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2134706 SEM CONDUCTOR DEVI CES AND A PROCESS FOR PRODUCI NG THE @
BACKGROUND OF THE | NVENTI ON The present invention relates to s nduct or
Lq%;grated circuit devices and a process for producing the sanme. In

sem conductor integrated circuit devices, and particularly in
sem.conductor integrated circuit devices containing a plurality of netal
oxide filmseni- conductor-type‘field effect?transistors (herelnafter
refersed to as M SFET' s), the wiring layer has often been ng?g

pol ycrystalline silicon which has resistance agai nst he a£47 q
self-aligning properties, instead of alum num The polycrystalline silicon
is doped with inpurities in order to reduce |ts very great reS|st|V|ty
Even afterdoping “‘thstﬂféﬁﬂﬁﬁ"- | i

still exhibits great T®
seni conductor integrated CIFCUII deﬂﬂﬁgﬁéﬂﬁploylng polycrystalllne 5|I|con
‘as awiring layer, therefore, the.defect is that the signals are

transmtted aBACKGROMRIEEOF THE ANVENTIONW' ecl ude the above-mentioned

defect, therefore, it has been known to use a refractory netal such as

mol ybdenum , tungsﬂ@m priestentuinven tion atelates atoed @i @dndws tdOr 1 tégrated
W ring Iayers-(Japanese Pat ent -2- Laid-Open No. 80986/1978). \Wen a
refractory mecarchd tudeyices and a process for producing the same,

In semiconductor integrated circuit devices, and
particularly in semiconductor integrated circuit
devices containing a plurality of metal oxide film semi-
conductor-type field effeet.transisters (hereinafter
referred to as MISFET's), the wiring layer has often
been made of polycryStailine silicon which has resistance
against heat and self-aligning properties, instead of
;luminum.: The poiyerystailine silicon is'dqped with
impurities in order to reduce its very great resistivity.v
‘Even after doping with impurities, horrever, the polycrystal-
line silicon still exhibits great resistivity compared with
aluminﬁm. In'thedsemiconductor integrated circuit devices
employing pelycrystalline silicon as a.wiring layer, o
therefore, the defect is that the signals are transmitted
at slow speeds _

In order to precludelthe above—mentioned defect
therefore, 1t ‘has been known to use a refractory metal
such as molybdenum tungsten platlnum or tantalum as a

material for forming wiring layers (Japanese Patent



.

I A pure forg1as a material for forming wiring layers in the sem conductor c
integrated circuit device, the device will exhibit small resistivity and
i.ncrea resi stance 5 agai nst the heat treatment, but will present e
def ect ch as poor adhesiveness of t?e | ayer to t he [err] filmor Si3N4 N/
film Therefore, it has been attenpted“to use a silicide |ayer conposed of
silicon and a refractory netal as a 10 wiring layer for the

. senmiconductor integrated circuit devices (Japanese Patent Laid- Cpen No. h#’

80986/ 1978), _Thi t t t
Che 510 111 R AnRAEL e SRR LY BT 8 r B Phaty S Vel L8 Ered T
bstrat t d
et act o, tuf PrBcs, orm, a8 & ndv P for Hoflds ﬁ‘é%*ﬁ“%b??‘?eﬁ? A i th

doubl e- | ayeth@%%hﬁ‘é%d(i{bi%%“%lrﬁééé&-@éd acfpéuitqaﬁieél IﬂeeSdéw.:@@ | ayer
and a silicide layer of silicon and a refractory netal formed on the

pol ycryst al il eixhi®dt hall |rae/sztstﬂﬁpﬁﬁ€aﬁi Phhenéasead dréptetdioce
88783/ 1979). Here, however, the wiring |ayer with the double-|ayer

constr$icti oaghdnst rbhs Hicati tyreditmént 5 bednsiiddr gintesepteadeftedt®an that of a
pur e refractoré nmetal though it- varies de Fendlngﬁypon the silicon content
in the sili8nad | apsr porst agesivenes’ QT vikes spdeauthe Silsed as the
refractory netal, -3- the wiring |ayer consisting of a polycrystalllne
silicon | ayBk &‘n&rasé-lﬂlplﬁié-“}-ayer of silicon and

Therefore, it has been attempted to use a silicide
layer composed of silicon and a refractory metal as a
10 wiring layer for the semiconductorlintegrated circuit
devices (Japanese Patent Laid—Qpen No. 80986/1978).
This wiring layer, however, cannot be intimately adhered

onto the Sio film and does not provide good contacting

2
property to the silicon substrate, either.

15 In order to eliminate the above—mentioned defects,
‘furthermore, an attempt has been made to use a wiring layer
with double-layer construction consisting of a poly—

_ crystalline silicon layer and a silicide.layer of SLlicon

. and a refractory metal formed on the polycrystalline silicon

20 layer (Japanese Patent Laid-Open No. 88783/1979).. Here;
hcwever; the wiring layer with the'double-layer'construction
has a resistivity which is considerably greater than that
of a pnre refractory metal thcugh.it varies depending
upen'the'silicon ccntent in the silicide layer. For

25 example, when molybdenum is used as the refractory metal,



.Hblybdenun1forned on the polycrystalline silicon -6 |ayer, exhibits a
resistivity of 100 to 150 x 10 5 ohns. cmin contrast with the
resistivity of pure nol ybdenum of about 15 x 10 ohnms. cm Acco.r=o a
‘f%¥st aspect of the present invention there is provided a nmethod o e
fabricating a sem conductor nenory device including a nenory cell 10 array

having a plurality of nenory cells fproed on a sem conductor substrate
mhehg%n each of said nepory cells has a capacitor and an M S-type field
C

effe

| east one of a_EIuraIJty of word |ines 1% and coup
plurality of 8&

transi'gher wikd nghaafidl st 'doFESD§¥1f§g§ESE§1QQQP|ed to at

at | east one of a

dcppndayer@nd gershhicide o} a¥ert of oFiddcOR &Y seni -

conduct or subfbl gb@eniy Eotned GrPANPNE6PYceyEEallihe 833d¢oat ed with said

menory cel

plurality of

“ip%br Epfitte @ Geubi TRk e A6 Re bR, & d8mect ing 1 i nes

at | east Bne ohmshi chm iin comtaasid with tine sesisbihditiyoofr pgpren of one of
said M S-type_fi e ¢ | St0rs,, £O0PLising fhe steps of: formng a
poighdeRbietls WAL SUPTE 1 GHMERALIIh

first layer o

yCcry i N S117Tcon over subStantially the entire

area of one main surfacacsordiggritoraiutinst saspectt of thedpriessnt ayer
having portiopgvaneibh helrle s Igiut fdddta e FRod ObFEEaBRi3alkaHFd T T st
j%lc sal d 0

areas of said main surface in

capacitors are to be med; 30

patterning safdSEPisenARcEon semany ArvifecineladingeacReBpPryaicell
capaci tory0i nageay havihgaaedlurality of memory cells formed on a
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semiconductor substrate wherein each of said memory
cells has a capacitor and an MIS-type field effect
transistor and wherein each of said memory cells is
coupled to at least one of a plurality of word lines
and coupled to at least one of a plurality of data
lines, and a peripheral circuit formed on said semi-
conductor substrate wherein said peripheral circuit is
associated with said memory cell array and wherein said
peripheral circuit is constructed of a plurality of
MIS-type field effect transistors and interconnecting
lines at least one of which is contacted with one
semiconductor region of one of said'MIs-type field
effect transistors, comprising the steps of:

forming a first layer of polycrystalline
silicon over substantially the entire area of one main
surface of a semiconductor substrate, said first layer
having portiéns overlying first insulating films formed

‘on selected first areas of said main surface in which

said capacitors are to be formed;
patterning said first layer to form oné

electrode of each of said capacitors in each first area;

| fofﬁing a second lajer'of pblycrystalline
silicon over substantiallY'the entire area of said
main surface, said second layer extending over an
insulating film formed on said patterned first layer
of polycrystalline silicon and extending on gate



. formng a second | ayer of polycrystalline silicon over substantially the
entire area of said main surface, said second |ayer extending over an 35

i nsul g filmforned on said patterned first |ayer of polycrystalline T
siliel d extending on gate . - 3a - insulating filnms forned on selecteﬁj
-second @reas of said main surface in which said MS-type field effect

transistors for said nenory cells and p ?lpheral circuit are to be forned,
said second | ayer having a portion 5 which is contacted with a porti offe!
one of sai dnsetatdnar €ddms dfowrmed cvrr sededtedcsedondyareas e d | ayer

which is co d . of f ci r [
second and® gﬁ ﬁgfg‘ gffaé%a r?o‘%/%%?% € ecgrggg&? n;ﬂ%&ﬁ'eﬁt‘n%ﬁgzswg d
ef f ect tra&sas’sas&oa'md foai saiod dnemory  aedilsoandr pegdipirenale ioriet i ng
lines at | gag! +@NBe0fe e, ﬁi{@;@é&aﬁa thbl! viag R sl d second

area serV|n as sai d sem con r region_of sal field effect 15
transi & or WhiAghoigi eentacted wheh a%pE@FtéPnt rE pnes &ft ﬁ%ﬁ’erﬁ?‘iﬂf‘q here is -
provi ded aaggggconductor menory device |nclud|ng a nmenory cell array havi ng

“a plurality of me cells forned, % g\ionductor subst.rat e wherein
each of 20 said nme ing |Venssal aﬁﬁE r L3A8T ;ﬁ?%ﬁ%ﬂd ef f ect

transi st or wai¢hwier esqmpeméa £ sai fefeaotprycimetal ; and
: patterning said suocessive second and third

10 layers to form gate electrodes of said MIS#type field
effect transistors and said word lines and to form said
interconnecting lines at least one of which is contacted
with the portion of said second area serving as said
semiconductor region of said MIS-tYpe field effect

15 transistor. _

- According to a'second:aspect of the preseht
invention there is provided a semiconductor memory device
including a memory cell array having a plurality of memory
cells formed on a semiconductor substrate wherein each of

20 said memory cells has a capacitor and an MIS-type field
effect transistor and wherein each of sald memory cells
is coupled to at least one of a plurality of word lines
and coupled to at least one of a plurality of data lines,
and a peripheral circuit formed on said semiconductor

25 substrate wherein said peripheral circuit is associated

-with said memory cell array and wherein said peripheral
circuit is constructed of a plurality of MIS-type

field effect'transistors and interconnecting lines at
least one of which is contacted with one semiconductor

30 region of one of sald MIS-type field effect transistors,
whereln one electrode of each capacitor is formed by
a patterned first layer of polycrystalline silicon,
overlying'a first insulating film on a first area of
the substrate; and wherein the'gate electrodes of the

35 MIS-type field effect transistors, the word lines,
and the interconnecting lines are formed from a second



.i*s coupled to at least one of a plurality of word lines and coupled tg
|east one of a plurality of data lines, and a peripheral circuit fdf:
sai d sem conductor 25 substrate- wher ei n sai d peripheral circuit i
aasOC|ated with said nenory cell array and wherein said periphera\
is constructed of a plurality of MS-type field effect transistors and

i nterconnecting lines at | east one of aMyh-is contacted with one-
sem.conductor 30 region of one of said MS-type field effect transistors,

\lfvher nfoneI eispéfoldf gblyaﬁ-bseanaqweolrsus;éa{ ][@dt?ydﬁngab?erna]g }‘l rst

ayer of polyegr al lLine verlying.a firs ing filmon a

first area ofl?%ﬁigﬁﬁggrgﬁé %. mﬁ%bﬂﬁl?ﬁ Raterne t?bﬁﬁg gFYFﬁe 35
PIS—type f}eldndf?eer gaaesnabuaatﬂﬂyeﬁmﬂmhIi?mseleaﬂeﬂhsefahdrcornecting
ines are for r e 3 yer 0 ine silicon

ext endi ng ovegggﬂs ﬁgL?5§ éggtFﬁFﬁd %ﬁﬁﬂgog¥§%¥ ég First | ayer and
over gate Pnsnmefiraatoryl metad 9&E€Cmm¢5§§nnnﬁz%&£grof the substrate, and a

third layer of a 5 ref hﬁCEﬁF%d'ﬁ\E rtﬁ%?dls Sﬁtlé‘ﬂ @@Edl ment

of the present invention now scrl rence to t
acconpanyi ng BPWwPAgdeRRELbEA: WlFPgrefﬁ%PQF%é%Q|%mﬁo¢°§°§E§PEéﬁEuctor 10
I nt egrated C|a§gwingevhﬁgr§§90Ldlng to an enbodlnent of the present

i nvention;

Fig. 1 1s a section of a semlconductor
10 1ntegrated c1rcu1t device according to an embodiment
of the present invention;

Fig. 2 is a circuit diagram of a D-RAM
according to the preSent inventionf _

Fig. 3 is a diagram of the lay-out pattern

15 of a. D—RAM IC of the two-mat system according to the
present 1nventlon- _

Fig. 4 is a perspective sectional view
showing the construction of memory cell elements
according to the preseht invention;

20 Fig. 5 is a perspective'sectional view
showing the construction of dummy cell elements
according to the present



Fig. 2is acircuit diagramof a D RAM accordi'ng to the present inventiodn;

Fig. 3Ts.a diagramof the lay-out pattern 15 of a D-RAM I C of the two-mat
syste _ordi ng to the present invention;, Fig. 4 is a perspective ...
secti omat; vi ew showi ng the construction of nenory cell elenents according <~/ °

~to the priesent invention; 20 _ /Fig. 5 is a perspective sectional

" view showi nhg the construction of dumry cell elenents according to the
pr esent -4- invention; Fig. 6 is a perspective sectional view show nga
portion of ihkendliemynts in an active restore circuit according to the
present invention; 5 Fig. 7 is a diagramof the |lay-out pattern of

a menory array 8ig.a6ddsna perspectivelisertiondle viieas atiowingerd i on; Fig. 8
is a plan view showi ng a portion of a sem conductor substrate which -

i | | ustrat eporitdont axfe tife elfemants nisul an i active restorei eirewithe present

I nvention; 10  Fig. 9 is a plan view showing a portion of a sem -
conduct or 3g59rding We die nnesenk cnvertiantie of a first conductor |ayer
accorg.i ng to thg present invention; F g...10_.s a plan viewof a . .

seni conduct or i Rt&gr &t &F & [HAETHR R ke The da¥eonh Raktern f & memory
restore 15, 1§ bod b G NGdY dGRIGSE o ' NE B enE Thvention;
Fig. 8 is a plan view showing'a portién of a
semiconductor suﬁstrate which illustrates thé state of a
field insulation film according to the present invention;
10 Fig., 9 is a pian view showing a portion of a semi-
conductor substrate which illustrates the state of a first
conductor layer aécording to the present invention;
Fig. 10 is a plan view of a semiconductor integrated
. circuit device which constitutes the active restore
15 circuit according to the present invention; and
Figs. 11A to 11S are seétionél views .of the semi-
conductor integrated circuit device'in each of the
steps for producing the D-RAM according to the present
invention, | ' ' |
20  DESCRIPTION OF THE PREFERRED EMBODIMENTS
The invention will be describé@ below with reference
to an embodiment. |
Fig, 1 is a sectioﬁ view of an MIS-type semiconductor
integrated circuit device according to an embodiment of the

25 present invention, in which reference numeral 51 denotes



~F?gs.f_IIA to IlS are sectional views of the sem - conductor integrated,
circuit device in each of the steps for producing the D-RAM accordi ng to :
.the present invention. 20 DESCRI PTION OF THE PREFERRED EMBCDI MENLS The
‘itention will be described below with reference to an enbodi neny”” Edg. 1
Is a section view of an M S-type sem conductor integrated circui [
according to an enbodi nent of the 25 prege@t_invention, I n whi .
ref ékgnce nuneral 51 denotes -5- a p-type~silicon substrate, and 52
denotes a field insulat- ing filmwhich is selectively forned by

t hermal oxida; ti V.SEET J [ ' LT b

field insulat ?n&’-%&rpneﬁ%}m%ogl I\ﬁ"@f#ﬁ%élé}?‘g %?9%8’8%‘?# SQUEP%%U'?%% n?gt—
filmS53 formednly £i1m whildAGS Rkt LRe1 R gﬁ-&e&'ﬁft rodeyiérdat %gfdéaﬁyer

construction which 1s made up of a polycryst Ine silicon layer 542,
silicide | ayetioher eiApaMISFETEf i rSidd afn M@ | ¥OLESW Ni-Fd endied | By ethle 552
of silicon and nolybdenum and a pure nol ybde- 1 num | ayer 562; and an
[err]-type sefiedddicisulatdgigfiiaR 5 cIThe MISFET ¢consipstdheofad egate

el ectrode as a mask and which serves as a-self-aligned source region or a
drai n refi on; imsulatipng il 55 formashdct or reuprfacd Bxidakidny ra -gabe
sem conduct or region 572 is connected 15 to other MSFET's through a
wiring |ayer 6fegtirdee ofapethrnesthaner prnviietion wiich pbs yEadetwp|ine

‘silicon

of a polycrystalline_silicon'layer 542, a silicide
~layer (hereinafter referred'to_as molybdenum silicide
layér) 552 of silicon and molybdenum, and a pure molybde-
10 num layer 562; and an N+-type semiconductor region 572
which is formed using-the gate electrode as a mask and which
- serves as a self-aligned source region or a drain fegion;
and an N*~type semiconductor region 573, |
The N+-type semiconductor region 572 is_connectedA
15  to other MISFET%through a wiring layer of a three~layer
construction consisting of a polycrystalline Silicon
layer 541, a silicide layer (hereinafter referred to
as molybdenum silicide layer 551) of silicon and molyb-
denum, and a pure molybdenum layer 561, which is in
20 direct contact with an N*-type semiconductor region 571
that is contihuOus with the N+-tjpe semiconductor region 572
Further, the N+-type semiconductor region 573 is connected
to other MISFETSthrough an aluminum layer 60,
| The above gate eleétrode works not simply.as_a gate :

25  for the MISFET but also as a wiring layer for connecting



-

Ve ’ -~
| ayers541, a silicide layer (hereinafter referred to as nol ybdenumsilicide ~ ..
Iayel) of silicon and nol yb- denum and a pure nol ybdenum | ayer 561, '

whi cR7i6 in 20 direct contact with an N+-type sem conductor region 571 - -,
that TS cofitinuous with the N -type seniconductor region 572 Further, the ~/ ~
Nt-type sem conductor region 573 is connegted to other M SFET's through an -

al um .num | ayer 60. The above gate el ecttode™works not sinply as a gate 25

for the M SFET but also as a wiring |ayer for connecting -6- the gat Gy
el ectrode t thef gatexaigatrade e cbonfexanple M SieTgates ofcothkerconduct or
integrated circuit device... As nentioned already, the tinme required for

transmit- SMISFETHS t Ha dhendemidorshptarhdnbegragtddyer in the seni-
conductor integrated circuit should be as short as possible and, for this
pur pose, th&iFEik AAMAF&hould be as small as possible. In a dynanic

Fandom access Moy Yerdl ik atdalay | g SRR SHLERES RS, Hibnsnter,
specs, o1 SRR WA Sl uBAON Sond V54 e B L Laver
o 55 | AR BT L SRS MRARNA!ve OB i s SR SALILLY
mol ybdenum yAigh foas thilePuitposd y the abesi s tburityr siebund ehé | £8) spamlli s
as possible. In a-. dynamic random access memory, in
particular, it is desired to reduce the resistivity of the
10 wiring layer as far as_pdssible to increase the speed of:
transmission of the signals.,
. 'The wiring layer S _
of the three—laye: construction consisting of a polycrystal-
1line siliéon layef,'a molybdenum silicide layer and a pure
15 molybdenum layef,'exhibits a resiétivity of about 30 to
'35 microohms-cm, This is about twice that of pure molybdenum
which has a resistivity of about 15 microohmse.cm, and is
about one-fifth to one-third that of.the conVéntional
wiring layer which wholly or partly consists of a
20 refractory metal,
The reason why such a small resistivity can be
realized is attribﬁted to the presence of the layer of
pure moledenum which forms the uppermost layer of the

wiring layer., According to the study conducted by the

25 inventors of the present invention, it was clarified



about one-fifth to one-third that of the conventional wiring |ayer which
whol I'y or partly consists of a 20 refractory nmetal. The reason why such
ai;smal | resistivity can be realized is attributed to the presence -=‘the'
Ia%r of pure nol ybdenum whi ch fornms the uppernost | ayer of the ‘0'
_layer. According to the study conducted by the 25 i nventors \.L
present invention, it was clarified -7 - that even when a heat
treatyent is perfornmed during or after. the wiring layer is formed, the
three | ayers consti- tuting the wiring Fayer do not react anong thensel ves,

but retain their erties Mor eover, t pol ycrystalline 5 ~ silicon
| ayer which f é@¢dﬂ@ﬁhﬁﬁ IB?@% ?eF%@eRFrFﬁgPPE§8Fm&Gh§P€§ng or

| Tke, and al AL ”Sﬂ'f%%f%rﬁaé LRERE 0t8° pFRCc toF] £ ﬁesafa'y'fe?‘at gonsii-
shown'i n-Fr g, {8 B G} e FAREL MG bAR hatf anohd® BeFRRIkemn T

silicon |ayer r he rf g

vapor - phase. chan o A Rele TRepar et ”ﬂi“%?vté% ' tﬁ BiiygEvstalline

1500 to %500 %mﬁiddﬁﬁiafﬁﬁlWEléﬁpﬁdrmsthh8h98939ﬁ5§t1§ayer'Qﬁsthe 7ibifg
concentration to reduce the resistivity. Thereafter, nolybdenumsilicide

| ayer 551, S&derfaﬂhnrhsnimtIM@tabpleosanfﬁneumhtihg polipcspMehabki 8£0
silicon layer by, for exanple, co-sputtering to a thickness of abouf
_ film, Si3Nh film, or the like, and also comes into ohmic

contact with the s;licon substrate.
The wiring layer of the three—layer construction of
10  the present invention shown in Fig. 1, can be obtained as
| mentioned below, The polycrystalline silicon layers 541,

- 542 -is formed over the whole surface by the 'vépor—phase
chemical reaction method (CVD method) to a thickness of
about 1500 to 2500 angstroms, and is doped Qithlphoephorus

15 ions to a high.concentratidn to reduce the resistivity.
Thereafter, ‘molybdenum silicide layer: 551, 552 ig. formed
over -the wholeé surface of the polycrystalline -silicon layer
by, for example, co-sputtering to a thickness of about
1000 engstroms. The silicon content will be 10 % by

20 weight, Then, pure molybdenum layer 561, 562 is formed
on the whole surface. of the molybdenum silicide layer by,
for example, the sputterihg method to a.thickness of
about 1500 angetroms. Usiﬁg. . CF4+02 gas, the above-
mentiened.layers are centihuously subjected to - _plasme

25 etching to form a wirihg layer of the three-layer



1000 angstrons. The silicon content will be 10 % by 20 wei ght. Then,
,'--enun1layer 561, 562 is fornmed on the whole surface of the

.|I|C|de | ayer by, for exanple, the sputtering nmethod to a .
‘\Qibp about 1500 angstrons. Using [err] gas, the above- . ST
ment i oned Iayers are continuously subjected to pl asma 25 etching .
to forma wiring layer of the three-lgqyer - construction having a
predeternmi ned shape as shown in Fig. 1. Thereafter, the mnrlng | ayer |s,¢f
annealed in a nltro en atnosphere such that,th rnmost ol ybdenum | ayer.s
cneal ed | 8k 2951 2Io0C1 2 SUCl Lhak AN Mpger oSty bpenur | aver s
I n order that SI%ICOH.IS uni form y -di spersed in the nnlybdenun1|ayers 551,
552 whi ch coh®ai T*sil i con. |n perform ng the annealing, it was found that

the above-nmentio We witihg 1&%13&% ?rﬁ'fé alfptde en*&gs 37

contained in a s |ch|one r|c anount’, |con con

% by wei ghta th§5ph¥reVagen! iat 'ﬂb@ﬁxﬂﬁefnﬁﬁﬁ@'tﬂﬂ&ﬁdbﬁﬁtﬂ hHBRY | C

anount, the individual |ayers undergo chem cal reaction, and the Streéss
resul t§ng f562 whRicABE: det mﬁfzemlmdﬁimwsesrn@%mmhmwais | ayers
to be peeled off fromeach other. Wth the present nethod, however, the -
above- nent i @efifdctededn ayder arha th it drp Fsanifdemly a:lmbpémecbsin;t ivity
of the wiring |layer can be reduced to a 20 . value as small as 30 to 35
n1croohns[ethgcmolybdenum layers 551, 552 which contain silicon.

In performing the annealing, it was fbund that
the above-mentloned ‘three layers cease. to
10 exist .ii' the 511100n is contained in a stozchiometr;o
amount, i.e.,, when the silicon content 1is 37 % by weight
Namely, when the silicon is contained in a stoichiometric
amount, the ind1v1dua1 layers undergo chemical reaction,
and the stress resultlng from the .contraction of wvolume
15 causes the individual layers to be peeled off from each
other. o
With the present method, howevér;ﬁthe
above-mentioned three layers are bonded to each other; and
the resisti#ity of the wiring layer nan be reduced to a
20  value as small as 30 to 35 microochms-cm, '
Furthermore, the
following effects can be obtained:
(1) It is poSsiblé to prevent the forﬂation of SiOé'film
on the interface betwéen the polycrystalline éillcon-layers

25 541, 542 and the molydenum silicide layers 551, 552. The



Furthernore, the follow ng effects can be obtained: (1) It is possible to
prevent the formation of [err] filmon the interface between the
P 1¥crystalline silicon | ayers 25 541, 542 and the nol ydenum sil ifqi g
| ayers 551, 552. The -9- nol ybdenum sili-cide layers 551, 552 are\flo d
by co-sputtering. In this case, oxygen in the atnosphere is taken into the
nol ybdenum si i ci de layers 551, 552. Prior to reacting with silicon in the
pol ycxystalline 5 silicon layers 54%,9542, the oxygen reacts with

silicon contained in the nol ybdenumsilicide |layers 551, 552 to form Si Q2.

ThErefOFE,lﬂld81¥bdéﬁd&i§iifﬁﬂ@é PaybB8 5BiE! s55bagee Eu%h@arPysince

silicon'is present in an isol ated mahner in the molybdenumsilfcide |ayers

551, 552, theck-spuftering]| nInsthos éas8tdokPganC2At tRLOHEMBBPHE e
Further, the oxygen in the atnospherée . is taken . into the nol yb- denum
|l ayers 561, 562 whsn tdiesn aimtdeting holybdehymt stlipiteclapgrsTHHLOX$F20
reacts with silicon in the nolyb- denumsilicide |ayers 551, 552. However,
since siliconPrior %o reactingiwith sibicendinather podycuystaliine not
formed cQntinuausly on the interface. Since no oxide filmis formed on

the int ePfaceSiHEediaxens (34bi 4@, wEre ngxyagnr raaessnwithngidicen |t
was found throu t.he study,.conducted by the 20, | nventors_of the present

i nvention thaf q?ﬂﬁ?%iﬁfb tméikwéénéﬁ %ﬁlbﬁﬁﬁéniﬁgFrﬁr5§%0u552b50 '
contained in k@?m-SiOz. Therefore, no Si0, film is formed on the inter-

face, Further, since silicon is present in an isblated
manner in the molybdenum siiicide layers 551,_552, the
- 10 SiO2 film-ié not formed in a confinuous manner, Further,
the oxygen in the atmosphere is taken into fhé molyb-
denum layers 561, 562 when-thef are being formed by the
' sputtering. - The oxygen reacts with silicon in the molyb-
denum silicide layers 551, 552. However, since silicon
15 is present in an isolated manner, oxide film is not
formed continuously on the'interféce.
Since no oxide film is -~ formed on the interface,
thg resistivity of:the wiring layer does not increase.
| It was found through the study conducted by the
20 invegfors of the present-inventioh that a_substancefthat
serves as an oxygen getter should be contained in the
- second layer so that oxygen taken from the atmosphere will
' not form an oxide film on the ihterface; It wés confirmed
 that such a substance needs be contained in an amount of

25 5 % by weight to 10 % by weight, The substance which



sécond | ayer so that oxygen taken fromthe atnosphere will not forman'
oxide filmon-the interface. It was confirned that such a substance needs
be contai ned in an anount. of 25 . 5 % by weight to 10 % by wei ght. The
subst which = -10- serves as an oxygen getter should be determ ned by
t'aki ng\tinit o consi deration the chenmical relation to the three layers formng
the wwring layer, i.e., by taking into-ndﬂkkderation t he adhesi veness and -
‘the chem cal 5 reaction that may take place during the step of heat s

Si rcon | ay8Ftyes B gh Blida ki AN M URerMAT Y T

the ol ybdesyishg/ 9e3 borsd du:ain Mhe chdiifedl etatRiN o6 Hidh the

sem conduct or ion to forman el ectrode, . resulting ohm ¢ contact
obvi at es t hgnpaadlh§erisororif my M wONGeRt T2 0D 1 088] Olby Hdleing due to
the fact that inpurities doped 1n the poncrystaITine stlicon are diffused
into the seih¢endoaisideradion tthed cidhdsivenesdigid cthe ashienmic¢alh r egi on.
(3) | npurities are taken fromthe atnosphere into the nol ybdenum silicide
| ayer s5 551, ré&a2tiban thiady marye tadtermilage tduring sthe tstempef Hoeaer, since
there exists a polycrystalline silicon | ayer therebetween, inpurities 20
such as sodtueatwmentare not diffused into the activated senmi-conductor

regi on. As descri bed. above, therefore, o :
J ?2 When the wiring layer consisting of thg polycrystal-

line,siiicon layer 541, fhe molybdénum silicide layer 551
_ fdrmed thereon, and the molybdenum layer.561, is brought
10  Znto direct'confact with_thé semiconductor region to form
an eleétrode, the résuitigg ohmic contact obviates the
need for forming a high—céncentratibn':egion._ This is due
to the fact that impurities dopedﬂin fheVpolycrystalline
silicon are diffused iﬁto the semiconductor region to form
15 a high—concentratioﬁ region; . .
(3) Impuritieé are taken from the atmosphere into the
molybdenum silicide'layérs 551, 552 when they are formed
by the co-sputtering. 'Howe?er, since there exists_a
polycrystallihe silicon'layer tberebetween, impurities
20 such.as sodium ions are not diffused into the activated
-semiconduétor region; | |
‘As described éﬁove,'therefore,
it is possible to obtain a semiconductor integrated circuit
dévice having a small resistivity and é short signal

25 transmission time.



it Qs possible to obtain a seniconductor integrated circuit device having a

small resistivity and a short signal 25 transm ssion tine. Yhe ¢
invention will be described bel ow by way of concrete enbodi ne In the
bet6w- ment i oned enbodi ments, the present invention is adapted t© a dynarmic
random access nenory (herei nafter referred to as DDRAM. 5 First,

the setup of the DDRAMcircuit is briefly nmen- tioned bel ow with reference
to F\g. 2. The D-RAM circuit consists ef 1an-address buffer ADB for
i.ntroduci ng address signals [err], a row and col utm decoder RC-DCR for

sel ecting a given The ddtrerstsidn neiXhcb@ déscriped eheIowUbR wadress |ine
fromthe row address signhals [err] and the columm address signals [err], a
nenmory array MoARYetiw iempodiments i t Imfthenbelowehentibhed' émbed Thiemys ,
array D-ARY having a plurality of dumvy cells D-CEL', a colum sw tch [err]
for selecti ngtbﬁymntr dawvention 15 adaphed tesaoiwiamic arandeh cateess

col um address Si a sense anplifier SA a data inpput buffer DI B, an
out put anpl i f% %ﬂ?hﬁ?ﬁm FrierresdirieraHd-RAME. M CEL consi sts of a

capacitog Cs for st.Qri e dat,a and,an M SFEET [err] for_ sel ectlng t he
addr ess, Sand t he Zg r%ga e setup ofythe: %‘t%dﬁr?\c‘%h‘% i rbrinilhdrenr

there is el ec{:ibﬁ ah% %"}E’L@f& %gek;tc% '%oorfg The DDRAM circuit is

arrayed onasmgesemco ‘yshovvn in Fig. 3. Fig.

3 is a diagram of ira¥- BURAPRIIY JdHs1XE¥ S Gn address buffer ADB

- for introducing address 51gnals A - Aj, a row and column
decoder RC-DCR for selecting a given row address line and a
1o given column address line from the row address signals
A, - A; and the column address signals Ajy = Aj, a memery.
array M-ARY having a plurality of memory cells M-CEQ'S, a
dummy array D-ARY having a plurality of dummy cells D-CEL's,
a column switch c;swl for"selecting any data line in the ~
15 "M-ARY respon51ve to a selected column address signal, a sense
ampllfier SA, a data input buffer DIB, an output amplifier
- OA, and a data output buffer DOB.
The M-CEL consists of a capacitor Cq fer.storing-the
data and an MISFETtﬁnfor selecting the address, and'the
20 data "1" or "O" is stored in the form ‘of whether there
is electric charge in the capacitor C or not.
The D~RAM circuit is arrayed on a single semiconductor
chip as concretely shown in Fig. 3.
Fig. 3 is a diagram of lay-out pattern of the D-RAM. IC

25 of a so-called two-mat system in which the memory array



25 otfé so-call ed two-mat systemin which the nenory array - 12 -*is
di fige into two in a single sem conductor chip. First, the two nmenory
ar M ARY1-and M ARY2 consisting of a plurality of nenory cells are

pl atee”in an | C chip, separated away from each other. 5 A comon N

‘colum decoder C-DCR is arrayed on thg,central portion of the |IC chip
between [err] and M ARY2. The colum switch [err] for the [err] and the_ _
dummy array [err] consisting of a plurality of dummy cells are placed s

b M ARY], - . 10 . Ot « : I itch
[ 3 \rN]eeP or f\ ﬁe&fggaf&aﬁg%ﬁhémgu% %Pf%k%%%ﬁ%l%?r\%@n%t%ﬁ%oprw aiS\th ;Cof
d |1 dihet : - | id4

and Ferr] aro | BeSEE ShEn NG, melidr'y By WARY] SEIEAID cdiiesiiie

portion ofokhg 3ura1l(eyeBied meifrhdelliiard |d1d i Qlf QIR QIEp, Oper at ed

by noi se such aS signals appli to the.CG-DCR™ and so that the wiring can

be easily laid odk apgtgaeawggerﬁl@f tedrfi®@terrhe 1 C chip are arrayed a
data input buffer DIB, a read and wite control signal 20 gener at or

R'W S35 a RAS spgeshmeaneodumn Retodar DDCR RAS dmmrayed simrihe geerctrzabr
SGL. Adjacent to these circuits, there are further ar rpg%/e'd a RAS si gnal

- appl yi ng pporBi&ASpfathE ICychlipahstvean YR \RndM-AR¥at a si gnal
applying pad [err]. 25 On the upper rig]ht side of _the IC chip, on
t he ot her ‘The column switch C-S'a'_l or the M-ARY]_ and the dummy
| array D—ARY]__ consisting of a plurality of dummy _cglls are
placed between M-ARY; and C-DCR. | |
10 | On the other hand, the ¢olumn switch C-SW, for the
 M-ARY, and the -dumy array .D—ARYzlconsisting of a plurality
of dummy cells are placed between M-ARY, and C-DCR. "
The sense é.mplifieré SA; and SA, are locateéd at an
: extfeine left porftioh and at an eictréme right. portion of the
15 IIC chip, so 'that.they will not be_ erroneously op_erated by
noise such as si.gnals é.pplied to the C-DCR, and so that the
wiring can be. easily laid out.
On the upper left side of the IC chip are arrayed a
data input buffer DIB, a read and write control signal
20 lgenerator_ R/W-SG, a RAS signal genérator RAS-SG, and a
RAS family signal genera'_bor_SGi. ‘Adjacent to these -
ciréui_'.ts, there are fuJ_:'the_r arrayed a RAS signal applying
pad B-,_RKS-, a WE signal applying pad P-_WE, and a data signal
applying pad P-D, . B | : y |
25 | On the upper right side of the IC chip, on the other



- 13- Hand, there are arrayed a data output buffer DOB, a CAS signal
generator CAS-SG and a CAS fam ly signal generator SG. Adjacent td‘these
Gircuits, there are arrayed a [err] voltage supplying pad [err],

stegnhal appl ying pad 5 P-CAS, a data signal output pad [err]

address signal A6 supplying pad P-A6. A main anplifier MAis plac§4'

the RAS fam |y signal generator [err] and the CAS fam |y signal ne
[errk- 10 A VBB generator VBB-G s W1Jocated above a circuit whi ch |
occupi es large areas such as RAS fam |y signal generator [err], CAS famly
si gnal genera n r ' S S th
produces a n1%%%f%y car |é$Pé aﬁp?ké& g dy%a %ﬁ u% bH?§§¥ Byof FﬁFutlng

€ data’li nenory- cel s dons
the M ARY 15 ngasi I e Yy gl
carriers. In 5% t o 6#%9%ﬁ¥rgﬁ% a pro §b¥|F$§1EBﬁ 2f gﬁ g&éﬁgﬁtor
gener at or VBBsals;l ¢A@Qneit@ Beskbi @0rEQIRES EheﬁbtBPe[SfbhyaadaN*ARYZ
The rom/decoder%eﬁr] or the [err] is | ocated’ on_20 the Iower left side

of the IC chi¥__ Adibicegé supplwimzDedd, Pitiere areAsrsﬁgﬁdladﬂpmyingl padl
suppl yi ng padsﬁﬂui], P-Al, P-A2, and a [er?f vol tage supplying pad [err].

On the | Bwer H19ﬂ8ﬁnakdaﬁatsﬁgmalcuupputnpadePeDgﬁk,hand,anhaddréss
provided a row decoder R-DCR2 for the M ARY2. 25 dj acent to the raw
decoder R-DCREigned dqruppkuing padrBsdg.

A main amplifier MA is placed between the RAS family
signal generator SG; and the CAS family signal generator
10 ' A Vpp generator Vpa~G is located above a circuit which
occupies large areas such as RAS family signal generator
SG;, CAS family signal generator SG, or main amplifier MA.
This is because, the Vpp~G produces a minority carrier,
and the data in the mémory cells constituting the M-ARY;:
15 and M-ARY2 may be undesirably inverted by the minority
| carriers., In order to prevent such a probability,
' therefore, the VﬁB generator V=G 1is located at a position
remote from the MAARYi and M—ARYZ. _
The row decoder R-DCR, for fhe.M-ARYi is located on
20 the lower left side of the IC chip, Adjacent to the R-DCR,,
there are arrayed address signal supplying pads P-Ag, |
P-A,, P-A,, and a V,, voltage supplying pad P-V... _
On the lower right Side of the IC chip, on the other
hand, there is provided a row decoder R-DCR, for the M-ARY,,
25  Adjacent to the raw decoder RsDCﬁZ, there are arrayed address



- .14 signal applying pads P-A3, P-A4, P-A5, and- An address buffer ADB s
di sposed between [err] and R-DCR2. The D-RAM I C has a capacity of about

64 kiIob.'g,tsl"S - divided into two nenory cell matrixes (menory arrays _
[ er and M ARY2) each having a nenory capacity of 128 rows x 256 col ums \/
32 bits (32 kilobits). Therefore, one nenory array has 128 word | i nes
W 256 data lines DL. 10 FhellaBove data |ines DL are made Of -
~alu um and have a small resistivity. Further, as will be obvious frome?

Fig. 3, the data lines DL are short and inpose no problemwth regard to .
“the time fogy S Kbl e ds s, B, eP-HAL | lend @ decoder C-DCR
to each of {'ﬁgﬁﬁg'noa?%l?%gt@%el | s. é?the Lb"?her %gnd, as-w |l -be understood
fromFig. 3, theAnoeddiriesss Bf fure ADR IS ahigposdrhrbetweemtReDGRyes DL. | f
the word lines W. have large resistivities, extended periods of tine are
needed to tardsR=DCRQe signals applied 20 . by the row decoder RRDCR to
each of the menory célls, particularly to transnit- the sjgnals applied by
the row decoder RhECR-RAM K€ hesory & &aRAGHERIQH _%Hm%'ﬁeé‘?rt}ﬁl? e
positions. The signal. transm ssion tinme_of the word |lines W. 25
det er n? nes @ﬁ!iéﬂgré@#@ntWPnEeBPtheCBJQAWPtaﬁﬁeéventUalIy

(memory arrays M-ARY; and MeARYZ) each having a memory
- cé.pacity of 128 rows x 256 columns = 32,768 bits (32
kilobits). Therefore, one memory array has 128 word lines
WL and 256 data lines DL, _ |
10 The above data lines DL'are made of aluminum and have
~a small resistivity. Further, as will be obvious from
Fig. 3, the data lines DL are short and impose no problem
with regard to thé.time_for transmitting the signals
apélied bi'the column decoder C-DCR to each of the memory
15 celis. | , ) | _
On the other hand, as will be understood from Fig. 3,
the word lines WL are much longer than the data lines DL.
. If the word iines WL have large resistivities, extended
periods of,fime_are needed to transmit the signals applied
20 . Dby the row decoder R-DCR to each of the memory cells,
particularly to transmit the signals applied by the row
"decoder R-DCR to the memory cells located at the most_
remote positions,
_ - The signal transmission time of the word lines WL
25  determines the operation time of the D-RAM, and eventually

AR

*



~15- determines the operation tinme of the whole D RAM system Accord'i: to

t he enbodi nent of the present invention, the word |ines W. consi sy of
‘polycrystalline silicon layer, a nolybdenum silicide |ayer formed §
‘akg a 5 pure nol ybdenum | ayer forned further thereon, as shown\i )
The. word lines have a resistivity of 30 to 35 mcroohns[err]cmwhrch is
one-fifth to one-third that of the convenfi dAar word |ines. According to
t he~epbodi nent of the present invention, therefore, the DDRAM pernits the
10 signals to transmt in less tine than the conventional D-RAM and
operates at snﬂ@e’érﬁ;ﬁﬁégrtheaa?bbatsaﬁvet&weoa@ theRMo1RUDLRAN Sylaaphol e
D- RAM system can be operated at hi gh speeds. According to the enbodi nent of
the present inventifecotdingf 6t Bhememdodigientnbf tthe Wwitedenthdnveuitianso
the gate electrodes of all MSFET's in the DDRAM are fornmed in the

t'hree-1 ayer cosise rwetd obinédscWLdcogkystt bé B Rallyopresdadd il Isidlieonspeeds.
Construction of the principal €lenents and |ay-out 20 pattern in the :
enbodi ment of ka¥ep; ed enelybdenumosidicidendagesc Foragdhdheweon ,f @dha
detail. [gonstruction of nenory cell M CEL] '%hp4 IS a perspective section

F
vi ew show?ng BHFeIIRIYRRerdn bavarnirprede EHFhecethsrepny. a8 showmhi ch 25
reference numeralpdg defiotemnd BordPTiney AV4"S' Pesistivity of 30 to 35 |

microohms+cm which is one-fifth to one-third that of the

convehtional word lines,' According to fhe embodiment of
the'present ihvention, therefore, the D-RAM permits'thé
10  signals to transmit in less time than the |
conventional.D—RAM, and operates at speeds faster than the
conventional D-RAM, Further, the whole D-RAM system .can be
operated at high speeds. '
_ o Accofding to the embodiment of the present invention,
15 furthermore, not oniy the word lines but also the gate
| electrodes of all MISFET's in the D-RAM are formed in the
three-layer cohstruétioh; Aécordingly, the D-RAM operates
at higher speeds, | | |
| - Construction of the princiﬁal elements and:la}-out
20  pattern in the embodimenf of the_present:invention will.
be discussed below in further detail. |
'[Construction of memory cell M~CEL] o
Fig. 4 is a perspecti?e section view showing the -
construction of a memory cell M-CEL of Fig. 2, in which

25 reference numeral 1 denotes a p~type semiconductor



-16 - substrate, 2 denotes a relatively thick insulating film (hereinafter
~referred to as field insulating film, 3 denotes a relatively thin

i nsul g g film(hereinafter referred to as gate insulating film, 4 and 5 .
denot E err]-type sem conductor regions, 6 denotes a first ‘poly- \J
cryst silicon layer, 7 denotes an n-type surface inverter |ayer, 8
denot € econd pol ycrystalline silicon |layer, 9 denotes a PSG (phosphor.us

silicate glass) layer, 10-denotes an aLHy1nun1Iayer 29 denotes a '

nol ybdenum 10 silicate layer, and 36 denotes a nnlybdenun1|ayer A

M SFET [err] in a nmenory cell MCEL has a substrate, a source region, a
drai n regi substpate,i 8sdenoiteg &i mlarﬁvalgat'@lal‘é&ﬂ%@@tlﬁ&t :
respectivel nade u of the above-nentioned p- type sem cQ d%ct r substrate
1, the n -tg Enregﬁﬁﬁéﬂoﬁbrééléﬁei 1ﬂﬂ§ a @iiﬁ(X) uct or

consi ot antcﬂin%%éééghgiq‘;'a%ﬁ MERESEER T i Y Res e fatiRum
e Loed. t ebamnanalS s iBpta Snsthaifle Ay i 3 B oL Sdezc"’”‘
G T ik o & e e I o A
e Do A TEERG RIS BASek |7 BB fhtrpe it dEL s
inverter layer, 8 denotes a second polycrystalline silicon
'layer, 9 denotes a PSG (phosphorus silicate glass) layer,
10 ‘denotes an aluminum'layer, 29 denotes a molybdenum
10 silicate layer, and 36 denotes a molybdenum layer.
A MISFET Qy in a memory cell M~CEL has a substrate,
a source region a drain region, a gate 1nsulating film
and a gate electrode, that are, respectlvely, made up of the
above-mentloned p-type semiconductor substrate l, then -type'
15 semiconductor region 4, the n -type semiconductor region 5,
the gate insulating film 3, and a multi-layer electrode
consisting of a second polycrystalline silicon_laYer 8,
a molybdenum silicide layer 29, and a molybdenum layer 36,
‘The multi-layer electrode can be used 'for example, as a
20  word line WL, _, which is shown in Fig. 2. The aluminum
layer 10 connected to the n -type semlconductor region 5
is used, for example, as a data line DL,_; which is shown
in Fig. 2. | - |
On the'other hamd, a memdry'capaoitor Cs in'the_memory

25 cell M~CEL has an electrode, a dielectric layer and another



-ei ectfode which are, respectively, made up of a first polycrystalline.
silicon layer 6, a gate insulating film3, and an n-type surface inye
lLayer 7. Nanely, the power- supply voltage [err] applied to the fj
pekycrystalline 5  silicon layer 6 induces the n-type surface i nvg
| ayer 7 on the surface of the p-type semniconductor substrate 1 thrugh
~gate |nsulat|ng film3 owng to the effect of the electric field.

[ Comstruction of dummy cell D-CEL] 10 .- 17 -Fig. 5 is a perspective
section V|eM/shomnng the con- struction of a dummy ceII D-CEL which is

“illustrated 4
In+ 'tjflp(raas:m l:g% FO%' reg| orl{g arsl%, féﬁéeé@ngg{%& crys ffp%gem licon
| ayer, 116 de“ggtﬁ.ilc?‘} |9.‘ihe’s fl%&f‘or}ia el Wer4 eQaJ:QY suﬂt %yer ote

second pol ycr |con ayers, denbt es” an a um num *and

31 denote nol &Bﬁe&h”hﬁﬂy'ﬁ‘é G A Si; ‘?ékdt&Y Bafe 887 denvife |Y€l‘i'§'§'t5'ﬂt
layers. A M SFET [err] i'n a dumy ceﬁr D- CEL has aazubstralgy a 3$;|n

region, a sousa@plygiveltazed iappllidd oo fthen fnws b @ﬂﬁcﬂfﬁﬁlbﬂ@e which
are, respectively, made up of e p-type sem conductor substrate, an [err]
-type sehi considdepor lagwro® induwes) the pe-tyepe mmmmrimegi‘md 1Rayergat e
insulating film3, and a nulti-Ilayer el ectrode consis- 25 ting of a

second polycr9§t$hﬁlﬁﬁnﬁdqauﬂflthﬂﬂpﬁEWPeiSemtind¢m¢9md%ﬁ@ﬁ$Ea ¢clde

| ayer 30 and a nol ybdenum | ayer 3
thro ugh the gate insulating £ilm 3 owing to the effect of the
electrlc field.

[Construction of dummy cell D~CEL ]

10 Fig. 5 is a perspective section view showing the con-
struction of a dummy cell D~CEL which is illustrated in -
Fig. 2, In Fig. 5, reference numerals 11 to 14 denote’
n*-type eémiéonductor regions, 15 denotes a first poly-
.cryétallihe silicon layer, 16 denotes an n-type surface
15 inverted layer, 17 and 18 denote second polycrystailine
silicon leyers, 19 denotes an aluminum layer, 30 and 31
denote molybdenum silicide layers, and 37 and 38 denote
molybdenum layers. |
A MISFET Qp; in a dummy cell D-CEL has a substrate,
20 " a drain fegibn; a source region, a gate insulation film
and a gate electrode, which are, respectively, madeé up of
the p-type semiconductor suﬁstrate, an nf;tjpe.semicon-
ductor region 11, an n+-type3semiconductor'regien 12, a
gate insuléting film 3, and e multi-layer electrode consis-

25 ting of a_second.polycrystaliine silicon-layer 17, a



o

The multi-layer electrode stretches on the p-type sem conductor substrate 1
as a dumy word line [err] which is shown in Fig. 2. The alum num |l ayer 19
connected 5 to the [err]-type sem conductor region stretches.on the =

p-t sem conductor substrate 1 as a dummy data line [err] shown in Fig. »J -
2. \SFET [err] in the dumry cell D-CEL has a substrate, a drain region,

as e-region, a gate insulating filmd®g ~and a gate el ectrode, that_

are, spectively, nmade up of the p-type sem conductor substrate 1, an .
-type sem - conductor region 13, an n _-type sem conductor region 14, a gate
i nsul at i ng melybdenumdsiligide. layer 80 and g nadsidanuwy layer Sfond
polycrystalline silicon layer 18, a 15 nol ybdenum si li ci de l'ayer 31 and a

- nol ybdenumTl&?e'f‘“%'S:i'iﬁ_b!eﬁﬁFg-iech&e Stratcees an s*é’ﬁ/eﬂrm%_ a di scharge
apaci tor ARMGORUS AR PUPERFESeCR S8 AP 0rY e DYTg cotri ¢
first poly AOAeh +E EE0MR B8, iR 205 THe s SRR naler) 1 el 0
TP 4 L kS R ol e W ot V9 dS|
2L, M ECbhBiEtol gUSsLEL nef bepmmo e Ty B
the electrignfregd. 2, '
A MISFEﬂdbz in the dummy cell D-CEL has a sqbsﬁrate,
a drain region, a source region, a gate insulating film
10 and a gate electrdde, that are, respectively; made up
of the p—type semiconductor substrate 1, an n'-type semi-
conductor region 13, an nf—type semiconducfor_regiqn lL,
a gate insulating-film.S, and a multi-layer eléctrodg
_consisting of a second polycrystalline silicon layer 18, a
15 molybdenum silicide layer 31 and a molybdenum layer 38. “
- The multi-layer electrode is served with a discharge signal
44, which is diagrammed in the dummy cell D~CEL of Fig. 2.
| The capacitor Cds in the dummy cell D-CElzhas oné elec-
trode, a dielectric layer and another electrode, that are,
20 respebtively, made up of a first polycrystalline silicon
layer 15, a gate insulating film 3 and an n-type surface
inverted layer 16, Namely, the power-supply voltage Voo
applied to the first polycrystalline silicon layer 15
induces the n~type surface inverted layer 16 on the

25  surface of the p-type semiconductor substrate 1 via the



{ Construction of a portion of a peripheral circuit (active restore [err])]
5 Fig. 6 is a perspective section view showi ng the construction of
‘a{portion of the peripheral circuit formed in the periphery of the nmenpes
array MARY, i e., showing a portion of the active restore [err] Wwhi v@
shown in Fig. 2. In Fig. 6, reference nunerals 20 to 23 denote n - N g
type sem conductor regions, 24 to 27 denote, second polycrystalline silicon
_layéxs; and 28 denotes an alum num | ayer. Reference nunerals 32 to 35
denote nol'ybdenum silicide |ayers, and 39 to 42 denote nol ybdenum | ayers.

15 'Aééﬁf Ehdeiadihp fgfmagt b¥Enl® O thel %rfrf]eci{‘%‘ﬁ" {:ﬁ'?'!:i g. 2 has a
substrate, a“source region,-a draifh region, a gate insulating Tilmand a
gate el ectrodgledtitc ffe1despectively, nade up of a p-type sem conductor

substrate 1, an n -type sem conductor region 20, an [err]-type

sem conduct or[ ¢ssBrucfion 8% adp8ateohnsy! al pegibhleral, caprdud tMikkitikayer
el ectrode consisting of a second pol ycrystalline silicon layer 24, a

mol ybdenum: sitestaiee | &8e) 132 and a nol ybdenum | ayer 39. A M SFET [err] in
the active restore [errT has a.substrate, a source region, a drain region,
a gate insul ati ng Figm@nils 28 perspgativel section, view showingeshectively,
made up of a p-type _-20- sem conductor substrate 1, an n -type :
sem conduct orcanstricbion 9L na- popEigrnpéoithec Periphgrad gircyigafeormed
-insul ating filnygi and a nulti-la¥er.electrode consi sting _of a second
. in e periphery of the memory array M-ARY, i.e., owing
a portion of the active restore AR, which is shown in
'Fig. 2. In Fig. 6,'reference numerals 20 to 23 denote n'-
10 type semiconductor regions, 24 to 27 denote second
. polycrystalline silicon layers, and 28 denotes an
aluminum layer. Reference numerals 32 to 35 denote
'molybdenum silicide‘layers, and 39 to 42 denote molybdenum
layers. o | - '
15 A MISFET Qgg in the active restore AR, shown in Fig. 2
- has a substréte, a source region, a drain region, a gate
'insuiating film and a gate electrode, that are, respectively,
made up of a p4type semiconductor sﬁbstraﬁe'i, an nf-type
semiconductor region 20, an nf-tybe semiconductor region
20 21, a gate insulating film 3, and a multi—layer'electrode
consisting of a second polycrystalline silicon layer 24,
a molybdenum silicide layer 32 and a'molybdenum_layer 39.
A MISFET Qg in the active restore AR, has a substrate,
'a source regiaon, a drain régibn,'a-gate insulating film and

25 | a gafe electrodé,'that are;'respectiveiy, ﬁade'up of a p~-type



s

pol ycrystalline silicon |layer 27, a nolybdenumsilicide 5 | ayer 35 ardd a * .
nmol ybdenum | ayer 42. The nmulti-layer electrode is served with an active

rest control signal [err] which is shown in Fig. 2. rg A capacitor [err]-~..
in th tive restore [err] has a dielectric layer and an el ectrode that “/
are, reSpectively, 10 made up of the gate insulating film3 and a -

mul ti-layer electrode consisting of a §e§§3d polycrystalline silicon layer
25, a nol ybdenum silicide |ayer 33 and a“noTybdenum | ayer 40. The T’
mul ti-layer electrode is connected to a nultj-layer electrode which serves
as a gate elsemiogndustor subsirayesRiTast 1l <HiPetsemierdueter gregiarecond
pol y- crystalline silkicon layer 24, a nolybdenumsilicide |ayer 32 and a
mol ybdenum | 8§ er aBon FEyPRe £ ld cOBAUCHO T2 T g 0N D 6 & SRED HIBIAEG i ne

b cor s MEEA R 55 e Bl IR S i B A NSl
0,209 e LebiboLyRea3subaonlu g nSYal 22 A bR dodeElgy Vi o
R AP MW R OBABA] JMATIES it i o
-21- is enployedtioakneseaapviede with 3 WAIVe I BT 941t he
capacitor [err] consists -of an inverted |l ayer which is forned on the
‘surface of tﬁ?g which is shown in Fig. 2. _

A capacitor CBll in the active restore ARl has a

- dielectric layer and gnVelectrode that are, respectively,

- 10 méde.up.of.the gate insulating filh 3 and a multi-iayer
electrode coﬁsisting of a secqnd poljcrystalline s;licon '
layer 25, a molybdenum silicide 1ayer 33 ahd a molybdenum
'layer 40. “The multi-layer electrode is connected to a
multi-layer electrode which serves as a gaté electrode

15 of the MISFETQgq, and which consists of a segond poly-
cryétalline silicon layer 24, a molybdenum silicide
layer 32 ahd a molybdenum layer 39. Furthér, a portion 25a
of the second polycrystalline silicon layer 25 is directly
connected to the n'-type semiconductor region 22 of the

20 MISFETQSA. This is because, if the molybdenum layer 40
and the_nf-type semiconductor region 22 are connected
together via ah aluminum wiring layer, a contact area must.
be formed between the molybdéhum layer 40 and the aluminum
wiring layef and makes it difficult to increase the wiring

25 density., Therefore, the above-mentioned connection means



sem __cdnductor substrate 1. The inverted layer is 5 established by a
vol tage which is applied to the nulti- |ayer el ectrode consisting ef—{
,seﬁrgnd polycrystalline silicon |layer 25, a nolybdenum silicide | _
a*dl ybdenum | ayer 40. Although not diagramed in Fig. 6, the inwe

| ayer is contiguous wth the [err]-type sem- 10 conduct or regiof
is forned in the sem conductor substrate 1 and which is served with an
actiwe restore control signal [err] of g 2. Further, as an el ectrode
of the capacitor [err], there may exist a nolybdenumsilicide |ayer and a
mol ybdenum | aysr emplbiredpdby dnysicalslel rohes iwiirdmyg Hensidyyer. The

mul ti-layer electrode consisting of a second polycrystalline silicon |ayer -
26, a nol ybdenum sAhothde kdgertrddeand dheplcdmaritbon  &bnsisteofas one
el ectrode of the capacitor [err] which is shown in Fig. 2, and a portion 20
thereof is digRcinyersadedarer: whigh dsufermesgiom e iswriacsrof dihg of
Fig. 2 like the capacitor CBlI|l, and another portion thereof is connected to

the gate el ect®Bhgopfueker\Fupstrate 1.  LApsdnvanted d2YS ddory array
M ART d 2 D- AR - 22~ - out {t f th .
aforerrg_ |og}¥'ﬁ%ﬁ$§hﬁar9¥ # XR¥tage wi Céﬁ#ﬁ/ou 3 dgt%s?\?‘;%ﬁ@ eSCT i bed
bel ow wi th referencg bQ+fble fonlistiREPr qﬁ'{ea%e“goﬁ@Ypsot}.%fs%aﬁ'ﬁnJ has

silicon layer 25, a molybdenum silicide layer 33 and a

molybdenum layer 40. Although not diagrammed in Fig, 6,
the inverte& layef is contiguous with the n+-type semi-

10  conductor region which is formed in the Sémiconductor
substrate 1 and which is served with an activenrestore
..control signal drs of.Fig. 2, Further, as an electrode

of the capacitor cBll; there may'exist a_molybdenum silicide
1ayer and ‘a molybdenum layer on the polfcrystalline silicon
15 layer. . | | | |
The multi-~layer eledtrdde_consisting of a second
polycrystalline silicon layer 26, a molybdenum silicide
_1ayef 34 and a molybdenum layer 41, serves é; one electrode
of the capacitor Cg1p Which is shown in Fig. 2, and a portion
20 thereof is directly connected to the source regioh of the
MISFETQg, of Fig. 2 like the capacitor Cgy,, and another
portion thereof is connected to thé gate electrode of the
MISFETQg,. | B |
[Lay-cut patterns of memory array M-ART and dummy array

25  D-ARY]



S aplurality of menory cells M CEL shown in Fig. 4, which are arrayed ‘on
t he sem.gonductor substrate 1. On the other hand, the dummy array D ARY

sho Nig. 7 has a plurality of dummy cells D-CEL of Fig. 5, which are
arrg o the sem conductor 10 substrate 1. First, the nenory array MAR ?“j
show_ir“Fig. 7 is constructed as nentloned bel ow. The field insulating
film2 is formed describing a pattern Shown in Fig. 8 |n order. to 15~
separate a plurality of menory cells N$gEL whi ch are co, d of NISFEF&’
[err] and senory cam%ﬁXTﬁ%F[B@Ffeﬁﬂstﬂ §9Ff§@8§ﬂmQHﬁ} &ﬁﬂﬁﬁ%or

substrate- 1. Exceptignal | ver, in:the present enpodinent.a field
i nsul at i ng 355a% 'ﬁ%?fiﬁ%n ggﬁgﬂga?ﬁr?NeD aBE hHASRE r%%?ﬁ t hr ough .

22: ggrigfa%‘?\ﬁ’r@; gﬁ% %&g%[g %%gl saglpl‘ :‘ g(rjeﬁl'? H]gm I Ihresz:]ener al rule of
B o T %ﬁ%rﬁ%méwand%#ﬁ; AR AR,
515 O SISYSE ek Ehu pEm e e e Ao e,
reaching tRmieH fa?fé LErdPEassh £RBIYEMICoREREGH Gubstrate 1.
- On the other hand, the dummy array D-ARY shown in
Fig. 7 has a plurality of duﬁmy cells D-CEL of
Fig. 5, which are arrayed on the semiconductor
10 sobstrate 1. |
Flrst, the memory array M-ARY shown in
?ig. 7 is constructed as mentioned below.
The field insulating film 2 is £ormed
desoribing a partern as shoﬁn in Fig. 8 in order to
15 separate a plﬁrality of memory cells M-CEL which
are.composed of_MISFETs QM end memory capacitors Cs
on the surface of the semicondﬁctor substrate 1.
Exceptionally, however, in the present
lembodiment a field insulating film 2a is formed
20 beneathhthe contacﬁ holes CH, through which the
power;supply voltage Vcc is applied to the first |
polycrysralline silicon layer 6f This is different
from fhe general rule of such layouts. Therefore,
no aluminium-silicon alloy formed by the reection
25 between the aluminium layer and the polycrystalline
silicon_layer in the vicinity of the contact holes

CH, is allowed to penetrate through the



Fhe first pol ycrystalline silicon |ayer 6 which serves 5 as one el ectrode
of the menory capacitor Cs in the nenory cells MCEL is formed on the field
Lnsulatlng film2 and on the gate.insulating film 3 describing a pattern as
shbﬂﬂ in Fig. 9. Further, word lines [err] conposed of nulti-layer 10

w ring of the second polycrystalllne silicon layer 8, the nolybdenu
silicide |ayer 29 and the nnlybdenun1|ayer2%@_pf Fig. 4, stretch on
first™Spolycrystalline silicon layer 6 in thé vertical direction in Fig. 7.
A power-supply line [err] runs in the lateral 15 direction of Fig 71to

Supply pover siaghetdld 3090 Serddi Gothd "R gl 8o Ok S e idnd L e

pol ycrystal | ine siTicon ayer serves as one e
capaci tor [ ef blreveh el fidifrdilifn %aéﬁels&eﬁaé@rai F&@réémf RASSEL RO

of the alum num |l ayer -1 Fig. n nearly 1 n parall L he

power - suppl y kubetrerte 1as shown |n Fig. 7. The data line [err] is
connected to the drain region of MSFETQM n the nenory cell MCEL via a
contact hol e [err] Thendist grilydrystdlline ssihivme tkalyér 6 hehiklai seregs on

.25 of MSFET in another nenory cell MCEL via a contact -24- hole
CH2. FuPt herast hoedsledtinede [off rihe memqry wapact ter |Gy ekml the reeméy in
Fig.. 7 like the_data lines [err] and [err], _and are connected to the drain

regi ons of t heeMLSFMTSEL is, formed i the| Tield dmswlabing fickmi deand on
the gate insulating film 3 describing a pattern as shown

in Fig. 9.
Further, word lines WLy 4 composed of multi-layer
10  wiring of the second polycrystalline silicon layer 8, the
molybdenum silicide layer 29 and the molybdenum layer 36
of Fig. h, stretch on the first polycrystalllne silicon
layer 6 in the ‘vertical dlrection in Fig. 7. -
A power-supply line VéceL runs in the lateral
15 direction of Fig. 7 to supply power-supply voltage VCC
| through the contact hole CH, to the polycrystalline
silicon layer é which serves as one electrode of the
memory cepacitor Cs; .
 On the other hand, data lines DL, ;, DL;_; composed
20 of the aluminum layer 10 of Fig. 4 run nearly in parallel
with the power-supply line’ VbC-L as shown in Fig, 7.
The data line DL,_, is connected to the d:ain'tegion of
MISFETQy in thé memory cell M-CEL via a contact hole CH,
and the data line BEi—l is connected to the drain region
25 of MISFET gy in 'another"memor"ylcell M-CEL via a contact



5 " portions through contact holes. Next, the dumy cells D-CEL shown in
=qr e constructed as nentioned below The field insulating film2 is

; 4aya.port|on of the surface of the sem conductor substrate 1, and
the gas10 = insulating film3 is formed on another portion on the
surfase-df the sem conductor substrate 1. The first polycrystalline silicon
| ayers 15a, 15b-run on the field insdlakiag film2 and the gate .insul ating
film34n the vertical direction of Fig. 7 being 15 separ ated away Tuu#m
each othér. “The widths of the flrzafal ol ycrystalline &ilicon | ayers 15a,
15b are veh?hﬂn&ﬂgeuﬂFq¢!#ﬁ¥he the g%'ifné Legmi Hrpg2t h¥tcaBaci ty of

fgpﬁgéf?fo%delé b&é%%ﬁ?ﬂwfanpwf%%t rHhe' 468 S8ETRIRKE B yéizéinaﬁﬁ
T

rogion 14 PEAEEN a0 A ks, Sene¥Rd toorme H?aﬁﬁ{%%“?g St

D-CEL. F rd Ii d -of I ti- I

of the secHSEEfS p%% meROTS! [Galae T CEL, o ar et armines %aé“nLH‘g.

silicgde | . PeeEholes25- | ayer 37 of Fig. 5, runs on
t he fsrst goly€$§§?§ﬁ|WNaé§%qcon layer .15a. The dummy word line [err]

constitutes a g Iexﬁé(uhmﬁ? aéﬁfiﬂD;cEL]shawhhendﬂﬂgy ebkeD- CEL. On
the other hand a control signal line [err] of'a 5 mul ti-layer mﬁring

conposed ot on¥traraantl 4| et yomed | below,
The field insulating film 2 is formed on a portion of

thersurface'of the semiconductor substrate 1, and the gate
10 = insulating film 3 is fdrmed on another portion on the
surface of the semiconductor substrate l
The first polycrystalline sillcon layers 1l5a, 15b run
on the field insulating film 2 and the gate 1nsulat1ng
film 3 in ‘the vertical direction of Fig. 7 being
- 15 separated away from each other, The widths of the first
' polycrystalllne SLlicon 1ayers 15a, 15b are very 1mportant
from the standpoint of determining the capacity of capacitor
Cds in the dummy cell D-CEL, The n+-type semiconductor
region 14 is positioned between the first polycrystalline
20 silicon,layer 15a and the first polycrystalline silicon
| layer 15b. The n+-type semiconductor region 14 is used as
a common earth line for a plurality of dummy cells D-CEL.
Further;'a dummy word line DWL,_; composed of a multi-
layer wiring of the secondary polycrystalline silicon
25 1ajer_l7, the molybdenﬁm silicide layer 30 and_the molybdenum



5f|iqdn | ayer 18, the nol ybdenum silicide |layer 31 and the nol ybdenum | ayer
38 of Fig. 5, runs in parallel with the dumry word line [err] being

.separated away therefrom so that the discharge control signal [err
id~Fig. 5A 10  can be applied. The control signal line [err] fg
gate el ectrode of M SFET [err] in the dummy ceII D-CEL. Simlarly,

word line DW. 2 and a control signal line | 5 run in parall el mnth the'.
dummeoword line [err] and the control sigh ITne [err]. .15
Further, the data lines [err], [err], [err], [err] conposed. of alum num

| aver St etoh LR b P, ﬁéraeém’w frer rfsrp?ﬂz%ry%a% S coll
f'hCELLd Ei%ﬁéa“ §on AVt ook é?ﬁgﬁ‘finw%wa %hl?% %‘gﬁl?&'&ﬁ
10 shgvxs a Ia)%' gJat e%m#é_acy %ﬁilﬁfo Hté{ptg} M%{]ﬁcaﬁ 'forg
~exanpl e, a poph %eofoaﬁerwﬁﬁ ?ascoﬁﬂﬁlféfénifrﬁnégd':'& 20f a -26- In

Fig. 10, AR denotes an active restore portion, and Gt ek a CIFCUIt for

precharggng t iﬂ&ldﬂt-a.dyeiemﬂiﬁg I mpEs € S6 O e [ $6édnd ey Pystallfnar e
prOV|ded Iin the active restore portion AR Nanely, one active 5 restore

is formed on sidisiote lafyear 18y Ahe mholybdéhumnsti bbelderlayér V3L rasdt otitei s
formed on the side of arrow B.

molybdenum layer 38 of Fig. 5, runs in parallel with the
dummy word line DWLl_l being sepgrated away therefrom, so
that the discharge control signal ddc'shown in Fig. 5A

10 can be'applied. The céntroi signﬁl line ﬁdc'Lz forms a

| gate electrode of MISFET Qy, in the dummy cell D-CEL.

Similarly, a dummy word line DWLl__2 and a control

signal J_.ine.ddc—L2 run in parallel with the dummj word
line DWL, , and the control signal line pfdc-i.l. |

15 Further, the data lines DL ,, bfl_,l, DL,_,, DLy_,
composed.of aluminum layer stretch from the memory array
M-ARY as shown in Fig. 7. The data line DL, ; is connected
to the drain region of’MISFEPle in the dummy cell D-CEL
via a contact hole CHy, and the data line DL, , is also

20 connected to the drain region of MISFETQD1 of another
dummy cell D-CEL through a contact hole CHA.
[Lay?out pattern of peripﬁefal circuits]

Fig. 10 shows a lay—dut pattern of a portidn of the

peripheral circuits, for exampié,'a portion of the sense

25 amplifier SA; of Fig. 2.



An active r

[err]
restore
hand, the p
the two dat
prechargi ng

estore control signal line [err] consisting of a polycrystalline’

a nol ybdenum silicide | ayer and a pure nol ybdenum | ayer, a

. silicop~hayer, _ '
l'ine @ onsisting of an 10 alum num | ayer, and a power-supply line --
O.\ .

recharging circuit PC contains 1 acircuit for precharging,
a lines that corres- pond to thé®w active restores. In t héy,/
circuit PC are arrayed a potential |line VDp-L conposed of an

al um num | ayer, d@mpreitdharh@, cARtdehosegnah kicrtd viee rejsitoated pdattd ohi,naad

[err], [err
t he nenory

[err] and c
Next, a pro
-belom/MAth

X1 stands f
[err], Jerr
al ong §2 X2;
of Fig. 10

oxi dation-r

], [err], [err] conposed of an alum num 20 .layer which run on
£C alendted afcirouil, far pireshargifigythe0davesSiinesferr] to
apacitors CBll; CB12 of Fi 2 are arrayed as shown in Fig. 10.
cess flwo mm’@ruce nrgeahoneéhgﬁ eShpwRAIRWLE.28 arge previdesed
reference to Figs. 11A to 118 -27- each of the dr awi ngs,
éPziQQKQQYﬁV%W%@ﬁEﬁr?hﬁ°ﬁ§ﬁBPyA§Pray iﬁv GPeFPQ iyes) ong

stands‘igr a se t|§n§§%$¥% vP 3F%%%#¥g res%g QB of F|g 10

gg%’&ae[,ﬁ? fa[#jrgétre@sé&;effé "r88udl 8 dRe' sulle?BE g;tm B.

- An active restore control signal line d L consisting of a

10

15

20

25

polycrystallxne silicon layer, a molybdenum silic1de layer
and a pure molybdenum layer, a line é éL consxsting of an
aluminum layer, and a power-supply llne VCC—L consisting of
an aluminum 1ayer, are arrayed in common for the active |
restores in the active restore portlon AR as shown in
Fig. 10. | | |

On the other hand, the precharging circuit PC contains
a circuit for precharging the two data lines that corres-
pond to the two active restores. In the precharging circuit
PC are arrayed a potential line YbP-t comPosed-of an
aluminum layer, a precharge control signal line $pc-L, and
data_;ines.DLl_l,-ﬁii_l, DLy 5 ﬁii_z composed of an aluminum
layer which run on the memory array M-ARY of Fig, 2, as shown
in Fig. 10. _

MISFETs_QSi to QS? and capacitors cBli‘ CBlz of Eig. 2
are arrayed as shown in Fig., 10,

Next, a process for producing an n-channel D-RAM will
be described below with reference to Figs. 11lA to 11S,

5ting of an alumi num |l ayer, are arrayed in common for the active~<
the active restore portion AR as shown in Fig. 10. On the other

ore AR



As shown in Fig. 11A, an oxide film 102 and an insulating film i.e., an

oxi dation-resistant film 103 10 whi ch does not permt the passage of A
oxygen, are forned on the surface of a seniconductor substrate 101. A G
p-®ype single crystalline silicon (Si) substrate having a crystalline plane
(100), a silicon dioxide ([err]) filmand a silicon nitride ([err]) film
are 15 preferably used for forming the seniconductor substrate 101, the
oxi dévi | m 102 and the oxi dati on- resi stanb7f Ll m 103. The [err] film 102 is
formed by the surface oxidation of the silicon substrate 101 to a thickness

<, “when the ot g2 1%?.%f?ﬁi‘#fég-dﬁleg%lf%}ﬁ%s99%3”‘28%#%&591393%%%&1““
I b 10
e thermal Iy G o S e fa T R Xepireid® '

coef fi ci ent bﬁﬂﬂﬁ*§1éﬁ%tloﬂr$&§w|bfoﬂhéUQ&EE@Eerég%o?@dAﬁth[? | iplm 103.
Conse- -28- quently, crystalllne defect is given 't e sur ce of the

silicon subst adiong $tandsvesr ahsecdebaciiewhsr| enel abtive
102 is formed on the Ln%ace of the silicon substrate 101 priar to formng

the [errP fil mestora R of Rig. clOecalomgdy -t-lﬁﬁ Si 3N4 film 103 which will
be used as a nmsk for sel ective oxidation e silicon
Step for forming an oxide film and an oxidation-resistant
£ilm) | : |
As shown in Fig. 11A, an oxide film 102 and an
insulating film, i,e.; an oxidation-resistant film 103
10 which does not permit the passage of oxygén, are fbrmed
on the surface of a semicbnductor substrate 101,
A p-type single crystalline silicon (Si) substrate
having a crystalline plane (100), a silicon dioxide
(S10,) film and a silicon nitride (SisN,) film are
15 preferably used for forming the semiconductor substrate
101, the oxide film 102 and the oxidation-resistant film
103. |
| The Si0O, film 102 is formed by the surface oxidation
of the silicon substrate 101 to a thiékness of about 500
20 'ahgstroms, because of the reasdns mentioned below, That is,
when the 513 L film 1Q3.i$_fofmed directly on the surface
of the silicon substrate 101, the surface of the silicon
substrate 101 tends to be thermally distorted due to
the difference in the thgfmal exbanéion coefficiéht between

25 the silicon substrate 101 and the Si3N4 film 103, Conse-



sub ™ e 101, is forned to a thickness of about 1400 angstrons by the QD * .
(chaaad)l vapor deposition) nethod, 10 as will be nentioned later in
detNaid/(Step for selectively renoving oxidation-resistant filmand for )
“injecting ions) A photoresist film 104 which serves as an etching mask is \g'*
selectively formed on the surface of the SiNA film 103 15 that is to be
. selectively renmoved fromthe surface of the silicon substrate 101 on which
will be formed a relatively thick insulating film i.e., afield insulag%ﬁg_
film Under this condition, the expes28 gortions of the Si N film 103 are
.renoved by the plasma etching nmethod 3 4 20 which features good etching
preci sion. ghentlypwrjdtealiné befest Liypgivénctodihei suryaee the
substrate 101, i.e., p-type inpurities are introduced into the silicon
- substrate 16%f ttheowsifiiidon [subgtraten AOR, t KBt osdexpteepraveptr thiss which
are not covered with 25 the photoresist film 104 as shown in Fig. |IIB,
so that d2fecd,sdhemiSidd, i tER | hyefopned hent Yhe surfacduefivity
opposite to that of the sybstrate will not be fornmed on the surface of the
substrate 1tReosiddicon wpsteate i MaliBrioy 0 feraing: fea. Skpl¥, pfiiBe
_inpurigies f% . be 5 I ntroduced preferably by the ion-injection method.
For exdnpl e;-¥Boron ions which are p-type inpurities can be injected into

the silicon subsb;lat&el_%Jﬂqaetr a}‘paﬂfi'eﬁ&é%isl\lh

used as a mask for selective oxidation of the silicon

£ilm 103 which will be

_substfate.101,'is'f6rmed'to a thickness of about 1400
angstroms'by.the CVD (chemical vapor deposition) method,
10 as will be mentioned later in detail, |
(Step for Seleétively removing oxidation-resistant film
and for in:jectin'g. .ions) | | '
A photoresist f£ilm 104 which serves as an.etching mask
is selectively formed on the surface of the SizN, £ilm 103
15 that is to be selectively removed from the surface of
the silicon substrate 101 on which will be formed a |
relatively thick insulating film, i.e., a field insulating
film. Under this condition, the exposed éortions of the
SizN, film 103 are removed by the plasma etching method
20 which features good etching precision,
| Then, impurities of the same type of conductivity as
the substrate 101, i,e., p-type impurities.are introduced
into the silicon substrate 101 through the 510, film 102
‘that is exposed at portions which are not covered with
25. the photoresist film 104 as shown in Fig. ilB;:so that |



energ?‘of 75 KeV. In this case, the dosage of ions wll be 3 x 1012

at-oms/[err]. 10 (Step for formng field insulating film A field

,knsulatlng film105 is selectively formed on the surface of the silicoR

: trate 101. Nanely, after the photoresist film104 is renoved, the
surface of the silicon substrate 101 is selectively oxidized by 15

thermal oxidation using the Si N film 103 as a mask, to 3 4 formthe [err]
fil M405 (hereinafter referred to as a kighd-[err] flln) of a thickness of

~about 9500 angstrons as shown in Fig. IIC Wen the fiefd SiQ2 film105 is
bei ng formed, Eg-eaaiaaein%ma Y T2 d r@% e Hd cﬁR!t tsl}j)i\t}% rate 20

101, thereby orma p-type inversi‘on preventi ayer (no of a

predet er i nedoﬂ?@&f!tﬁe%a%atth%ff 8l fgtirdtd Mih05 ndtStRP fddmdde@Ryi Ng
oxi dation-resistant filmand oxide filnm The [err] film 103 is renoved

using, for exthpl surfade of hhk emmtecm o Wriidh 9 FiieQ@ i n order

to expose the surface of ‘the silicon substrate 101 of the portions where .

the field Si (Rnsulatifng filmotisf domeed . Thdhe tprety@eOdnipurhti®s icanr deved
by using_a hydrofluoric.acid (HF) solution, so that the surface of the

si | i con Bubstinatroguced]preferedlyc by dhe doprdariestiommethedsi g Forip.
(Step for formng a first gate insulating filn) A first gate insulating
filma106 is fo¥ABBLeN Pﬂ€°§xb@§§dw§é|cha@é'§ (PI""’M%’- dmpuwdtias samt® 101 as

shown injected into the silicon substrate 101 at an injection
energy of 75 KeV, In this case, the dosage of ions will be
3 x 10%2 atoms/cm?.
10 (Step for forming field insulatlng £ilm)
. A field insulating film 105 is selectively formed on
the surface.of the silicon substrate 101, Namely, after
the photoresist film 104 is removed, the surface of
the silicon substrate 10l is seiectively oxidized by
15  thermal oxidation using the SizN, film 103 as a mask, to
form the Si0, film 105 (hereinafter referred to as a field
$i0, film) of a thickness of aboet 9500 angstroms, as shown
.in Fig. 11C, When the field SiO2 fiim 105 is being formed,
the injected boron ions diffuse into the silicon substrate
20 101 'thereby to form a p-type invefsioﬁ preventing layer
(not shown) of a. predeterm;ned depth beneath the field
SlO film 105.
(Step for removing oxzdation—re51stant film and oxide film)
'_ The Si;N, film 103 is removed usxng,_for example, a

_ 3°4
25 hot phosphoric acid (HBPOA) solution in order to expose



in Fig. IEin.order to forma dielectric |layer for the 10 capacitors”®
[err err] in the menory cells MCEL and in the dumy cells D CEL.

Na !the surface of the exposed silicon substrate 101 is thermally R
OX|d|zed 'to formthe first gate insulating film 106 having a thickness. of \J/
~about 430 angstroms on the surface of the:ﬁ%licon substrate 101. 15
Therefore, the first gate insulating fil™-206 consists of [err]. (Step for—
‘adhering a first conductor layer) A first conductor layer 107 is formedest

the whol e su ﬁé‘%u?fa%@eof' theo ﬁ&eshr Fudstdh 25 19WWE ithdigbriidns0

so that it can be used as one e ectrode of capacitors in the menory cells

and in the %EWeO&héSnQMEMO arpQny 105 Mst dldt o raidd .COoTHeay,erchkd7 whi ch

serves as the first conductor gyer is formed on the whol e surface of the

sili-" con Slm%afﬂﬁolobyishpeﬁh(%dewomsiﬁ@ aptydrrofdhmidiicnecid (HF)

silicon | ayer 7 has a thickness of about 4000 angstrons. -31 - Then,
in order tosckhitibonhesoethatathe sf.zrlfa@ep@lfy tl’mrﬁ;ﬂa.ldqmesnéasﬁm | ayer
107, n-type inpurities, such as phosphorus ions, are introduced into the

pol ycryBst al Qe &3 | sebectiyely1exppgedhasdishou dn r?ét&)od-l_DFher efore, 5
t he polycrys alline silicop |ayer possesses .a re5|s tivity of about 16
ohns/ cn®. e °§ef%€?i§8l§ Féﬁﬁ&l §"Fh 10 Fddm)r |l ayer) In

order to forn1the fLrst, conduct or ir ycrystalline
silicon | ayer 107Ar B '8|€% Foag u'la)‘:gng fiilﬂ ltd%ei f%rnpe% on %%

exposed surfaces of the silicon substrate 10l as shQWn
in Fig. 11E in order to form a dieleétric layeﬁ'for'the

lQ dapacitors Cs' Dds in the memory cells M~CEL and in the
dummy cells D—CEL.:'Namely, the surface of the exposed
silicon substrate 101 is thermally oxidized to form the first
gate insulating film 106 having a thickness of about 430
angStroms'on the sﬁrface cf the silicoh substrate 101.

15 Therefore, the first gate insulating film 106 consists of
$10,. | | |
(Step for adhering a first conductor layer) _

A first conductdf layer 167 is formed on the whole
surface of the silicon substrate 101 as shown in Fig. 11F

20, so that it can be'used;as one electrode of.capacitors in
the méﬁory cells and in the dummy cells. Namely, a poly-
crystalline silicon layer 107 which serves as the first
conductorilayér is formed on the whole surface of the sili-
‘con substrate 101 by the CVD method. The polyerystalline

25 silicon layer 107 has a thickness of about 4000 angstroms,



30’ of a predet ermi ned shape, the first polycrystalline silicon |ayer 107
i s..sel ectively renmoved by the photoetching nethod as shown in Fig. |lG/Z
thereby to form el ectrodes 108. The first polycrystalline silicon |aye

cak-be sel ectively renpved by plasma etching which features 15 good
etching precision. Therefore, the exposed first [err] gate film106 is
subjected to etchlng .80 that surfaces of the silicon substrate 101

are pextially exposed. (Step for fornming a ﬁqcond gate insulating film A .
second gate insulating film2109 is forned orf 't he ex- posed surface of

the silicon su rate 101 as shown n Fi | Hjn order o obta| a gate
i nsul ati ng fllﬁsFBn ﬂHe°WF§FEthI' éhﬁnﬁ iﬁﬁ?%cﬁﬂ L the Ytells

D- CEL, d th h [ it h d f f th

o [T con cubst r BEYsEeT 8% Ratidad S%HQE@“&&T e AMBIrTtigs, Sich as
| at fi I t f

ljps'tjhg |Sln|gl cl)n su%gprgfé%% }%?%k’q'%‘gfeefor%c %gnd ga é%ﬁ?##@'ﬁr ac.e

109 consists °§i I F%&%# qﬁ?ﬂ%ﬂ? gﬂﬁgg t he
first pol ycrysta?F'l ne SI £H'q7g g?)iémr? i zed si nmul fane- ous%’with

the fornegion ahetﬁelye%9@%ammwhe @wafadﬂmléyéfnlo7fposéaégé ) oS 3 Wi T h
the formation of the second [err] gate fi 9; an [err] f|In1110 havi ng a

thi ckness of abovwit#20@ abositr A/ ohms/ v d on the surface of the

el ectrodes 108. The Si2 film 110 serves as an insulating 10 | ayer
bet ween t he el €8tepdforiselactivied e lremavddrs ﬁmnﬁ;mbcbaﬁdtmmcdmyer)
pol ycrystalline silicon that will be

In order to form the first conductor 1ayer, i.e.,
the first polycrystalline silicon layer 107 into electrodes
10  of a predetermined shape, the first polycrystalline silicon
layer 107 is selectively removed by the photoetching methbd
as shown in Fig. 11G, thereby to form electrodes 108.
The first polycrystalline silicon layer 107 can bé
Selectiveiy removed by plasma etching which features
15 good etching precision; Therefore, the exposed first Sioé
gate film 106 is subjected to ei:ching, so that surfaces
of theISilicon substrate 101 are partially exposed. |
(Step for forming a second gate insulating film)
A second gate insulating film 109 is formed on the ex—
20  posed surface of thé.silicon'szstrate 101 as shawn in Fig.
11H in order to obtain a gate insulating film for the
MISFET's in the memory cells M-CEL, dummy cells D~CEL, and
in the peripheral circuits, Namely, the exposed surface.of
the silicon substrate 10l is thermally oxidized to form a
25  second gate insuléting film 109 of a thickness of-about



mentioned later. (Step for injecting ions for. controlling | ow threshol™d R

vol tage) 15 P-type inpurities are |ntroduced into the surface of

th strate through the second SiQ2 gate film1097by t'he ion-injection ~._
me as shown in Fig. 111 in order to define a threshold vol tage of \J
M SFETs ([err] to [err], [err] and [err] which are shown in Fig. 2 and
whi ch have a | ow 20 t hr eshol d voltage. Boron ions wll -be used as the

p-type inpurities. The energy for |njeét|on will be 75 KeV, and the doggge
of ions will preferably be 2.4 x 1011 atons/cn2. In this case, ions are

I nj ected mnt S r bgtipetrate a0g al so
J Ol&x%&ﬂﬂnfe Suﬂ?e thpPPaBBSks THer gioieon 8 2,

i ntroduced |nt aces of the substrate where other M SFET' s

are to Th¥rdfrid)] Wik Seebndsgater ihsheatingefi]lm| 200] chasikts( Step for.

‘injecting ions for controlllng high threshold voltage) A mask for ion

i nj ection, SO ., a&ﬁhoﬁﬁrf5¢étoflthelélestrodes L68nedmpaseticofetbrd [err]
gate film 109%n the channel regions-of M SFET[err] to [err], [err] and
[err] as sﬁawmtlpdlxprysﬁallmmebaibnconniSaabspnpusdégeﬂnﬂému ifane-
condition in order to define a threshold voltage of NISFET S haV|ng a
thresfol d ewslayavigiedthe foemation of nhg,FE%OQd gageqingulatipg | and.

h Fig. 2, i der to d threshol d yolt i
W SFET [ o FLU, the e L ERSSURA K fEh] ehe) 23FBRAE oo 4 et ecBh

and M SFETﬁibe”éatJ %{in 109; an S10, film 110 having a thickness of
about 2200 angstroms is formed on the surface of the
electrodes 108. The Si_O2 film 110 serves as an insulating
10 _'layer_between'the electrodes,loa gnd the electrodéslgom-
posed of a second polycrystalline silicon that will be
mentioned later. | '_
(Step for injecting ions for. controlllng low thresbold
voltage) | | |
15 - P-type 1mpurit1es are introduced into the surface
of the substrate through the second 3102 gate film 109 by the
ion=injection method as shown in Fig. 11I in order to
define a threshold voltage of MISFETs Jg, to Qgs, Qgg and
QS? which are shown in Fig. 2 and which have a low
20 threshold voltage. Boron ions will be used as the p-type
impurities. The energy for injection will be 75 KeV, and

11 atoms/cmz.

the dosage of ions will preferably be 2.4 x 10
In this case, ions are injected without using a selec-
- tion mask. Therefore, boron ions are also introduced into

25 the surfaces of the substrate where other MISFET's are to



i'n thetactive restores. The I njection energy will be 75 KeV, and a

preferred dosage of igns will be 1.0 x [err] 15 atons/ cnR. Consegeaept!ly,
the inmpurity concentration is further i ncreased in the surface of .
pok#rons of the substrate where M SFETs [err],[err],[err],[err] andLePr] " ;

are to be forned. Therefore, these M SFET' s have a hrgh threshol d val ue. 2
(Step for forming hole for direct contact) Holes for directly connecting

one @kectrode 25 of the capacitor CBll to éﬁf n-type sem conductor region
22 of M SFET [err] as nentioned mrth reféremcé€ to Fig. 6 are fornmed, i.e.,

so-cal led direﬁ% ontr ct hobe ﬁ&L]Pereﬁ%frnEP by 25 sel ectively

et ching the secon ' it D2 oresist film112 .
as a nask, faor. adh cond ,conductiyve

| ayer) A seconggco du Fl%gﬁﬁ§%gpg(ggg%r£éf 4%?|¥%$ g%‘éﬁmﬁﬁe

-silicon substrggged@dyso that it can be used 5 as a gate electrode and a
wiring |ayer for alT of the M SFET's. Nanely, a polycrystalline silicon

layer, a silicide | AyRasRf £6¢! i6ANiaRdcE108 M AClDr Y M HdMoraldd st BYAG 111
refractory netal layer are forned as a second conductive l'ayer, as shown in

Fig. 11L.5Firsis fopmegconsthel seeond! 5i0L0 gateC@11mI00 bh3 the khampeéion
the whol e surface of the silicon substrat& 101 by the CVD nethod (chem cal

vapor deposi t imeghensodf . MISEEPALy ctpsﬂgéllﬁg ahdcﬂg7la$eshbﬁﬁ HasFig.
t hi ck-. ness of_-about 1500 to 2500 angstr 6Then type
. 11J, and boron ions are injected under this condition in
order to define a threshold voltage of MISFET's having a
-threshold voltage greater than that of MISFETs QSl to QSB’
10 Qgg and QS? shown in Fig. 2, i.e., in order to define a
threshold voltage of MISFET QM in the memory cells,
MISFETs QDl’ QDZ in the dummy cells, and MISFETs QSh’ st
in the active restores. The injection energy will be
75 KeV, and a preferred dosage of ions will be 1.0 x 101l
15 - atoms/cm?. |
Consequently, the impurity concentration is further
increased in the surface of'the_portions of the substrate
where MISFETs QM’QDI’_QDZ' QSl and'st are to be formed.
Therefore, thiese MISFET's have a high threshold value.
20 © (Step for forming holee'fqr direct contact)
Holes for directly connecting one electrode 25 of
" the cepacitor.cBll“to the'n+—type semiconductor region 22
of MISFET QSA as mentioned with reference'to Fig. 6 are formed

i.e., so-called direct coritract holes CH; gy, are formed by

25 ‘selectively etching the second S10, gate film using the



inpurities such as phosphorus ions are introduced into 15 t he
_polycrystalline silicon layer 113 by the diffusion method, in order to
" degregge the resistance. Some of the phosphorus ions*are’introduced into .,
90)/icon substrate 101 through direct contact holes CH100. Therefore, J °
] @ s no need of form ng high-concentration regions for ohmc 20 f
contact. Then, a silicide layer 128 of silicon and a refractory netal is
formed on the whole surface of the pol yc®#stal line silicon |ayer 113. 8#?
Mol ybdenumwi | | be used as the refrac- tory netal. Ml ybdenum and silicon -
are deposit s 10! Y. | 4 Si LikC y th '
co-sputteriﬁgqﬁgﬁégiégsgﬁéyli¥% %%g%rh€§kfo%ﬁ1gﬂﬁ?§eghlg%éf.%%Kéilicon-and
mol ybdenum (B pSifldrC QUHEHreD s Vsédohe coRdukaPR! BaydB)% by weight. The
sputtering conditions will consist of a vacuum degree of snaller than 40
[err] before argan sgroorid donductiveduayer bs fogredgea ghesshoteof 4.0 Pa
when the sputtering is being effected, a nol ybdenum deposition rate of 0.1
to 0.8 nnl ssurfamed of e il tegssubstratieel@l 8o lthatsét canl besus@fe
nmol ybdenum si I'i ci de .| ayer 128 consisting of silicon and nol ybdenum has a .
t hi ckn@ss o@sl@ sate@kecipodlermpd raneiringulayeer fartaltd aft #he| ayer 130
Is then forped on the whole surface of the nolybdenum silicide |ayer 128.

Mol ybdenum W_SFE%' Susedamrekihe ?e?‘?]abé_‘t’:ﬁ}’%t%%:f-%ﬂu? $hiiepBt L8VPRg Aethod is
used for fquig%f&gaf§¥é§“§f”§&igﬁgg and a refractory metal, and a pure

refractory metal layer are formed as a second conductive
layer, as.shown in Fig._ilL. First, a pqucfystalline sili-
10 | con layer 113 is formed on the whole surface of the.silicon'
substrate IO; by'the CVD method (chemical vapor deposition |
method). The polycrystalline silicon layer 113 has a thick-
‘ness of about 1500 to 2500 angstroms. Then, n-type
impurities such as phosphorus ions are introduced info
15  the polycrystalline silicon layer 113 by the diffusion
| method, in order to decrease the resistance., Some of the
phosphorus ions are introduced into the silicon substrate
101 through direct contact holes CH,,,. Thefefore,_therg
is no need of forming high-concentration regions for ohmic
20 contaét.
Then, a silicide layer 128 of silicon and a refractory
 metal is formed on the whole surface of the polycrystalline
silicon layer 113. Molybdenum will be used as the refrac-
tory.metal. Molybdenum and silicon are deposited on the
25 pdlycrysfaliine silicon layer by fhe'co-sputtering method



+15 ‘lrayer. In this case, the sputtering is effected under the sane
conditions as above. The nol ybdenum | ayer has a thick- ness of about 1500
.angstrons. (Step for selectively renoving the second conductive |ayery™

ssgond conductive |layer, i.e., the second poly- 20 crystalline si
| ayer 113, nol ybdenum silicide |ayer 128 and the mol ybdenum [ ayer 13Q'.
selectively renoved to form predeternined el ectrodes or wirings by the dry-
et chxg net hod using a photoresist. A gas con5|st|ng, for exanple, of [err]
+ [err] is used as an etching gas. The 25 35 above- nentloned three | ayers

di gchif‘éée?n%“ A L g R %mrﬂm@ h
ctching | TH8 §IE68E cbiifehl WILTWE Clde” a4 Y HodihA, | 0°
subj ected to fhg Sgﬁ‘ﬂ‘tgg Bbﬁhﬁﬂgﬁsh?u i”%oﬂﬁ% \J¥ té“%ra%ﬁ:%?”‘?e of the

sane gas. Then, e anne ing 1S effected in an n|trogen at nosphere.

Oning to the &QQ?&E' 8¢, smauaéer&a&a&@ fiHa QTOHE gdsy 1§ spersed in
t he nol ybdenum Silicide 10 | ayer 129. The pol ycrys alllne silicon |ayer
114, . tig nol yhteoauced|,i andarganegaﬁazremﬂxﬁémm.md%nmndmwe 131, that
are forned in the shapes as shown in Fig. 11M by the plasma etching, form
word lines [esphtteringris being edfectiedss g mollybdermun deposidiomn aate
signal lines 15 [err [err], which are showmn in Fig. 7, and further

of 0.1 to 0.8 nm/sec., and a silicon deposition rate of

0.1 nm/sec or less. The molybdenum silicide layer 128
: con51sting of silicon and molybdenum has a thickness of
10 about 1000 angstroms
A pure refractory metal layer 130 is then formed on
the whole surface of the molybdenum‘silicide layer 128,
Molybdenum will be used as the refractory metal, The
sputtering method is used for forming the refractory metal
15 layér. In this case, the sputtering is effected under the
same conditions as above., The mblybdenum layer has a thick-
ness of about 1500 angstroms.
(Step_for'selectively removing the .second cOnductive.layer)
' The second conductive layer, i.e., fhe second poly-
20 crystalline silicon layer 113, molybdenum silicide layer
128 and the molybdenum layer 130:éré selectively removed
to form predetermined e1ecfrodes or wirings by the dry-
etching method using a photoresist. A gas consisting,
for example, of CF, + 0, is used as aﬁ'etching gas. The

25 above~mentioned three layers are removed by etching



formactive restore control signal line [err], electrode rg 114 for the ™ -
capacitors [err], [err],and gate electrodes for the M SFETQSI and [err],
- whi ch éxshown in Fig. 10. .In Fig. 11M furthernore, the exposed second s,
[err] € f41m 20 109 is renoved, to expose the surface of the silicon\/
subst +101. (Step for oxidizing the surface) An Si2 film 115 of 'a _
t hi ckness of about 100 angstroms is foLnmed Ly the chem cal vapor deposition:
(CVD) method on 25 the surface of the exposed silicon substrate 101, \@3¢*
- shown -37 - in Fig. 11N, so that the surfaces where source regions and

drain regi o{pXdsmd FEdhing) corobpe f or pRdsmyi dlisebarpe danthe nat ed.

Si mul taneously with the formation of the [err] film 115, an [err] film 116
havi ng a. t hippessrscofof the agast 1Pirsitysthenmoilybdlenan dayed By t he CVD
met hod, as shown in Fig. 1IN, on the surfaces of word lines [err] to W6,
dumy word Isutgbedid to the etching, tbet molybdenum siddcideeldalyer| dsr],

el ectrode 114 of the capacitors@%err], [err], and gate el ectrodes_of

M SFETSs subjected to.HheheteRdng:. of t hen8&&end pol podyING PPAF=si | icon’

o 05T BORG shEld5a T45brIFE RUboRcH FRI el bEbndiR T
o SeT &0, P R HPECTA BSho 18 SETRIELARRLE 180 Blle. 1, o
: - gas, Then, the annealing is effepte¢ in an nitrogen
atmosphere. Owing to the annealing, molybdenum and
silicon are uniformly dispersed ig.the molybdenum silicide
10 layer 129. The polycrystalline siligbn iayerlllh,.fhe
- molybdenum silicide layer 129, and the molybdenum layer 131, .
that are formed in the shapes as shown in Fig. l;M by the
plasma etthing, form word lines WL, ; to WL;_ ¢, dummy
word lines DWL,_;, DWL,_,, and control sigﬁal lines
15 dd-é-nl, #3c—Lo, which are shown in Fig. 7, and further
form active restore control signal line #rg-L, electrode |
114 for the capacitors CBll’ CBlz,and gate electrodes for
the MISFENQg, and Qg,, which are shown in Fig, 10. 1In
| | Fig. 11M, furthermore, the exposed second SiO, gate film
- 20 109 is_removéd, to ekpose the surface of the silicon
substrate 101, | |
(Step for oxidiéing the surface)

An 5i0Q, film 115 of a thickness of about 100 angstroms

2
'is formed by the chemical vapor deposition (CVD) method on

25 the surfaée-of the exposed silicon'Substrate 101, as shown



deviece for forming the Si2 filmby the CVD nethod. In this case, the
tenperature in the device is lower than 200[err]. Then, nitrogen gas Iy.
.al;lowed to flow sufficiently so that no oxygen is present in the zgg'?f'
Theh, the [err] 20 filmis forned by elevating the tenperaturé
device to about 400[err] to 450 C. Concretely speaking, [err] is allowed to
floww th the nitrogen gas as a carrier gas; the [err] gas is thermally
decowppsed and is reacted. Oxygen int.rodu_cgi;eu this nonment does not react
with 25 nol ybdenum but reacts with silicon to forman [err] film - 38-
on the surfag f. th bstrate.. (Step.for form.n our nd drain
regions) Nt &ge%ijﬂ%uﬁilﬁj’efos%fas ST a?%ﬁswggggi #?‘sg‘a%cﬁﬁg%:%% ﬂ% L
silicon subsjrats b ' | 1. S L. lg. 110,
in order to ég?rg"g‘t %1%%%%%%%%05%% t?eeg?%zr'l%e%f Wg ‘Fén t he
silicon substhatami®htelle SilnRedAtidly 91 ERNEE OEERELGE P her ably
by the ion-injection nmethod. For exanple, arsenic ions are injected into
the silicon sibst Fitle lqs,atarars::iolg il M B Hiavind BO0tHickneke\of I n this
case, the dosag& of ions will be ¥ x 1016 atons/[err]. (Step for formng
cont act 5hol eapoGinlOOt amgstromse Fralesb | fordid [loy rthé iCVD tmetiosdipcast he
~source and drain regions to the third conductive |ayer. 15 Nanel y,
contact hol eshoMnoint §igd1 04Ny orf ditvee swrsfadrswof waird). Linies BiLgef ectivel y

etching the Si@Q film 115 using
- to WL, g, dummy word lines DWL,_,, DWL,_,, control signal

lines ddc-Ll’ ddc-Lz, electrode 114 of the capacitors
CBll’ Cgip» and gate electro@es of MISFETs Qqq to Q$3’
10 which consist of the second polycrystalline silicon layer
113, molybdenum silicide layer i28 and molybdenum-layer 130,
| In forming “the 510, £ilms 115 and 116, the following
_ measure is faken in drder to prevent the molybdénum layer.llh
from being oxidized and sublimated,
15 ‘First, the semiconductor substrate 101 is set into a
device for forming the 'sio2 film by the CVD method. In
this case, the temperature in the device is lower than
200°0; Then, nitrogen gas is allowed to flow sufficiently
| so that no'o;ygen”is present in the device, Then, the Si0,
20 film is formed by elevating the temperature in the device
 to about 400° to 450°C. Concretely speaking, SiHf, + O,
is allowed to flow with the ﬁitrdgen gas as a carrier
- gas; the SiHA + 02 gas is thermally decomposed and is reactéd.
Oxygen introduced at this moment does not react with
25 molybdenum but reacts with silicon to form an Si0, film



L)

a predeternined mask. Here, the contact hole CHL02 corresponds to the

cont act le [err] of Fig. 7. (Step for fornmng interlayer insulating film
20, An interlayer insulating filmis formed oh thé whol e surface of ..,

t he -si | fe0n- substrate 101. That is, an inter- layer insulating film118, \J °
f.or exanple, a phosphorus silicate glass (PSG film having a thickness of
about 8000 angstrons is fornmed on the whole surface of the silicon o
substrate 101, 25 as shown in Fig. 11€8 Jhe PSG film 118 al so serves.gs
.a -39- sodiumion getter -which affects the characteristics of M SFET's.

(Step for fgornmpng SQRkacE leﬁﬁ%'ggggﬂﬁgbo les are forned in the PSG film

118 in order 5 to connect ‘Yecrystalline silicon layer to

the third Cﬁ)gléélﬁt'faﬁ k‘éi‘ﬁ&nﬁ%@u&f& il A rEgighd)egions to the third
conductive layer. That 1Is, e PSGfilm118 is subjected to the selective

etching to formgogipet ihples t&dE0 buch [y rdrsetti s ioms idrdiihtridducdde
mask used for 10 orm ng the contact holes CHL01 to CHLO4 is the sane as

t he mask usiatté othéostiligohhsubstiradie e sthdi(ph tth ifikmell5,

~aforenmentioned step for formng contact holes. Therefore, The PSG film 118

i s thér nal lastskawadint Figl edgbn,atior ongfernhnutseletively dfarm saurdentten .

it. 15 Arsenic ions injected through the heat treatnent are diffused to.

form [ err] -aydedsaincoagionsr ofelf 'm0 iy thes sidvionn Suhsdrats Med

depth. The n -type sem conductor regigns 119 ' ;

P The ggtyﬁe impurg ies ca%!%ésiﬁ%roduced preferably by the

ion-injection method, For examplé, arsenic.ions are injected
‘into the silicon substrate 10l at an injection energy of 80

10 KeV. In this case, the dosage of ions will be 1 x 106

atoms/cmZ, .
(Step for forming contact holes)

Contact holes are formed in fhe §10, fiim fo connect
the source and drain regions to thé third conductive layer,

15 Namely, contact holes CH101'to'CH104.are formed as shown
in Fig. 11P by selectively etching the Si0O, film 115 using
a predetermined mask, Here, the contact hole CHy,,
corresponds to the contact hqle CH, of Fig. 7.

(Step for forming interlayer insulating f£ilm)

20 An interlayer insulating film is formed on the whole
surface of the silicon Substrate-IOI; That is, an inter—
layer insulating film 118, for.example,'a phosphorgs'silicate
glass (PSG) film having a thickness of about 8000 angstroms
is formed on the whole surface of the silicon substrate 101, .

25 as shown in Fig, 11Q, The PSG film 118 also serves as a



.to 128 serve as source and drain regions. Here, the contact hol es fonaed in
the [err] film115 20 I n the ‘af orenentioned step, may be forned .
_simul taneously wth the formation of contact holes in the PSG fif'n
‘Hawever, the PSG film 118 is subjected to the etching before the
hol es are conpletely formed in the [err] film115. In other words; PSG
film1l18 is 25 . subjected to over-etching. |In order to prevent.the
-40~Qver-etching, therefore, the contact h s shoul d be formed in the PSG
film 118 through a step different fromthe ep for forming the contact
holes in the. S film115. 5 (Step for formn a third conductive

| ayer) A tmrﬁ?@iﬁﬂh&ﬂﬂvﬁet§9§rWh$§F éggﬁﬁFﬁ,tgﬁ s ﬁ?ﬁ@ﬁFFé 2PShe¥ing a

t hi ckness Ofﬂigﬁ? 2000 angstrons is forned on the whol e surface of the
‘si_licon subs in order to formthe power-supply line [err], and

~data |ines err n that are shown in Fi 7.
‘The alunrnu%ﬁgﬂﬁﬁ;¥§?t#r %é%%cﬁog?gggzelectlve etching to forgra
power - supply |ined Li n n a 1 in
Fig. 11S. Accordrng&?E $\ ovegﬁ%nfééﬁe eng%ﬁkngﬁ§ %?i?hgz%Siﬁ %?gggnt.
inventign, '%d=%dﬁﬁ§aéﬂfhéceééeﬁd2§oﬁ Ebf@&hiiane Qiliéoﬁeﬂh?éﬂdﬁétQhe

integrated circuit device having a wring |ayer of a small resistivity and
fast signal wumﬁandﬁﬁdubfiuﬁmnaiyf;hend the sbﬁeeésaﬁﬁ)dralﬁSreglons

to the third conductlve layer That is, the PSG film 118

is subjected to the selectlve etching to form contact holes
CH;q; to CHlOA’ as shown in Fig. 11R. The mask used for

10 | forming the contact holes CHIOl to CHloh ;s the same as the
mask used for forming the contact holes CH,, to CH,,, in
the aforementioned step for forming contact holes,

Thenefore,'the'PSG £ilm 118 is thermally treated
at a temperature of about 1000°C in order to flatten it.

15 ArSenic ions injected throﬁgh the heat treatment are diffused
to form n'-type semiconductor regions 119 to 126 having a
epredetermined depth, The nf-type semiconductor regions 119
to 126 serve as source and drain regions.

Here, the 6ontact.holessformed*in the So0, film 115

20 in the aferementioned step, may be formed simultaneously
with the formation of contact_heles in the PSG film 118,
However, the PSC film 118 is subjected to the etching
‘before the contact holes are'completely formed in the

film 115, In other words, the PSG film 118 is

3102

25 subjected'to" ‘over-etching., In order to prevent the



obtaingd in the first enbodi ment can-al so be equal ly 20 obt ai ned by this '
embodigipnt .. According to this enbodinment, in particular, the first

]

conducf \ve- | ayer consists of poly-- crystalline silicon.” However, since the--,

first nductive layer is always inpressed with a predeterm ned voltage or\J
I's grounded, there arises no problemeven when it has 25 a high
resistivity. Rather, the first conductive |ayer - 41 - conposed of . ~
pol ycrystal line silicon makes it poss+b#@ +0 forma dense insulating fijgsd
(S film by thernally oxidizing the surface thereof. - -According to the

enbodi nent of the, present nvent.i on, rther conduct or

i nt egrat ed %YFEUFFCHQVEbethFQF the?Hﬁnﬁ?d%ﬁé%(ﬁaif §QR§lén be
obt ai ned w hout p | (o} at ed nanufactu Nanely,
according t gd %ﬁ Eﬁﬁekgb %(ﬁﬂ’qu%es Y& & SYeR orﬁ:{l%ﬁﬁr |"";F P ayer
consi st ng p a 4 e i1icide
| ayer 129 fgﬂcrl?regjt%ﬁ ?ﬁ% %Eé&‘g’rg'n_’lfhea%gld‘%%&oég%i ]iz%/eﬂmii?f'@%?r?e@fon t he

| ayer 129, ppsves as an electrode that conmes into direct contact with the n

-type semi conductor region 22, serves as a gate el ectrode for MSFET's, and

~servess as of®tdp foreremggeaoftnmra GuRARId e er)t he i ndi vi dual

el ectrodes are to be fornmed using separate materials, i. ~when the

el ect rode that cmnthirdtooddue¢uveomayar\Mﬂdrtdxampia annalummmuneglon _
gate el ectrode of M SFET's, and one electrode of MS capaC|tors are to be
forned usi dgayer having a thickness of about 12000 angstroms is formed

on the whole surface of the silicon substrate 101, in order
+to form the power-supply line Voe—L, and data lines DLy_,,

10 DL_;, DL,_,, and DL;_,, that are shown in Fig. 7. The
aluminum’layer is then éubjected-to the selective etching
to form a power-supply line VCC -L, data line DL1 1 and wiring
layer 127, as shown in Fig, 11S, '

According to the above-mentioned embodiment of the

15 present 1nvention, it is possible to realize a D-RAM 1C,
i.e., a semiconductor integrated circuit device having
a wiring layer of a small resistivityland faét-signai
transmission speed, Further, the effects (1) to (3)
.obtained in the first embodiment can also be equally '

20 obtained by this embodiment. According to this embodiment,
in_pérticular, the firsf conductive layer consists of poly--
crystalline Silicon; However, since the first conductive
layer is always'iﬁpreséed with a predetermined voltage
or is grounded, there arises no problem even when it has

25 a high resistivity. Rather, the first conductive layer



.20 *separate materials, increased number of nmanufacturing steps will be
necessary. Further, S|nultaneous formation of one electrode of MS -
_.capacitors and the el ectfode that cones into contact with the se
" negion 22, hel ps increase the degree 25 of integration. Thay
‘these el ectrodes are made of different materials, a contact
provi ded between the two el ectrodes. Theref,ore, the above-nenti
mamifgc- turing steps are effective to |nc#Ea§e the density of wiring. The
mol ybdenum si |i ci de Iayer whi ch serves as 5 one el ectrode of MS

capacitors presents robl e L esent |nven sh Q
ihted to LrembRed oh RorEEFuaaREAER él&&ﬁyn éx&%pkgssrlﬁ'is 3 on
to using nol [ S tanlum
silicide (Ti ?‘g‘sﬁ'uﬁ{n ‘%’J‘ﬁmﬂg‘f"%. m%hglgs'lh @ wﬁ%ten S de (W8I )
as a second RNACE] Y, ﬁ@gegu}féCQOEHkpgogultl-Iayer wiring. In addition to:
- nol ybdenum furthernD e, i's also allowable to use titanium tantalumor .
tungsten as a ref rmémmgtaé thé embodlmeﬁltr biterher preséatst eps of Figs.
11L to 110 in the above-nenti oned enbodi nent can be rearranged as nentioned
bel ow. B rst invenfidyprHsrthérmere|! i @nsemjeondiidtorhdéntiegraited kiyeuit?s
of silicon and refractory netal, and the pure refractory netal layer 131

are | am nat ed eévic® having the cabovetrinensdonad: kELects gancbei pitadgednd on

the [err] field film 105, as shown in Fig. 11L. Then, the
: without passing through complicated manufacturing steps.

Namely, according to the embodiment of the present inven-
tion, the Wiring.layer consisting of polycrystalline
10 silicon 1eyer 114, molybdenum silicide layer 129 formed
on the layer 114, and molybdenum layer 131 formed on the -
| layer 129, serves as an electrode that comes into dlrect .
contact with the n -type semiconductor region 22, serves
as a gate electrode for MISFET‘s, and serves as one
15  electrode of MIS capacitors. ‘When the individual electrodes
are to be formed using'separateumaferials, i.e., when the
electrode that comes info direct contact with the semi-
-condootor region, gate electrode of MISFET's, aod_one
electrode of MIS capacitors, are to be formed using
20 separate materials;'increased number of manufacturing
steps will ‘be necessary,
Further, 51mu1taneous formation of one electrode
‘of MIS capacitors and the electrode that comes into.contaot
with the semicondoetor regionaéé, helps increase the degree

25 of integration, That is, if these electrodes are made of



above-nentioned three | ayers are selectively renoved by dry etching to form ~ |

a fm g | ayer or gate electrode. Source and drain regions are then fornmed
baE/ithe [err] 25 gate film 109 using the wiring |ayer as a mask. P
These~” -t 43 - regions are fornmed by the ion inplantation nethod. : W

Accofdfng to the present enbodinents, therefore, it is possible to obtain
sem conductor integrated circuit deviceslnaving a high density 5 which

results fromthe sel f-matching property, and having a wiring |ayer With‘eJ:
smal | resistivity and short signal transmission tinme. Attention is drawmnto -
our Appl i catdibfifébentimagesdalSgr ralcoNdact @BRal48)sY rempatawidad)ibetveen
Appl i cation has been divided in which there is claimed in claim1l a

seni conduct ckherchweyelactypdesd clThemeforas ddhe ahaviesimanidaoned manpufac—

cxLond n0 | RaL o ok D Sogh 2Ll N L0 et et o
betveen a4 g | nsconds ol 0.t Wil Rosah oAl Qor
"rel %1 BE' Flodthishoer Brer phlmitan Sanly Sy Salige o1 £
silicide layer. mppe present invention should in no way be limited to
the above—mentioned_embodiﬁénts only. For example, in
addition to using molybdenum silicide (MoSi), it is also
allowable to use titanium silicide (Tisi,), tantalum silicide
10 (TaSi) or tungsfen silicide (WSi)'as'a second conductive
layer for forming ﬁultiflayer wiring.
In addition to molybdenun, furthermore, it.is aléo
' allowahie to use titanijum, tantalum or tungsteh as a
'refractory metal, L
15 '~ Furthermore, the steps of Figs., 11L to 110 ih:the
above-mentioned embodiment can be fearrahged as mentioned
5elow;. First, the polycrystalline silicon layer 113,
the silicide layer 128 of silicon and refracfory metal,
and the pure refractory metal layer 131_are.1aminated in
20  the order mentioned on the SiO, gate film 109 and on the

Si0, field film 105, as shown in Fig. 11L. Then, the

2
above-mentioned three layers are selectively removed by

. dry etching to form a wiring layer or gate_electrode.
Source and drain regions are then formed beneath the 8102

25 gate film 109 using the wiring layer as a mask., These



. -44--"CLAIMS: 1. A nmethod of fabricating a seniconductor menory device
including a nenory cell. array having a plurality of nmenory cells fornmeg
.8 sem conductor substraté 5 wherei n each of said nenory cells has A4
" dagpacitor and.an M S-type field effect transistor and wherein each o
-menory cells is coupled to at |east one of a plurality of word | i nes \q
coupled to at- | east one of a pIurahjy/gﬁ data |lines, and a peri pheral
cimei,t fornmed on said sem - 10 conductor substrat € wherein said
peripheral circuit is associated with said menory cell. array and wherein
sai d peri pheFegienscare f?r@GQSPWU&majkﬁne%@?lﬁ%ﬂ4¥&°%fmﬁFéodtype.fieId
effect transistors and |nterqonnect|ng | ines at- | east, one of which is

contacted with one senPESREGANG: tH5 the REeFeRS ?WRPQﬁm§%F 'M S-type field
o vt yot ol HRePeRorSonth, 3" Bl e Posalt et lobabBborore o o
.pol ycrysta

f f f [
overlying 1 FAFSSEERRMTERERY rrEe?'t& s Havidd Z%t%’o&?'?gsg 3Pas o Sarg
mai n S“rf%%hf?ﬂhféguﬁﬁhdeQHna& 1%—%5%%%%?%er?g ngua' ng said

first layer to formone el ectro each of sal I'n each first

area; 25  havihg'4&l aﬁr§n§eq99¢£ %i% EmPP1 Y, yfé@iﬂgg shhai con over

substantially the"entire area of said main surface, sald second |ayer
extendi ng ovéfioRP sPGHAR! tREnkWi®sion time.

Attention is drawn to our Application
~ No. 81.33069 (Serial No. 2,087,148) from which this
10 Application has been divided in which there is claimed
in claim 1 a semiconductor memory integrated circuit
“device comprising data lines extending in parallel
with each other, word lines extending in a direction
 generally at right angles to said data lines, and
15 memory célls coupléd.between'said data lines and
said word lines, wheréin each of said word lines
compriseé three.successive layers of a polycrystalline
silicon layer._a refractory metal'silicide layer
formed on said polycrystalline silicon layer._aﬁd a
20'refractqry.metal_laygf formed'on'said refractory

metal silicide layer}



PR

fornmed on said patterned first layer of polyerystalline -45- silicon and °
extendlng on gate insulatin 'sel ected-secaond areas of sald

mai n_gsurface in which said ﬂlhm Hﬂ“@ﬁlmgf ect transistors for said L
fimenp el l's and peri pheral ure awe so*be forned, said second | ayer 5 \J

: portion which is contacted with a portion of one of said second
‘arews/“forming over said second layer a third |ayer which is conposed of
refractory nmetal; and patterning saldm@pmce55|ve second. and third | ayer _0

to formgate el ectrodes of said MS-type field effect trans- istors and

said word |igagarmgd to formsaid inter--connecting |lines at |east one of

which is conTacted with the portion of said second area serving as said

sem - conductor rRgneBho8 o8 dabkSchypagl hekdmetbaductoansmesboy. 15 2. A
met hod of fabricating a sem conductor nmenory device according to claiml,
wher ei n sai ddevépeolnEdnding aameémeeyocdllageraynbbudeg a plepadfity

I ntroducing inpurities of the sanme conductivity type as said sem -

conduct or regfomempryacelhsSEoypeds pol 8 semicondughorsssbstgatst o sai d

second | ayer. 3. A net hod of fabricating_a sem conductor -nenory devi ce

accor di Pg to"EFﬁ?hﬂleBFh2°fmﬁéiélHe§8F§ SFéﬁsoFaFoPnFﬂ§a§&F8rtHPPdaPayer

I ncl udes a ste of fo f a rsfr ctor, ont aini ng

LT oS on SuES<Eype ETEld BrraFEl rrakslshoe, andi HBCEPLA. BRChL R Foddan

memory cells is coupled to at least one'of_a plurality of

word lines and coupled to ag léast.oné of a plurality of
data lines, and a peripheral circuit formed on said semi-

10 éonductor substrate wheféin said peripheral circuit is
associated with said'memory cell array and wherein said
peripheral circuit is constructed of a pluraiity of MIS-
type field effect transistors and interéonnecting lines
at least one of which is contacted with one'semiconductor

15 region of.oné of said MIS-type field effect transistors,
comprising the steps of:

forming a first layer of polycrystalline silicon.

over substantially the entire area of one main surface of
a semiconductor substrate, said first.léyer having

20 portions overlying first insulating films formed on -
selected firsﬁ areas of said main surface in which said
capaéitors are to be formed; |

patte;ning said first layer to form one electrode of

each of said capacitofs in each first area;

25 forming a second layer of polycrystalline silicon
over éubstantially the entire area of said main surface,
said second layer extehding over an inéulating film

formed on said patterned firstllayer of polycrystalline



.of forn1ng an upper layer of a refractnrv nELaL—eﬂ-sa|d | ower layer. 4. - A

nmet hod of fabricating a‘sen1condu _6_ devi ce accor difig No-
.sany one of claims 1 to 3 wherei nBMIHmmH ‘ fetal is ol ybgehyed A
" nephod of fabricating a sem condu fmy vrce according to\q Z e of

claims 1 to 4, wherein 5 said data lines are forned by patterning a netal
| ayer which is formed over an insulating filmcovering said word |ines. 6.
A method of fabricating a sem conduct or4senory device according to claimb5,
wherefn said netal layer is 10 nade of alunminum 7. A sem conduct or
~menory devi ce siiddiconi agda exeremdi ngeldn gatay imenilag iamgplfuidals tEproednwmor y
‘cells formed on a sem conductor substrate wherein each of said nenory cells
has a capaci t @elactes secondy peefasclof siaisk mainassirfiage 1B abdobhéadidh each
of said menory cells is coupled to at |east one of a plurality of word

| i nes and coumwdww%tf”eéagtef@ﬁ@toftrélﬁkﬁf&fﬁ O3t S@dda memesy, cgdd sa
peripheral circuit fornmed on said _sem conductor substrate wherein said

peri pheral ci A8 Perd phersdi fiFFulit Rr&ait® MWW'C§|a|ldalsle§§9 da¥eEr ei n

o7t act 11 Bnet SRl i o RAER I 1 Honlelndd ieh 8 Rk B b

contacted wt tafor;%ﬁerg\e%%%ugr%asr;egi on of one

forming over said second layer a third layer which is

composed of a refréctory metal; and
| patterning said successive second and.thirdllayers
10 to form gate electrodes of said MIS-type field effect trans-
istors and said_wozd lines and to form said inter-
connecting lines at least one of which is contacted with
.the éortion of'said'second area serving as said semi-
condﬁctor region dﬁ_said Mfé-type field effect transistor.
"15 2. A method of fabricating a semiconductor memory
device according to claim 1, wherein said step of forming
said_secpnd layer includes a step of introducing
impuritigs_of the same conductivity type as said semi-
cbnductor-regibn of said MIs-type field effect transistor
20 into said second_layer.'. | | |
3. A method of fabricating a semiconductor memory
devzce according to claim 1 or 2, wherein said step of
_formzng said thxrd layer includes a step of forming a
lower layer of a refractory metal containing silicon on
25 said second layer of polycrYstalline silicon, and é step
of forming an upper layer of a refractory-metai on said
lower layer. |

4, A method of fabricating a sémiconductor memory



~ %

of d M S-type field effect transistors, wherein one 25 el ectrode of each *
caps oY is formed by a patterned first |la f- polycrystalline silicon,

ovd ‘a first insulating fi I‘ﬂm\ﬂ“l ﬂi E‘ﬁb’ﬂof the substrate; and =~ *s
~thetretHT t he gate el ectrodes of tliH ! - ef f ect -47- \/
transistors, the word lines, and the i nterconnecting lines are formed from

a second | ayer of polycrystalline silicon ext endi ng over an insulating fikm -
formed on said patterned first |ayer apd over gate insulating filns i N8
sel ected second areas of the substrate, and a third layer of a refractory

metal over g 888 Ol Ay g di??'éay%f SEL1SONGYEIRS TPERT Y, daNeegiaocor ding

to claim?7 el n sai _ Includes a lower [ayer of a refractory

met al cont aiggg? ‘3#%%%%@%?1 spgqﬂgll}@d@ﬁum_lo and an upper |ayer of a

refractory met ayer. A sem conduct or nmenory device

according toscl aifnpleod! 3¢ "t SoM\e4 €1 Mg t Hes i e Yo FBh@horg NoI ybdenum
10. A sem conductor nenory device according to any one 15 of clains 7 to 9

wher ei n sai daeéipice | APESrEDNPr E s cany pané eofiedlatmal 1| tyeé, ovkeraini nsul at i ng
filmcovering said word lines. 11. A sem conductor nenory devi ce according
to claing 10 swisd cdataal ineetare| fgrped sbympat beraing AuRetal layer :
which is formed over an insulating film covering said .
word lines. .
6. A method of fabricating a semiconductor mémofy
- device according to claim 5, wherein said metal layer is
10 made of aluminum. |
7. A éemiconductor meméry dévice including a memory
cell array having a piurality 6f memory cells formed on a
semiconductor sﬁbstrate wherein each of said memory cells
hés a capécitor énd'an MIS-type field effect transistor
15 and wherein each of said memory cells is coupled to at
least one of a plurality of word lines and coupled to at
least one of a plurality of data lines, and a peripheral
circuit formed on said semiconduétor subs;rate'wherein
said peripheral circuit is associated with said memory
20 cell array and wherein said periphéfal circuit is
constructed.of a plurality of MIS-Eypé fieid effect
transistors and intercohnecting-lines at least one of
which is contacted with one semiconduétor region of one
of said MIS-type field effect transistors, wherein one
25 electrode of each capacitor is formed by a patterned
first layer of polycrystalline silicon, 6verlyin§ a first
insulating film on a first area of the subsﬁrate; énd

wherein the gate electrodes of the MIS-type field effect



10

15
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-47-
transistors, the word lines, and the interconnecting
lines are formed from a second layer of polycrystalline

silicon extending over an insulating film formed on said

patterned first layer and over gate insulating films in
"selected second areas of the substrate, and a third layer

“of a refractory metal over the second layer;

8. A semiconductor memory device according to claim 7
whereih'said.third layer includes a lower layet of a

refractory metal containing silicon on said second layer,

‘and an upper layer of a refractory me;él_on said lower

layer.
9. a semiconductcr memory device according to claim 7

or claim 8 wherein the refractory metal is molybdenum.

_10. A semiconductor memory device according to ény one

of'claims 7 to 9 wherein said data lines comprise a
pattérned metal layer over an insulatiné film covering
said word lines. .' |

11. A semiconductoi memory device according to claim 10

wherein said metal layer is made qf aluminum.




