- 1 - SEM CONDUCTOR | NTEGRATED Cl RCUI T DEVI CES AND A PROCESS é%é>ggggbém$§1
THE SAME The present invention relates to sem conductor integrated circuit

- @evites and a process for producing the sane. In seniconductor integrated .
circuit devices, and 5 particularly knqsem conductor integrated circuit
deviseés containing a plurality of netal oxide film seniconductor- type
freld effect transistors. (hereinafter referred to as MSFET' s), the wiring
| ayer has often been nmade of polycrystalline silicon which has resistance
agai nst 10 heat and self-aligning properties, instead of alum num The

pol ycrystal line sili cSEMICONDPETOR INTEGRATED €IRCUIW OEVICES educe its
very great resistivity. Even after doping wth inpurities, however, the

pol ycrystalline siliconANDi&A| PRROESEt BOBr BRODUECINGt THEt $AMEpared with 15
aluminum In the sem conductor integrated circuit devices enploying

pol ycrystalline silicon as a wiring layer, therefore, the defect is that

the signals are transmtted at slow speeds. In order to preclude the
above-nentioned defect, 20 therefore, it has been known to use a refractory
metal such as nol yIRREFESERRgIREANEAPAL FRAALCE tPaRERHGRNANCEFat erial for

form ng mnrlrghééifgéeéJgggggig g%igés anaza_érocess for producing

the same.
In semiconductor integrated circuit devices, and
5 particularly in semiconductor integrated circuit devices
containing_a.plurality of metal oxide film semiconductor-
type field effect transistors. (hereinafter referred to
as MISFET's), the wiring layer has often beén made of
polycrystalline silicon which has resistance against
10 heat and seif-aligning properties, instead of aluminum.
The polycrystalline silicon is doped with impurities
ih order to reduce its very great.resistivity. Even
after doping with impurities,‘however, the polycrystalline
silicon still exhibits greét resistivity compared with
15 aluminum. In the semiconductor.integrated circuit
devices employing polycrystalline silicon as a wiring
layer, therefore, the defect is that the signals are
transmitted at slow séeeds.
| In order to preclude the above-mentioned defect,
20 therefore, it has been kﬁown to use a.refractory metal
-such as molybdenum, tungsten, platinum, or tantalum as’

a material for forming wiring layers (Japanese Patent



ngg;Cpen No. 80986/1978). Wen a refractory netal is used in pure form as

a terial for forming wiring layers in the semi conductor integrated R
circuit device, the device will exhibit small resistivity-and jncreased 4
~resistance 5 agai nst the heat treatgent, but wi'll present defects such-
*as poor adhesiveness of the layer to tfie [err]. filmor Si N4 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

B0086/ 1976) LatirDRRer MRy ROCEE/AER o el RS Era et AL HE ARy

h £ q ron _ . |
511 con subtf BEES SRE AY p RSO S Atk PLELORLYede 1A
above- nent | gRRA <A 8ekaudedr NEtibG el SHIEIPL dUpides it odse 2
wiring layer w th double- onstructi on consi sting bf a poly-

; W ayer comstri I -
crystal lineyghhi eRhibdtersmdd FadildEiwiety el DMeSddssd NrédikBari@éractory
metal formed on the polycrystalline silicon 20 | ayer (Japanese Patent

Lai d- Gpen Naga8Bs®3/4he/Weat Hiaren toemey dut Widlvpriesentadefedtsh t he
doubl e-1ayer construction has a resistivity which is considerably greater
than that oSughpur asr pooatadhesiotariesshafthe layerstalcthand upon the
silicon content in the silicide layer. For 25 exanpl e, when nol ybdenum

is used as fhdmr oy Sd¥yy fidan - 3-
Therefore, it has been attempted to use a silicide

layer composed of silicon and a refracfbry metal as a -

10 wiring layer for the semiconductor integfated circuit
devices (Japanese Patent Laid-op'en No. 80986/1978).
This wiring layer, however, cannot be intimately adhered w
onto the Si0, film, and does not provide good contacting
prﬁperty to the silicon substrate, either. ﬂ |

15 - In order to eliminaﬁé_the.above-mentinned'defects, .
furthermore, an éttempf has been made to use a wiring layer -
with double-layer comstruction consisting of a poly- | '
crystalline silicon layer and a silicide layer of silicon
and a refractory metal formed on the polycrystalline silicon

20 layer (Japanese Patent Laid-Open No. 88783/1979). Here,
however, the wiring layer with the double-layer construction
has a resistivity which is considerably greater than that
of a pure refractory metal though it varies depending
upon the silicon content in the silicide layer. For

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



the wiring | ayer consisting of a polycrystalline silicon |ayer and a 7
sjlicide layer of silicon and nmolybdenum fornmed on the polycrystalline égD.
st con layer, exhibits a resistivity of 100 to 150 x 10 6 ohnms.cmin
contrast 5 wth the resistivity of pure nolybdenum of about 15 x [err]
ohms~ecm’ According to a first aspect bf3 the present invention there is
provi ded a sem conductor nenory integrated circuit device conprising data
lines extending in parallel with 10 each other, word lines extending in a
direction generally at right angles to said data |ines, and nenpry cells
“coupl ed bet weBf §3¥&nﬂa§é n&§%§*§§%ﬂ%i rd Behesrysfrlkine PR sai d
word lines ¢ rises.thre uccessi ve layers, . 0of a polycrystalline silicon
| ayer, a ref gg?ﬁr 9“5?5%@3& cé'I%ﬁ §'iat¥@rl rs"'f"g’rm ?Rfils‘%‘gﬁy%?Wyst al I'i ne
silicon |aye refractary netal, layer_formed on said refractory neta
silicide | ang.r%ggcgpd?'ﬁﬁ g%ﬁg%ﬁ'cs&ﬁ}']a%%eec?l%f.c?'hefﬂ‘%één?xl'i"hegﬁ iBn there
is provided ' I alat t i t I G lsing a
i‘eggg‘gg%‘if%% 108 &Y AlRf £1{6™ Lol dgy ﬁ?lgchil@iﬁngé%t

sem conduct or rat aving one nal n surface, an I nsu | m f or med

on sai d gui nu3uh' 2h8 PbsIRlILY A PHS MSLPMLALE of Abbdpsul ation film

havi ng a hol e exposing a portion of n surface, a sem - conductor
regi on of onqscgnd96§ibhmg,EMge formed at.an 25 area including said exposed
portion in said senm conductor substrate, and a conductive | ayer in contact

with said senm condgebelingyiton aAlf ixaitd MBEEasE bPotheé Opr dgéh £Xivrentgonver
said insulating film wherein said conductive |ayer
. there is provided a semiconductor memory integrated circuit
'device comprising data lines extending in parallel with
10 each other, word lines extending in a direction generally
 at right angles to said datallines, and memory cells
N " coupled between said data lines and said word lines,
| wherein each of said wofd lines comprises three successive
layers of a polycrystalline silicon layer, a refractory

15 metal siligide layer formed on_said polycrystalline silicon
layer, and a refractory metal layer formed on said
refractory metal silicide layer.

According to a second aspect of the present invention
there is provided a semicqnductor integrated circuit.

20 device comprising a semiconductor substrate having one main
surface, an insulating film formed on said main surface of
said semiconductor substrate, said insulation £ilm having
a hole exposing a portion of said main surface, a semi-
conductor region of one conductivity type formed at an

25 area including said exposed portion in said semiconductor
substrate, and a conductive layer in contact with said
semiconductor region at said exposed portion and exteﬁding

- over said insulating film, wherein said conductive laYe:
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-GE@ - conprises three successive layers of a polycrystalline silicon |ayer

I n¥tontact with said sem conductor region at said exposed region and T
extending on said insulating film a refractory netal silicide |ayer, and é}i
refractory 5 metal |ayer, said polycrystalline silicon | ayer being dopéd
with inpurities of the sane conducttvB&8y=as that of said seni conductor
region. According to a third aspect of the present invention there is

provi ded a sem conductor integrated circuit device 10 conprising an
insulating filmformed on one main surface-of ‘a sem_conductor substrate,

sai d i nsulSANRRLS9S FhrRe BMGLLesSiVie ckayrERdofnauPRLYeEYStakldng a t hin
gate insmégi{1 fiin] adgate electroge strLa sel ectively fornmed on said -
gat e i nsulSHY3RPR ilaven iR,GRERGE WhtRaPaif; spRicondueier 8gioN m source
and drain regions fornmed.in said seni copdugtor substrate on.bqt.h sides of
Sai d gat o 35 RATDANRITED TeRIOn RT| AELEPALRYC B SEngRERIAEIAS onc of

t he sourc _ | | 2 X ' 0 Ld fieldi (] film
wherein R4 in & S FEHEFY PR SThETRE 6 0o g A 3 HaBY Y oo

t hree suc |V rs | : . LAe <Shlii.aan 4l ; refractory
met al 3si | icCi el Ie'l'aé r ﬁosrér)rjé%a%‘gft%?%glgéﬁ%#‘gsts %Fﬁ?%g' sl f’??éggr?elqgfgr, and a

ref r act or v gl yd @Y Sim¥ fRfe Mo B ok fle' SERACEORAUBRIYLLY lHsCitiad per. 25

According to a fourth aspect of the present invention there is provided a
M S-type fdasild sdmRedndic¥sr Sk€gion. -

l®)

According-to'a third aspect of the present invention
there is providea a semiconductor integrated.circuit device
10 comprising an inSulating filﬁ formed on one mﬁin surface
of a semiconductor.substrate, séid insulating £ilm
including a thick field insulating film and a thin gate o/
insulating film, a gate electrode strip selectively formed
" on said gate insulating film and extending on said field
15 insulating film, source and drain regions formed in said
semiconductor substrate on both sides of said gate electrode
strip, and a wiring strip contacting ét'least one of'the |
source and drain regions énd extending on said field
insulating_film, wheféin the gate electrode strip and the
20 wiriﬁg sffip each comprise three successive layers of a |
poljcrystalline-éilicon layer, a refractory metal silicide
layer fofmed on said polycrystalliﬁe silicon layer,'and a.
refractory metal layer formed on said refractory metal
silicide layer. |
25 According to a fourth.aspeét of the present invention
there is provided a MIS-type field effect transistor
comprising a gate insulating film formed on one main surface

of a semiconductor substréte, a gate electrode selectively



T -

conprising a gate insulating filmfornmed on one main surface of a

sem conduct or substrate, a gate el ectrode sel ectively - 3b - forned
satfd~gate insulating - film said gate el ectrode having two sides, source and
drain respectively regions forned in thg@psem conduct or substrate on the two
si des~of said gate el ectrode, and a contacting el ectrode which is 5
wherein said .
gate el ectrode conprises three successive |layers of a polycrystalline
silicon | ayefofwedednosaddi gaget dnsndatingnd illnl, msadd efater takec teided
silicide layer formed on said polycrystalline silicon |ayer, and a 10
refractory nsduingapwo Sddesd soureedandf dxaior yespextisi¢lixinkgiconsr,
wherein said source and drain regions are-aligned with respective opposite
edge portionfopnredain Sheesemdsonduetornsudsta atenarcithe) e idsr of

contacted with at |east one of said source and drain regions,

conprises three_successive | ayers of a polycrystalline silicon |ayer 15

A

on

and'

contact ed wi##idt IRERSELERETOMACy PR BuFOP AT IBTiST 9KFH MR WhilGRi¥Sict or y
tal silicid ' f h tact el ectrode which is f d id
ol yci yst o | SAREEFERa oMLl Bt TRasEn 0B, Satd PoRE G ANd CHATH sai d

Source and 4guDokgs) PR otled elatel e (NG CLSAALE
fifth aSpeCts&écéggi{?éeiggkrhnl’ﬁ%' gﬁ&%g&ﬁﬂﬁgﬁv'ﬁﬁ%%&r% fHmea

produci.ng sem conduct or vices inc oW ng

eps:”

on said gate insulating film, a refractory metal silicide

layer fdrmed on said polycfystalline siliéon layer, and a

10 refractory metal layer formed on said refractory metal

silicide laYer, and wherein said source and drain regions

three successive layers of a polycrystalline'silicdn layer

are aligned with respective opposite edge portions of said

gate electrode, and'said contacting electrode comprises

15 contacted with at least one of said sourqé and drain

regions, a refractory metal silicide layer for the contact

electrode which is formed on said polycrystalline silicon

layer and in contact with at least one of said source and

dréin.regions, and a refractory metal layer on said

Zb refractory metal silicide layer for the contact electrode.

According to a fifth aspect of the present invention

there is provided a process for'producing semiconductor

devices including the following steps:

(a) forming an insulating film on one main surface

25 Of a semiconductor substrate;

(b) forming é polycrystalline silicon layer on said —

insulating film;
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.ggi formng an insulating filmon one main surface 25 of a sem conductor
Wostrate; -(b) formng a polycrystalline silicon layer on said - i nsul ating
frlm - 3¢ - (c) formng a deposited |ayer of silicon and-a refractory = «
metal by simultaneously sputtering silicon and a refractory netal on sa%ﬂ
polycrystalline silicon layer; (d) fo3@img a refractory metal |ayer on e
deposited 5 | ayer of silicon and the refractory netal; and (e) annealing
said polycrystalline silicon |ayer, said deposited | ayer and said
refractory nmetal layer. According to a_sixth asgect of the present
hnventlon ther dc)s faxming & depreited olayer 9Ei AYlieARCBRAGuA or 10 -
evices by formng .an insulating fjl mon ope nain, surface,qf. a ' '
senifonduGﬁ€FQ9H&§M%ﬂ§§a¥NRVtﬁégﬂiE§¥?9%?£¥f5Pﬁ£ﬁ§r§naa§é2éF89tF@ge on the
insulating film wherein sajd gate,electrode |s red.| e.followng
procedgreﬁ-5%&93ﬁ§%ﬁ¥5§§?$¥3%§|?%ﬁ% PQ %?r¥§£?$i288 %ﬁagﬁégc&ﬂgkgfhod 15
on said insulatjng film.silico efracto t : %ES e on
sa}d polycrysté ilﬁf?ﬁg*ﬁgwﬁI5€£$9%§8¥%e&%ggis%é¥§gr?hg%k%tho %%g
refragtor I . 1S fol n N 1ayehgby sputtering, and
the p yc%ﬁlqén?gﬁ%nﬁgg?? f%gfagggg?tggqﬁgierggnd the refractory.

metal 20 |ayer alhe Sﬂz?ééiai’ﬁéys&f&“ﬁ&ﬁy&ﬁ?sﬁﬁmﬁhédsi'iii&oni layex Sedipn of

a sem conductor’ I'ntegrate _
deposited layer and said refractory metal layer.

According to a sixth aspect'of the present invention
there is provided a procéss for producing semiconductor
10 deQices by forming an insulating film'on one main surface
of a semiconductor substrate, and bj selectively forming a ]
gate electrode on the insulaﬁing'film; whe:ein said gate "/
eléctrode-is formed by the following pﬁoéedu:e: a
polycrystalline silicon layer is formed by the CVD method
15 on said insulating film, silicoh and a refractory metal are
deposited on said polycrystaiiine'silicbn 1ayer'by the co-
éputtering method, a refractory metal layer is formed on'
the deposited layér'by sputtering, and the polycrystalline
silicon laYer, the déposited layer and the fefractory metal
20 layer are selectively temoved and annealed.
Fig. 1 is.a section of a Semiconductor integrated
gircuit device according to an'embodiment'of the pfesenﬁ
invention; |
Fig. 2 is a circuit diagram of a D-RAM according to
25 .the present invention; |
Fig. 3 is a diagram of the lay-out pattern of a D-RAM
IC of the two-mat system according to the present

invention;
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circuit device according to an enbodi nent of the present invention; Fig. 2'#@
is.acircuit diagramof a D-RAM according to 25 the present invention; Fig.
3~fg™a diagramof the lay-out pattern of a D-RAMIC of the two-nmat system
according to thé present invention; --38d= Fig. 4. is a perspective
sectN~dnal vi ew showi ng the construction of menory cell elenents according
to the present invention; Fig. 5 is a perspective sectional view show ng
the construction of dumry cell elenments according to the present '
invention; Fig. 6Fig. 4dspenenarertivensectionalhviewgshoybngi sheof the
elenments in an active restore circuit according to the present invention; 5
Fig. 7 is a GORgtAMcHiamof Remary _p%ﬁJeJer?}l%‘f‘eﬁtﬁe%ﬁ’?rgﬂ‘iytﬁnﬁhﬁ dumy
array according to.the present invention; Fig. 8 is a plan view showi ng a
portion of aRﬁ%ﬁ%ﬁﬁ1 R8st rate which illustrates the state of a field
insulation filmacgordi fqo the present inveption, 1 _Fi 9is a
pl an vi ew show ng: gp.oéj %t?n %fpe(f{%qﬁg{'ve sec@ional v:c.’ew showing fhe

5 construction of dummy cell eiements according to the present



&

c@%buctor substrate which illustrates the state of a first conductor |ayer
agtording to the present invention; Fig. 10 is a plan view of a

seni‘conduct or i

ntegrated circuit device which constitutes-the active '\/‘

restore 15 ~ circuit according to the present invention; and Figs. 11A to
- 11S are sectional views of the sem - conductor integrated circuit devi ce~

each of the steps for producing the B-RAM-according to the present

i nvention. 20

'DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The invention w ||

be described bel ow with reference to an embodinent. Fig. 1 is a section
view of ani¥e€R¥ANEeni conductor integrated circuit device according to an

enbodi nent of t
denot es -5-

ing filmwy
is forned '#gi

. 25 _. present-invepntion, . ipn, which reference nuneral 51 .
Figy BLLTR RorsBeetive sectional wiow sioulngand | nsulai-
1,55 s /SlomeRtE) tr ko, era v EERLPRE CRrebdy T O

M SFET congidordiin '€5H€555P¥Q%Q?E'fﬁb ti&h?‘53 formed by surface

oxi dation; a gate ectrode o

ree-layer construction which is rmade up

of a gol ycrystalpigle piis @raiaypamS42. : théilapnisiet | fuetettics £l

referred to as

nol ybdenum silicrde | ayer) 552 “of silicon and nﬂ??%%@éﬁﬁh

and a pur eaigpbdmnd ) dummyrareyyracéérding so thet ppesenti invention;

regi on 572 -

Fig. 8 is a plan view showing a portion of a

semiconductor substrate which illustrates the state of_a.
field insulation film according to the preSent invention;

10

~ Fig. 9 is a plan view showing a portion of a semi~

conductor substrate which illustrates the state of a first

conductor layer according to the present invention; U

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 sectional 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 described below with reference

to an embodiment,

Fig. 1 is a section view of an MIS-type semiconductor

integrated circuit device according to an embodiment of the

25 present invention, in which reference numeral 51 denotes
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which is formed using the gate el ectrode as a mask and which serves as a
sel f-aligned source region or a drain region; and an N+-type sem conduct or
L &G i orr.573. The [err]-type sem conductor region 572 is connected 15 to
other M SFET's through a wiring | ayer of ‘a three-layer construction
consisting of a polycrystalline silicon | ay8r-541, a silicide |ayer
(hereinafter referred to as nolybdenumsilicide |ayer 551) of silicon and
Aol yb- denum and a pure nol ybdenum layer 561, which is in 20 . direct

contact withaap—thipet ¥29 120N SRIbEKate | GO 5D derdbds i® £ Misislatt h
the N -type sem conductor region 572 Further, the [err]-type sem conductor

regi on 573 i sngofidal ethich dishaeldcHively tfum@ By at untheradlayexidd- The

above gate el ectrode works not sinply as a gate 25 for the M.SFET but
al so as a witiey.l aper MISFEGbdsediormed in & regigutsirmdwrieddwy tihe for
exanpl e, the ates of other M SFET's in the sem conductor integrated

circuit devifdeldadnsulatdng) film SR (The MIAFERpAnts toof mgate - 5
Gl T eui t3shock st t“r"”g%;hma;@péﬁﬁd?%d' " inface AFALORnA Bate
ey, ‘1o ATReoHR BF, YUl 0N s Gl flod yvg”*?%”#v#ﬁﬂ’#t 2 10
wiring |ayerqggs fBBl%r%Séﬂﬁzet %ﬂl&%&?%ﬁé}e 51284 Hilicide
layer (hereinafter referred to as molybdenum silicide
 layer) 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 region;
and an N'=type semiconductor fegion.573. o

The N* ~type semiconductor region 572 is connected

15 to cther'MISFEmbthrough a wiring layer of a three-layer
construction consisting of a polycrystalline silicon
layer'Shl, 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 continuous with the N+-type semiconductor region 572
Further, the N'-type semiconductor region 573 is connected
to other MISFET'sthrough an aluminum layer 60. "

The above gate electrode works not simply as a gate

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



tsm’ ssion of the signals. The wiring layer of the three-I|ayer :
construction consisting of a polycrystal- line silicon |ayer, a nolybdenum -
silicide layer and a pure 15 nol ybdenum | ayer, exhibits a resistivity of\./_
about 30 to 35 microohns cm This is about tw ce that of pure nol ybdenum -

" which has a resistivity of about 15 microohims cm and is about one-fifth\o
one-third that of the conventional wiri-h@ lsayer which wholly or partly

. consists of-a 20 refractory nmetal. The reason why such a small '

resistivity. n r | alS £Al T g ‘ie%ufgﬂ hq:l,,fg%?eéyse otl.JIi’l% ayer of
pure nol ybd%l%%n;%ﬁle'cﬁikgﬁr’gdtbhgédpg‘g?ﬁost ayée'r 0 e W r#fng a;#er.
Accordi ng tpré&erssUdynCoRdusk S¢nglventors of the.present -
i nvention, it was cl a?rle ?ieig géﬁf?-gﬁ?ﬁg?oévéﬂtMﬁ%ﬁa heat treatnent is
perfornmed dgitegitrdaiiee the wiring layer is forned, the three | ayers
consti- tuting the wiring |layer do not react anong thenselves, but retain.
their proper+esAshMnertienedt b realdyqr sthien timee required ifomm traysmivid ch
forms the | owernopst |layer of the wiring |ayer adheres intimately to an
i nsul & i ng ting thehsignpdsr through thenwiring layerhdn ithe semi-al so cones
into ohmc contact with the silicqgn suhstrate. . The wiring ., klayer of the
t hr ee- | ayer?%?ﬁlft‘%ﬁeﬁaied cirgid é?_@h‘ﬁ-di Pfe &S ﬂ%ﬁ?lﬂ?slﬁi@gel -
can be obt aa'u?cf? Fgr this purpose, the resistivity should be as small
as possible, In a dynamic random access me_mory', in
" particular, it is desired to reduce the resistivity of the
10  wiring layer as far as possible to increase the speed of:»
transmission of the signals.

‘The wiring layer Yo _ T
of the three-layer construction consisting of a polycrystal-
line silicon layer, a molybdenum silicide layer and a pure

15  molybdenum layer, exhibits a resistivity of about 30 to
35 microohms.cm, This is about twice that of pure molybdenum
which has a resistivity of about 15 microohms<cm, and is |
about one-fifth to one-third that of the com.r.entilonal
wiring layer which wholly or partly consists of a
20  refractory mei:al._
- The reason why such a small resistivity can be
realized is attributed to the presence of the layer of
' pure molybdenum 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




menti oned bel ow. The polycrystalline silicon |layers 541, 542 .is forned ove
the; whol e surface by the vapor-phase chem cal reaction nethod (CVD net hod)
Lé‘h{fhickness of about 1500 to 2500 angstrons, and is doped with

phosphorus 15 ions to a high concentration to reduce the resistivity.
Thereafter, nolybdenumsilicide |ayer. 551, 552 is.. fornmed over the whole
surface of the polycrystalline siliconlayer by, for exanple, - :
co-sputtering to a thickness of about 1000 angstrons. The silicon content

will be 10 %that?evenweihghi . a Thriat pirea tmednyd ded ierfortiied ddrihd o1 S

formed on the whol e surface.. of the nol ybdenumsilicide [ayer by, for

exanpl e, theafett dhiengirdingddyera ishifdemst, othebthrted My ers) tonsisl -

Usi ng CF4+02 gas, the above- nentioned | ayers are continuously’
subj ect ed totutipgadine sdringtaiery do Hak Ineack ranapg Shansglves,
t hree-1| ayer -8- construction having a predeterm ned shape as shown in

Fig. 1. TherBut Eetaine thedmpnonasrtias andtareayem, £he RGNS
L L N A C R R I U N TR SO
ot £ on Y, £R5hRCRakArbl® SRR 3Rl L 6B B 510
three layersegegsesstf 1¢11m ©6rSitdd 1t Siddf Y dS S 11fEh dhat
. stoichionetric 374
contact with the silicon substrate. -
_ The wiring layer bf the three-layer cdnstrubtion of
10  the present invention shown in Fig, 1, can be obtained as
“-meﬂtioned below, The polycrysfélline silicon.layers.541,

U 542 .38 formed -oves the whole surface by the vapor-phase
chemical reaction method (CVD method) to a thiclkness of
about 1500 to 2500 angstroms, and is doped with phosphorus

15  ions to a high concentration to reduce the resistiviﬁy.
Thereafter, molybdenum silicide layer . 551, 552 ig .- formed
over ‘the wholé-surface of the polycrystalline -silicon layer
by, for example, co-sputtering to a thickness of about
1000 angstroms. 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 layerr'by,.
for ekamplg, the sputtering méthod to a thickness of

about 1500 angstroms, Using . CF4+02 gas, the above-
mentioned layers are continuously subjected to - - plasma

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

- ™ v e v or s ae g am = L L
v g e e e e
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nt, i.e., when the silicon content is 37 % by weight. Nanely, when the

Ticon is contained in a stoichionetric. anount, the individual |ayers ‘
twider go chemical reaction, and the stress resulting fromthe contraction OP“’;
vol-une 15 causes the individual layers to be peeled off from each ot her,.
- Wth the present nethod, however, the above-nentioned three |ayers are o
bonded to each other, and the resistiyvity of the wiring |ayer can be
reduced to a 20 value as small aS 307to 35 microohns cm Furthernore, the
" followi ng effects can be obtained: (1) . It is possible to prevent the
formati on dionstpuetionohavieg a: @ egatipnesh shape @sy §hpdm|in ne silicon
| ayers 25 41, 542 and the nol ydenum silicide |ayers 551, 552. The :
m)lybdenumF &t ctde layers 551, 552 are formed by co-sputtering. In this

E?li,e’ 58§iyg§>r“i or ﬁgr%éﬁ%ﬁge&ﬁeﬁ#?@&%% 1 el o | s'e?"
51, | o | T POTYTTS ! .

ool yodenumstfosterd teuch" Endt/ §58 LpBermoly Rolivhdbtilal VAL GEY) L1F
is forgred o563 heiiDtRet bacexidivelhohr stib1Gtatied,COTHeS anm@ari?g risagi o

i sol ated nanner in the nmolybdenumsilicide | ayers.551 552, the
filmis noteffectedi inaopdeti thats sidieen isuuhidornllye dbspeasedn iphe

at nosphere - is taken into the nolyb-
the molyh@enum layers 551, 552 which contain silicon.
In performing the annealing, it was found that
the above-mentioned three layers cease..'to
10 exist - €. the silicon is contained in a stoichiometric:
amount, i.e., when the silicon content is 37 % by weight,
Namely, when the silicon is contained in a.stoiéhioﬁetric..‘ ",
amount, the individual layers undergo chemical reaction,
.and-thg stress resulting from the contraction of volume
15 causes the individual layers to be peeled off from each
other.. " - |
With the present method, however, the
above-mentioned three layers are bonded to each other, and
the resistivity of the wiring layer can be reduced to a
20  value as small as 30 to 35 microohms-cm.
Furthermore, the | |
- following effects can be obtained:
(l).. It is possible to prevent the formation of 3102 £ilm
_ on the interface between the polycrystalline silicdn layers
25 541, 542 and the molydemum silicide layers 551, 552. The



denum | ayers 561, 562 when they are being fornmed by the sputtering. The 7?55
oxygen reacts with silicon in the nolyb- denumsilicide | ayers 551, 552.

Ho Ver since silicon 15 is present in an isolated manner, oxide film
isn forned continuously on the interface. Since So oxide filmis

forned on the interface, the resistivigy_ of the wiriing | ayer does not

I ncrease. It was found through the stu y “conduct ed by- t he 20 I nventors

of the present_invention that a substance_that serves as an_oxygen getter

shoul d be cdRRLYhdenum Sﬁéi§é€8n3333Y§r5§@stﬁ§@ @%?gé Prmede Y r om 't he

at nosphere |1 form an filmon the int e. It was confirnmed
P B eomsPakteckBuds B8 LBASAFRSE s AT I ths isr% bly

ht to 10 % Th bst wh
bet tor should b ¥ﬁ“$a€ﬁvnaat§y%ﬁsipﬁav%ﬁ@8h%bﬁgsagﬁge-iﬁ3¥%% °0

rel ation to ghgothigerbauet ief g Ehna1 208 1 Gl hRycryS a1k hak' ng into

heS|vene s an en1ca| t may take

place dyri “%ii‘fcéﬁ@aﬁérgeﬂ;lt r63bTethe bkl enWQ%QcttEev)ﬂ'tH %9.1'1 g

.consisting of the polycrystal-'line’silicon layer 541, the nol ybdenum
silicide | aygontéinédr fRdihbenolybdendnt kalaeivedaayersaBst 5652 itd brought }
10  into direct contact with the sem conductor region to Porm an

el ectrode, thermeSi0)ingThereforent rot Sk #idm tiseformed on the inter-
face. Further, since silicon is present in an isolated
manner in the molybdenum silicide layers 551, 552, the
10 SiO2 film is not formed in a confinuons mannef. Further,
the oxygen in the atmosphere - is taken into thé molyb—
denum layers 561' 562 when they 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~interface.
Since no oxide film is - formed on the interface,
the resistivity. o£Athe wiring layer does not increase.
It was found ﬁhrough the study cnnducted by the |
- 20 inventors of the present invention that a substance that
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 interface. It'wasfconfirmed
that such a substance needs'be contained in an amonnt of

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

b e e e e e B



s

):for formng a high-concentration region. This is due to the fact that
rfurities doped in the polycrystalline silicon are diffused into the e
sem conductor region to form 15 a high-concentration region. (3) |
Inpurities are taken fromthe atnosphere into the nol ybdenum silicide B

| ayers 551, 552 when they are forned by the co-sputtering. However, sinc
there exists a polycrystalline silicon=1%e+ therebetween, inpurities 20

_ such as sodiumions are not diffused into the activated sem conduct or

EE?J 83@3?%&%3% & e PSR ESHERT hRU b ne paﬁﬁawfvaﬁ Bt (and a
descri beq AGNE ) SRR ERHLIE e, attical el 8RR 8 it oneo
enbodi ment g 1 fd ngegghpgﬁgtfgyép aidgnanb¥ f@ﬁgﬂggaccess.

menory (hereirnafter referre tup of

- the D RAM §ini@)idonsidur£tion nﬂﬂe 4dREEIvERLEY Hha Nthel ghanLealo Fig. 2.
The D-RAM circuit. consists of an address buffer ADB for introduucing

addr e§s si gealctiot rthath iy take cplase deringrtiRe- £Eepfof heatcting a
gi ven row address line and a 10 gi ven colum address line fromthe row
address si gralatnjerrt] and. the col um address signals [err], a nmenory
(2) Whén-the'wiring layer consisting of the polycrystal-
ling silicon 1ayer 541,-the molybdenum silicide.layer 551
3 formed thereon, and'the.molybdenum layer 561, is brought
10 #nto direct contact with the semiconductor region to form
" an electrode, the resulting ohmic contact obviates the
need for forming a high¥concenfratioh region, This is due U
© to the fact that impurities doped in the polycrystalline
© silicon are diffused into the semiconductor region to form
15  a high-concentration region. | ' |
(3) Impurities are taken from the atmosphere into the
molybdenum silicide layers 551, 552 when they are formed
by the co—sputtering. However, since there exists a
polycrystalline silicon'layer_therebetween, impurities
20 .such gé_sodium'ions are not diffused inﬁo the activated
semiconductor fegion.
‘As descriﬁed'ébove,“therefore, :
it is possible to obtain a semiconductor integrated circuit
device having a small resisfivity and a short signal

25 transmission time.



array M ARY having a plurality of menory cells MCEL's, a dummy array D@
having a plurality of dummy cells D-CEL's, a colum svmtch C-SW. for

sé‘l"“eoﬁ ng any data lirne in the 15 M ARY responsive to a selected col um
addrgss signal, a sense anplifier SA - a data input buffer DI B, an output
anpl il er QA and a data out put buffer DCB The M CEL consists of a
capacitor [err] for storing the data a'hd '}ir\‘M SFET [err] for selecting the

address, and the 20 data "I " st or n the form of et her
there is electric @h&ré@"ﬁﬁﬁﬁé‘ Uéﬂ-&ch%ldq"é’rrr’-] e Peiaw bﬁh circuit
is arrayed on_ a sin Ie S ond ctor ch oncr et

Fig. 3is a cﬁ%ﬁ?ﬁ i ep§9 Stet el C“Iﬂ“ﬁﬂﬁ'ﬁé %& g“isal led

Single sem coPRoPEPoERE tﬁﬁﬂﬁ?ﬁoﬁ %&av&a%%? %ﬁé’#ﬁ%ﬂﬂﬂa&é#& of
a plurality &Ed@:@(ﬁeﬁ@ihﬁf@é@ Q.Ie (?hco N C[%gﬁﬁl) separated away from

each ot her. common colum. S arrayed on the

central gortion ofpipgt! Ctal BekapON thd D-RAM AHHAR a\y ﬁoﬁi&éﬂ% Inehl

the [err] and the dumy’array [err] consisting of a plurality of :
cell s are pl aggonbdt vetew| with edepehc’d tbOFj_ 2. On t he ot her hand t he

colum switch [err] for the M ARY2 and the dumry array [err] consisting of
a plurali ty The D-RAM circuit consists of an address buffer ADB
' for introd.uc_ir_xg address signals A, - 40 & Tow and column
decoder RC-DCR for selecting a given row address line and a
10 given. colum dddress line from the row address signals
Ay = Ay and the column address s:.gnals Ajy - A,j’ a memory
array M-ARY baving a plurality of memory cells M—CEL'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 respdnsive_ to a sel_ected column address signal, a sense
| ampli_i_‘ier SA, a-data input buffer DIB, an output amplifier
OA, and a data output buffer DOB, -
The M~CEL consists of a capacitor Cg for storing the
data and an MISFETQ, for 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 sem_icondiictor
chip as concretely shown in Fig, 3. |
Fig. 3 is a diagram of iay-out pattern of the D-RAM. IC |

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

S e, =t T S otms 3 o . -
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of @ynmy cells are placed between M ARY2 and C-DCR The sense anplifiers
[e are located at an extrene left portion and at an extreme right
portion of the 15 | C chip, so that they will not be erroneously operated\/
by. nbi se such as signals applied to the CDCR, and so that the wiring can-

be easily laid out. On the upper |eft ﬂde of the IC chip are arrayed a’“.
data input buffer DB, a read and wité control si gnal 20 .gener at or '
R'WSG a RAS signal generator RAS-SG and a RAS fam |y signal generator

ool vhon oS A S Y e PRI S QihaGE B Ghfp T L0

I d P- 5 th -
?ﬁg g![ Rgrpa ?ﬂ‘hsébrzfd t%ere a@gnéllhfayed a. Jgta ‘{)i![ putqg % %@i&iﬁé
si gnal generfah%lgé%ﬁci %‘fin?eﬁi%f@éliy %’g[?iaéétmeiﬁtﬂﬁ ﬁ@e%f?J acent to

these circuits, 'there are arrayed a [err] age supplying pad Jerr] a
CAS si gnal appl ylg@gg@t@ awﬁ@.&maedahaomwal out put pa'd [err] and an
address signal A6 supplying pad [err}] A main anplifi'‘er MA is placed between
the RBS fam |y 4 goamaye reolatmn q.mac].enrﬂ-mm éarrayeqd angbthé gentralor
[err] 10 A VBB generator VBB-Gis |ocated above a circuit which
occupi es | poy¥igne s sﬂhﬂ‘ul?ﬂs me9e%|ngem4ﬂﬁm 20

The column switch C—SW]_ for the M-ARYl and the dummy

array D-ARY]_ consisting of a plurality of dummy cells are
Placed ‘between M—ARY]_ and C-DCR.
10 On the other hand the column switch C--SW2 for . the
' M~ARY,, and. the dummy array D-ARY, consisting of a plurality
: o:f.' dummy cells are placed between M--!LRY2 and C-DCR. \./
The sense amplifiers SAl and SA2 are 1ocated. at an
extreme left portion and at an extreme right portion of the
15 IC chip, so that they will not be erroneously operated by
noise such as signa.ls appli_ed to the C-DCR, and so that the
wiring can be easily laid out, '
On the upper ]_.ei‘t side of the IC chip are arrayed a
data input buffer DIB, a read and write control signal
20 generator R/W-SG, a RAS signal generator RAS—SG, and a
RAS family signal generator SG,. Ad:jacent to these
sircnits, there are further arrayed a RAS signal applying
pad E:RIS-, a WE signal applying pad P-FE-; and a data signal
applying pad P'-Din. _ |
25 'On.the upper' right side of t_he IC chip, on the other




SGl, CAS famly signal generator [err] or main anplifier MA. This is
cause the VBB-G produces a mnority carrier, and the data in the nenory -
ﬁf—constituti:ng the [err] 15 and M ARY2. nmay be undesirably inverted
by the mnority carriers.. In order to prevent such a probability,
t herefore, the VBB generator [err] is Iocalbed at a position renote fromthe
[err] and M ARY2. The row decoder [err] Tor’ the [err] is located on 20"
-the lower left side.of the IC chip. Adjacent to the R DCRL, there are

arrayed addr efgnd] Otltére UpPeYaPdapadsal 8ath BubbutPbZfeandoB,[ & CAsvol t age
suppl yi ng pad P ch the Tower right side of the IC chip, on thé ot her -hand,

there is prowijethh gemeretorcCAfesE] &nd theast leZEignAd.J genetrattort he
raw decoder R-DCR2, there are arrayed address - 14-- signal applying
pads [err] ASGsldr eadjacen br taDiiesedcipouddshethere prer praayeR- BCR2. The
D- RAM C has a capacity of about 64 Kilobits 5 .divided into two nenory
cell matrixe¥ gﬁﬁ#@a&@r%i&@}ﬁhlg BadhPhiy; ragaacﬁﬁnﬁilﬁnéépé@l-’ﬂ-yiag rad -
rows X 256 cqQl s , 768 bits (32 kilobitsé ‘Ther ef one menory
array has 12%1&3‘\‘% I4 atyys seudEnt PadeE-By,rr0an _an adgResghove

data lines DL are e of u a&ng Rave a.snal | resistivity. Furt her,
as will be o rﬁupp o _

A main ampliﬁ.er MA is placed between the RAS i‘amily
signal generator SC.'-:L and the CAS family signal generator
SG,. , .
10 A Vpg generator VBB-G'is located above a circuit which
| occupies large areas such as RAS family signal generator
SGl, CAS family signal generator St.‘r2 or main amplifier MA.
This. is because-, the VBB"G pProduces a mir‘zority.carrier,
and the data in the memory cells consti’ci—;ting the M-ARY,

15  and M-ARY, may be undesirably inverted by the minority’
carriers.. In order to prevent such a probability,
.therefore, the VBBl generator VBB-G is loceted_ at a position
remote from the M-ARY; and M-ARY,.

The row decoder R~DCR; for the M—-ARY]_ is located on

20_ the lower left side of the IC chip. Adjacent to t’ne R-DCR]_,

there are arrayed address signal supplying pads P-Ao,
P-Al, P—Az, and a Vcc voltage supplying_ pad P—Vcc. |

On the lower right side of the IC chip, on the other
hand, there is provided a row decoder R—DCR2 for the M-ARY,.

25 Adjacent to the raw decoder R-DCR,, there are arrayed address




Fi@ 3, the data |lines DL are short and inpose no problemwth regard to
thetime for transmtting the signals applied by the colum decoder C-DCR

to each of the nenory 15 cells. On the other hand, as will be understood*{
fromFig. 3, the word lines W. are nuch | onger than the data lines DL. If"

the word lines W. have large resistivities, extended periods of tine ar
needed to transnit the signals applied 36 - by the row decoder R-DCR to

each of the nenory cells, particularly to transmt the signals applied by

the row decoder RRDCR to the nenory cells |ocated at the nost renote

posi ti ons. Signal aeplyingspedsi BnAgl,nﬁ’-&L,t ReAgersnﬂ-l Red- v 25

determ nes the gggratlon time of th and eventual |y

det erni nes the r%ﬁ‘ibﬂsﬁlhﬁfgﬁrthV\/ﬁ& @iBPRRﬁFisPﬂWﬁ‘PnABCQF:Bg_ng to the

enbodi nent of th_§?($resent invention,.the word lines W. consist of a
pol ycryst a@®¥ nd, & RZ:‘OI‘] | ayer, a ol ybdenum sili ci de | ayer forned thereon,

The word 11 nes M“ﬂ%@é@*ﬁq;%?%{%&&%‘ CRBR SBriatkRes: O
The crbodi S Ared prese#ménﬁ? ?%Yf%@ﬁ%‘r#‘”dt e D RAM por mi (3 ¢ he
10 T3ty S Mol B DA B 00
capacity of 128 rows x 256 columns = 32,768 bits (32
kilobits). Therefore, one hemory array has 128 word lines
WL and 256 data lines DL, |
10 The above date lines DL are made of aluminum and have
a small resistivity. Eﬁrther, as will be obvious from
Fig. 3, the da.ta. lines DL are short and impose no problem o/
with regard to the time'for transmitting the signals
applied by the column decoder C-DCR to each of the memory
15 cells, | ' -.
On the other hand, as will be understood from Fig. 3,
the word, lines WL are much longer ‘then the data lines DL,
If the word 1mes WL have large resistivities, extendeéd
periods of time are needed to transmit the si gna.ls appl:.ed
20 by 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 transmlss:Lon tz.me of the word lines WL

25 determines the operation time of the D~RAM, and eventually



conventional D-RAM Further, the whole D RAM system can be operated at éég
hi,gh. speeds. According to the enbodi nent of the present invention, 15
furtiermore, not .only the word |ines but also the gate el ectrodes of al
MSFET's in the DRAM are fornmed in the thrge-layer construction.

Accordingly, the D-RAM operates at hi gher” sp2éts. Construction of the
principal elenents and | ay-out 20 pattern in the enbodi nent of the

present invention will be discussed belowin further detail. [Cbnstruction
of nenory celdebefhliheki &hed ob®rad ti%ms Rud \6F Sitd iwlib1d @M@Jw
construction of a nenory cell MCEL of Fig. 2, in which 25 erence

nuneral 1 denotes Acperdpagseni mhmwwaimenﬂﬁrfm ésant? ﬂﬂ&iﬁ%xﬁ,
relatively thick insulating film (hereinafter referred to as field

i nsul ating fithe, werdehdnes HLrebasismjpﬂﬂa|pal¥nnyata1;ﬁhdIsﬂmﬁaun nafter

referred to as gate insulating film, 4 and 5 denote 5 N -type '

seni conduct or ?Qéﬁron?f mglybdenus sifiicidepdiayer fonmed itherson cand aer, 7
rter. |l ayer, 8 denotes_a second

denotes gn n-type su e inv
pol ycrysfal | i %i??ixﬁaﬁﬁyﬁriageaéﬁ€ﬁg§¢aﬂ*ﬂ?¥¥hd§§%ﬁ¥@b &9 iSheMa gl ass)
ayer. and" SeihabBnsta’ noREThRRN apE, BN A et TR B Bovge AT ©
M CEL has a spPsiéStifisecm which is one-~fifth to one-third that of the
conventional word lines. According to the embodiment of
" the present invention, therefore, the D~RAM permits’ the
10  signals to transmit in.less time than the . _
. conventional D-RAM, and oéérates at speeds faster fhaﬁ the
conventional D-RAM, Further, the whole D-RAM system .can be
operated at high speeds. )
According to the embodiment of the present invention,
15 furthermore, not only the word lines but also the gate
électrodes of all MISFET's in the D~RAM are formed in the
three—layer'construétioh; Accordingly, the D-RAM operates
at higher speeds. o '
Construction of the principal elements and layhout
20 .pattern in the embodiment of the present lnvention will
be discussed below in further detail. |
[Construction of memory cell M-CEL]
Fig. 4 is a perspectzve sectlon v1ew showing the
construction of a memory cell M-CEL of Fig. 2, in which

25 reference numeral 1 denotes a p~type semiconductor

fd qare.- it B L T - s et arem o -
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~a_source region, a drain region, a gate insulating filmand a gate

s&fm conductor substrate 1, the n -type 15 sem conductor region 4, the n” -
- §ype sem conductor region 5, the gate insulating film3, and a nulti-kgyer
electrode consisting of a second polycrystalline silicon layer 8, a

mol ybdenum si i cide |ayer 29, and a_ bdenum | ayer 36, The multi-Ilayer

el ectrode can be used, for exanple, as a 20 word line [err] which is

shown in Fig. 2. The alum num | ayer 10 connected to the n -type _

seni conductwbstrgtep 2 denotes, af relatdviely thick dasmlatdiag &dm which is

25

ctrode, that are, respectively, nade up of the above-nentioned p-type

hereinaftennreferredddoaad diedd insudpding,£1 -17-

v

shown in Q g. 2. On the other band, a nenmgry .capacitor [eLr igﬁthe menory
cell teh

el ectrode which are, respectjively, made f. a first,. polycrystalline
silicon Ié§%9°§?saagﬁﬁia£§¥ﬁ Xt FPﬁng s §hlﬂlé§%§' ¢ i nverted

| ayer

10

15

20

25

7.
pol ycryst

I WEr 5 . \ . ' : i
| Fetered Y6.RR Batel sHaa ind ELaMr Y BALS Wk, | er e
y y . | | | nvert
gat 0 3 nsutt SPF: pafieShatibtol it opy BORRGWs B A Ball Oual |
(Const r uctd Qps 04y 4BV s£2hboR £BYkrl07 denotestatt ntype? sudiraRRrct i ve

section view show ng the con- stfuction of a dummy celT D-CEL which is
i |l ustrat gthvérter layer, 8 denotes a second polycrystalline silicon’

layer, 9.denbtes_a PSG (phbsphorus silicate glass) layer,

' 10 denotes an aluminum layer, 29 denotes a molybdenum

silicate layer, and 36 denotes a moiybdenum layer.
A.MISFE‘].\QM.ina meméry cell M=CEL has a sr_zbstrate,

a source'région, a drain région, a gé%e-insplating f;lmf

and a gate_electfode, that are, respectively, made up of the

ébove—ﬁentioned p-type semiconductor substrate 1, the nt=type

semiconductor region 4, the nf—type semiconductor region 5,

| the gatewinsuléting £ilm 3, and a multi-layer electrode

consisting of a second polycrystalline silicon layer 8,
a moiybdenum silicide layer 29, and a molybdenum lajer 36,

‘The multi-layer electrode can be used, for example, as a

word line WL,_, which is shown in Fig. 2. The aluminum
layer 10 cbhnécted to the hf-type semicohduétor region 5
is used, for example, as a data line DLi_l'which is shown
in Fig, 2. - R

" On the other hand, a memory 6a§acitor Cg in the memory

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

he

‘;)



#ig. 2. In Fig. 5 reference nunerals 11 to 14 denote n -type seniconductoggi
regi ons, 15 denotes a first poly- crystalline silicon |ayer, 16 denotes an

1 type surface 15 “inverted layer, 17 and 18 denote second _ )

.polycrystalline silicon | ayers, 19 denotes an al um numlayer, 30 and 31 -
denot®. nol ybdenum silicide | ayers, and 37 and 38 denote nol ybdenum | ayers.
A M SFET [err] in a dummy cell D-CEL has #7sebstrate, 20 a drain region
-a source region, a gate insulation filmand a gate electrode, which are,

respectivelye)@Rdeode Whildlf did Y eS8t EOPELS! Ohadelbgd 'aEca Srdt- LY PE
sem con- ductor region 11, an n -type sem condlictor region 12,  a gate

insul ating fpbMydryd@1a ine (¢4i16H mfﬁ- regea cgmé sin@®lating NEiDh B,
second polycrystalline silicon layer 17, a - 18- nol ybdenum silici de

| ayer 30 andaadrmehypseiype |surdflacy .imferted tlayey 7. eI NmheDyle e edbowes—on
the p-type sem conductor substrate 1 as a dummy word line [err] which'is
shown in FigsupplYTMmlﬁagﬁwMEeIaap%iéd)tnwmhztiirst polycrystaklinet ype
sem conductor region _stretches on the p-type sem conductor substrate 1 as a-
dummy d8ta | sAdipen Llayesw$ iinduges the nttype swrface ninvertednjayer| 7

D-CEL has a substrate, a drain region, a source region, a gate jnsulating
film 10 afB Fheysurdace fgdhe tﬁrtm%,sq@ﬁmf&/my,smﬁ?o} t he

P-type sem copduGER" tRE gatE" PnsundRinkCrid i 8%oRiNE o the effect of the
| electric field. _ |
[Construction of dummy cell D-CEL]
10 ~ Fig. 5 is a perspective section view showiné the con~
struction of a dummy cell D-CEL which is illustrated in .
Fig. 2. In Fig. 5, reference humerals 11 to lu.dehote
- n+étype sémiécnductor regions, is denotes a first poly-
crystalline silicon layer, 16 denotes an n-type surface
15 inverted layer, 17 and 18 denote second polycrystélline
silicon layers, 19 denotes an aluminum layer, 30 and 31
denote molybdenum siiicide-layers, and 37 and 38 denote
molybdenum layers. .
‘A MISFET Qp; in a dummy cell D-CEL has a substrate,
20 a drain region; a source region, a gate insulation film
and a gate electrode, which are, respéctively, made up of
the ﬁ-type semiconductor substrate, an nf—type semicon-
ductor region 11, an n*~type semiconductor region 12, a
gate insulating film 3, and a multi-layer electrode consis—
25 ting of a second polycrystalline silicon layer 17, a

Bl R e B s e R




coghict or
film:,3, a

region 13, an n -type sem conductor region 14, a gate insulating
nd a multi-layer electrode consisting of a second pol ycrystal line -.

SI|JCOH | ayer 18, a 15 nolybdenun1S|I|C|de | ayer 31 and -a nol ybdenum S
Iayer 38. The nulti-layer electrode is served with a discharge signal idc-

"which is d

i agranmed in the dummy cell D ‘of Fig. 2. The capacitor Cds\i/h

the dunmmy cell” D-CEL has one el ec- trodé€, dTelectric | ayer and anot her

. el ectrode,
silicon | a
" layer 16.

.that are, 20 respectively, made up of a first polycrystalline '

y} Aulcse 1483 deA 1aYer HoNahd ! iy} yhdetifh Adydc 7 nver t ed

e power - suppl y vol'tage [err]| applied to the first

pol ycryst alThéemﬁlhicmaybeyeu.e&ﬁoa@%éﬁ&ék taep echre ! rig-pe Nverted |ayer
16 on the 25 surface of the p-type sem conductor substrate 1 via the '

19 gate inssédiconadiictor3savsitiaite Ihaseld dummf word dliens DWL

[ Const ruct

lon of a portion of a peripheral circuit (active regtéfe [err] 5

Fig. 6 is abehpist shownedhi Bigui @y sThe raj.uﬂimxmdsﬂyerct]&rcorhenhnﬂt i on

of the per
M ARY,S i . e.
in Fig. 2

i pheral cjrcuit formed in the periphery of “the menmory array.
to stive ng—&Yper sewd condued ot regione sttatetghes: jonwhitieh B-Ey@eoWn
In Fig , reference nunerals 20 to 23 denQte Ne 10 type

sem conductﬁ#m$%@16“§t°24sﬂbs$?%3{ 2Ss & SRy [dactia, didde m-q_q_ |shopa
| ayers, and 28 genoées an

10

15

20

25

| A MISFE?QBQ in the dummy cell D-CEL has a subsfrate,
a drain region, a source region, a gate insulating film
ahd a gate eleetrode,.that are, respectively, made.up

of the p-type semiconductor substrate l1, ann -type semi-
conductor region 13, an n -type semiconductor region 14,

a gate insulating film 3, and a multi-layer electrode

-
coneisting of a second polycrystalline silicon layer lé, a
molybdenum silicide layer 31 and a molybdenum layer 38,
The-multiélayer electrode is served with a discharge signal
dd which is diagrammed in the dummy cell D-CEL of Fig. 2.

The capacitor cds in the dummy cell D-CEL;has one elec-
trode, a dielectrlc layer and another electrode, that are,
respeetively, 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 L
applied to the first polycrystalline silicon layer 15
induces the h—type surface inverted 1eyer 16 on the

surface of the p~type semiconductor substrate 1 via the
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aluninun1rayer. Ref erence nunerals 32 to 35 denote nol ybdenum sili ci de
ayers, and 39 to 42 denote nol ybdenum | ayers. 15 _ A M SFET [err]
th@,actlve restore [err] shown in Fig. 2 has a substrate, a source regio,
a drain region, a gate insulating filmand a_gate el ectrode, that are,
resaédtlvely, made up of a p-type senm conduct®r= substrate 1, an n -type
sem conductor region 20, an [err]-type sem conductor region 20 21, a gate
insulating film3, and a nulti-layer el ectrode consisting of .a second
‘pol ycryst al |gatesihsadatiagerila, 3aowihgbdendtitesidfifeicte dfaythe 32 and a
nmol ybdenum | 39. A MSFET [err] in the active restore [err] has a
substrate, iémmntcrﬁtpbmq a drain region, a gate insulating filmand 25
a gate el ectrode, that are, respectively, made up of a p-type - 20-
seni conduct ofCenstruation, otinanpory:pens ofi eoperdipberadgicdrerdit {active
[err]-type sem conductor _region 23, a gate insulating film3, and a
nul ti-|ayer ReSEQ ?SdéR§535|sting of a second pol ycrystalline silicon |ayer

i - Byor ol ectFbe Bsiscr BaTRPER N%QM%QS%%E%% Begnal err]
has a di e el pnebrapBiod oFn pPRREE 8% KR berlondial Gy fihean
up of the gajg tl‘i'é%é{-i_ﬁﬂeH' 531809 mdmBy! br'r3Y°M-ARY, i.e., showing
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 seﬁiﬁonductor regions, 24 to 27 denote sécond
| polycrystalline silicon layers, and 28 denotes an

aluminum layer. Reference numerals 32 to 35 denote

v‘ ‘. -
molybdenum silicide layers, and 39 to 42 denote molybdenum
. layers. | | o |
15 A MISFED Qgg in the active restore AR, shown in Fig. 2

has a substrate, a source region, a drain region, a gate _
_insuiating film and a gate electrode, that arg,:respeqtively,
made up of a p-fype semiéonductor substrate 1, an nf—type
semiconductor region 20, an nf—type'éemiconductor region

20 21, a gate insulating film 3, and a multi-layer electrode
consisting bf’a secoﬁd polygrystalline siliéon layer 24,
a molybdenum SiLicide,laygr 32 and a molybdeﬁum layer 39.

A MISFET Qg in the active restore AR; has a substrate,

a.source'regign, a drain region, a gate insulating film agd.

25 a gate electrode, that are, respectively, made up of a p~type

i r me e e e eme - o sem T C— U



)denum si | i cide |ayer 33 and a nol ybdenum | ayer 40. The multi-I| ayer
trode is connected to a nmulti-layer electrode which serves as a gate
el'ectrode 15 of the M SFETQ [err] and which consists of a second pol yu

el E"'t‘rode consisting of a second polycrystalline silicon |layer 25, a
I

- crystalline silicon layer 24, a nol ybdenum silicide layer 32 and a

mol ybdenum | ayer 39. Further, a portignpgba of the second polycrystalline
silicon layer 25 is directly connected to the n -type sen conductor region

T R e A R
ayer 40 artle nEaburt e %%%éﬂﬁ%\fiﬁ%‘&%%?ﬁm% %ﬁﬁ%ﬁﬁv case

the wirin en td an
-21- W: sI e?rpfﬁedgf oa*‘n)c/regég' é‘g%g,l ty. jlc%}ﬁqlél(ygg{%ﬁoﬁbﬁt hz
capaci tor [y cfPSthaslsnefl siﬂ.ib@hema%ﬂ E2 /) é"*ﬁdl*}"dd%rﬁﬁ{ @Qi@ldém

- surface of the senm conductor substrate 1. THe inverted |ayer is

establ§shedLdyer 39! hadeavhbliybdenanp/lagert ¢2.,he THY tmiul tisieiy et ect rode
consisting of the second polycrystalline silicon layer 25, a nolybdenum

silicide | sgtectBodedis seryedemirth aynemnoifivelrtdshogte mmthodgrsilgrml in
Fig. 6, the inverted |layer is contiguous with the [err]-type sem - 10
conduct or rélgé.onhhthhSi shownnda Fig.h&@.seni conduct or

‘A capacitor Cgy, in the active restore AR, has a

dielectric lajrer_a.’nd ‘an electrode that are, respectively,

10 'made up of the gate insnlating film 3 and a multi-layer
electrode consisting of a second polycrystalline silicon
layer 25, a molybdenum silicide layer 53 and a molybdenum \J
'layer 40. The multi-layer electrode is connected to a
mdlti-flayer' electrode which serves as a gate electrode

15 of the MISFETQg, and which consists of a sécond poly-
crystalline silicon layer 24, a molybdenum silicide
layer 32 and a molybdenum layer 39. Further, a portion 25a
of the second polycrystalline silicon layer 25 is directly
connected _to the n+-.type semiconductor region 22 of the

20 MISFE'I'QS' 4.' This is because, if the molybdenum layer 40
and the n*-type semiconductor region 22 are connected
together via an aluminum wiring layer, a contact area must
be formed between the molybdenum layer 40 and the aluminum
'wiring layer and makes it difficult to increase the wiring

25 density. Therefore, the above-mentioned connection means



»

substrate 1 and which is served with an active restore control signal rs of
Fig. 2.. Further, as an electrode of the capacitor [err] there may exist a
molybdenum si |l i ci.de layer and a nol ybdenum | ayer on.the polycrystalline
siligon 15 | ayer. The nulti-layer electrode consisting of a second
pblyg?istalline silicon |l ayer 26, a nolybdenumsilicide |ayer 34 and a

nol ybdenum | ayer 41, serves as one el eak rdHde-. of the capacitor [err] which
is shown in Fig. 2, and a portion 20 thereof is directly connected to

t he source rebBoamployed ftor ihcofeaBiey the Mikringalengidkytor CBl |, and

anot her portion thereof is connected to the gate el ectrode of the [err]

[ Lay- out patterns dnokkesr plecitapde ART thed aabani ton eﬂﬁ A5 conzigtg of -22-
Lay-out patterns, of the a&orenentioned menory array M %Y and the dunmy '
array D-ARY #B iBYertedqlpyesnviich is daxmed on e spripee afdhe array

a _pluralit of .meno |s M,CEL shown in

E?QBY4?han?chQ3$%ggpaﬂg Sroﬁ ﬁ&??&ﬁ?&gndgpﬁb#ngﬁﬁgépg_l?f? &% the ot her
DCEL of Fi o ReALL e Y 8 T cale" Wi ch i abeis ol e AL 00
First, the mey@yyragld¥tMbdBYc8H8YEtiRg 0P the Second polycrystalline
silicon layer 25, a molybdenum silicide layer 33 and a
molybdenum layer 40. Although.not diagfammed in Fig. 6,
the inverted layer is contiguous with the n+-type semi-

10 conductor region which is formed in the semiconductor
substrate 1 and which is served with an aétive_restére
control signal $.s Of Fig. 2. Further, as an electrode
of the capacitor Cgzy,, there may exist a molybdenum silicide
layer and a molybdenum layer on the polycrystalline silicon

15 _1ayer. | | E

The multi-layer electrode consisting of é second
polycrystalline silicon layer 26, a molybdenum silicide
layer 34 and a molybdenum layer 41, serves as one electrode
of the capacitor QB12 which is shown in Fig. 2, and a portion

20 - thereof is directly connected to”the source region of the
MISFETQS5 Qf Fig. 2.like the capécitor CBll' and another
portion thereof is connected to the gate electrode of the
MiSFETQS7. B | -
[Lay-out patterns of memory array M-ART and dummy array

25  D-ARY] | |




gt ructed as nmentioned below. The field insulating film2 is forrred
'r|b| ng a pattern as shown in Fig. 8 in order to separate a plurality of .
eTiory cells M CEL which are conposed of M SFETs [err] 15 menory N
capacitors [err] on the surface of the seniconductor substrate 1. .
Exceptionally, however, in the present enbodinment a field insulating fi I\m"
2a i's -fornmed beneath the contact holes g#rL] through which the

‘power - supply vol tage 20 [err] is applied to the first polycrystalline
silicon layer 6. This is different framthe general rule of such |ayouts.
Therefore, no alLgy-+dwtrpattemmsasfoyheoafogehentiionedasenopybairmagn t he

al um num | ayer and the poly- crystalline silicon layer in the vicinity of

the cont acM-2RY &l ekhé eduimy sarray BABY¥edreodpeceibetebehowuyhthhe

-23- insulation filmbeneath the contact holes [err] and is prevented from
reachi ng t mefanrdnee 9 Eig. sBai conduct or substrate 1. The first
polycrystalline silicon |ayer 6 which serves 5 one el ectrode_of the
Nenory capaC| tor'm’{%r'#ﬁm‘?w tRrRE TR cphQwy &R F if-gofgr hag anpivraliéyd

i nsul ati ng Im2 and e jnsul ati film3 describin ttern as
S_hOWn%I n FPQ]g \&g %‘ QAWR iR ngrrpﬁseﬂhﬁ nBF ei ag'ﬁ?g |
wiring of te éaecoé“e?nfé’édcfdé’%ﬁ' Auﬂgtf‘é%écin ' 8¥Ctnd okllér hand, the -
dummy array D-ARY shown in Fig. 7 has a plurality of
dummy cells D-CEL of Fig. 5, which are arrayed on the

-

semiconductor substrate 1.
10 First, the memory array M~ARY shown in Fig. 7 is
constructed as mentioned below,

The field insulating film 2 is formed describing a v
pattern as shown in Fig. 8 in order to sepé.r_ate a plurality
of memory cells M-CEL. which are coniposed of MISFETs Q, and

15 memory capacitors C s on the surface of the semiconductor
substija-te 1.

Exéeptionally, however, in the present emﬁo‘d‘imexit a field
insulating film 2a is ‘formed beneath the - .
contact holes CH, through which the power-supply voltagé |

20 VCC is applied to the first polycryS'talline silicon layer
6, This is different from the general rule of such layouts.

Therefore, no aluminium-silicon ‘alloy formed by °

the_react:.on between the aluminum layer and the poly- "
crystalline silicon layer in the vicinity of the contact

25 holes CHy is ~ allowed to penetrate through the



nol ybdenum silicide | ayer 29 and the.nol ybdenum | ayer 36 of Fig. 4, stretzgﬁ)
on the first polycrystalline silicon layer 6 in the.'vertical direction i A
Fidg. . 7. A power-suppty line Vcc-L runs in the lateral 15 direction of s
Fig.. 7 to-supply power-supply voltage VCC through the contact hole [err] to -
t he bﬁ1ycrystal|ine silicon |ayer 6 which %gryes as one el ectrode of the
menory capacitor [err] On the other hand, data lines [err] conposed 20 of
the alum numlayer 10 of Fig. 4 run nearly in parallel with the

R T N
55 ot Ler MvenRey, £on Redch B, The, sprEaseiBEOAA], pemtB8gLEEr, 0! O
u

[err] Furthergyh alines [err] run in the lateral direction in Fig. 7
like the data lines [err] and DL and are connected to the drain regions

of the M SFETs  iThéhtipetopylyeriystiliTiheakipiedal 2ayercd Whichpserivess
t hrough contact . holes. Next, the dummy cells D-CEL shown in Fig. 7 are
constru& ed ass name i ebedtbedevof Thhef melndrynsapacitgrf C_nif ithef memodyon a
portion of the surface of the sem conductor substrate 17 and the gate 10
i nsul ating fidedls iM~-CEknba Hormedt ovr ther fieddodnsydating film 2 and on
| the gate insulating film 3 describing a pattern as shown
in Fig. 9. . o
 Further, word lines WL,_; composed of mlti-layezf
10 wiring of the secoﬁd polyci‘ystailine silicon layer 8, the
mb]_.ybdenum silicide layer 29 and the molybdenum layer 36
of Fi'g'_. 4, stretch on the first polycrystalline silicon
layer 6 in the vertical direction in Fig, 7. .
| A powerquéply line Vy,-L runs in the lateral
15 direction of Fig. 7 to supply powe:_'_-supply. voliage VCC
through the cdntact_. hole CH, to the polycrystalline
silicon layer 6 which sgfvés as one electrode of the
memory capacitor Cg. | ' | .
On thg other hand, data lines DL, ,, D—I:l-l compdsed
20 of the aluminug layer 10 of Fig, 4 run nearly in parallel
- with the power-%supply line VCC—L as shown in Fig. 7.
The data line DLy ;. is connected to the drain region of
MISFET Qy in the memory cell M~CEL via a contact hole CH,,
and the data line BL-l-l is connected to the drain region

25 of MISFET G, in another memory cell M-CEL via a contact
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syrface of the sem conductor substrate 1. The first polycrystalline

sig¥ con. layers 15a, 15b run on the field insulating film2 and the gate
insulatlng film3 in the vertical direction of Fig. 7 being 15 separatedx/
away from each other. The widths of the first polycrystalline silicon

| ayers 15a, 15b are very inportant fromthe standpoint of determ ning t e/
capacity of capacitor Cds in the: dunmy2be D-CEL.. The [err]-type .

sem conductor region 14 is positioned between the first polycrystalline 20

"F:e'r'rf:’t”y'p‘é‘%e&ﬁ% BpFratronths SAtHC1Enes By 0w ELSty%ﬁm.lgflPead |
& it %%ﬁiﬁo&%ﬁéﬁ%% Rk YBpof yEEbE SRR/ atd ek O iﬁ?iier"
17, the nolyld@Fum si | Led +ycrys%QF?&dtah hyggﬁnygkign82§ﬁ 37 of

Fig. 5, runs ontlﬁiflrst ne silicon layer wor d
l'ine [err] gﬁ@ﬁ‘ t ate-el ectr rr] in.the dummy cell [err]
On the ot her han bgﬂ g‘h%}% "?P@ﬁ‘g 98 (ﬁ'@ ?'L‘Iﬁ‘(%bé’@de tanminedayer wiring
conposed obdﬁﬁidﬁgxxurduguc¢a§tg¢t|nolasL|con | ayer 18, the nol ybdenum
silicide-layer 31 and the nol ybdenum | ayer 38 of Fig. 5, runs in parallel
‘Wi th the dumy Wext) |1ﬂ‘m[mmﬂlybeem;ssﬂ-pGEhtshom/ajthli:gef?oareso t hat the

‘di scharge control signal [erri shown in Fig. .5A 10  can be applied. The
control si gemstmetdderag mentiened below, : |

The field insulating £ilm 2 is formed on a portion of
the surface of the semiconductor substrate 1, and the gate
10 insulating film 3 is formed on”anothér portion on the

surface of the semiconductor substrate 1.
The first polycrystalline silicon. layers 15a, 15b run Q;
on the field insulating film 2 and the gate insulating
film 3 in the vertical direction of Fig. 7 being
15 separated away from each other, The widths of the first
- polycrystalline silicon layers 15&, 15b are very important
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 liné DWLl;l composed Qf a multi-
layer wiring of thefsecondary polycrystalline silicon
25 layer 17, the molybdenum silicide layer 30 and the molybdenum
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gate electrode of [err] in the dummy cell D-CEL. Simlarly, a dummy word
line [err] and a control signal line [err] run in parallel with the dunnyégsr
word | i ne [err] and the control signal line [err] 15 ' Further, the
‘data;lines [err] conposed ofal um num |l ayer stretch fromthe nenory array
M ARY-as shown. in Fig.. 7. The data ling 5 -« is connected to the drain
region of MSFET % in the dummy cell D-CEL via'a contact hole CH3, and
the data line DL-2 is also 20 connected to the drain region of [err] of
anot her dunmppdt 37 F:b%?uﬁh PUBRSNbACthBOEErEer pblyh@yseuumﬁét ern of
peripheral circuits] Fig. 1 ows a lay-out pattern of a portion of the
peripheral cigilidon Ifyerx253| €, The PQuinng"woidt héneecDWE i coagpithtes
[err] of Fig. 2. -26- In Fig. 10, AR denotes an activ estor.e portion,
-and PC denot @s gate reledtrade p:uﬂchS@ETl hamatweldmmy detl [LCEE,
rest.ores [err shown in Fig. are provided in the active restore portion
AR Narel y, the ja/ther hﬁ@%;oaec¢8tr©ln§356ﬂlthéns|d Uklaﬁfo%/A in Fig.
10, and _anot her. actjve restore is forneg 2 t he side of arrow B, E active
t Phg i

restoreﬁbontFWHl?ETﬁﬁNe¢|WR? r?°@Bﬂ§P the segen CP9}Y5FV§F€1 RRcon
| | | b |
LerF] cons! st dpuer 0o .t ARiyBgBRGS, AR CTER TRydEop) fndcBec |

consi sting oo} yhdenum layer 38 of Fig. 5, runs in parallel with the

dummy word line DWL1 1 being separated away therefrom, so
that the discharge control signal ‘dc shown in Fig. 5A

10  can be applied. The control signal'line édc—Lz'forms a
gate electrode of'MISFTHSQbZ in the dummy celilD-CEL. |

U, Similarly, a dummy word line DWL, , and a'cpntro}'
signal line "dc‘Lz' run in parallel with the dummy word
line DWL,_, and the cont_rol signal line g4 -L,.

15 - Fuither, the data lines DL, ,, DL, _;, DLy _,, DL,_,
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‘MISFEﬂle in the dummy cell D-CEL
via a contact hole CHj;, and the data line DL1_2 is also .

20 connected to the drain region of MISFETQDl"bf another
dummy cell D-CEL through a contact hole'CHa.

[Lay-out pattern of peripheral circuits]
‘Fig. 10 shows a lay-out pattern of a portion of thé
peripheral circuits, for example, a portion of the sense

25 amplifier SA; of Fig. 2.
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_%um num | ayer, are arrayed in common for the active restores in the
AW%e restore portion AR as shown in Fig. 10. On the other hand, the :
precharging circuit PC contains 15 a circuit for precharging the two S
data lines that corres- pond to the two active restores. In the precharging
circuit PC are arrayed a potential line [err] conposed of an al um num

| ayer, a precharge control signal |ine fepf]-and data |lines [err] conposed
of an al um num 20 | ayer which run on the nmenory array MARY of Fig. 2,

_of "an al uni num 20 whi'ch run ry
Shownin Fg 107 R 1o BEFHS oy FEEE pértord AFein g

be descr bpg hebaa L) dis PP Ros Fkdarkl g thd!data 11:ds. 1 each of

t he draw ngs, stan or a sectl he nenory array. M ARY of

Fig. 7 along [emybsaditdsd Yestorddd | G0 VaKaWR( 1k 'L AC12 Voré S5OV LdéR Of

Fig. 10 along X2-X2, and X3 stands for-a section view of the active 5
restore ARLaf thedactivel s tére&porticm AR fNumely, adn@xaeti¥é! m and an

oxi dation-resistant filn) As shown in Fig. Il A, an oxide film 102 and an
i nsul &t i ngresitore is foameskicintihe-side sofimrfowm 1038 Alg., 1Ojyiamd does not
perm ¢ theagg_stlsgg.e acc):fticw)rxey%reergtoazree _ifso ri.‘rrc?::c-]lxnecl' on the side of arrow B.
A_ﬁ 'acti‘vé. restore control signal line drg-L consisting of a
polycrystalline silicon layer, a molybdenum silicide layer
and a pure molybdenum layer, a line $.3-L consisting of an
10  aluminum iayer, and a power-supply line VCC-L consisting of
an aluminum layer, are arrayed in common for the active
restores' in the active restore portion AR as shown ir;
- Fig. 10. |
On the other hand, the precharging circuit PC contains
15 & cireuit for precharging the twd data lines that corres-
pond to the two active restores. In the precharging circuit
PC are arrayed a potential line Vpp-L composed. of an
aluminum layer, a precharge control signal line gp.-L, and
data lines DL, ,, 5_1:1_1, DL composed of an aluminum

1-20 Dlip
20 layer which run on the memory array M-ARY of Fig., 2, as shown

in Fig, 10,
are arrayed as shown in Fig., 10,
Next, a process for producing an n~channel D-RAM will
25  be described below with reference to Figs. 11A to 11S,

- ——— et e 1 o o s
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on the surface of a sem conductor: substrate 101. A p-type single .
crystalline silicon (Si) substrate having a crystalline plane (100), a @?F‘

sF+ﬁqpn dioxide (Si) filmand a silicon nitride (Si3N4) filmare 15 '
preferably used for form ng the sem condutor substrate 101, the oxide film
-102 Hrd t he oxidation-resistant film 103. The [err] film 102 is forned by

the surface oxidation of the silicon subgyrale. 101 to a thickness of about
500 20 angstronms, because of the reasons nentioned below That is, when

substratc 1080 PRECEA AR el o il BFE doteful Vi ST
oot 1ci ent BBR,EERoBy” artey SMRY SE Ky 7 LPR KA1 g VNS | m 103

Conse- ~ 28orddeRlelbibiot! Yalel I HETLtive My Eird QR NoE wsé.acm of the
silicon substrate.101. I'n order to prevent this defect, the STO film 102
|s formed onalbAgsWLHXGS ehd I, Widndy fosd rsdctidh wiewrof oteordgtid he
Si3Nd filmb5 103! the otler hand, the Si3N4 film 103 which will be

Formed (o a thickness of aboti 1400 anaorrbmd by the VD (chem cal vapo
deposi ti on) é@ﬁ:gpd;‘or forming an oxidegsfilcin : aneoxida'éj.cone-T'eCsais%/aﬂog r
£ilm) | '
As shown in Fig. 11A, an oxide film 102 and an
insulating film, i.e., an oxidation-resistant f£ilm 103
.10 which does not'permit the passage of oxygen, are formed
on the surface_of a semiconductor substrate 101,
. A p~type single crystalline silicpn_(Si) substrate
| having a crystalline plane (100), a silicon dioxide
- (S10,) film and a silicon nitride (Si,N,) film are
15 preferably used for forming the semiconductor substrate
101, the oxide film 102 ‘and the oxidation-resistant film
103. | | |
The S10, £ilm 102 is formed by the surface oxidation
of the silicon substrate 101 to a thickness of about 500
20 angstroms, because of the reasons mentioned below, That is,
‘when the SiSN4 film 103 is formed directly on the surface
of the silicon substrate 10l, the surface of the silicon
substrate 101 tends to be thermally distorted due to |
the difference in the thermal expansion coefficient between

25  the silicon substrate 10l and the S1i,N, £ilm 103, Conse-




g

1§§-M,as will be nmentioned later in detail. (Step for selectively renoving
c

afion-resistant filmand for injecting ions.) A photoresist film 104 -

h serves as an etching mask is selectively forned on the surface of th
Si3N4 film 103 15 that is to be selectively renoved fromthe surface\‘j

- the silicon substrate 101 on which will be formed a relatively thick

insulating film i.e., a field |nsulat g film Under this condition, the
exposed portions of the Si N film 10 are renoved by the plasm etchlng '

" nmethod 3 4 20 |ch f eat S g et,c preci,si on. The i mpurities of
the same tyBLeRFl¥ onﬁmﬁ%#igngsgﬁ% B’ﬁ%itfnl(ﬁo Brat Sfbe inpurities

That 15 oxpibctar ShhieeRsfRReAtE By I R %%M‘{ feed T 102

hot i t I Il ed
ot e Takredy; Hn@os10002 11l HOB. ss! Bordied W} tne sHbrdbeorallc
substrate Whd £9iibenf ShBBEratket h.@ls?’:fi%eﬂéf fotini g tHed sy % eﬁrlmml ch

the field insulating filmis fornmed he p-type inpurities c
i ntroduced y@®ferably by the ion-injection nethod. For exanpl'e, boron i ons
which are p-type inpurities can be injected into the silicon substrate 101

at an injection @Gmetiyg othédr Kexd,| rﬂndlsiﬂséilmhdﬂi)sdgsmfwﬁldn@em Il be -

used as a mask for selective oxidation of the silicon

substrate 101, is formed to a thickness of about 1400

angstroms by the CVD (chemical vapor deposition) method,
10 as will be mentioned later-in detail, ‘

(Step for selectively removing oxidationpreSLStant film

and for injecting ions) - | ;/

A photoresist film 104 which serves as an.etching mask
is Selgctively formed on the surface of the Si3N4-film 103
15 that is to be selectively removed from the surface of
thé silicon substrate 101 on which will be formed a
relatively thick insulating film, i.e,, a field insulating
£ilm, Under this condition, the exposed ﬁortions of the
S1,N, 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 Sio2 £film 102
that is exposed at portions which are not covered with

25  the photoresist film 104 as shown in Fig. 11B, so that



3 x 1012 atoms/cn2. 10 (Step for forming field insulating film A flﬁgg)_

insulating film2105is selectively fornmed on the surface of the silicon
stfstrate 101. Nanely, after the photoresist film104 is renoved, the
surfiace of the silicon substrate 101 is selectively oxidized by 15

¢theﬁhd oxi dation using the Si3N4 film 103 as a mask, to formthe Si@ film
105 (hereinafter referred to as a field r] film of a thickness of about
9500 angstrons, as shown in Fig. IIC WiéiT fhe field SIO2 film 105 is being

T AT BTG S AR
gxi dati on- rengf’%ﬂ‘fI%ef' 0"3’7 |‘T4‘R ﬁ‘Jﬁ%{:% W ?ﬁé%% #é °

ing, f d t
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renoved by using a hydrofluoric acid (HF) solution, so that the surface of

the sil$con 5nl@@ba&h@d5preﬁé1-amysed;ecthde1¢nenm@a&m BétNed ] N Fo. 11D
(Step for formng a first gate insulating film A first gate insulating
film 106 i s éxampdegnborencipess: wisicH arms métyhe mpunbtimbmanabe 101 as*
shown injected into the silicon substrate 101 at an injection
energy o£'75 KeV. In this case, the dosage of ions will be
3 x 10'2 atoms/cn?.
10 (Step for forming field insulating f£ilm) _
A field insulating film 105 is selectively formed on
\;; ' thé_surface of the silicon substrate'101. Namelx,_affer
| the photoresist film 104 is removed, the surface of
the silicon substrate 101 is selectively oxidized by ..
15 thermal oxidation using the SiBNh £ilm 103 as a mask, to
form the Si0, film 105 (hereinafter referred to as a field
S10, £ilm) of a thickness of about 9500 angstroms, as shown
in Fig. 11C. When the field Si0, film 105 is being formed,
the injected boron ions diffuse into the silicon substrate
20 101, thereby to form a p~type inversion preventing layer
- (not showﬁ) of a predetermined depth beneath the field
$10, £ilm 105. B
'(Step for removing oxidation-resistant film and oxide film)
The 813N4 film lQBIis removed using, for example, a -
25 hot phosphoric acid (HBPOA) solution in order to expose




i n. Ej |E Jjn order to forma dielectric |ayer for the 10 capacitors
[éFAEan the menory cells MCEL and in the dummy cells D-CEL. Nanely, the
surface of the exposed sili.con substrate 101 is thermally -oxidized to forn1\d
‘the first gate insulating film 106 having a thickness. of about 430 '

. angstrons on the surface of the silicon substrate 101. 15 Therefore., ‘t¥He
first gate insulating film 106 consists-dO[-err] (Step for adhering a first
conductor layer) A first conductor |ayer 107 is forned on the whole surface

~ of the sil b 1,0, h b
used as o Sss'on' °$e%t‘# %égéf?fl%%si‘%éi?‘é““m' Bl oot %taoﬁ%#&%ﬁﬁwe
First conodtiené) S9RYEIENICRDS g 1?%“%3#&?%@%%4“?%%- Ton

substrate byfii]ﬁo %)b%rﬁ{P%%Sb’ ang pg%‘@gsfaa'd %ﬁﬁtorics'ddi‘&)’twer

- 107 has a thi cknéess -31- In order to

reduce the g&mﬁimces@f thae RrAkY suutledldf RReSidiilaedr A@sthdke N-type
i mpurities, such as phosphorus ions, are introduced into the

pol ycryst alllohelsi seTectivelgr exﬂ:ﬁ%eﬂyaishshMMMgrxeﬂlim Ther ef ore,. 5
the polycrystalline silicon |ayer 107 possesses a resis- tivity of about 16
ohns/ cn2. ((Step ffor stormingeay firstyigaget Hasulating fddator | ayer) In
order to forn1tqf }iggé EQ@S”EL@LlL%%ﬁE film 106 is formed on the
eiposed surfaces of the silicon substrate 101 as shown
in Fig. 11E in order to form a dielectric layer for the
10 capaqitors Cgy Dyg 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 surface c¢f the silicon substrate 10l.
15 Thérefbre, the first gate insulating film 106 consists of
S10,.. |
(Step for adhering a first conductor layer) _
A first conductor layer 107 is formed on the whole
' surface of the silicon substrate'IQI as shown in Fig, 11F
20 so that it can be used as one electrode of capacitors in
the memory célls and in the dummy cells, Namely, a poly-
crystalline silicon layer 107 which serves as the first
conductor layer is formed on the whole surface of the sili-
con substrate 101 by the CVD method, The polycrystalline

25 silicon layer 107 has a thickness of about 4000 aﬁgstroms.




the first pol ycrystalline silicon layer 107 into el ectrodes 10 of. a K
predet erm ned shape, the first polycrystalline silicon |ayer 107 is ‘ é@ﬂ
s&tectively renoved by the photoetching method as shown in Fig. |1G
therggy to formel ectrodes 108. The first polycrystalline silicon |ayer 107
‘can sel ectively renoved by pl asma et ching which features 15 good
etching precision. Therefore, the exposed first [err] gate film 2106 is
subj ected to etching, so that surfaced%f the silicon substrate 101 are
partially exposed. (Step for form ng a second gate insulating film A
second gate [Then atimeriddm tidredudertive resistarce 80 theopelysurface of
the silicon substrate 101 as shown in Fig. 11H in order to obtain a gate
i nsul ati ng f cinysttalline MiddEon layencl@E ponytype| smpuctti es, naycbedss
D-CEL, and in the peripheral circuits. Nanmely, the exposed surface of the
silicon subsPh@sphogus danfy e \intredueedt tnter the polycrystahiing: e
insulating fil m:109 Qf a thickness, of t . -32-.530 strgns on the
surface of t AdLdicor:dr @H)giq AtRY 18xe @ﬁgf%%?%,m?ﬁ@ eco ﬁﬁf%rﬁnsul ating
film 102 congists qf Si 2. e sur e of.the ectrodes 1 0 d of-
the Tirdt potil peucTvREAlTIng #1 EEGR 1aYer 17 bPRERRARE SoPRSEET )
with the for ' | tEE i&sulating film i.e., sinultfaneously
with the fo_rlr%g'tvli%& g‘ft e‘gg_%gﬂﬁggrf?ﬁgéte_fi I m109; an SiOfilm 110
having a thi ¢glsiess for FWEc LR WEShd Pifg | Bhé OF IR OBohd8cEoFf PaPer)  hE
In order to form the first conductor layer, i.e.,
the firstfpolycrystalline silicon layer 107 int§ electrodes
10 of a predetérmined shape, the f;rst'polycrystalline_silicon
layer 107 is selectively removed by the photoetching me thod
N as shown in Fig. 11G, thereby to form electrodes 108,
-The first polycrystalline silicon layer 107 ?ansbe
selectively removed by ~ ~plasma efching'which features

15 gbod:etching precisioﬁ.' Therefofe; the exposed first Sioz-
gate £flm 106 is subjected to efching, so that surfaces
of the silicon substrate 101 are partially exposed.:

"(Step for forming a second gate insulating £ilm)
A second gate insulating film 109 is formed on the ex~
20 -Zposed surface of the silicon substrate 101 as shown in Fig.
'.'115 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 insulating film 109 of a thickness of about
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108. The [err] film 110 serves as an insulating 10 | ayer
e electrodes 108 and the el ectrodes com posed of a second

Iline silicon that will be nmentioned later. (Step for injecting ‘&Jb

ontrolling low threshold voltage) 15 P-type inmpurities

uced into the surface of the substrate through the second

film 109 by the ion-injecti $8. =nethod as shown in Fig. 11l in

efine a threshold voltage of M SFETs [err] and [err] which are

ié% 2 and whi ch have a | ow 20 t hreshol d vol tage. Boraqn i ons
Qangstponspen; vher surdacerpd dher glligon gubstrate ildl.oe 75

FapRefike) a8 S0CuPinBaTe,PAFA nE £11m d0% RORSLAE Ofor e,
A ot RS8R a2 s A B A Bl g =
4155 Yo QB R8hU 16Dl Q3L ROREHY N0 bARN AT IR
L G b B AR oF e, e B P RS (' shiol
MINET Se DavéifiuBtaneously with the formation of the second
5102 gate £ilm 109; an SiO, £ilm 110 having a thickness of
about 2200 angstroms is formed on the surface of the
electrodes 108. The Si0; film 110 serves as an insulating
layer between the electrodes 108 and the electrodes com-

posed of a second polycrystalline siliéon that will be

mentioned latei. ' _ . O/

 (Step for injecting ions for controlling low threshold

_ s

20

25

voltage)
P-type imﬁurities are introduced into the surface
of the substrate through the seconds SiOé:. gate f£ilm 109 by: the
ion-injectian method as shown in Fig. 1lI in order to
define a threéhold-voltage of MISFETs Qé1 to Qg3, @gg and
QS7 which are shown in Fig, 2 and which have a low
threshold voltage. Boron ions will be used as the p-type
impurities. The energy for injection will be 75.KéV, and
the dosage of ions will preferably be 2.4 x 101t atoms/cm?.
In this case, ions are injected without using a selec-
tion mask. Therefore, boron ions are also introduced into

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



threshol d voltage greater than that [err] 10 [err] shown in Fig. 2, i.e., .
In order to define a threshold voltage of M SFET in the nenory cells, @
[B#f] the dummy cells, and [err] in the active restores. The injection
energy wll be 75 KeV, and a preferred dosage of ions will be 1.0 x [err]

15 ““at ons/ cne. Consequently the inpurity concentration is further
increased in the surface of the. portions_cj the substrate where [err]are to
be formed. Therefore, these M SFET s have "a hi gh threshol d val ue. 20

(Step for forgunge S [ @t ac Holqas fq directly connecting
one el ectrode 25 0 thﬁ'é ?g‘:%g.a{sgr errql’t 3%t 41 1-B5pe sem conductor

region 22 of [gkeb %ﬂ%j'e@ﬂ%%’“ﬂdhseﬁcﬁ‘ E&&%ﬁ@lﬂﬁ%k@. @M etHeshsiia |
so-called direct contract holes Jerr] are forned by 2 sel ectively
etching the seomltdgb_err] gate fil musing the -34- photoresist film112
as a mask, as shown in Fig. 11K (Step for adher i ng a second conductive
layer). A second coAdmaisky €oirayion iinYentioh pri fde, vmcpl'mmésaisat afikonelll

silicon substrate 101 so that it can be used 5 ate el ectrode and a
wiring |3yer 8rfarmed; onhdhm seernsd Sidpeigate #délrny e | e

| ayer, a silici de | ayer %fg silicon anga refractory netal, nd anPure
refractory meF 88 P&?epfa Lﬂg'/ Fig.

1lJ, and boron 'ions are in:jected under this condition in
.order to de.fine a 'I*hreshold voltage of MISFET's having a
threshold voltage greater than that of MISFETSs. QS]. to.--_Qs3.
10 QS6 and QS? shown in Fig. 2, i.e., in order to definé a
threshold voltage of MISFET QM in the memory cells » _
‘MISFETs QDl’ QDZ in- the dummy cells, and MISFETs QSM st
in th_e active restores. The injection energy 'will be
75 KeV, and a preferred dosage of ions will be 1.0 x 1011
15 atoms/cn2, | o |
Consequently, the impurity concentration is further
-increas_ed in the surface of the. portions of the substrate
where MISFETS Qu,Qpy, Qpy, Qgy and st are to be formed.
Therefore, these MISFET's have a high threshold value,
20 © (Step for forming holes for direct contact) | |
Holes for directly conn'ecting ane electi:'ode 25 of
the capacitor cBll to the n -type semiconductor region 22
of MISFET QSA as mentioned with réference to Fig. 6 are }ormed,
i.e., so-called dJ.rect contract holes CHlOO’ ‘are formed by

25 selectively etching the second Si0, gate film using the

" e mel e e i T 1 dmen = % s wi s e A e




er 113 is forned on the whole surface of the silicon substrate 101 by _
t he:CVvD nethod (chem cal vapor deposition nethod). The polycrystalline N
silicon layer 113'has a thick- ness of about 1500 to 2500 angstrons. Then;
n-type inpurities such as phosphorus ions are introduced into 15 * the~
polycrystalline silicon |ayer 113 by thesyliffusion nethod, in order to
decrease the resistance. Sonme of the phosphorus ions are introduced into

th | b trate 1 h d t t hol 1
Lhere i s roHaTeal s PiLh LEEbas re bRk Ben Shayfoin FIELLHIRS 507"

t t. d t t I i .
forned on R%“c%af ;aawés@ Fh, f€Sa8l BbbUASRITRT18eF) O S;Zr”‘ilé o
Mol ybd | | d sil
ar eyde;e)gglmt\émd or'fpt &S%giaé ‘F\gcrys%aﬁyﬁgrg?r?&c’gﬁe g’;ﬁ/g’%&‘é”%ﬁbi@ stiteon
Co- sput t er ispGFERi i tnefﬁali&bﬂrsebstPataonunasal%ﬁﬂt‘ifebaﬁfbalhb@an and

Igégr, as. shown. in Fig. IIl. First, apolycrystalline sili- 10 con
I

nol ybdenum The silicon content will be., for exanpl-e, 10 % by wei ght. The
sputt 8ri ngagorigd teled trodesand af wiringulaydegree aﬂ.lsaml tae t han .40
pPa before argon gas is 5 I ntroduced,  an argon-gas pressure of 4.0 Pa

when t he snmﬂRETWg;|sNémnIm,eéfpclydrystail;hdesmlidepoiayewq mate of 0.1 -
to 0.8 nnisec., and a silicon dgfo%;tlog ratgfof 0.1 ngésec or less. The
nol ybdenum&;@i@dﬁa lager afgsilicon and a refractory metal, and a pure
retractbry metal layer are formed as a second conductive
" layer, as.shown in Fig, 1llL. First, a polycrystalline sili-
10 con léyer 113 is formed on the whole surface of the silicon
substrate 101 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. into
15  the polycrystalline silicon layer 113 by the diffusion
method, in order to decrease the resistance. Some of the
phospﬁorus ions are introdﬁced into the silicon substrate
101 through direct contaét holes c“100° Therefore, there
is no need of forming high-concentration regions for ohmic
20 contact., ' |
Then, a silicide layer 128 of silicon and a refractory
metal is formed on the whole surfacg of the polycrystalline
silicon layer 113. Molybdenum will be used as the refrac-
| tory metai; Molybdenum and silicon-are deposited on the
25 'polycrystalline silicon layer by the co-sputtering method



consi sting of silicon and nol ybdenum hds a thi ckness of 10 about 1000 ..
angstrons. A pure refractory netal layer 130 is then formed on the whol e

surface of the nplybdenum silicide |ayer 128. Mol ybdenumwill be used as
the refractory netal. The sputtering nethod is used for form ng the

: ?efréﬁiory metal 15 . layer. |In this case, ‘the sputtering is effected
under the sane conditions as above. The _ybdenum | ayer has a thick- ness

of about 1500 angstroms. (Step for sel etV renoving the second

conducti ve

crystalline

T orglely 2709 € WA FardXTbr pafipoh fnd J6RTRRARNYR. =0

mol ybdenum | ived o sQim p t ] '
el ectrodes O?‘Yf\;\e{ raﬁggscﬁ/eﬁﬁ?gé%-wﬁ%h}?ﬁ %gfhgﬁaﬁg%ﬁqb %Qgﬁotsgp%evgieg?F'A gas

consi sting,

e eiitidring dHditSoNSOWiBE Sonsishi 68 dagacdhs 25

above-nentioned three |ayers are renoved by etching -36 - (plasma
etching) or Hegree pfismalliachthage 40 pP2 beforoacargbnt pasgps. . First, the
mol ybdenum | ayer is subjected to the etching, the nolybdenumsilicide |ayer
i s subj Bct edindnodaicerdhiany argon-gasxpressure afids;0cPaovijenSthe

crystalline

silicon |layer is subjected to the etching maintaining the sane

shape in t heSprddeningris heingreftectatea nobybdenani depesitioncratein

an nitrogen

SO Yo 0.8 s dee | il " el TP "G ¥pos EIoA Fate of

0.1 nm/sec or less. The molybdenum silicide layer 128

~ consisting of silicon’and molybdenum has a thickness of

10

15

20

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
spﬁttering method is used for forming the refractory metal
layer, .In this case, the sputtering is effected under the |
same conditions as abgve.; The molybdénum layer has a thick-
ness of about 1500 angstroms.
(Step for selectively removing the second conductive layer)
The second conductive layer, i,e., the second poly-
crystalline silicon layer 113, molybdenum silicide layer

128 and the molybdenum layer 130 -.are selectively removed

‘to form predetermined electrodes or wirings by the dry-

etching method using a photoresist. A gas consisting,

. for example, of CF4 + 02 is used as an etching gas. The

25

above-mentioned three layefs are removed by etching




Si- @on are uniformy dispersed in the nol ybdenum silicide 10 | ayer 129.
p

The<pol ycrystal line silicon layer 114, the nol ybdenum silicide layer 129,

and the nol ybdenum | ayer 131, that are formed. in the shapes as shown in N
Fig.- 11M by the plasma etching, formword lines [err] dummy word |ines -
[err] and control signal lines 15 [err] which are shown in Fig. 7, ani./

further formactive restore control siggg-1line [err] electrode 114 for
the capacitors [err] and gate electrodes for the [err] which are shown in
Fig. 10. In Fig. 11M furthernore, the exposed second SiQ2 gate film 20
109 is renmofpliasina etehiagihersby ace gfldsma disclrgeldn rite 101. (Step
for oxidizing the surface) An SiIQ2 film 115 of a thickness of about 100
angstrons iprésenee by tthe gasy c#insiporthiemelyidenysC\Adyertind on 25
the surface of the exposed silicon substrate 101, as shown -37- in Fig.
11N, so t hasubdectedf ﬁe%@ﬁ@@@&c@%@ﬁ%%ﬂrﬁmﬁé&ﬁ oeyer is

M SFET's are or e ot be contam nated. Sinu neously with
‘the formatidHP chﬁg [berr'dq‘ef |eltt?|11 PE -an [er MeH A m 116 P tkness

Bo 19N drTngaliine 8Tiscen 1adena farklsd QWW{%%“?%L”
[err] contrpl;5kgRaknk BAe kaid sﬂa‘i&t rﬂf’e&ﬂé‘bz@s&ﬁ% AU Ueine -
. gas. Then, the annealing is effected in an nitrogen |
atmosphere, Owing to the érmealing, | mblybd'enum and
silicon are unifémly dispersed in the molybdenum silicide
10 layer 129, The polycrystalline sil'i'cdn_ layer 114, the
" molybdenum silicide iaYer 129, and the miybdenum layer 131,_ .
that are formed in the shapes as shown in Fig. 11M by the _,/
plasma etching form word lines WL,_; to WLy g, dummy |
word lines DWL,_,, DWL:L-Z' and control signal lines -
15 d3.L1s B3c-Lo, which are shown in Fig., 7, and further
form active restore control signal line g, gL, electrode
114 for the capacitors Cgi,, CBlz,a.nd gate electrodes for
 the MISFETQg, and Qg,, which are shown in Fig, 10. In
Fig. 11M, furthermore, the exposed second Si0O, gate film
20 109 is removed, to expose the surface of the silicon
‘substrate 101, |
(Step for oxidizing the surface)

An SiO, film 115 of a thickness of about 100 angstroms

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

25  the surface of the exposed silicon substrate 101, as shown



4

[err] and gate electrodes of [err] 10 which.consist of the second
polycrystalline silicon |layer 113, nol ybdenumsilicide |layer 128 and
ybdenum | ayer, . 10: In formng the S filnms 115 and 116, the foll ow ng

_ g\fe is taken in order to prevent the nol ybdenum | ayer 114 from bei ng

oxi diZed and sublimted. 15 First, the-sem conductor substrate 101

is set into a device for formng the Si Q2.37iJ.m by the CV/D nethod. In this
.case, the tenperature in the device is lower than 200 C. .Then, nitrogen gas

ool oved 40, B SN STk Sl PBLrBRe 0L VORE:| > §BUEREFopTohloala ! °o

Then, the [€&Tr] I'm i S™Torned evatin erarure in

devi ce o ABEPTdelcHE 6! HISHEROKl dbe b8T5) £ ﬁrﬂé&o"‘ﬁﬂ L ogbLoggui th the

nitrogen gas as a rier gas gas Is thermafly econposed and is

reacted. Oxyeeitdnirizageaed simdrt&;e@ﬁ@m WOEh tRé féPsatIbANoZS5the
mol ybdenum but reacts with silicon to forman [err] film -38- on the

surface of BHOsRidm A5, (5t &Gé)rfilmnlbﬁ kaving andhﬂcnné\sseqfons)
N-type inmpurities such as arsenic ions are introduced into the silicon
substr&te 1eboutlr Q¢ angstroms is|alsasfosmed by thev@VDmethgod}ids in
order to selectively formsource and drain regions of MSFET's in the

si |i con subSthoye I Fignd M+ g theusurfages of peordittbaesWlpLef erabl y

by the i on- 1y geti on rECed. Fof EXANP g, 2 Serfygy) OnS aLgyinh ect el
lines d; L., ‘d Lo, electi'ode 114 of the capacitors
cBll' cBlZ’ and gate electrodes of MISFETS Qq, to, st,
10 which consist _of the second. polycrystalline silicon layer
113, molybdenum silicide layer 128 and mo;l.ybdenum layer 130,
\M In forming the SiO, films 115 and 116, the following
' measure is taken_. in order to prevent the moly_bdénum layer 114
from being oxidized and sublimated. _
15 . First, the semiconductor substrate 101 is set into a
device for forming the Si0, film by the CVD method., In
this case, the temperature in the device is lower than
200°C. Then, nitrogen gas is allowed to flow sufficiently
so that no oXygen is present in the device, Then, the S:I.O2 |
20  film is formed by elevating the temperature in the device
 to about 400° to 450°C. Concretely speaking, SiH, + oé
is allowed to flow with the nj,fmgén gas as a carrier
gas; the SiH4 + 02" gas is therméllj_ decomposed and is reacted.
Oxygen introduced at this moment does not react with

25 molybdenum but react$ with silicon to form an Si0, film
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- holes are formed in the PSG film 118 in order

| pto the silicon substrate 101 at an injection energy of 80 16 10 KeV.

I his case, the dosage of ions will be 1 x 10 atons/cn2. (Step for -
forn1ng contact holes) Contact holes are forned in-the-[err] filmto "
connect the source and drain regions to the third conductive layer. 15 = °
Nanely, contact holes [err] are forned as shown in Fig. |1P by selectlveH/
etching the [err] film 115 using a prgdegerm ned nask. Here, the contact

hole [err] corresponds to the contact hole CHL of Fig. 7. (Step for formng

terl il - terl insulating filmi
Formed-on Pho HRoPEEaPPLBE Hhe ubstmathe Cunci re 101 That is. an

ter- | y: h licate gl
(LT | P EhoHbR bl sbied S e ne i L1 o2 ?hg =
whol e surface Ot eshhb&%&ti%sfs&ﬁtrf adlarsénic RnsE idtlddh

The PSG film 118 alSo serves as a -39- sodiumion getter which affects

t he char act @toSthessellikbhFEhbstradee 1010t usgmgm@rs fidleeY15pnt act

t'o corfnect the second
pol y@gyst ad$i sirosnl inoRig3yadd,o inherdeér do seledtivelynyforn asalrde sour ce |

and drain regions to the third conductive layer. That is, the PSG film 118
and drain regions of MISFET's in the silicon substrate 101. _ -
The n-type impurities can be introduced preferably by the
ion-injection method., For example, arsenic ions are injected
' into the silicon substrate 10l at an injectlon energy of 80

10 KeV., In this case, the dosage of ions will be 1 x 1046

atoms/cm?.
(Step for forming cpntaét holes)

Contact holes are formed in the $10, fiim to comnect
the source and drain regions to the third conductive layer.

15 Namely, contact holes CH,n,; to CH,g, are formed as shown
in Fig. 11P by selectivély etching the Si0, film 115 using
a predetermined mask. Here, the contact hole CHyg, |
corresponds to the contact hole CH, of Fig. 7. |

' (Step for forming interlayer insulating film)

20 ' An interlayer insulating film is formed on the whole
surface of the silicon substrate 101, That is, an inter-
layer insulating film 118, for example, a phosphorus 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




]

is subjected to the selective etching to formcontact holes [err] as shown
E Fig. 11R The mask used for 10 formng the contact holes CHLO1 to
4 .4s the same as-the mask used for formng the contact holes CHI01 to
CH104 in. the aforementioned step for formng contact holes. Therefore, the
PSG FFin]llS. is thermally treated at a tenperature of about 1000 C in
order to flatten it. 15 Arsenic ions inj ed through the heat treatnent
are diffused to formJ[err]- type sem conduct rregions 119 to 126 having a
predet erm ned depth. The [err]- e sem conductor regions 119 to 126 serve
as source and® iQ@l&ﬁEtePb 1chhaffertacthrorbaragterdsticenefson
film115 20 i n_the aforenentLoned Step, may be formed simultaneously
with the forM%ﬁgﬁﬁcﬁ-contact holes in the PSG film 118. However, the PSG

corpl ot ol y f SAHERP 1 19T HEOLHERE| FPHEAEE. BPRSEIner wor ds, ¢ O s i
25 " subl ected {quon co QYOG PLENLAG £oklel AT thQ PSEVEULal S tn fer

over - etchlng, t heret ore, e con act e formned

118 threy t@&;ﬂéée?gé; &mtﬁsw&f?swlmémmwa QQ?E?'C%“%SS_ in

t he [err] f|In1115 5 or forming a third conductive Tayer) Athird
conductive | aydipd f&n@x@ﬁﬂre 1ayweﬁl UghdUghkageartavand arhihckagsonsf
about 12000 angstrons is fornmed

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

- is subjected to the selective etching to form contact holes
CH101 to CHloh"as shown in Fig. 11R. The mask used for
10 forming the contact holes CH101 to CH104 is the same as the
_ mask used for forming the contact holes CH101 to CH104 in.
\¢ -~  the aforementioned step for forming contact holes.'.
Therefore, the PSG f£ilm 118 is thermally treated
' at a temperature'of about 1000°C in order to flatten it.
15 Arsenic ions injected through the heat treatment are diffused
to form-n*-type semiconductor regions 119 to 126'having a
predetefmined.depth. The n*-type_semiconductor'regions 119
to 126 serve as source and drain regions,
Heré,_the contact holes formed in the So0, film 115
20 in the aforementioned step, may be formed simultaneously
with the formation of contact holes in the PSG film 118,
However, the PSC film 118 is subjected to the etching
before the contact holes are.completely formed in the
$i0, £ilm 115. In other words, the PSG film 118 is
25  subjected tgl " over-etching. In order to prevent the




on dhe whol e surface of the silicon substrate 101, in order to formthe

p upply line [err] and data lines.[err], 10 DLl I, DL _2, and DL
that/are shown in Fig. 7. The alum numlayer is then subjected to the NS
selective etching to forma power-supply line VCC-L, data |line [err] and

w ring layer 127, as shown in Fig. 11S. According to the above- nent i oned—/
enbodi nent of the 15 - present invenkif4Q,-it is possible to realize a D RAW
ICi.e., a semconductor integrated circuit device having a wiring | ayer of

a small resistivity and fast signal transnm ssion speed. Further, the
effects (19VB§-G3F¥!OB&i fhenefone, rthecaniark eg shouwkd b equal ly 20

obt ai ned by this enbodi t . .According.to this enbodipept, in particular,
Che first Formedt dho they B8t £ldm e knseh & eap |4 HEE4reRE HFoRoneyer
- since the fjrst_ conductiyve l.ayer..is al s, I,hpr essed i t pr term ned
vol t age orH‘? §EERNAET, ff’ﬁ'&iéy r%efﬁ%\‘%ﬂf séngrh %ﬁ%%ﬁ?z 5 a
hi gh resis%*gity. Rat her, the first conductive | ayer :41- conposed of
pol ycrysta fhe silicon makes it possible to forma-dense insulating film

[err] fiInts?gPnggngbymiﬁéggjyﬂﬁidiyaﬁagéégy%tﬂ%yéyy.'A@cording to the

enbodi ment " of e..present - invention.,. furtHernpre, a sem conductor
integrated circyi thded eenfadtisrd NRyrhoyeedre SldredRudBiue -

obt ai ned wi t hout passing through conplicated manufaeturing steps.
layer 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 VocL, and data lines DL, _,,
20 DL, DL,_,, and OL_,, that are shown in Fig. 7. The
aluminum layer is then Subjected to the selective etching o
to form a power-supply line V,.-L, data line DL, ; and wiring;sj ,
layer 127, aé shown in Fig. 11S, T |
| ~ According to the abova-mentione& embodiment of the
15 present invention,.it is possible.to realize a D-RAM IC,
i.e., .a_semiconductor .integrated circuit device having
a wiring layer of a small resistivity and fast signal
transmission sﬁeed. - Further, the effects (1) to (3)
obtained in the first embodiment can also be equally
20 obtained by this embodiment. - Agcording to this embodiment,
in particular, the first conductive layer consists of poly-
crystalline silicon. However, since the first conductive
layer is always impressed with a predetermined voltage

or is grounded, there arises no problem even when it has

25 a high resistivity. Rather, the first conductive layer
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Nanely, according.'to the enbodi nent of the present inven- tion, the wiring
| ayer consisting of polycrystalline 10 silicon |layer 114, nol ybdenum ¢
siN-cide layer 129 fornmed on:the |ayer 114, and nol ybdenum | ayer 131 f or ne<k
on the layer 129, serves as an electraode that cones into direct contact
with™he [err]-type semi conduct or region-ZZZ‘Serves as a gate electrode for
M SFETts, and serves as one 15 el ectrode o M-S capaci tors. \Wen the

i ndi vidual electrodes are to..-be formed. using separate. - materials, i.e.,

ﬂé?oﬁ?zgaféeéﬁoé@?%%%a%# T EppiLtal}ifg, TLEEAR niked Egneé%%%k%%f%?t T
ranuf act ur | no STTbe WS b RESEEEE FEAE (516, rILRICRET CAUFERLIY o0 o
one el ectrode o3¢ dM 3 kgPard  NiSLa08 theérebettrode that comes.into contact

with the semniconductor-region 22, helps increase the degree 25 of

integration. That Accordinigese thecembd@siment o@dehel presedAz- different
materials, a contact area nust be provided between the two el ectrodes.

Therefor &, thdmendiorptfurthermonéac- at usemjcondustareintegraited tdrcuit
i ncrease the density of wiring. The nol ybdenum silicide | ayer which serves
as'5 one eldevieridawing Sheaboverveptionadseffegtshcam behobaisedt
i nvention should.in no way be |limted to the above-nentioned enbodi nents
only. For exaWdtdioyt, passing through complicated manufacturing steps,
; Namely, according to the embodiment of the present inven-
tion, the'wiring layer conSisting of polycrystalliné~
10 silicon layer 114, moiybdenum silicide layer 129 formed
on the layer 114, and molybdenum layer 13l formed on the
\:.:. layer 129, serves as an electrode that comes into direct
| contact with the n'-type semiconductor region 22,.$erves
as a gate électrodé'fqr MISFET's, and serves as one
15  electrode of MIS capacitors. When the individual electrodes
| are to..be formed using separaté materials, i.e., when the
electrode that comes into direct contact with the semi-
- conductor region, gate electrode of MISFET's, and one
electrode of.MIS-capacitbrs,.are to be formed using |
20 separaté-materials, increased number of manufacturing
steps will be necessary.
- Further, simultaneous formation of one electrode
.of MIS capacitors and the electrode that comes into contact

with the semiconductor region 22, helps increase the degree

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




addi tion to using nol ybdenum silicide (MSi), it is also allowable to use
ti@i umsilicide [err] tantalumsilicide 10 (TaSi) or tungsten silicide -

[ ekt as a second conductive layer for formng nmulti-layer wiring. In W
addition to nol ybdenum furthernore, it is aI so all owable to use titanium:
tantalumor tungsten as a refractory netal. 15 Furthermore, the \w/

steps of Figs. 111 to 110 in the above-#ﬂnt-l oned enbodi nent can be
rearranged as nentioned bel ow. First, the poI ycrystalline silicon |ayer

atraciory '&&?ﬁ%@é@ﬁw 4,088 E% a66f] Ko (BhaVia8d poRaSl!

the [err] fgrél e Whah
| 1L. Then, % é‘@ove rrentloned ﬁl}i‘e ayefs are g*é%’?feg ?/ﬁggnovegf y dry

et chi ng tOthQ‘ﬁi%‘ P A f B tOvé ote| eaéredse tREr@enaftydsi n regions
are then fornmed beneath the [err] 25 gate film 109 using the wiring-

| ayer as awiadhg.Thdire molkybitemeawi sikicidef bayer whitheséepwesn@sant ation

met hod. According to the present enbodi nents, theref-ore, i.t is possible to
obtai i senbuenclechrae eff Ml capacd toxievpresertsing problémdensity which
results fromthe 5~ self-matching propert and having a wiring |layer with
smal | resistivi Tpeapresent im\ge:atiqnm| ba neneay Abechinbhedstarawn to -

Application No. .83.31916 tn
'f:he above-mentioned embodiments only, For example, in

addition to using molybdenum silicide (MoSi), it is also
allowable to use titanium silicide (TiSiz) “tantalum sxl:.cide

10 (Tasi) or tungsten silicide (WSi) as a second conductive
layer for forming milti-layer wiring. _

In addition to molybdenum, furthermore, it is also T
allowable to use titanium, tantalum or txmgsten as a
refractory metal. '

15 Furthermore, the steps of Figs. 11L to 110 in the
abovesmentioned embodiment can be rearranged as mentioned
below.- First, the polycrystalline eilicon layer 113,
the silicide layer 128 of silicon and refractery metal,
and the pure refractory metal layer 131 are laminated in

20 the order mentioned on the Si()2 gate film 109 and on the
8102 field film 105, as shown in Fig. 11L. Then, the
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 SiO2
25 gate film 109 using the wiring layer as a mask. These
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(Serial No. 2,13+, 706 ) which has been divided out of the present
Application in which there is clained 10 a nethod of fabricating aégg
Serpi conduct or nenory device including a nenory cell array having a ~
plurality of nmenory cells forned on a sefgconductor substrate wherein each
of 8afd nenory cells has a capacitor and an M S-type field effect

transi stor and wherein each of said nenory cells is 15 coupled to at |east
one of a plurality of data lines, and a peripheral circuit fornmed on said
seni conduct orreyyilasis are orned) Baitheoelophiiplagtatidh methodoci ated with
said nmenory cell array and wherein said peripheral circuit is constructed
of a plurality of Adcendimgg ficeltheoffmade?0 embodimehttsy theérefibeegommecti ng
lines at least one of which is contacted with one sem conductor region of
one of said MsSSRossible|td offtain tsemitenductorobptegratedheizcups of :
formng a first |ayer of polycrystalline silicon over 25 substantially the
entire area feVHFEsSAIAVING fadeldly denehtyovaickoresubtsr frem shed first

7ot ardng o LA UG ERRF Ty \IREIBRRH AT CAHEF LR CLAVEE Witha 1o be
Lo e Pt Sepkiln ARy SUE o L LLBRE BLpShagessth, ERp0 ol oo
sElEconsover Attention is drawn to Application No. 83.31916
(Serial No. 2,134,706 ) which has been divided out of the
pfesent Application in.which there ;s claimed
| 10 - a method of fabricating a semiconductor memory device
including a memory cell array having a plurality of memory
) - cells formed on a 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
15 coupled fo at least one of a plurality of data linés, and'

- a peripheral qircuit formed on éaid semiconductor substrate
wherein said peripheral circuit is associated with said
memofy cell array and wherein said pefipheral circuit is
constructed of é.plurality_of MIS-;ype field effect

20 transistors and interconnecting iines 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

25 substantially the entire area of one main surface of a
semiconductor substrate, said first layer having portions
overlying first insulating films formed on selecﬁed first

areas of said main surface in which said capacitors are
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5 subs%aﬁPHa41#%4m+eﬂt+re area of said main surface, said second |ayer
zzﬁndrng over an insulating filmforned on said patterned first |ayer of‘\;

cryst u! extending on gate insulating filns formed on~
sel ect ed 3 unauﬂl ﬂ"l ﬂ' d main su&&ace in which said MS-type 10 frggﬂ
effect trartsi $toks fors sad nenory cel¥® and peripheral circuit are to

formed, said second | ayer having a portion which is contacted with a
portion of one of said second areas; form ng over said second |ayer a third
| ayer mhlc g Eﬂgaosed of a refractory metal; and patterning said
successrve secon fhird layers to formgate electrodes of said M S-type

field effect trgagreralifgSsaid $axle'Vayedr 1o fikh (dhd UMBSERd TBL! -

connecting line east one of which I"s contacted wth 20 e portion of

sai d SeC0”QaéheéfSQE!&”Ea@%ci%b?ss&W'edEH“¥¥¥§¥ & pon of said MS-type
field effect transistor. . A"sem conduct or menory integrated

circuit device £6pmih§] agsdébadl ll&%ﬁﬂﬁ%ﬂi&ﬁﬁﬂﬂﬁd@'sﬂi&b@%fﬂ her,
word lines extending In a direction generally at right angles to said data

l'i nes,5andsubstantially echepeatire arelaved swidl mitin durfscendsaad d word
l i nes, wherein each of said word |ines conprises three successive |ayers of
a pol ycryssetbndelayercenteaidng avesf mactiorsnledtialg sﬁilmrﬁthrmex;/emnf or med -
on said polycrystalline silicon |ayer, and a
said patterned first layer of polycrystalline s;licon and
.extendlng on gate 1nsulating films formed on selected
second areas of said main surface in which sald MIS-type
10 field effect transistors fof said memory cells and
peripheral eircuit are to be'formed,_said second layer —_—
having'a portion which is eontacted with a portion of one {;
- of said second areas;
forming over said second layer a third layer which is
15 composed of a refractory metal; and
patterning said successive second and third layers to
form gate electrodes of said MIS-type field effect trens—
istors and said word lines and to form said inter- |
connecting lines at least one of which is contacted with

20 the portion of said second area serving as said semi-

conductor region of said MIS-type field effect transistor.



refractory nmetal layer forned on said refractory netal 10 SifTicide |ayer.
27 A sem conduct or |ntegrated circuit device conprising a sen1conductor
swbstrate havi ng one nmain surface, an insulating Mﬂlﬂmﬁ"ﬂmﬂt na
surface of said sem - conductor substrate, said i Vi ng‘
_horé\{5 exposing a portion of said maif 48rface, a seni conduct or* regi on of
one conductivity type formed at an area i-ncluding sai d exposed portion in
'sai d sem conductor substrate, and a conductive layer in contact with said
sem conductor_region at said exposed portion and extending over said 20

I nsul ati ng fIE&&ﬁhﬁEreln sai d conductive |ayer conprises three successive
| ayers of a polycrystalline ‘silicon | ayer in contact wth said

sem conductor region at said exposed regi on and extendi ng on sai-d

ot 00y LA o ARG RENaUBE theRbky CuipRiEbe L AL LIAHY Y oL

layer, said 25% pol'ycrystartriné srltcon fayer himpurities

-46-" of the fgﬂﬂgcaa\eamﬁé taﬁrteﬁﬁi ng 4ns &%&C%ﬁ"tﬂ %cadw 3.

sem conductor 1 ntegratéd circult eV|ce conpri si n Insulating t1lm
formed on oneoékéR, Swotaceifbsaeq®Bhdihg 1ﬁoﬁdaﬁE@é€ﬂﬁ§kﬁﬁk&ari¥(it
insulating filmincluding a thick field |nsulat|ng filmand a thin gate
insul ating fitdyht gngkesl eot sadd aataplinksct iand ey tells dchmiad
insulating filmand extending on said field

: 5 between said data lines and said word lines, wherein each

of said word lines comprises three successive,layérs of a

polycrystalline silicon layer, a refractory metal éilicide

laye: formed on said polycrystailiné silicon layer, and a
- refractory metal layer formed on said'refractory metal

10 Ssilicide layer.

g

2. A semiconductor integrated.circuit device comprising
a semiconductor substrate having one main surfacé, an
insulating film formed on said main surface of said semi-
conductor substrate, said insulation film having a hole
15 exposihg a portion.of said main surface, a semiconductor
region of one conductivity type formed at ag aféa including.
said exposed portidn in said semiconductor substrate,.and
a conductive layer in contact with said sémiéonducto:
region at ééid exposed portion and extending over said
20 insulating film, wherein said conductive layer.comprises
. three successive layers of a polycrystalline silicon layer
in contact with said semiéonductor region at said exposed
region and extendin§ on said insulating film, a refractory
_metal'silicide layer, and a refractory metal layer, said

25 Polycrystalline silicon layer being doped with impurities

A
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insulating film source and drain regions fornmed in said 10 seniconductor-
substrate on both sides of said gate electrode strip, and a wiring strip

.contetin I the source and drain regions and extending oﬁx\/\
sai o@ el a‘m,mmjwlmﬂl wherein the gate electrode strip and the wwng
strip eac LSCH uccessi ver 148/eTs 15 of a polycrystalline silTcon

| ayer, a refractory netal silicide |layer formed on sai'd polycrystalline

silicon layer, and a refractory netal |ayer fornmed on said refractory netal

silicide layer. 4. - A sem conductor integrated cjrcuit, device, according 20
to clai m 208 the ﬁﬁ@?bFPQQ%QF#%*F%K&%N%h%%t_ ?%&érs?glﬁpﬁﬂVﬁﬁagnun1Iager

5. A sem conductor integrated circuit device according to any one of the
proceedi ng¥€@aPRs 2 to 4, wherein the refractory netal silicide |ayer
consi sts of one of the 25 followi ng: (a) silicon and nol ybdenum (b)

silicon anggtung§%%%iédeﬁgQA§x%h€§§%éfﬁﬁEﬂi{@?fFH??éaééségﬁﬁgighﬁé?n

effect trafsistor ~conprising a ¢ at1 ng orned on~one

surface of 4 S8 okind AUUIE TP SS e e 08! SupkaELT 8HCao8LAGLI Vel

formed on said gate iInsul g fil sai d gate el ectrode having two sides,
sour cesand cghale tops RRUd tialte / A LNSIAIIREiAG £DEmSentteadrgt ar substrate

on the two sides of said gate
thick field insulating film and a thin gate insulating

film, a gate electrode strip selectively formed on said
gate ihsulating film and extending on said field
insulating film, source and drain regions formed in said

10 semiconductor substrate on both sides of said gate

st ~

SN
e

électro&e strip, and a wiring strip contacting at least
one of the source and drain regions and extending on said
field insulating film, wherein the gate electrode strip
and the wiring strip each comprise three successive layers

15 . of a polycrystalline silicon layer, a refr#ctory metal
silicide layer formed on said polycrystalline silicon
layer, and a refractory metal layer formed on said

refractory metal silicide layer.

4. A semiconductor integrated citcuit device according
20 to claim 2 or 3, wherein said tefractory metal layer is a

molybdenum layer.

5. A.semiconductor integrated circuit device according

to any one of the proceeding claims 2 to 4, wherein the

refraétory'metal silicide layer consists of one of the
25 following: | |

(a) silicon and molybdenum,
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el ectrode, and a contacting- el ectrode which is contacted 10 w th at Ieiggl
B

one of said source and drain regions, wherein said onpr
MNiree successive layers of a polycrystalline sili c#ﬂﬂ!@“ﬁ Cﬂ& Ell@n saizd
gate-insulating film a refractory netal Ii ci de &y sonsSai d

pol yetystalline silicon layer, and a ref#?ttory netal layer 15 formed on
'said refractory netal silicide |ayer, and wherein. said source and drain
regions are aligned with respective opposite edge portions of said gate

el ectrode, and Saigbson%iiiheﬁ ghackﬁ %%tﬁgpprises t hree successive | ayers
ayer co

of a polycrystalline®silicon er nttacted with at |east one 20 of said
source and drain reghongiildchba’ aaat @ant#Eb@, silicide layer for the contact
el ectrode which is formed on said polycrystalline silicon [ayer and in
contact with at | east one of said source and drain regions, and a :

refractory negal |aynrsemypei diedlir agifect mrialsistdrictmpthisimyes Jatet he

contact electrode. 7. A MS-type field effect transistor according to
cl ai m 6, - wher énsudathngf £4dmd folrmed omcomesimedn auwrfadeaof a sdwi-antially
t he sane thickness. 8. A process for producing sem conduct or devi ces

i ncl udi ngSt hectndnotbrgsubepratea) af gatenglectineds mdlartived priormedmi n
surface 5 of a sem conductor substrate; (b) form ng a polycrystalline
silicon | ayeroBns3afdopkeuinspdatingnfilm, said gate electrode having

two sides, source and drain respectively regions formed in
the semiconductor substrate on the two sides of said gate
electrode, and a contacting electrode which is contacted

10 with at least one of said source and'drain régions, wherein

j

said gate electrode comprises three successive layers of a
S polycrystalline silicon layer formed on said gate insulating
film, a refractc:y metal silicide layer formed on said

polycrystalline silicon layer, and a refractory metal layer
- 15 formed on said refractory metal silicide layer, and wherein .
said source and drain regions are aligned with respective
opposite edge portions of said gate electrode, and said
contacting electrode comprises three successive layers of a
polycrystalline silicon layer contacted with at least one
- 20 of said.sdﬁrce and drain regiohs,ia refractdry metal
silicide layer for the contact electrode which is formed
~on said polycrystalline silicon lafer and in contact with
at least one of said source and drain regions, and a
- refractory metal layer on said refracéory metal silicide

25 layer for the contact electrode.

7. A MIS-type field effect transistor according to

claim 6, wherein each of said three successive layers has
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(c) fOrglﬂg_?_QEDQSLLed—Layer of silicon and a refractory netal by
si gl t aneousl y sputterlng silicon and 10 a refractory, netal on said

po rystaII|n er (d)y formng a refractory metal |ayer on\fﬁe/‘
deposi ted ﬁ\“ﬁ* and the ref €Ct ory netal; and (e) anneali ngﬂ_sjl d
polycrysta iCOors Iayer said'dé£ sited |ayer and said refractory

metal |ayer..15 9. A process for produci ng sem conduct or devices
according to cIa|n18 wherein said polycrystalline silicon |ayer, said

deposrtedl qh gpeﬁg %Pigﬁﬁ%-gayer are subjected to selective

et chi ng afF been A process for producing
sem conduct or devrces by fornrng an insulating filmon one main surface of

a sem - copduct rﬁyggﬁg esdhYEbNahOEBL Ndedidake €l ectrode on
t he |nsulat|ng erein saléﬂgéﬁﬁﬁelectrode IS forﬁeé by the foll ow ng

procedure: jaciudidley Ehestfdlideing | s€opst ayer is forned by the CVD net hod
on said insulating film silicon and a refractory netal -49- are

deposi ted on sai(@)polgcrmixiqildn nenshlating | fykn by dhe maiapsuréaiceg
nmethod, a refractory metal layer is fornmed on the deposited |ayer by
sput t esi ngpfard sendcoyiductoy substrnatsg | i con | ayer, the deposited | ayer
and the. 5 refractory netal |ayer are selectively renoved and anneal ed.
- (b) forming a polycrystalllne silicon layer on said
insulating film;
(c) forming a deposited layer of silicon and a
refractory metal by simultaneously sputtering silieon and
10 a refractory metal on said polycrystalline silicon layer;
(d) forming a refractory metal layer on the deposited ;
layer of silicon and the refractory metal; and |
(e) annealing said.polycrystalline silicon 1éyer,

said deposited layer and said refractory metal layer.

15 9. A process for produeing semiconductor devices
according to claim 8,'wherein said polycrystalline silicon
layer, said deposiﬁed layer and said refractory metal
layer are subjected to Sélective etching after they have

been formed.

20 10. A process for producing-semicoﬁductor devices by
ferming an insulating film on one main surface of a semi-
conductor substrate, and by selectively forming a gate
elect;dde on the insulating film, wherein said gate
electrode is formed by the following procedure: a

25 polycrystalline silicon layer is formed by the CVD method

on said insulating film, silicon and a refractory metal
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11. A process for produci ng sem conduct or devicéETiﬁﬁﬁTﬁTmr+e—gLaLn110,

wherein after said gate electrode is formed,. a source region and a drain
)\eg/.i_ohn_'are formed 10 i the senm conductor substra ’wmﬂl‘m"m pde of |
said-gate electrode. . 12. A process faqr jroducingy ﬂﬂ Iﬂuevices

accdrding to claimil, wherein said sourc‘gand drain tFeg‘i o's &rex*torned by

the ion inplantation nmethod. 15 13. A process for produci ng sem conductor
devi ces substantially as any described herein with reference to the

acconpanyi ng ' sem &gﬁﬁtﬁr ' i i ngi -
stantially asggﬁyh%g?g}%gdéﬁe%gi%o rth r&deﬁ%%ﬁ% ggjé%idé% %as_ | Iﬁgt%’%ed _
in Lhe acconpapkspciediindinethoa s FELU P AL Ay £4 T FihedVi CO
produced by a process according to any one of clainms 8 to 13. |
~on the deposited layer by sputtering, and the poly-
crystalline silicon layer, the deposited layer and the

5 refractory metal layer are selectively removed and

annealed.

11. A process for producing semicénductor devices

according to claim 10, wherein after said gate electrode

is formed, a source region and a drain region are formed
10 in thg semiconductor substrate one on each side of said

gate elecfrode.

12. A process for producing semiconductor devices
according to claim 1f, wherein said source and drain

regions are formed by the ion implantation method.

15 13. A process for producing semiconductor devices
substantially as any described herein with reference to

the accompanying drawings.

14. A semiconductor integrated circuit device sub-
stantially as any described herein with reference to and

20 as illustrated in the accompanying drawings.

_15._ A semiconauctor integrated circuit device produced by

a process according to any one of claims 8 to 13.




