conplete all the
necessary connections sub tantialgﬁ 5 q%athe re _connections thereof to

the gate &Pe¥hiSReshPccBRAUTHOTTHES Soint® W%l PIBSESHS ¥ $or 8 Xpfarént from

Fig. 2B Bgsidegroaiiangotentielf @/a@goioty ashamas oalduche rgateg iRlect rodes 7C
and 7D, the wring lines for the cross coupling of the flip-flop circuit,

et c. ”eedgﬁag@{‘g&p{%gﬁ%@%&u%@&é&v e 4A foh kBB nBOLYCHRYS! @lehidhg silicon

14. Accor € resistance €l enents 14B can be constructe

suf fi ci ently ;009 2eHYRER ke ch@NFUG R dBWa oE4AnaNgokke GRRirae hol es 13.
Since the resistance elenments 14B are constructed sufficiently long, the

resi st aRCeotantadalt ber edle @avuId ipvensan. ARectisdiofgithe oaddntoxurrents
Howng layers 7B and 1l4A may be formed wider than the
other parts so as to increase the capacitance.
The part 14B in which no impurity is introduced (the L’
part which is enclosed with the dot-and-dash line 14B)
10 is used a2s the resistance elements Rl and Rz. One
end of each of the resistance elements Rl and R2 is
connected to the power source potential wiring 14A.
The other end of the Tesistance element Rl is connected
to the source or drain region 10 of the MISFET Q_, through
15 a contact hole 6 and a contact hole 13 which is formed
in the insulator film 12. In addition, the other end
of the resistance element R1 is\connected to the gate M
electrode 7C of the MISFET Q2 through the contact hole
13. In consequence, it is connected to the source or
20 drain region 10 of the MISFET Q1 through the gate electrode
7C. The other end of the resistance element-R2 is connected
to the gate electrode 7D of the MISFET Q1 through a:
contact hole 13. In addition, the other end of the
resi—stor'R2 is connected to the common source or drain

45 region 10 of the MISFETs Q_, and Q, through conmtact



fromthe resistance elenments 14B can be dimnished in order to hold

i nformation. Moreover, the sufficiently Iong construction of the resistance
el-ements 14B can 20 prevent the conbination (punch-through) of the
depletion regions which are formed within the resistance elenents 14B from
thg junctions between the resistance el enents 14B and t he conductor |ayer
14A and the junctions between the resi st ancé2el enents 14B and t he

sem conductor- regions 25 10 and the conductor layers 7C, 7D. -23- The
resi stance el enment 14B is pl aced over the conductor |ayer 7C or the
conductor layer 7D through the insulator film 12, and is di sposed extending
in the col unnotlese6tant 3Bbstantially simlarly. That is, a MS type
structure 5 (refer to Fig. 2B) is constructed in which the conductor | ayer
7C or 7D is a gat®imtecthedepteheliessyiogies #G |amd17Dj era gheeednsul ator and
the resistance elenment 14B is a sem conductor. = The n -type sem conduct or
regi on 10 andst heateddheforerafbe FARISHRNSE edgRedss Bs 384rBe 10 and
drain regions. The conductor lLayer 14A is of the [err]-type becayse it is
forned by i nEpBdaerRyehfsBAtc PRECCHSHTRATY, S SCEICFaf8SELBMEA1¥4B can

b d t hannel ' f itic,n-ch M SFET. Now,
et S coner bl EbEaSE nEPBRERS ABCeAN T ooh S TAeniaRel EVEF FESRRI | o0 o

the conductogel aygr7gD (9RiE §oi®y WiV Yeddhe MoPe L Phrand ¥ogLE the

potenti al of
Fig. 2B. Besides, owing to the foregoing shapes of

o the gate electrodes 7C and 7D, the wiring lines for
the cross coupling of the flip-flop circuit, etc. need
10 not be constructed by the use of the polycrystalline
silicon 1l4. Accordingly, the resistance elements 14B
can be constructed sufficiently long between the conductor
layer 14A and the contact holes 13,
Since the resistance elements 14B are constructed
15 éuﬁficiently long, the resistance values thereof can
be increased. Accordingly, standby currents flowing
from the resis;ahce elements 14B can be diminished in
order to hold information. Moreover, the sufficiently
long construction of the resistance elements 14B can
20 prevent the combination (punch-through) of the depletion
regions which are_formgd within the resistance elements
14B from the junctions between the resistance elements
14B and the conductor layer 144 and the junctions between
the resistance elements 14B and the semiconductor regionmns

25 10 and the conductor layers 7C, 7D,



a lowlevel is applied to the conductor layer 7C (gate el ectrode) of the y
M SFET 2. The current fromthe power source potential Vcc easily
flow through the 20 resistance elenment 14B [err], whereas it is difficult
for it to flow through the resistance elenment 14B [err]. That is, the.
resistance el ements 14B [errr] change thejy resistance values (are
self-biased) in accordance with information (a voltage) witten in the™
menory cell. As 25 a result, the currents can be supplied in the direction
-24- in which the voltage difference between "1" and "0" is clarified. '
This is effective to stably hold the information and to enhance the speed
of writing theqfpf Pﬁ@gkgﬂcEnEeraﬂtnﬁm Lqlaced over Ahd RUHdAQOrf I 1 M
15 is provided on the conductor |ayer 14A and the resistance el enents 14B.
The Insul a0, f7EMmA5eRbeEbhtdaakby Lagleat RD tter cughdwdteorinsaplevcok4A and t he
resi stance &l enents 14B from a conductor |ayer 17 to be provided on them
10 The;gandoct gadl syedidpoisedpratietald e igs tthe [z laimgc tddireaition
connected to the predeterm ned sem conductor regions 10 through contact

hol es 16, shbsexhendlip sheiderdon dilthad iigh &r Githe EHTUERWSE | ayers 7A,
7B and 14B over the insulator film 15 and to be placed 15over the conductor
| ayers BC(reDeantot Fdgr e3Pt AfcEodsSFrted 4m viHich yedramuqtffer 17

serves to construct . .
layer 7C or 7D is a gate electrode, the¢ insulator film

12 is a gate insulator and the resistance element 14B
is a semiconductor. The n+-type semiconductor region ;a
10.and the conauctor layer 14A can be regarded as source
IOaid drain regions. The conductor layer 144 is of the
n+-type because it is formed by introducing arsenic.
Accordingly, the re#istance element 14B can be regarded
es the channel region of a2 parasitic n-channel MISFET.
Now, let’s consider a case where the potential of a
15 high level is applied to the conductor layer 7D (gate
electrode) of the MISFET Ql and where the potential of
s low level is applied to the éhnductor layer 7C (gate =
electrode) of the MISFET QZ’ The current from the power
source potential V easily flow through the
20 resistance element 143 (P.z), vhereas it is difficult for it
to flow'through the resistance element 14B (Rl)' That
is, the resistance elements 14B (Rl. Rz) change their
resistance values (are self-biased) in accordance with

information (a voltage) written in the memory cell. As

25 a2 result, the currents can be supplied in the direction



dat'a lines DL and [err]. By stacking the conductor |ayers 7C and 17 and the
resi stance el ement 14B or the conductor layers 7D and 17 and the resistance
elenent 14B, the 20area of the SRAM can be reduced, and hence, the density
of integration thereof can be enhanced. On the left (or right)-hand side of
the menory cell in Fig. 2A, a nenory cell whkch is in line symetry with
respect_to a line Xa - Xa (or Xb - Xb) is arranged. 25 The two nenory cells
formone unit, and a | arge nunber of such units are arrayed in the row
direction. Besides, on the upper (or lower) side of the illustrated nenory
cell in Fig. 2A, a nenory cell which is in point symretry with respect to

a point Ya (or Yb) jis al r ange T REVeCg! kg nf @p® unit, and a
| ar ge nunberl’bfwg%%}h T S aréejg%rék]gflggi'l&\ﬁcgﬁe colegrm gi rg?:"[dni 09. Next, a

method of ‘MADLT agk iy 41 £ Norypr £5eqt e £EDOURNE oWkl bhg desar ihed. Figs. 4

to 10 are vi® or explaining the method 10of manufacturing the SRAM shown

in Figs. ZA’iggo?ﬂ%f’ori Fig$ té éOhbnaketRbaBpeie@Ws fokrrlilte ngeimey cell of
the SRAM at several manufacturing steps, while Figs. 7 to 10 are sectional

views thereofnsbigatfoshonso acsechenaryakealal ong line VI1 - VIl in Fig. 4,
Fig. 9 shows a 15 section taken along Iine IX - IXin Fig. 5 and Fig. 10
shows a segtion takeinsibametifitlx 15XisnpFogidéd Bmr sthe &omdniccorduct or
substrate 1 of the [err]-type .
layer 14A and the resistance elements 14B. The insulator
film 15 electrically isolates the condﬁctor layer 144
o and the resistance elements 14B from a conductor layer
17 to be provided on them. |
10 The conductor layer 17 is provided so as to be
electrically connected to- the predetermined semiconductor
regions 10 through contact holes 16, to extend in the
column direction across the conductor layers 74, 7B
and 543 over the insulator £ilm 15 and to be placed
15 over the conductor layérs 7C, 7D and the resistance
eleﬁents 14B. This conductor layer 17 serves to comstruct
i data lines DL and DL. By stack;ng the conductor layers
7C 2nd 17 and the re;istance element 14B or the conductor
layers 7D and 17 énd the resistance element 14B, the
20 are2 of the SRAM can be reduced, and hence, the
density of integration thereof can be enhanced,
On the left (or right)-hand side of the memory
cell in Fig. 24, 2 memory cell which is in line symmetry

with respect to 2 line Xa ~ Xa (or Xb - Xb) is arranged.

25 The two memory cells form one unit, and 2 large number



made of single-crystal siliconis prepared. A well region 2 of the p -type |,

is formed in a predeterm ned 20 main surface portion of the sem conductor
substrate 1. By way of exanple, the well region 2 is forned in such a way

that [err] ions at approximately 2 x 1012 atons/cnR are introduced by ion

irplantation usi ng an energy of approximately 60 keV and are subjected to
drive-in diffusion. -26- Afield insulator film3 is formed on the ..
predeterm ned parts of the sem conductor substrate 1 and the well regi ow 2.
Besi des, channel stopper regions 4 of the p-type are fornmed in t-he
predeterm ned parts of the well region 5 2. Used as the field insulator
film3is & 9linCRi®s 42 el brPaWRidChnl THleOHRA dR¥ QG I NS LB ¢ £X1 dati on.
By way of exanﬁle, the channel Stopper regions 4 are formed in such a way
that BF2 iQngpal wppRrO(oFalelerd %ilR13£2 tie0MRA1GDratled inkdddyced by ion
I npl antation using 10 an energy of approximately 60 keV and are anneal ed by
the step qfeifiorm W gt.he4f,i al demdayl aledn fwiblinah3 isSulas gpiant | Yymdst SHOWN in
Figs. 4 and 7, an insulator film5 is formed on the parts of the main

surf aces aofitbhe espriccornduat peistbdiar {tog ¥band st lae namiged.egiTine 15 2 to
beconme regions for form ng sem conductor elenments. The insulator film5 is,
for exarﬁpll‘e-',o xegmorivceeldsi doerm one unit, and a large number of

such units are arrayed in the column direction.

Next, a method of manufacturing the present embodiment

will be described. . W,

Figs. 4 to 10 are views for explaining the method
10 o¢ manufacturing the SRAM shown in Figs. 24, 2B and 3.
Figs. 4 to 6 are plan views of the memory cell of the
SRAM at several manufacturing steps, while Figs. 7 to
10 are sectional views thereof. TFig. 7 shows a section
taken along line VII - VII in Fig. 4, Fig. 9 shows a
15 section taken a2long line IX - IX in Fig. 5, and Fig. 10
shows a section taken 2long line X - X in Fig. 6. |
First, a semiconductor sug;trate 1 of the n ~-type"
made of single-crystal silicon is prepared. A well
region 2 of the p -type is formed in a predetermined

20 pain surface portion of the semiconductor substrate

1. By way of example, the well region 2 is formed in

such a way that BFZ ions at approximately 2 x 1012

atoms/cm2 are introduced by ion implantation using
en energy of approximately 60 keV and are subjected

25 to drive~in diffusion.



fil'mwhich is forned by thernmal oxidation and which has a thickness of 200
- 300 A . After the insulator filmb5 has been forned, the predeterm ned
parts thereof 20 are renoved so-as to formcontact holes 6. As shown in
Fig. 8, conductor layers 7A - 7D are forned on the field insulator film3
and the insulator filmb5. Each of the conducjqr |ayers 7A - 7D is made up
of & dqubl e-layer filmwhich is connected with the 25 predeterm ned part of
the main surface of the well -27- region 2 through the contact hole 6.
That is, it is formed of a polycrystalline silicon film71 which is forned
by, e. g., CVD (Chem cal Vapor Deposition) and in which phosphorus is

i ntroduced in order to lower 5 the resistance value thereof, and a

nol ybdenum si | i ci de fiidld Znslakor sfidRnddiHnfeFRed 9 the [Rradriteeprings
The thickness of the polycrystalline silicon filmJ71 is, .e. 4., .

appr oxi mat el pazBB0 dlertdle SYMEFIPARCEPT ¢ ﬁ%bﬁﬁ'?%le]mﬁﬁétﬁtﬁ dge]f]i | TRFORs,
e. g., approximtely 3000 err% Si nce_10t he congﬁéqgézgirs /Ato 7D
contain ol yRdenBasidas d31annel r SFRBPET .hR & 04T 1t Tan- e RS ed severa
[err] Though not sho an n-ty ] t ' | S f.or he

di f f usi on of Fife o‘rrhstr}l'%tggﬁégg%gﬁ%ggﬁeséf}%%@&ﬂaﬁsI‘%ér)il'el”?%#)%’%}r’\ film
71, in tha I n fs | ; i ' ed
wth the c%n uct otgé?qjl)%gr a@ge p%élé(? %%Qtﬁ%%ghghgf eogognst \éﬁgté?ﬂ_iéo:?%%f&é

film which is formed by local thermal exidation. By

way of example, the channel stopper regions 4 are formed
in such a way that BF, ions at approximately 3 x 1013
atoms/cm2 are introduced by ion implantation using
10 an energy of approximately 60 - keV and are annealed
by the step of forming the field insulator fiim 3.
S.ubsequently, as shown in Figs. ¢ and 7, an insulator
£ilm 5 is formed on the parts of the main surfaces
of the semiconductor suhétrate 1 and the well region
15 2 to become regions for forming semiconductor elements.
The insulatér £film 5 is, for eg?mple, @ silicon oxide -
&M/ £ilm which is formed by thermal‘oxidation and which has
a thickness of 200 - 300 A . After the insulator film
5 has been formed, the predetermihed parts thereof
20 are removed so as to form contact holes 6.
As shown in Fig. 8, conductor layers 7A - 7D are
formed on the field insulator £film 3 and the insulator
£ilm 5. Each of the conductor léye:s'7A - 7D is made

up of a double~layer f£ilm which is connected with the

25 predetermined part of the Mmain surface of the well



hol e 6. Subsequently, as shown in Fig. 8, sem conductor regions 8 of the
n-type are fornmed in order to construct 20 LDD structures in the main
surface of the well region 2 at the parts of both the sides of each of the
conductor layers 7A, 7C and 7D with the insulator filmb5 intervening

t her ebet ween. Using the conductor layers 7A, 7C and 7D and the field
insulator film3 as a mask 25 for introdwing an inpurity, phosphorus is

i on-i npl ant ed -23- at a dose of approximately 1 x [err] atonms/cm ~4nd
an energy of approximately 50 keV by way of exanple. It is thereafter
anneal ed. Thus, the sem conductor regions 8 are formed. 5 After the

seni condugl 9f of €gi ERSoBgayRe been thermithlars i miratt W si,ntirodyci ng mask 9 is
formed on both sides of each of the conductor layers 7Ato 7D. By way of
exanpl e, thembdPYEi & ypohyeogacadd imesleidicor dridad 7ln which asway that a
silicon oxide filmis provided 10 on the whol e surface of the resultant
subst r at ef bym&€¥Dby whet egponClVP (Ehemtijcack tBReF Mepasivd ondn aadchi ng. The
mask 9 is an insulator filmwhich is formed in self- alignment to the
conduct or ihaykish 7phospherusi 4§ SRS TAARAEE ViR RTISTudinhdoredk 9 and t he
conductor 15 layers 7A to 7D as _a mask for. ion inplantatiqn, sem conductor
r egi ons510hef repesFarfe- VY§pBeafl erfsiof ﬁ?ﬂt?u?%#gkﬁﬁ%ﬂqﬁﬁ#;}CIde

film 72 which is formed on the film 71va sputtering.
The thickness of the polycrystalline silicon film 71
is, €. 8., approximately 2000 Z » and that of the molybdenum ;,
silicide £ilm 72 is..e. g., approximately 3000 i ; Since
l0the conductor layers 74 to 7D contain molybdenunm silicide,
their resistan;eltalue can be rendered several Slq] .
Though not shown, an n-type semiconductor region
is formed by the diffusion of the pﬁosphorus introduced
in the polycrystalline silicon film 71, in that m2in
15 surface part of the well region 2 which is connected
with the conductor layer 7B, 7C or 7D through the contact
hole 6. § o
Subsequently, as shown in Fig. 8, semiconductor
regions 8 of the n -type are forned ;n order to.construct
20 LDD structures in the_main surface of the well
region 2 at the parts of both the sides of each of the
conductor layers 7A, 7C and 7D with the insulator film
S intervening thérebetween.. Using the conductor layers
7A, 7C and 7D and the field insulator film 3 as 2 mask

25 for introducing an impurity, phosphorus is ion-implanted

[



ﬁa?ts of the main surface of the well region 2. The sem conductor regions
10 form the source regions or drain regions of MSFETs. By way of
exanpl e, arsenic 20 is ion-inplanted at a dose of approximately 1 x 1016
atons/cn2 and an energy of approximately 80 keV and is thereafter
anngal ed. Thereafter, an inpurity introducinggoask is formed in order to
for .Lerr]-type sem conductor regionswhich 25 serve principally to
prevent soft errors. This nask -29- covers a part except an area which
is enclosed with a dot-and-dash line 11 in Fig. 5. In the state in which
this inpurity introducing mask has been fonnu&aion I mpl angatieon is carried
out using 5 the #vsksd dhd e xdarediedtyorl ayld's 7@eadshsnd nas&k. Then, as
shown in Figs. 5 and 9, the p,-type sem conductor regions 11 are forned
under the predet energwed b rerp o et e IDn e orby e pnef 10xaBpleay of
exanpl e, boron is ion-inplanted at a dose of approximately 1 x [err] 10
atoms/cm  andit abs evkeergaisferamnnealfit el VT » KR oF9mi GORRBEEAFt er
anneal ed. Referring to Fig. 5, the inpurity to formthe sem conductor
regions 11 i sTegieneLR caF & Hdh ‘the insulator film5 into the region
encl osed with the dot-and-dash line %}. 1%_ i Tﬂi ﬁogdu tor %§¥er§ 7TA to
7D and the 3eni contitittort & FTHE P URF 0 T58192F P BY St RESB AT RED,
nanufacturlngan impurity introducing mask 9 is formed on both’
sides of each of the conductor layers 74 to 7D. By
LJ: way of example, the impurity introducing mask 9 is formed
in such a way that a silicon oxide film is provided
10 on the whole surface of the resultant substrate by CVD, -
vwhereupon it is subjected to Teactive ion etching. The
- mask 9 is an insulator f£ilm which is formed in self-
alignment to the conductor layers 74 - 7D,
Using the impurity introducing mask 9 and the conductor
15 layers 74 to 7D as a mask for ion implantation. semiconductor
regions 10 of the n+-type are formed in the predetermined
parts of the main surface of tHe well region 2.
The semiconductor regions 10 form the source regions
or drain regions of MISFETs, By way of example, arsenic
20 is ion-implanted at a dose of approximately 1 x 1016
atoms/cm2 and an energy of approximately 80 keV
and is thereaftef annealed.
Thereafter, an impurity introducing mask is formed
in order to form p+-type semiconductor regionswhich

25 serve principally to prevent soft errors. This mask



steps as the steps of forming M SFETs which constitute peripheral circuits. -
In addition, the sem conductor regions 11 nmay be formed under
predeterm ned [err]-type 20°sem conductor regions, for exanple, under the
source regions and drain regions of MSFETs which constitute an input
protection circuit. After the step of fo+a9i-ng the sem conductor regions 11,
antinsulator film12 is fornmed. The insulator film25 12 is, for exanple, a
silicon oxide filmwhich is fornmed -30- by CVD and which has a t hi cRress
of approximately 1000 - 2000 T[err]. The predeterm ned partsof the
insulator film 12 overlying the conductor |ayers 7C, 7D and the

seni condugh QL segi past 10xaeper envaedat shiohmisombatdosbdheotied 13.

Thereafter, a polycrystalline silicon film-14 which is connected to the

pr edet er m ngdr0pgs-adshheisermltondufier Pegi ons 10 through the contact
holes 13 is forned in order to formwring 14A for a power source potential
| Cand resi stante ehenshateldB wBichafhds ARAHPREY LRETPGVNFIMESTATHK ne
silicon filmmay be formed by CVD_to a thickness of approxinmately 1000 -
2000 A .hAs beporEpymfds ﬁeﬁePPﬁéaatP§§P§téﬁcéa€5P82 PEY MSduced into
that part of the polycrystallinﬁ siIich filnzghiﬁg I s other_ .15 than

regi ons f shef @ppkng BRA" FBSi SPARBETAFemBifIS14B al & & Bomes the power
source po&ﬁggﬂastkﬂkﬂﬂ'in Figs. 5 and 9, the pt-type semiconductor

-

regions 11 are formed under the predetermined ones of
the semiconductor regions 10. By way of example, boron i;
is ion-imﬁlanted at a dose of approximately 1 x 1013
10 _atoms/cmz' end an energy of approximately 50 keV
and is thereafter annealed. Referring to Fig. 5, the
impurity to form the semiconductor regions 11 is introduced
thfough the insulator film 5 into the region enclosed
with the dot-and-dash lime 11.
15 The conductor layers 74 to 7D and the semiconductor
regions 8 and 10 are formed by the same manufacturing
steps as the steps of forming ﬁ&SFETs vhich constitute
peripheral circuits. ;n addition, the semiconductor
regions 11 may be formed under predetermined n+-type
20 gemiconductor regions, for example, under the source
regions and drein regions of MISFETs which constitute
an input protection circuit.
After the step of forming the semiconductor regions
11, an insulator film 12 is formed. The insulator film

25 12 is, for example, 2 silicon oxide film which is formed



14A. Arsenic used as the inpurity is introduced by ion inplantation, and is
thereafter annealed. Since the inpurity is introduced by I on

i npl antation, the 20 controllability of the resistance value is good.

Mor eover, ‘'owming to the ion inplantation, the extention of the inmpurity
under the inpurity introducing nmask is ingQP__Accordingly, t he al | owances
of prQQ§§sing di nensi ons can be rendered snma ?, and the resistance el enents
14B canbe constructed 25 sufficiently |ong. -31- Thereafter, as shown

in Figs. 6 and 10, the polycrystalline silicon filmis patterned to form
t he conductor |ayer 14A which is used as the power source potential wiring

and the resis{anggpel pFephsch4RahiaCli halcknesad oqsansbsaaaeeﬁ ebegent s
Rland R2. The’inpurity for form ng the conductor [ayer 14A is introduced

into the partof b8 PRI yCr el poédetsé tntwed fpd msattharhe Hasvdn tarea
enclosed with a dot- and-dash line 14B in Fig. 6. After the step of formng

t he conduct orgjhayan bAkrlGiagl the oesdstoecel ayereitG 7Bandn tiesul at or
film15 is formed. This insulator film15 is, for exanple, a silicon oxide
filmwhich i sduircomdunto@VDegiPmhos® ahe ckerased stofRTakicPatacar 3000 -
4000 . The predetermined parts of the insulator filnms 5, 12 and 15

overlying 1% halessddi-conductor regions 10 are renoved to form contact hol es
16. Thereafter, a polycrystalline silicon film 14 which
1

is connected to the predetermined onés of the semiconductor
N4 regions 10 through the contact holes 13 is formgd in
order to form wiring 144 for a po;er source potential
10and resistance elements 14B. By way of example, the
polycrystalline silicon film may be formed by CVD to
2 thickness of approximately 1000 - 2000 i . An impurity
for lowering a resistance value is introduced into that
part of the polycrystalline silicon film wvhich is other
15 than regions for formiﬁg the resistance elements 14B
and which becomes the power source potential wiring
14A, Arsenic used as the impufity is introduced by
ion implantation, and is thereafter annealed. Since
the impurity is introduced by ion implantation, the
20 controllability of the resistance'vaiue is good. Moreover,
owving to the ion implantation, the extention of the impurity
under the impurity introducing mask is slight. Accordingly,
the allowances of processing dimensions can be rendered
small, 2nd the resistance elements 14B can be constructed

25 sufficiently long.



Thereafter, as shown in Figs. 2A and 3, a conductor |ayer 17 which is
electrically connected with the predeterm ned ones of the sem conductor
regions 10 through the contact 20 holes 16 is forned. The conductor |ayer
17 extends on the insulator film15 in the colum direction so as to cross

- the conductor layer 7A. It is, for exanpke, an alum numfilmformed by
sputtering. Thereafter, the processing steps of a passivation 25 filmetc.
are carried out. The SRAM of the present  ( ‘

-
-32- enbodinent is finished up by these series of manufacturing steps. Wth
a device according to the present invention, the effects |isted bel ow may
be attained or beexdaithl ais SHdyn The BBje. eb esid otle, ok hengoVlySkyEtafl 1d ne
flip- flop circuit conposed of two M SFETs nay be extended to formwring
for cross coiiddry.fidm ng tpatdemnednss rfictn otife i ¢onductomedey=ar y to
provi de any special wiring for 10 cross coupling between gate el ectrodes,

so that thel{h tvdnidetiearsethea gdtiee epeeer oslesrecanpdbentsdade¥irBasi des,

owi ng to the above construction, it is _unnecessary to provide any speci al
wiring for axdssheowgsistpnne idkemerts st 4Bceh b¢enenesugRidcig s i@ SdSdA® Gehe
gate el ectrodes, 15 so that the pitch between_the _resistance el enents can
be reducéd.31§m¢R%§tR¥a%ﬁﬁnﬁgﬁicﬁ%%u%%@%?lFhefﬂﬁnﬁ?ﬁmlng the conductor

layer 14A is introduced into the part ,of the polycrystalline
siiicon film other than an area enclosed with a dot-
and-dash line 14B in Fig. 6.
After the step of forming the conductor layer 1l4A

10 and the resistance elements 14B, an.insulator film 15
is formed. This-insﬁlator film 15 is, for example, a
silicon oxide film which is formed by CVD and whose
thicknes; is approximately 3000 - 4000 X « The predetermined
parts of the insulator films 5, 12 and 15 overlying

15 the semiconductor regions 10 are removed to form contact
holes 16.

Thereafter, as shown in Figs. 2A and 3, a conductor -
layer 17 which is electrically connected with the predetermi#&&
ones of the semiconductor regions 10 through the contact

20 holes 16 is formed. The conductor layer 17 extends
on the insulator film 15 in the column direction so
as to cross the conductor layer 7A. It is, for example,

an aluminum film formed by sputtering.

Thereafter, the processing steps of a passivation

t
w

film etc. are carried out, The SRAM of the present



cel’l can be reduced by the aforenentioned two features, t-he density of
I ntegration of an SRAM may be enhanced. (2) The gate el ectrode of one
M SFET of a flip- 20 flop circuit conposed of two M SFETs may be extended
to forn16ﬁring for cross coupling. Thus, thejsonductor |ayer formed by the
sanme step as that of resistance elenents makes it unnecessary to provide
any s egial wiring for cross coupling, so. that only a margin for 25 the
mask regi stration between the resistance el enents -33- -and wiring for a
power source potential may be considered and that the resistance elenents
can be reduced in size or, can be constructed sufficiently |ong. Since the
resi stance el ERERESMENF e (Fdticthtrd i &sibe thase é@é&ﬁétPén@?%ﬁ@%f?ﬁr%h%
menory cell can be reduced, and the density of integration of an SRAM can
be enhanced. €§) e gate electrodes of M SFETs and resistance el enents,
whi ch constitute a %0 nes whi.ch are connected to t he
ace one

nenory cell, nay be 4 f'?;‘Pn %Efes%ﬂife}%‘f?s‘? iony sharefipets can
be reduced, sq g; of an SRAM can be enhanced.
(4) The gate e|ectr5%§§”§?93F%éﬁ ﬁﬁ ons %?8 the flip-flop circuit
of a nmenory cell, and resistance elenents may be pl aced one over the other.

In this way, 15 the resi stance el enents can be self-biased, so that charges
(1) The gate electrode of one MISFET of a flip-

()

flop circuit composed of two MISFETs may be extended to
N form wiring for cross coupling. Owing to this construction,
it is unnecessary to provide any special wiring for .
10 cross coupling between gate electrodes, so that the
pitch between the gate eiectrodes can be reduced. Besides,
owing to the above construction, it is - unnecessary
to provide any special wiring for cross coupling between
resistance elements which lie above the gate electrodes,
15 so that the pitch between the resistance elements can
be reduced. Sinee the occupation aree of the memory
cell can be reduced by the aforementioned two features,
the density of integration of an SRAM may be enhanced.
(2) The gate electrode of one MISFET of a flip-
20 flop circuit composed of two MISFETs may be extended to
form wiring for cross coupling. Thus, the conductor
layer formed by the same step as that of resistance
elements makes it unnecessary to provide any special
wiring for cross coupling, so that only a margin for

25 the mask registration between the resistance elements



., to serve as information can be stably held. Also in this way,

read-out in a reading operation can be wdened. (5) Inparities for
decreasing the resistance value 20 of a conductor |ayer nade of

pol y
sl

{

rystalline silicon may be introduced byion inplantation.
_ ntation has a | ower I mpurity ?gncentratlon dependence t han
tHermal diffusion, the controllability o

i nproved. I n addition, the resistance 25 val ues of resistance el enent s~an

be controlled to high -34- precision. OMng to the use of the ion

under an i

mask for~

i npl antati o the coverage of the inpurit
ek o S TG thel TEoF SPANEE SPUTEH: 2oLaADEL BEEeRBAE0Rs: EREES

al | onances for the rocessi di_ mensi ons of th Si stapce el enents can
é% F% 36&?“3& E ofe& %eé?sféﬁﬁe el enent s

f a§1§BAN¥Egn be enhanced.

be decredd
can be rgﬂnggi

ottt ngfy StABScE
St fG0TLEY @l £52489%3

§&PBa8°of T HE®

d
Besi des, since Hﬁg c#?omances fF8r "t he rocg 99“8 di nensrons of the

resi stancg & SIEMS &f@nbstgeeaaasﬁduwese aﬁsgﬂanceréoo@&&m&8Bgan be

constructed sufficiently long. Since the resistancé e

const r uctatk S WE I GHEMeNot PNBel1t 2RADBCHEEAREE, 1 Ond| PHet BERYIRyt hese
resi stance el enents can be dimnished. In addltlon si nce the reS|stance

el enent s o e d € 6 | ©0Jant Bamorasblnnabl enhaﬁcé@unch t hrough) between

enents can

depletion regions to spread

(3) The gate electrodes of MISFETs and resistance
elements, which constitute a memory cell, and data lines
which are connected to the memory cell, may be placed one

10 over another, whereby a pianar area can be reduced, so
that the density of integz:ation of an SRAM can be enhanced.
(4) The gateé electrodes of MISFETs which constitute
the fl'ip-fl-op circuit of a memory cell, and resistance
elements may be placed one over the other. In this way,
15 the resistance elements can be self-biased, so that charges
to serve as information can be stably held. Also in
this way, the margin of read-out in a reading operation
can be widened,

(5) Impurities for decreasing the resistance value

20 of a conductor layer made of palycrystalline silicon

may be introduced byion implantation. Since the ion implantation

has a lower impurity concentration-~dependence than
thermal diffusion, the controllability of the resistance
value can be improved. In addition, the resistance

25 values of resistance elements can be controlled to high

t he margin of-

Si nce the |on

t he resistance val ue can be =~

urit |ntrodu0|ng

o



inthe resistance el enents can be prevented. (6) On the sides of the gate
el ectrode of a predeterm ned M SFET whi ch constitutes a nenory cell, an

i mpurity introduci ng mask’ maybeprovi ded in self-alignnment. The inpurity 20
i ntroducifng mask is used for providing a first sem conductor region which
serves.as a source region or a drain region,-®ad a second sem conduct or
region\ﬂbich IS opposite in the conductivity type to the first

sem conduct or region and which underlies the first sem conductor region. 25
Thus, an allowance for the mask registrati on between -35- the gate

el ectrode and the second sem conductor region nmay be di spensed with, so

t hat the dengnecigfidmt eqwinontofthe SRaMofarthise iomhdmpddntBddiofes, the
coverage of the second sem conductor region into.a channel region 5 can be
prevented, sdhh&ovarags f (ehe ohmBRILRY tmdesh@d WPUrdde MRS UGiSBET

and the increase of the substrate effect can be prevented. (7) As stated in
ltem (6), thd&aHcHF SRR TROr T REyEEANTEY eﬁ'@“ﬁ’ﬁ\ﬁ F& a'ﬂeorlrﬁséﬁd‘eénder

the first sem condyctar, 10 regiopn. For this reason, t.he capacit of the
b1 j uncti on S5tBEn AHETATET® KA bREUEEEFFEdTSh SRS e Sand e

sem conductor_regi,on can .be i eased, _sq _that t parasi.ti. achktance of
a node for Sstroersll%’gtalnrﬁeo;Er%‘a?%lléorpng%aﬁgﬁebﬁngre é:%%ea .e%l‘?—'ora‘tc%z)rsdal%]g&%gaggﬁ 15

the second sesd GANAUGCHOTs LS OB CRRe PRUT a2 e? A¥ndrs can be reduced,

and tﬁe density of integration of an SRAM can be enhanced.
\;; Besides, since the allowances for the processing dimensions
of the resistance elements can be decreased, these resi;ﬁance
1U elements can be constructed sufficiently long. Since
the resistance elements can be constrﬁcted sufficiently
long, standby currents to flow through these resistance
elements can be diminished. 1In addition, since the
resistance elements can be formed long, the combination
15 (punch-through) between depletion regions to spread
in the resistance elements can be prevented.
(6) On the sides of the gate electrode of a predetermined
MISFET which constitutes a memory cell, an impurity
introducing mask maybe provided in self-alignment. The impurity
29 introducing mask is used for pro&iding a first semiconductor
~ region which serves as a source region or a drain region,
and a second semiconductor region which is opposite
in the conductivity type to the first semiconductor

region and which underlies the first semiconductor region.

2> Thus, an allowance for the mask registration between



~which prevents mnority carriers, created in a well region (or a
substrate), fromentering the storage node of the information. OMmng to the
above two features, soft errors ascribable to al pha particles may be

preve Red. 20 (8) By providing each second seni conductor region in a
part fwhere a depl etion regi on spreadi ng {3g-a region in which a channel is
fogmed is suppressed, the conbination (punch-through) of the depletion-.
regi ons between a source region and a drain region can be prevented. =~
Accordingly, 25 the short channel effect can be reduced. (9) Since, as
required by the present invention wiring for the ground potential, which is

connect ed {Re "B Ye L&t ¢ Sodé Sah@r €RE 8Ecana0BARE LAOndURSr Ofed DA I €Si St ance
made of polycide, suicide, a refractory netal or the like, the occupation

area of theaSbgrdispenssd eith,ado Wwhatgthe densinyy ofelintaagwattom be
reduced. Since the nunber of alumnumwring lines to be connected with the
ground potefitaml SRAMI can coe dmhamcedaselestiiesoctheatdoreagan of t he
alumnumwring.in the nenory cell array can be reduced. In addition, 10
the resi sttheesecond sémi¢enduotor peginni Ahtwi B chacwebaempiorased, and
the stability of the potential thereof can be inmproved, so that the margins
of the obefaRikmsPreveRrted ngsanthatatihagilncsuasiosn cfathr thrrsheld
Accordingly,_ malfunctions in the information 15 witing and readi ng

oper at i onsVehkegR i ppre MEEETmEnkhe| dBFrrase P ithe SURsBFat®h SRAM can

be enhancegffect can be prevented.

(7) As stated in Item (6), the second semiconductor ;;2
region may be providéd along and under the first semiconductor
10 region. For this reason, the capacitance of the p-n
junction between the first semiconductor region and
the second semiconductor x;gion can be increased, so
that the parasitic capacitance of a node for storing
information can be increased. Fof the same reason,
15 the second semiconductor region can be used as a barrier
which prevents minority carriers, created in a well
region (or a substrate), from entering the storage node ~
of ﬁhe information. Owing to fhe above two features,
soft errors ascribable to alpha particles may be prevented.
20 (8) By providing each second semiconductor region
in a part where a depletion region spreading to a region
in which a chanﬁel is formed is suppressed, the combination
(punch-through) of the depletion regions between a source
region and a drain region can be prevented. Accordingly,

25 the short channel effect can be reduced.



(105 Since wiring for the ground potential and wiring for a power source
potential nmay be placed one over the other, the information of a nenory
cel’l may be | ess 20 influenced by fluctuations in the power source
potentialf,and/ or the ground potential. In addition, the occupation area of
the mepory cell can be reduced, so that the-3@nsity of integration of an
SRAM cafpn -be enhanced. While the invention nmade by the inventors has 25 thus
far beeh concretely, described in conjunction with 37 one enbodi nment, it
is a matter of course that the present invention is not restricted to the
f or egoi ng enbodi mli]g% héxut that it can be variously nodified within a scope
not departing fro B15E 55 FeRviEed &Y. thm presentpinventhen fuirpnd lfep teier CUI t
of a menory .|, be, cqnstructed of two P-channel M SFETs as | oad
el enent s and%?év\l/%)nd@%%ég%%g' ﬁﬂ%&tﬁ.cqnﬁe%ﬁﬁﬂ]i ¢ Jgmoryn cel bavd isl Evmpettsofitay be

omtted.. A M &rlEhctsr GRS | ry cell need not have an LDD
structure. The conducti vi,t y%%s%%%%%oﬁé%@%%ﬁﬂbﬁoﬁ#%nsa may be

reversed. Thiref¥gebie Mek QD JHaghd ¢ kL di '%%d oyt. of UK Patent Application
No. 85.20741 (publ %ﬁed under NO.QS'EIG% cg%%lﬁﬁs‘?ﬁqab%% thetter al so
described i3 fgiaundpploteditidil wAlrShg Wh RBataiio rAPRlei10akired yN@.an8he20042
(publ i shed under No.

reduced. Since the number of aluminum wiring lines

to be connected with the ground potential wiring can
\’; be decreased, the occupation area of the aluminum wiring
in the memory cell array can be reduced. In addition,
10 the resistance value of the ground potential wiring
can be decreased, and thg stability of the potential
thereof can be improved; so that the margins of the
operations of writing and reading information can be
widened. Accordingly, malfunctions in the information
15 writing and reading operations can be suppressed, and
the electrical reliability of an SRAM can be enhanced.
(10) Since wiring for the ground potential and
wiring for a power source potential may be placed one over
the other, the information of a memory cell may be less
20 jnfluenced by fluctuations in the power source potential
and/or the ground potential. In addition, the occupation
area of the memory cell can be reduced, so that the
density of integration of an SRAM can be enhanced.
While the invention made by the inventors has

25  thus far been concretely described in conjunction with



. 2195497) was al so divided out of Application No. 85.20741. Attention is .
therefore drawn to application 85.20741 and 87.20042. 38 CLAI M5 1. A
sem conductor integrated circuit device conprising: word |ines which are _,
of a,double-layer filmconprising a fir filmof polycrystalline silicon

and a second filmof a silicide which is'a conpound of silicon and a

rafractory, t%'m’b.odqrﬂl%\m_l‘@?icgﬂ exd egdmiaret@rr Q¥ diderld OBng¥erer2 %‘Bfe%dﬁ?t or

substrate; data |ines h extend in a colum direction over sai

sem conduci Ry eRdRSh ak€ndRdrewe rak el @ ¢RRStrdinde® e o ment but
conplementary data |ines -being connected to an identical nenory cell; a

plurality eharenbty €£hl decaolardfoudl h mod@nrie®s wartdsin CQUPs edpéi rsdt and
second M SFETs, first and second switching M SFETs bei ng connected between
said firstdepdrséngndrbhSERES pamgposdi dheseplifenentary data lines with their
gate el ectrodes connected to said word |lines, said gate el ectrode being on
first insul ator Fprl m¥srrife sthecdddmtfdonsupirenlit, ofaie memory cedls
being arrayed in rows and col ums over said_sem conductor_substrate, which

correspond®®g waldr SRRt cORSEEUAtEdp R nebiot B chnd® el nUISERTst B¢ skead of

Conplenentgigmgggg Lh e%wo N-channel MISFETs. In addition, the load

elements may be omitted.

A MISFET to constitute a memory cell need not have an
LDD structure. ' : kh)

The conductivity types of various semiconduptor
regioné may be reversed.

This sapplication hgs been divided out of UK Patent
Application.No. 85.20741 (published under No. 2163901) and
describes matter also described in that application. Also,
UK Patent Application No. 87.20042 (published under No.
2195497) was also divided out of Application No. 85.20741.
Attention is therefore drawn to application 85.20741 and

87.20042.



Fe*sp'ect i vely; load el enents which are respectively coupled to the first and
second. M SFETs; first wiring lines which are formed over said sen1conductor
substrate whi ch serve to supply a ground 39 p

cells, and which are hade of the sane |ayer d word in

the first wiring |ines being on a second ?*ﬁsul atoﬂﬂm' j’ H[l " I‘

sem conduct oy atiwgt rate, the thickness of the sec m bei ng
greaté?’than‘rhé‘rhlckness of the first insulator film and second wring
lines which gerve to SWkkdnlivcstori Xed 1wioalted Vi 8r ciiet| ogd val €gent s
to said nenory cells and which are forned over said first wring lines with
an i nsul at or complnbsiniger veni ng t herebetween, said second wiring |ines
extendi ng substantially in the same direction as said word |lines, the
second wiring |inewdednglinesgrwhiwh hagred off t Ae dewmbleayayes, fhem| oad
el enents. 2. A sem conductor integrated circuit device according to
claim 1, wherconprifing O%dféréﬁeﬁtiémeﬂfemﬁs}{ﬂﬁ%ﬁﬁma‘mw $il fgpn sm a

direction as said data |ines. seni cqonduct or |nte te cui t
devi ce accor d&fPnd Tiip npf GrséF&Pﬁﬁ? Wﬂﬁghaﬁfs%NQquq %g siLHhign

M SFETs are n C annelre r%ﬁ: Tgi‘yannge gi(,j sec&)n h\qcrtll n%xtend in a row

direction over a semiconductor substrate;

' data lines which extend in a column direction over
said semiconductor substrate and two of which constitute
one set of complementary data lines being connected to an
identical memory cell;

a plurality of memory cells each of which comprises
cross-coupled first and second MISFETs, first and second
switching MISFETs being connected between said first and
second MISFETs and said complementary data lines with
their gate electrodes connected to said word lines, said
gate electrode being on first insulator film on the
semiconductor substrate, said memory cells being arrayed
in rows and columns over said semiconductor substrate,
which correspond to intersection points between the word
lines and the sets of complementary data lines
reépectively;

loéd elements which afe respectively coupled to the
first and second. MISFETs;

first wiring lines which are formed over said

semiconductor substrate which serve to supply a ground



connected to a power source potential. 4. A sem conduct or integrated ~
circuit device according to any one of clains Pt t rodes of
said first and second M SFETs are forned substi‘“l'@ “u’afmﬂmu' d | oad
elements with an insulating filmintedgning therebetween, sand extend in
the sanme direction as said_| oad el enents. A senmi conduct or

|ntegralemP%Y?%E*?ldE9|EEiQCESPBFﬁgcﬁéléhaPHF4Wh§§Pdaﬁ&t@aéPeGFrG&GS of™>
sai d f!rst and fecond M S E ? n%gg thﬁ sane_ %é _ % those_of ®hi d
word |ines®@B® “8YQricfifc 838t8 PRESg MR8 1EPFPE i e€ﬁ5€ a¥¢5r8€ng to

any one ofy § §g, Pr §¢ ?% Gl é"@@%@'d’ SHA R LT NESy gre gl gplaver
efra a

whi ch contains ar ory ne whér el n said | oad €l efent & "&nd sai d

second wi ri9g; kbRAY AT MBABSAr oA YCIKR! ALhkBRnBEL! COP AL ALg MM ATl | Y

fornmed. 7. A sem conductor 1ntegrated circuit device according to any"

one of the;Rs@LLEHRY ral1dl NPeiNPC/pRich ted Urhad I R6E0IthiBmlsd So ADIppadenum
8. A sem conductor integrated circuit device according to any one of the

precedi ng £ipsesingbtacon Sala;randactory nmetal is tantalum 9. A
sem conductor integrated circuit devi ce according to any one of the
precedi ng cl ai negeobdmd ewirdaigd Yixiesicwbighnsiexivel std i supplyn a first

fixed potential via the load elements to said memory
cells and which are formed over said first wiring lines
with an insulator film iﬂtervening therebetween, said
second wiring lines_extending substantially in the same
direction as said word 1lines, the sgsecond wiring 1lines
being integral with and of the same layer as, the load
elements. ‘

2. A semiconductor integrated circuit device according
to claim 1, wherein said load elements extend
substantially in the same direction as said data lines.
3. A semiconductor integrated_c&rcuit device according

to claim 1 or claim 2, wherein said first and second

/4

MISFETs are nfchannel MISFETs. and said second wiring is
connected to a pdwer source potentisl.

L, A semiconductor integrated circuit device according
to any one of claims 1 to 3, gate electrodes of said
first and second MISFETs are formed substantially below
said load elements with an insulating film intervening
therebetween, and extend in the same direction as said

load elements.



10 A semi conductor integrated circuit device accordlng to any one of the
preceding clainms, wherein said refractory net ﬂmw mﬂnﬂmmﬂl

sem conduct or |ntegrated circuit device mhereln

each of said word linés is of silicide n1 12°¢ 'a "seri conduct or

integrated circuit, ggmgggnﬁggg o 1Wl%%raég§(L146Jy%sdé@%é§1a ﬂ|coﬁ?and

doubl e _layer” filmconprising polycrystalline si

a second fil mgf c@aghl hGi Qsiwng%el 1% APTUUN G POl a3ld 116U ANh@ JRidmifli ve
nmetal, and which extend in a row direction over a sem conductor substrate;

data |ines WhiteSFRTECESel RadeColruEhedisaud I 1Y R la 55 A Hb 52109 £ FUAWC e d
substrate and two of which constitute one set of conplenentary data |ines,
each set of cbipesnentary data |lines being connected to an identical nenory
cell; a plurality of nenory cells each of which conprises cross-coupl ed
first and sec6nd M SFEEsicbndyic tand indegmhated tairow) tMASRERe Faicoyrding
connected between said first and second M SFETs and said conpl enentary data
lines with thEPr &t ecBPe@f oibes RAARRILRE t 618dmg .wIthpreifessaid| ywapd e

el ectrode being on first insulator filmon the sem conductor substrate,

said memory ciiPEShHdTey of rayd8YeX MkChnGoRbRLAR s BoFEE rasiteTIeMetdiauct or

substrate, and wherein said load elements and said second wiring

lines are made of polycrystalline silicon and are

unitarily formed.

— 7. A semiconductor integfated circuit device accbrding
to any one of the preceding claims, wherein said
refractory metal is molybdenum.

8. A semiconductor inﬂegrated circuit device according
to any one of the preceding claims, wherein said
refractory metal is tantalum.
9. | A semiconductor integrated circuit device according
to any one of the preceding .claims. wherein said
refractory metal is titanium.
. - 10. A semiconductor integrated circuit device according

to any one of the preceding claims, wherein said
refractory metal is tungsten.

11. ° A semiconductor integrated circuit device according
"to claim 1, wherein each of said word lines is of
silicide film.

12. A semiconductor integrated circuit device

comprising:



whi ch correspond to intersection p0|nts bet ween the word |

of conplenentary data |ines respectively; lo m&“
respectively coupled-to the first and second

which are formed over said seni.conduétor subshraFe twh! ch serve to supply a
e sane

ﬁf??n&?lﬁelﬁ% on
e”f& hi ckn€ss
0

gr ound potentlal to, sai.d nenory cells, and, whic 3

layers as those 81""5a &“\ﬁcﬁd"l IR, a4t Ahse Pl

il

d f
ot “the. scEBRRERERE. Lo et tittcof EREEPYRERL A4 e Bifom
| nsul ator gtL Ly ?EQm % @jéﬁiiéEHé'&ﬁ§cNhk§h aS &k %%&d%d“&%ﬂéaf&éAKSt fixed

potential via the

and the sets* °

are
rin

g lines

the first

elements to said nenory cell's and which are forned

over sai dahigr sg wwgchm@s WetR13N bR @hQEnl | bRkeREr YaNi 89 row
t herebetween, said second wiring |ines extending substantially in the same

di rect i onqageseiidnworerl aneenichndvetaid stibstigtdes being integral with,
and of the sane |ayer as, the |l oad el enents; wherein gate el ectrodes of the
first and secondabWeSEEfResanhixntbsextend| in belcowumne dixssttelameotsrwit h an

insulating filmtherebetween and extend in the sane direction as the | oad
el enment s. said semiconductor substrate and two of which constitute

one set of complementary data lines, each

set of

complementary data lines being connected to an identical

memory cell;

a plurality of memory cells each of which comprises

cross-coupled first and second MISFETs, first and second

switching MISFETs being connected between said first and

second MISFETs and said comnplementary data lines with

their gate electrodes connected to said word lines,

said

gate electrode being on first insulator film on the

semiconductor substrate, sgid memory cells being arrayed

in rows and columns over said semiconductor substrate,

which correspond to intersection points between the word

lines and the sets of complementary data lines

respectively;

load elements which are respectively coupled to the

first and second MISFETs:

first wiring lines which are formed over said

semiconductor substrate, which serve to supply a ground

potential to said memory cells, and which are made of the

same layers as those of said word lines, the first wiring



13 A sem conductor integrated circuit device accord| ng to claim 12,
wherein said first and second M SFETs are n- Hmlmlmnﬂmm‘”“ﬂ d sal d
second wiring is connected to a power source p

sem conduct or integrated CI rcuit device aecording to élalm 92 or ciaim 13,

wherein said {pad Iebng §e ext end subségn%lggl}lgt é‘qf%%rf]’%uis %: L§%;L§§Pd| ng

‘on
sai d data | i nes. n1con§hctor

to any<6ne 0%@&%8‘5&%% 1unblightl) Sehd GFRIEEL WS eile SBelolld St

and second M SFETs are of th ayers as ose of said wo

lines. i6. {hseraeoOnrdughar beicgr gbediell Gtdn d@HéC%haméygﬂgow@m one
of the preceding clains, vherein the second insulator filmis a field oxide
film and thefirgstimsﬁlagoblﬂesmaranaonnected to the source or drain

regi on of each of the first and second M SPETs through contact holes, the
source and drain regeocosdbeirdngorlniges rwhieh ssarcenductsarpsiypsar fiestl?.

A sem conductor integrated circuit device according to any one of the
precedi ng cl af icedharatenthelfivia 4he skewhd elemeindisor toi |smidr @emdriycon

oxide fil ms.
cells and which are formed over said first wiring lines

with an insulator film intervening therebetween, said
second wiring lines extending substantially in the same

direction as said word lines, the second wiring lines

— being integral with, and of the same layer as, the load
elements;
wherein gate electrodes of the first and second
MISFETs are substantialiy.below the load elements with an
insulating film therebetween and extend in the same
direction as the load elements.
13. A semiconductor integrated circuit device according
to claeim 12, wherein said first ana second MISFETs are n- .
channel MISFETs, and said second wiring is connected to a
{_/ power source potential.

14. A semiconductor integrated circuit device according
to claim 12 or claim 13, wherein said load elements
extend substantially in the same direction as said data
lines.

15. A semiconductor integrated circuit device according
to any one of claims 12 to 14, wherein said gate

electrodes of said first and second MISFETs are of the



| IA oL i

same layers as those of said word lines.

16. A semiconductor integrated circuit device according
to any one of the preceding claims, wherein the second
insulator film is a field oxide film, and the first
wiring lines are connected to the source or drain region
of each of the first and second MISFETs through contact
holes, the source and drain regions being formed in the
seniconductor substrate.

17. A semiconductor integrated circuit device according
to any one of the preceding claims wherein the first and

second jinsulator films are silicon oxide films,

o~



