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2150849 PROCESS OF FABRI CATI' NG A 'SEM CONDUCTOR | NTEGRATED |

c T DEVI CE The present invention relates to a process of fabricating a

sem\{¢onduct or

integrated circuit device. One well known sem conduct or

intﬁgrated circuit device is a Dynam ¢ Random Access Menory -(hereinafter 5
referred to as a DRAM. In order to akhteve hi gh-speed operege'%ggngaa
DRAM it is inportant that the resistance of a word line is r e IS,

t her ef or e,

possi ble to use a conductive |ayer as the word line which is

prepared by coveri ngPROOBESCOFPSFABRICATINGI ROSEMBEENDUCTOR 10. a | ayer ,
containing a refractory netal and possibly silicon,. The layer containing
the refractory netal. has INTEGRATED | GEIRGUIY OBMIQEhe pol ycrystalline
silicon layer and is remarkably stable under the atnospheres present during
the various treatnent steps of the fabricating process, 15 as is the .

pol ycrystal line silipgd praddnt Tievaseion Seldeeds R W prdcdldd iy silicon

| ayer is of advantage in the sem conductor device and has such a high
reliability thabribatingracsemycorfiactonyihtegraveat eilrétiben dédied) ng the .

el ectri cal

characteristics of the sem conductor integrated 20 circuit

device. In DRAM a MNBFEelkltknopnissemiodndudtor cintegrated cimewity cel |
frequently has its gate electrode integrated with the word |line in the sane
fabricati on s@epiceapsnasBypaméft Rpnarmc ACFERs\Yemery 1 taserindbiRr 25 an

arr angerrenst
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referred to In order to achieve high-speed

operation in a DRAM, it is important that the resistance €Mj

of a word line is reduced. It is, therefore, possible
to use a conductive layer as the word line which is
prepared by covering a polycrystgl}ine silicon layer with
a layer containing.a reffactory metal and possibly silicon.-
The layer qontaining the refractory metal has a lower '
resistance than the polycrystalline silicon layer and is
remarkably stable under the atmospheres present during
the various treatment steps of the fabricating process;
as is the polycrystalline silicon layer. The use of such
a polycrystalline silicon layer is of advantage in the in
semiconductor device and has such alhigh reliability that
the refractory metal méy be prevented from affecting the
electrical characteristics of the semiconductor iﬁtegrated
circuit device. |

In DRAM, a MISFET acting as a switching element
of a memory cell frequently has its gate electrode
integrated with the word line in the same fabrication
step. Japanese Patent Publication No. 57-194567 shows

an arrangement in which the polycrystalline silicon
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-2- layer is fornmed beneath the | ayer containing the refractory netal so

that the t'hreshold vol.tage of the M SFET does not fluctuate. It has now :
been di scovered that the following 5 problens arise when a phosphosili cat.
glass FH.Im.is used as an inter-layer insulating filmbetween a word |ine, é?b
whi ch i s caonposed of a polycrystalline gilkicon layer and a |ayer containing

a refractory netal of high nelting point, e.g. a nolybdenum silicide

(MbSi 2) 10 layer, and a bit line, which is formed above the word |ine and
whi ch is made of alum nium and when the phosphor concentration is

i ncreased to abolayeaxw im|Bermed hensadh fihesdapleywcoptadhdngt the). S. pat ent
No. 3,825,442) so as to pronote flattening of the glass 15 film It has
been found that ¥HerIRFOMHAREALISq Ghed threthpeshold,yotsageePt o t he

pol ycrystal line '%éﬁ n | ayer at_th ri pheral (or end) portions of the
boundary with ttfgi 'gc‘?%%/?ﬂqti rf&“ﬁqﬁ‘f)% | ayer. 20 This phenomon occurs

DRAM whi ch i s Tormed vt maE dst ] SRR Sl heliblpfathgon ©f 1he

0PLICLISLal 4 Shitsofel ave M I RIMMMILALL shdee suge bt UeF
fromthe polycrysiad!ddea®i incan-1a0ey HEuletiRig %&m&i@Zeﬁoﬂgh@f@ y ’
separated fromit. :
line, which is composed of a polycrystalline silicon
layer and a layer containing a refractory metal of
o high melting point, e.g. a molybdenum silicide (MoSiz)
iO layer, and a bit liné, which is formed above the word
| line and which is made of aluminium, and when the
phosphor concentration is increased to about 10 mol$
to promote "giass flow" (fefer to U.S. patent No.
3,825,442) so as to prémote flaktening of the glass
15 f£ilm. | |
| | It has been found that the molybdenum silicide
layer will tend to péel from the polycrystalline
silicon layer at the peripheral (or end) portions of
the boundary with the polycrystalline silicon layer.
20 This phenomon occurs not 6ﬁ1y in the word line but
~also in the peripheral ciréuit portion_of the DRAM
which is formed with a cbnductiﬁe layer conSistinq
of the_polycrystalline $ilicon'1ayer and the molybdenum
silicide layer. It has also been found that the
25 moiybdenum siiigide layér ﬁay peel.partially from the
poiycrysfalline silicon layer but sometimes may be

completely separated from it.



3 1t is thought that the reason for this is that the phosphosilicate glass .
filmhas a larger coefficient of thermal expansion than.those of the '
polacrystalline silicon |ayer and the nol ybdenum silicide |ayer. Moreover,
t 5 adhesi veness between the nol ybdenum silicide | ayer and t-he
phosphosilicate glass filmis stronger than that between the .
polycrystalline silicon | ayer and the fnlybdenunlsilicide | ayer. After the
phosphosilicate glass is subjected to glass flow at e.g. about 1, 000C for

about 30 min., unn '$$fs:¥%éﬁ§3‘ %EEESEHegggggghng?%HB$§g|&Qgt fthge

nol ybdenum silicide Tayer, 1S generat a resu el ongatron or v,

contraction i rq i I rat i 0 h t} T, pr esent
54”%11&% u,ge%ea gl iF9AnOhakha €QPGUEL L¥EeE BYSEne THE

i nvention seeks t or elimnate peeling of the layer containing a

refractory mefpdrmdl hd:edanki orElthang thoiset ofr efet Eelyeﬁlystaingne silicon

pol ycrystalline silicon layer. It achieves this by providing a process of
fabri- cati nglayeenmdnthe ol ybdeagmatséd icideulaydevi cdoheoveay, athéeast one
menmory cell with the or each nmenory cell including a capacitor and a M SFET
connect ed3i n adhesiveneasdetyeamidier solybhennnt Rddiebdpr 1avey: andrtheg a

capacitor el-ectrode of_ polycrystalline silicon over the surface of a
segiconductiv@h@ﬁﬁﬂﬂﬁ%ﬁ{;a%%nd%Qﬁf 148 &ScFEEPPERE b aPhEhﬁFg?%ﬁVe?ﬂetﬁ%te

o ot R AL A R GRS B By TRl £PR0ERE
mel ting point) g ST IAGQY i 'Bridsphbsi1aatal gYaReUisdsansetted &of i rst
glass flow at e.g. about 1,000°C for about 30 min., unneces- ™
10 .sary streés, resulting.in peeling of the molybdenum silicide
layer, is generated as a result of elongation or contraction
in the peripheral portion of the conductive layer.
The present-invention seeks to reduced or eliminate
-peeling of the layer containiné a refractory metal of high
15 melting point from the underlying polycrystalline:silicon
layer. It achieves this by providing a process of fabri-
cating a semiconductof integrated éircuit device having at
least one memory cell with the or.eadh memory cell including
a capacitor and a MISFET connectéd in series to the :;
20 capacitor, the method comprising:
forming a capaciﬁor electrode of polycrystalline
silicon oﬁer the éurface of a semiconductive substrate;
forming a gate electrode of the MiSFET, the -gate
electrode comprising a first f£film of polycrystalline silicon
25 and a second film on the first film which contains a

refractory metal of high melting point and silicon;

‘forming by chemical vapour deposition a first




1 :
4 jnsufating filmcovering the capacitor electrode and the gate el ectrode,
the first insulating filmhaving a thick- ness of at |east 600 formng a
second insulating filmof phosphosilicate 5 glass on the first insulatinuga
film heati-ng the second insulating filmto cause glass flow, and form ng -a
first conductive |ayer which conprises an alumniumfilm 10 Then
when t he phosphosilicate glass filmis forned on the insulating film and
is heated so that it flows, it is found tHat peeling is reduced. In this

way it -becomes possible to_manufacture a nore reliable.deyice. Preferab
the ref¥actory ﬁBF&ﬂaF%nﬁDFggﬂeﬁﬁﬁ?ri%g the cgﬁ?ﬁ?ﬁ?ﬁmﬁ%ﬁ?ﬁﬁﬁgﬁ'P Srrgbebeya

he refwact ory BEdRAEnHDRyLRCARRFE189 HNe s :
areater than 1000 ForHCtEResy ERECELLSy | IMAIRG e eV aG AT WATbKtS

the invention wWhblssngw Be Glgasti bed. by way of exanple, with reference to
t he acconpanying drawi ngs, 20 in whi ch: Fig. 1Ais a top plan view show ng

parts of a DRAM for efpkmingng seeordbinsukatimg filem wfephosphoeslicane
Fig. 1Bis a sectional view along the line | - | of Fig. 1A, 25 - Fig.
2A, Fig. 3A5Fi glaék oRi ghe5£fiFsy. idsudating gfiliss are top plan views and
sectional views show ng the parts of _
' heating the second insulating film to cause glass
flow; and
forming a first conductive layer which comprises an
W, aluminium £ilm.

10 Then when the phosphosilicate glass film is formed on
the insulating £ilm, and is heated so that it flows, it is
found that peeling is reduced. 1In this way it becomes
possible to manufacture a more reliable devige.

| Preferably the refractory metal'is.molybdenum.

15 The insulating film may be a silicon dioxide film, in
which case its thickness is preferably equal to or greater
than 1000 %, or may be a silicon nitride film.

Embodimeﬁté of the invention will now be described, by
&a’ - way of example, with reference to the accompanying drawings,
20 in which: | |
Fig. 1A is a top plan view showing parts of a DRAM for
explaining one embodiment of tﬁe present invention;
Fig. 1B is a sectional view along the line I - I of
Fig. 1lA;

25 Fig. 2A, Fig. 3A, Fig. 4A, Fig. 5, Fig. 6, and Fig. 7A

are top plan views and sectional view§ showing the parts'of

the DRAM at individual fabrication steps for explaining one



the DRAM at i ndividual fabrication steps for explaining one 4a o
enbodi nent of the present invention; Fig. 2B is a sectioenal view along the
i@l - Il of Fig. 2A; Fig. 3Bis a sectional view along the, line Il -
1] of Fig. 3A, Fig. 4B is a sectional viewalong the line IV - IV of

Fig. 4A;, Fig. 7B is a sectional view along the line VIl - VII of Firg. 7A

10 Fig. 8 is a graph showing the distribution of phosphorus inpurity
concentration in an insulating film mad& of phosphosilicate glass for

expl ai ni ng on r s £ R d Herth8 R/eetq¥hn ;I nvention; Fig. 9is a.
sectional vi e%%%%l\'/f?enrbtepa_rt ]{c?ryt%e perip erzﬁ circuit of a DRAM for o
expl ai ning a seconde £4TbofH NENta PeddIOrAIESARW 1a160G! £AB; 19ne II - Figef 10
is a diagram showi ng a net hod for neasuring the warpage of a sem conductor
wafer. In thesgggfizuyes, corresponding parts are indicated by the sane
reference nunmerals and will not be repeatedly described.
' Fig. 3B is a sectional view along the line III - III
5 of Fig. 3A;
Fig. 4B is a sectional view along the line IV - IV of
Fig. 4A;
Fig. 7B is a sectional view along the line VII - VII
of Figq. 7A;. _ W,
10 Fig. 8 is a graph showing the distribution of phosphorus
impurity concentration in an insulating film made of

phosphosilicate glass for explaining one
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10 : "Referring first to Figs. 1A and 1B, a nenory cell of a DRAM has

an insulating film2,.fornmed on a p -type sem conductor substrate (p -Sub){??
¥-made of a single crystal of silicon. This insulating film2 extends over
that part of t'he substrate 1 on 15 which is forned a capacitor of the:

menory celi. The main surface of t he sehitonduct or substrate 1 other than

the region to be formed with the capacitor and a M SFET which acts as a
switching elenment is occupied by a field insulating film3 and a p-type 20

channel~ st opper o4 JRERELY T HF {K@eégéﬁébgygﬂu s .film3. These isolate the
y. An

seni coduct or elenment's el ectri cal insulating film5 is formed above
the insulating film2pagd ¢ heg fd eddbd sl 1Bt iG) fdoWidgl BakBeokeghen to be
formed with a capacitor el ectrode 25 (conducting platé), as wll be

descri bed subsepeeipheralheirasit adf g DRAMN forf @xlafatingoh bBeosa@paci tor.
The insulating film2 and the field insulating film3 -6- may be silicon
di oxide fil ns, émbodiment cof athie tpresersuliatventifan;m 5 nay be a fil m having
a higher dielectric constant than the insulating film2, e.g., a silicon
nitride films 5 FigA kE®ntsica i dkpgran sewingdl pethodafprne silicon is
formed on part of the insulating film5 other than the region to be forned
with a M SFET aBeREETHRT otRE) YAFRIFP ek fieminardushor| I”Bgebof the nmenory

cell is formed In these figures, corresponding parts are
indicated by the same referehce numerals and will
o not be repeatedly described. |
10 Referring first to Figs. 1A and 1B, a memory

cell of a DRAM has an insulating film 2, formed on
a p -type semiconductor substrate (p -Sub) 1 made
of a singie crystal of silicon. This insulating
- £ilm 2 extends over that pért of the substrate 1 on
15 which is formed a capacitor of the memory cell. The
main surface of the semiconductor subsﬁrate 1 other
than the region to be formed witp the capacitof and
a MISFET which acts as a switching element is
&J occupied by a field insulating film 3 aﬁd a p~type
20 channel stopper 4 underlying the field insulating
film 3. These isolate thg_semigonductor elements
electrically. An inéulating film 5 is formed above
the insulating f£ilm 2 and the field insulating fiim 3
iﬁ the region to be formed.with;a capacitor electrode
25 (conducfing plate), as will be described subsequently.
The;insulating film 5 forms pért of the capécitor.

The insulating film 2 and the field insulating film 3



by the sem conductor substrate 1, the insulating filns 10 2 and 5 and the
- con ting plate 6. This conducting plate 6 is electrically isolated from
a {d 1ine of the nmenory device by an insulating film?7 whi ch covers the

. conducting plate 6. An insulating film8 is formed on the region of-the
~main surface of the sem conductor 15 substrate 1 which is to have the

M SFET and forns part of the gate insulating filmof the M SFET. A
conductive layer 9. extends in the columm direction (i.e. vertically in
Fig. 1A) on the insulating filns 7 and 8 and fornms a_gate el ectrode at. the
regi on 20 whi @@¥%ike Hedcamdigrider filmsae| Sernexampyensandvbhe | i ne. ‘Fhe

conductive | ayer 9 should have a |ow resistance so that ,the turn-on and
turn-of f oper AMVHATRE Hrln “MYS\%?Tané}tlﬂ‘egﬁ?fﬁpgvédglﬁﬂeEpeed- up the

DRAM A pol ycrystal line silicon | r 9A is. fo d_on 25 -the_insulating
films 8 and 7.3’1%3 ca"y"’e ¢ 9?%%(@%%@ %’ ey&W??gEI"Pﬁe%?f“i émer%yera 9A and
may be made ofgfy CARGSdLd ofj@nrefractory netal such as nol ybdenum

-7- and silicon, e.g. nolybdenumsilicide (MdSi2). The polycrystalline

silicon |ager 9A ”@P%éﬁﬁ%ﬁﬁﬂ@?l@&!ﬂ ¥ '&dpbﬂ?cr&ééﬁﬁliﬂﬁ!lgiiié&tf@ o
nol ybdenum silicide | ayer 9B, and which are nol desirable if the M SFET is

5 to have saormedion \ptedf ithd intvaladlifg Films5 othernbhiyhdenem
silicide layer 9B has a | ower resistance than the polycrystalline silicon
| ayer 9A and boadion to be formed with a MISFET acting as a switching
element. The capacitor C of the memory cell is formed
by the semiconductor substrate 1, the'insulating films ;J
10 2 and 5 ahd thé conducting plate 6. This conducting
plate 6 is electrically isolated from a word line of the
-memory device by an insulating film 7 which covers the
condqcting plate 6. An insulating film 8 is formed on
the region of the main surface of the semiconductor
15 substrate 1 which is to have the MISFET and forms part
of the gate insulating film of the MISFET.

" A conductive layer 9 extends in the column
direction (i.e. vertically in Fig. 1A) on the insulating
films 7 and 8 and forms a gate electrode at the region

20 which will have the MISFET and'elseﬁhere formsla word
line. The conductive layer 9 should have a low
resistance so that the turn-on and turn—off operation
times of the MISFET may be impro#ed, to speed-up the
DRAM. A polycrystalline silicon layer 9A is formed on

25 the insulating films 8 and 7. ‘A layer 9B covers the

polycrystalline silicon layer 9A and -may be made of a

composition of a refractory metal such as molybdenum



and the polycrystalline silicon [ayer 9A are highly stable in the

at nospher es present during the various 10 treatnent steps in the
fabrication process. The layer 9B may alternatively be made of a conpound

of a refractory nmetal and silicon such as tantalumsilicide.(TaSi[err]), €§§
tungsten si.licide (Wsi2) or titaniumsitizide (TiSi2). 15 What is inportant
Is that the |ayer 9B should be a |ayer containing a refractory netal. This
refractory metal can cope with the heat treatnment of the DRAM fabrication
process. 20 An n -type sem conductor region 10, is forned in the

mai n-susf ace of tlg@dssHLéGATCEOT - s%%hYbQﬁQPM.S;i ﬂN@Sgldes 8het he
conductive layer 9 which will contain the gate el ectrode )“ of the

M SFET. This seni GOHYGEYSELEHRBNS1H1FRR ki N e Ko(re@S, dGPFR 1518/d 25
drain region of the NISFEé actln as_the s i t chi el e t. of the reny

cel | . The sem con&S®F8 P FegtBn 1 r?gesT%?$ ﬁ)}Qj d W deﬁﬂﬁr?ﬁ§lg ?he
part to - 8- "m'l%? %thb' Lnb! Bf éﬁ QPé"}?tﬁé Rfhs illAB1ldMY ich E?%T is
0 at ept

i ntroduced into ph 05|I|cate g ass so Its junction x[err])
fromthe surface @b haeesaansgaeéafi%lmdaa.t hhriaTtelrighlily . or eaker

than that of 5 the rest of the region 10. This prevents the pn-junction
bet ween t he sen cadybdenumegidicide abhalyéhedms drasc @ndusiedr resistance
than the polycrystalline silicon layer 9A and both it
and the polycrystalline silicon layer 9A are highly
N\ stable in the atmospheres present during the various
10 treatment steps in the fébricatién‘process.
The iayer 9B may alternatively be made of a
compound of a refractory metal and silicon such as
tantalum silicide,(TaSiz),_tungéten silicide (Wsiz) or

titanium silicide (Tisiz).

15
What is important is
that the layer 9B should be a layer containing a
refractory metal. This refractory metal can cope with
&f’ - the heat treatment_of the DkAM fabrication process.
20 An n+-type sémiconductor fegion 10, is formed in

the main surface of the semiconductor substraté 1 on
both the sides of the conductive layer 9 which Qill
contain the gate electrode (G), of the MISFET. This
semiconductor region 10 forms the source region 2 and
25 drain region of the MISFET acting as the switching
| element of the memory cell. The semiconductor region

10 is similarly doped with impurity at the part to



substrate 1 from breaki ng down when a voltage is applied to the C
sem conductor region 10. The MSFET (Jerr] acting as the switching el enent -
of | the menory cell is formed prinmarily by the gate el ectrode (G of

t héQgonductive layer 9, the insulating film8, and the two sem-conductor
regions 10 fornmed on both sides of thé gate electrode (G in the main
surface of the sem conductor substrate 1. 15 An insulating film11l
is formed on the entire exposed surface to cover the conductive |ayer 9.

The insulating film 11 reduces unnecessary stress which is generated as a
result of gl ag‘gh*‘f%\/\%‘?ﬁ BHe Jgﬂb%p}ﬁ)s‘?ch tedy tbhe imperifycRedng caused

' . 1 li.cide | B. Th ilm,11 th fo
P events t he CcrdRuEddiade pRlodidell IS oldss Pgia:&%g%"lﬁiom ?L_Zl o
I 1 i 4 [ l.at fil may .be a.silicon
B ont o (& O TSt sl 0D &Gy I eRir sl Penehe BB &) for

exanpl e, or a @ndubtér COMbSEiAtdla fid MRS BreG¥Br 2nah! kAQR gEoXide
filmor a silicon nitride filmformed by %PasgéBCVD, or a phospE05|]|cate

glass fil ® whitlte westa | ofv tHosRpcs 10. - ThisNperebbnts0RR&NbHAYLABL{EN T -
4 mol % or lower) so that it causes no glass flow An inter-layef Insulating
film12 of a pretyween theisgmicquﬁnto@Pﬁéyibhl&DlgnﬂOtﬁadséﬁieeﬂaﬁcﬁbﬁ
entire 5 surface of the conductive layer 9. This electrically -
substrate 1 from breaking down when a voltage is applied-
to the semiconductor region 10.
The MISFET Q, acting as the switching element of . o
10 the memory cell is formed primarily by the gate electrode
(G) of the conductive layer 9, the insulating film 8,
and the two semiconductor regions 10 formed on both
sides of the gate electrode (G) in the main surface of
the semiconductor substrate 1.
15 An insulating film 11 is formed on the entire
exposed surface to cover the conductive layer 9. . The

insulating film 11 reduces unnecessary stress which is

generated as a result of glass flow of the phosphosilicate

P

glass, and which may cause peeling of the molybdenum hd

20 silicide layér 9B. The film 11 therefore preventé the
‘'separation of the molybdenum silicide layer 9B from the
polycrystalline silicon layer 9A. The insulating film
11 may be a silicon dioxide (8i0,) film prepared $y
Chemical Vapoﬁr Deposition (CVD), for example, or a

25 silicon nitride film formed by CVD, a silicon dioxide
film or a silicon nitride film formed by plasma CVD, or

a phosphosilicate glass film which has a low phosphorus



T
i sol ates the conductive layer 9 froma bit line (which will be described
later). The insulating film12 is subjected to glass flow by setting th
phosphorus concentrati on at about 10 nol % so as to flatten the 10

undul ations resulting fromthe nulti-layered construction and so to inprove
t he coverage of the upper conductive +ae¥. Thus the PSGfilmis first
deposited with a generally uniformthickness all over the substrate. Then
the PSGfilmis heated to about 15 1,000[err]Cso that it flows. This
causes-N he stéps_.in the surface of the PSGfilmto be flattened and the
cornereé of the f iMRREStRacengeRERREROR (RIiEm 4 TR Y RFuloWeRd SPI Fhad

el ongates and con%racts when the glass is heated and cool ed respectively.
Unnecessary 20 15t FBUESS: BRGF 3s$o Mse peel i ng of the nol ybdenum

silicide layer 9B, i's gﬁnghg%ggl¥€§£ iﬁgﬁigg§ﬂfﬁégl H5|%E1% %§§E%§ ts.

According to the presen I e owever, Streéss can uced so

that peeling of o hecHRLYISENM Pb] CE | AY FodRd a6 RRUILCYRA! et 2De

because the insulating firlm 11 covers the conductive layer 9. A contact

hole 13 is f®rnedubracel 8¢t thel ¥orh@MBVive layer ¥, - 118 ieNedkalicAd1yi | M5 8,
11 and 12 lying over the sem - conductor region 10 where the bit line is to

be connected. A bisblhtees €Bé)cdddustive MetveriTlfdom & &dt linealwhich
connected to the sem conductor region 10 through
will be described later). The insulating £film 12 is
subjected to glass flow by setting the phosphorus
W concentration at abbut 10 mol% so as to flatten the
10 undulations resulting from the multi-layered
construction and so to improve the coVerage of the
upper conductive layer. Thus the PSG film is first
deposited with a generally uniform thickness all over
- the substrate. Then the PSG film is heéted to about
15 1,000°C so that it flows. This causes the steps in
‘the surface of'tﬁe PSG film to be flattened and the
corners of the film to have a gentle gradient. The
insulating film 12 elongates and contracts when the
glass.is heated and cooled respectively. Unnecessary
Zd : stress, tending to cause peeling of the molybdenum
silicide layer 9B, ié generatea when the insulgting film
12 contracts. According to the preséht embodiment,
however, the stress can be reduced so that peeliﬂg of
the molybdenum'silicide layer 93 may be prevented
25 because the insulating film 11 covers the conductive
layer 9.

A contact hole 13 is formed by selectively removing



- the contact hole 13. The bit line 14 extends in the row direction (i.e. .
hori z ally in Fig. 1A) over the 5 insulating film 12. The b|t line 14 may

be e»§§9an aluminiumfilm In order to prevent peeling it is desirable that

the insulating film1l is a filmwhich is forned not by thermal "oxidization-

~but by deposition. 10 Mor eovef ,1G ke insulating film 11 shoul d

. desirably have a thickness equal to or greater than a predeterm ned val ue.

To show this, experinmental results mﬁll now be described TabIe 115 Filns

Thi ckness 0 [err] 1,000 [err] 500 [err] 3,.500 errk gh Tenp.”Low
Press. x the ingplating fijlmsy [§ 12 lying pver he[§pp}0 V]

O Table 1 tabul ates the resen e or abse e eeI 20 f
pol ycryst al | i ng°R_¢H ?Eﬁﬁli) anﬁﬁrrhﬁﬂ % i de | ayer 9B

when the thi ckogsge (Alq of Ah&u NS (B0 fldg%%&rﬁe\aa f bk giguLd be

- noted that the nesées appearing in the I"e"are t se in € state of
Fig 6 i. E d€da 18 tn ”s%h}ﬁdmcftb}cmz 1foaf dthIBﬁ heason
for this WI|| % dgif%sse(ﬁ%ater Theélnsu ating fi b%l use Wereg
respectively aphel &bgEddt fhdre vin ch Mhe B¢ M} 4C0RE-NGR Aingkhkerbar at ure
(e.g., 700 to 800C) and at

direction (i.e. horizontally in Fig. lA) over the

5 insulating f£ilm 12. The bit line 14 may be e.é. an

aluminium £ilm.

In order.to prevent peeling it is desirable that \)
the insulating £ilm 11 is a £ilm which is formed not by
thermal oxidization but by deposition.

10 - Moreover, the insulating film 11 should desirably

have a thickness equal to or greater than'e'predetermined

value. To show this, experimental results will now be °

described.
Table 1
15 Films Thickness - A
) o ’ -] ]
0O A 1,000 A 1,500 A 3,500 A
High Temp. '
€D Low Press. x o o O
CVD Normal X lﬁ&' _() O

Table 1 tabulates the presence or absence of peel

20 of the polycrystalline silicon layer 9A and the molybdenum



i

- a low.pressure (e.g., 0.1 to 10 Torr), and an Si@2 10 filmwhich was
formed by normal CVD.(at a tenperature around 400[err]C and under a N
pressure of 760 Torr). In the Table, synbols x indicate that the nol ybden
silici-de l.ayer often peeled fromthe polycrystalline |ayer and synbol O -

i ndicates .no 15 peeling. |In fact, #helchip in which peeling occurred for
one wafer was zero or one and the peeling was limted to the periphery of
the wafer. Synbol A indicates that peeling occurred in sone; but not all,
t he cases. The nunber of chips in which peel had 20 taken place was.about
2/ 17 o&sthe total,., .,As Jjs.apparent fro he_above desg?|ptio peel occurs
to a consi der abiSd1hE1G% 1@&35 ?ﬁew ﬁgﬂ}:éfi ﬁﬁlﬂ“i‘%ﬁl@%&% ttrHﬁ ckness of 0

A Toe . when the thlipsbd i6318001P58560 14N PECLIN PG JifaL be 25
?ﬁ i nsalating fiTm as a

substantial ly conpletel'y “prévent ed when e

t hi ck I ! h in thé Tab |
i ckness equa f]h% %51%%%%5%5%gp%a§9?gp‘1n thelrgab]fgg%eg l%%&l% 42 to 49

Thi ckness 0 [err )"[err] “Formation o
[err]m 50 khedBta¥e P Fiasseh! @Ve., immediately after Mhderrjm
28 to 30 [err]m5 The 'strength of the stress causing peeling is

tabul ated i n3Talin@uwlatiby £ilablis Zormdacat thet heasén eSsr this will
be discussed later. The insulating films 11 used |
were respectivély an Sio2 film which was formed by
. CVD at a high temperature (e.g., 700 to 800°C) and at
a low preséure (e.g.., 0;1 to 10 Torr), and an Sio2
10 film which was formed by normal CVD (at a temperature
around 400°C and under a pfessure of 760 Torr).

In the Table, symbols x indicate that the
molybdenum silicide layer often peeled from the
polycrystalline layer and symbol o indicates no

15 peeling; In fact, the chip in which peeling occﬁrred
for one wafer was zero or dné and the peéling was
limited to the periphery of ;he wafer. .Symbol Zﬁk

&;; indicates-that peeling occurred in some, but not all,

the cases. The number of chip; in which peel had

20 taken place was about 2/17 of the total.

| As is apparent from the above deécription,
peel occurs to a considerabie extent when the insulating
film 11 has a thickness Qf.o R, i.e., when the film 11
is not present. The peeliﬁg phénomenon may be

25 substantially completely prevented when the insulating

| film 11 has é thickness equallto or largér than

' °
1,500 A. ’



which is.generated in the wafer after the tabulated fabrication step, in
terns of wafer warpage b (pm. The insulating film1ll was.a SIQ2 film

forggd by CVD at a 10 high tenperature and a | ow pressure. 1h the absence
~OfQ§§¥ insulating film211l, the reduction (or change) in the wafer warpage
" as result of the glass flowis highXZroem42 to 49 pmto 16 pm. In the

. presence of the insulating film 11l having a thickness 15 of 3,500 [err],
the reduction (or change) in the wafer warpage as a result of the gl ass
flowis low (from50 to 52 pmto 28 to 30 pm). It has now been found that
peel is depend@&k—ﬁml upon the wafer warpage itself but upon the changgin
the 20 wafer r age during each step ofT he manuf acturing process. Peeling
I s not caused smal | change but by a—héﬁé@—%ﬁange. The insulating film
11 softens the change in the warpage due to ass flow. In other words, the
insulating film11 reduces the change in sﬁlggs. Thanks 339018 . to the
presence of thesimstichiss Bdd eiim Orepyalo 4d'Giaf OF CE 59y Bhe jtress
changes due to glass flowis not applied to the interface between the

pol ycrystalli ng18¢$i EDow!| ayer 9A and the siilg Ginfe 9B. 528 to 30 pm -
Incidentally, the wafer warpage used is an average of the warpages at
points Ato F by the nethod shown in Fig. 10. It has al so been confirned
that the wafer warpage changes at each step after the formation of

5 | The strength of the stress'causiné peeling is
tabulated in Table 2. This Table 2 indicates the stress C}
which is generated in the wafer after the tabulated
fabrication step, in terms of wafer warpage b (pm). The
insulating film 11 was a Sioz film formed by CVD at a
10 high temperature and a low-pressure;
In the Ebsence of the insulating film 11, the
reductioh (or change) in the Qafer warpage as a result
of the glass flow is high (from 42 to 49 pm to 16 pmj. In
the presence of the insulating film 11.having a thickness
15 of 3,500 i, the reduction (or change) in the wafer warpage ]
as a result of the glass flow is low (from 50 to 52 um to hd
28 to 30 pm). |
It has now been found that peel is dependent not
upon thé wafer warpage itself but upon the change in the
20 wafer warpage during.each step of the manufacturing
prdcéss. Peeling is not caused by a small change but by
a large change. Thé insulating film 11 softens the change
in the warpage due to glass flow. In other words, thé

insulating film 11 reduces the change in stress. Thanks



i
the gate electrode 9 and before the formation of the 10 insulating film 11.
It"is also possible that the changes of the wafer warpage during the
i bdi vi dual steps are k€l atied to peeling. However, it has also been foun
that peeling actually occurs only during glass flow and nmay be prevented or
at | east aneliorated by the present invdii-on. 15 According to the
Table 1, the nunber of times peel occurs differs in dependence upon.the
nmet hod of forming the filmwhen the insulating film 11l has a thickness of O

1,000 A« In this respect, the follow ng, facts .h ) | ed. 20
Vhon aveiCler 1] 591 Rhe prasther oho e AnaaRi g EALR 11y BOEREVEGs. the

di ff s into the filmf he PSG fi : i i .
ELOE phorus i 5 di FPEFEIPRFE LS Rt |CAngRT kAo AR5 Bk, 18 naE
I gh tenperature . 2l fggkf ' |
normal CVD 25 ne?ﬁﬁg}g?hgx\ldﬁ§3§%%ra- e kgéetlv?\eﬁ % %&%%%E?gﬁngﬁbﬁe?hod.
This is because gheitbhPapeyooslidderans dermitdess A Sigerr] filminto

whi ch phosphorus ¢ uses 14 has the sane property as that of a PSG
film Since she insul atingidéntalllly hathe Waberk warpayki asednysbanas snal |

as 1,000 A, a pure Si@ filmcontaining no phosphor is not substantially
present, and theapépagsosf stivenearpagds at Ppdindse dbdee F( byetheamethedsi de
of the PSG film 12) is considerably higher near the PSG film 12. Mboreover,
It shown in Fig. 10. It has also been confirmed that the
wafer warpage changes at each step after the formation of
Y - the gate electrode 9 and before the formatiog of the
10 insulating film.ll.' It is also possible that the changes
| of the wafer warpage during the individual steps are
related to peeling. However, it has also been found that
peeling actually occurs only duripg glass flow and may be -
prevented or at least ameliorated by the present invention.
| 15 _ According to the Table 1, the number of times peel
occurs differs in dependence upon the method of forming
the film when the insulating film 11 has a thickness of
1,000 ;. In this respect, the following facts have been
&f - revealed. |
20 When a Si0, film is used as the insulating film
11, phosphocus  diffuses into the film from the PSG film 12.
The diffusion rate of the ghosphorus is different for a sio,
film formed by a CVD method at a high teﬁperature énd a.
low pressure.ané for a SiOé film formed by a normal CVD
.'25 method; the diffusion rate being lower for the former

method. This is because the films have different

densities. A SiO

2 film into which yko.s‘uko}us diffuses

L



has been found that the upper portion of the insulating filmhaving a
predeterm ned or higher phosphorus concentration diffused reflows
S|ngﬂaneously with the 10 glass flow The concentration of the

pho orus diffused is dependent upon the phosphorus concentrat:ion, of the
PSG film 12 and upon the tenperature ggd_duration of the glass flow. A
fluidity is obtai ned when.the phosphorus concentration reaches 4 nol % or
hi gher. 15 Furthernore, it has now been found that no peel takes
place if the part of the insulating film11l which does not reflow

si mul t aneousl| yhas tthe samy gzopelrty basthat| efiss BS@riah or ngirask t hi Ck\Q,e‘SS.
Thi's thickness should be not |ess than 600 [err]. In order to ensure t hat
there 20 is aihe dngulatiing Kidmnddshas eahthpokness twhidh imayl bewdsh does

not reflow, it is nece igy that a SiOfilm2 produced by CVD at a high
tenperature ard®3ty &% f}r 0y Pa Pspﬂreoﬁl%tﬁk‘k GeREA kNG g @ghgsphar

d d by t d t
P;gurfe mhgn Fh q%’su atl%@%ﬁ%ﬁgylgrege géa% ébi)p@ﬁ?ﬁQﬂﬁP?ﬁ%?ﬁQﬁ¥%ﬁHQﬂ
whi ch i s has d dredanRuy (3. BIGSAROLHS L2980 O£ SGd @ Aoy AW Qf the

phosphosilicate - - glass I'm unnecessary stress causing peeling of
the silicide |c&)tﬁld%ﬁaibal? h&gheQUﬁédrSﬂﬁélﬁs@rEim if2 thaed it ng film 11

has a thi ckness of about 600 A or nore while it is belng formed. Wen the
i nsul ating filhaslbeen found that the upper portion of the insulating
film having a'predetermined or higher phosphorus
concentration diffused reflows simultaneously with the ':J

10 glass flow. The concentration of the phosphonsdiffused
is dependent ﬁpon the phosphomsconcentration of the PSG
film 12 and upon the temperature and duration of the
glass flow. A fluidity.is obtained when.the phosphor;S
concentration reacﬂes 4 mol% or higher.

15 Furthermore, it has now been_found that no peel
takes place if the part of the insulating £ilm 11 which
does not refloﬁ simultaneously with the glass flow has
at least a predetermined thickness. This thickness
should be not less than 600 A. In order to ensure that there

20 is at least this thickness at the part of the film 11 which

does not reflow, it is necessary that a SiO, film

2
produced by CVD at a high temperature and a low pfessure
is 1,000 R thick and that a SiOz.film produced by.the
normal CVD method is rather thicker.

25 : As a result, when the insulating film 11 is made

of e.g. silicon nitride film which is hard to dope with

phosphons for effecting glass flow of the phosphosilicate



£

51s made of e.g. a silicon dioxide filmwhich is easy to dope with

i mpurity for effecting glass flow, the part for reducing the unnecessary
stress has to have a thickness 0 of about 600 A while considering the paﬁﬁgg
which-is to be highly doped with the phosphons until it reflows. 10 '
For this purpose, the thickness of the+Asuating film 11l has to be
controlled during the step of the fabrication process in which it is
fornmed. When the insulating film1ll is a silicon nitride film its

thickneds is not less than 600 A with the specific, value 15 varying in
dependewée upon tHESetHdd oGRS YhEFRFR causing PR QR theom t he

Table 1. The foregoi. escrinti,qn describes the use_of.a sili.c di oxi de
film Wen a PSG %ﬁlmr}gh%sslaal);ﬁ%osgp r‘a&sgg‘oﬁggﬁf?gt ?Bﬁfb‘fl%rb% _ ﬁ{%&l%@ t he
filmehickness Namdi i iipda 1hfd°habNan chobrAedl k! AUt Botxialed Hote
Thus, peelnmay be prevented. In other words, the change 1n the stress having

been descri bed WyHireefif GRCpelidgt Formall.e Kn8RYLRE {LEWCHkngl 8 1P Al

t hi ckness of the insulating filnms 11 and 12, i.e., the thickness of the
inter-layer inSulid imale2ndf fd.lgm ahadldcpheBtokedevailie. whidh digd@asiyhab
unnecessary inpurity may be introduced into the insulating film8 of the
M SFET to affect dape atiddy dimpairitlyafast effecting glass I1flow, tthes pdadi falrl e

that the thickness js larger in order to ensure that the phosphate film
provi des suffici gffducing the unnecessary stress has to have a thickness

of about 600 ; whiie considering the part which is to be
&2 highly doped with the phosphom$until it reflows.

;10 For ﬁhis purpose, the thickness of the insulating
film 11 has to be controlled during the step of the
fabrication process in which it is formed. When the
insulating film 11 is a silicon nitride film, its
thi;kness is not less than 600 &, with the specific value

15 varying in dependence upon the method of forming the film, as can
be deduced from the Table 1. The foregoiﬁg description'
describes the use of a silicon dioxide film. When a
PSG film has a phogphonuconéentration of about 1 mols,

o : the;film thickness has to be made larger than for a

20 silicon dioxide film. Thus, peelmay be prevented. 1In
othér words, the change.in the stress having been
described with refgrence to the Table 2 may be reduced.

The total thickness of the'insulating films 11 and
12, i.e., the thickness.of the inter-layer inéulating

25 film, has a preferred Value. In order that unnecessary

impurity may be intrqduced\into the insulating film 8

' of the MISFET to affect its electrical characteristics,



electric isolation between the conductive |ayers. However, considering the _
forgation of the contact hole for 5 connecting the bit line, the total

: thi%?ness is desirably small. Wen the insulating firlm14 is an Sierr]
i the difference in the etching rate fromthat of a PSG fil'mhas to be
taken into consideration. In order to,flatten a PSG filmby glass fl ow,

" noreover, a PSG fil mshould 10 have'agsléast a predeterm ned thickness. :
From the points descri bed above, the thickness ¢6f the insulating film1l is
preferably 4,000 A or less. This value is preferred particularly when a

Sigerr] filmds e%ﬁx@bl@‘@ﬂ%& e dn3RRheisen ief 1hb§eirakaﬁi 62460 d 5\

condi ti ons, inci y, the thickness of the insulafing film1l while

bei ng formed gmuhe pietHdghosphate $illeprbviked suEfisignet desirable
that the filmthickness during formation be 1,500 to 3,500 A. A specific
fabricati on mEaesiovidolunidie bétween ahecdonAugtiZd, 1kygrs3AHoweger AA,
Fig. 5, Fig. 6 and Fig. 7 are top plan views and sections of parts of a
DRAM showi ng coresixdeming ddid fhmmatjonhefi ke icdntactabeileafpsn steps, for
expl ai ning the enbodi nent of the 25 present invention. Fig. 2B is a section
t aken al on§ I¢onnegting |theg WHity line, whe tomals thicknessnisaleRirrbhY) |ine

[11 - 11l of Fig..3A. Fig. 4B jis a sectio - 17 - taken along ljne IV -
IV of Fig. 4fmall g wtgargstl}jp insulating flim 11 Jis an Siio2 %igmg the®

difference in the etching rate from that of a PSG film
has to be taken into.consideration, In order to flatten -
a PSG film by glass flow, moreover, a PSG film should /
10 have at least a predetermined thickness. From the points
described above, the thickness of the insulating film 11
is preferably 4,000 ; or less. This value is.preferred
particularly when a SiO2 film is used.
By taking the dispersion of the fabriéating
15 conditiéns, incidentally, the thickness of the insulating
film 11 while being formed may be'determined. For a SiO2
film, it is most desirable that the film thickness during
formation be 1,500 to 3,500 R.
A specific fabrication process will now be
20 explained. |
Fig.. 2A, Fig. 3A, Fig. 4A, Fig. 5, Fig. 6 and Fig.
7 are top plan views and sections of parts of a DRAM
showing one membry cell during the individual
fabrication.steps,'for explaining the embodimént of the
25 present_inéentibn. Fig. 2B is a section taken along
line II - II of Fig. 2A. Fig. 3B is a section taken

along line III - III of Fig. 3A. Fig. 4B is a section



section taken along line VII - VIl of Fig. 7A. First of all, a p -type

sem conduct or susbtrate 1 of a single crystal of silicon is prepared. As °
shown in 5 Figs. 2A and 2B, noreover, a field insulating film3 is forned™
on the-fain surface of the sem conductor substrate 1 between the regions to
have -t he sem conductor el enent, and a $-Xype channel ‘stopper region 4 is
formed sinmultaneously therewith on the main surface of the sem - 10
conductor substrate 1 below the field insulating film3. An insulating film
2.is fornmed on the surface of the substrate 1 other than the region forned
with thesfiel d tAkBRaglARIf iR IV nelY REI BRI ndt A4 | B8 heibhd SpPepar ed by

th | “oxi di zat i .of th i I t d Sig:

1T m aving o i AECRAGEs EoReR o0l 088 shire VERCE 1A % JE Ahtg 111m 3 my. be

a silicon dioxide fil g + i : | di zatd h '
Substrate 1 Tor exanptEStest, f1}7 7e Frctied (AT 4t ave’S
After the step SﬁgﬁTﬁ]igé'fégérygeaf‘néfzﬁni@@ni:&?%:?ééélﬂaé.i | M2 shedimt BR

field insulating film3~are covered over their entire surface with an
insul ating fig mpegsThd WAGUDBY | HErébver p #BFidRd Airkddlaihqliflilindg fikl m

made by CVD, for exanple, having a thickness of 100 25 to 200 A. A '
silicon dioxi de fbrmed( pat thbomaini sutpacedodHnthdesemisedraiuatprf isubskramde of
silicon nitride, the silicon dioxide filmhaving a thickness of about 30 to
50 [err], for elabptweesothe regiensctothavettkessemiceinductor element,
énd-a p~-type channel Stopper region 4 is formed
o simultaneoﬁsly therewith on the main surface of the semi-
10 conductor substrate 1 below the field insﬁlating film 3.
An insulating film 2 is formed on the surface of the
substrate 1 other than the region formed with the_field
insulating film 3, the insulatiné film 2 being prepared
by thermal oxidization of the surface, for example, to
15 produce an Sioz.film havigg.a thickness of 300 to 500 ;.
The field insulating film 3 may be a silicon dioxide -
film formed by selective thermal oxidization of the
substrate 1, for example, so that it has a thickness of
- about 1lum. |
20 - After the step shown in Figs. 2A and 2B, the
insulating £ilm 2 and the field insulating film 3 are
covered over their entire surface with an insuiating
film 5. This insulating film 5 may be.a silicon nitride
film made by CVD, for example, having a thickness of 100
25 to 200 A. A silicon dio#ide film (not shown) is formed

on the insulating film 5 made of silicon nitride, the

silicon dioxide film having a thickness of about 30 to



caused by the difference in the coefficients of thermal expansion between

t hglennsul ating film5 and a conducting plate to be fornmed at a | ater step.
Af this, a 5 conducting plate 6 is selectively formed:-on the insulating
film5 other than the region which is to have a M SFET acting as the -
swi t ching el enent of the menory celt .18 conducting plate 6 nay be nade of
a polycrystalline silicon filmwhich is prepared by CVD, for exanple, 10
havi ng a thickness of about 3,000 to 5,000 A and having its resistance

| oviered by i rpdug; . { d i ting films
19 sed o o FoF RSP0 ad ¥ Beiucd e HRRe WS T e o

the conduct igg,fddtsy Gtﬁggéfpy%%@é:'&jnvq!% t%é‘aff[]_féirg IR oLfn%HIeg}r?LEg fiTm

(i.e., SIA) film7 covering the conducti ng , as shown i igs. 3A

and 3B. The éxsansiondbétweer e fyuRd R Weah B andd @g%ﬁ%gﬁ&?dum | ve
an

| ayers, i.e., the insulating film7, is omtted fromFig. g. 4A so
as to clarifplate patberformed het eonditkid B3epd plaFterbthig,tq facilitate
its illustration. After the step shown in Figs. 3A and 3B, .the insulating
films 5 ahd conducting eplats € dish @l adtd vel9FEbraed o ehiel takylaeinyed to
expose the sem conductor substrate 1. Then, an inhsulating film8 is forned
on the 25 exffoed eFhes khan hy negione whichdist do halyet _aMESEETThe

insulating film8 may be a sjlicon diioxide film produced by thernal
oxi dati on ofa‘fil'?e“%tﬂgt?}%ﬁ SWikhGhing elemept of the memory cell. The

conducting plate 6 may be made of a polycrystailine
silicon film which is prepared by CVD, for example, ;J
10 having a thickness of about 3,000 to 5,000 A and having |
its resistance lowered by introducing phosphorus. Moreover,
the exposed.insulating film 5 is used as a.mask to oxidize
thgrmaliy the pélycrystalline silicon layer or the '
conducting plate 6 thereby selecﬁively.to form an
15 insulating film (i.e., $i0,) film 7 covering the condudting
plate 6, as shown in. Figs. 3A and 3B. The insulating
film to be formed between the individual conductive layers,
i.e., the insulating film 7, is omitted from Fig. 3A "
and Fig. 4A so as to clarify_the pattern of the conducting ';;J
20 plate 6 and to facilitate its illustratioh.
After the step shown in Figs. 3A and 3B, the
insulating films 5 and 2 in the regions to have the MISFET
are selectively removed to eXpose the.semiconductof
substrate 1. Then, an insuléting'film 8 is_formea on the
25 exposed main surface of the semiconductor substrate 1..
The insulating film 8 may be a silicon dioxide film

produced by thermal oxidétion of the substrate surface



and may have a thickness of 500 to 600 A so that the gate insulating fil

of the M SFET may be constructed. In order to forma word |ine and the g
-ebectrode of the M SFET, noreover, the insulating film?7 and the insulating
5-fil'mr8 are covered over their entire surface with a polycrystalline
silicon layer 9A, which is covered overl?ts entire surface with a

mol ybdenum silicide |ayer 9B. The polycrystalline silicon |ayer 9A nay be
prepared by CVD, for exanple, having its resistance reduced by 10 '

i nt r oduci- h j [ ‘ 2 to. 3,000 A
1I'P\_er (r)rﬁw{ﬁggn5moéﬁpfgllggeh?ggegaggggrr}é@e%gI%gmnﬁébtgen@?;g Isldciq%%tf ?‘Ihﬁ ﬁ?gauced
by sputtering, Qn%&atﬁn%,hrﬁmesf fhe AMPSPER miP B %&%L@teﬁqb%ﬁuen“y

t he nol ybdenum silicide Nayer 9B and the polycrystalline 15 silicon |ayer

9A are sel ectivekilepatberesl AOwbpdMife L0AOLKE igtd AW ctTdae o @ukdi Ng a
word line (W) and a gate electrode (G of the MSFET, as shown in Figs. 4A

and 4B, and-ar eMIBPETsulmpeebedr} othe hbmdulateingrefilmmt7 amlitthk AASuAAELAGI N
an at nosphere of an inert gas such as 20 argon. This heat treatnent
may al t er nat PveEjlme 8camgucoveredf over t theizatentine gunfase mithoani ng t he
conductive |ayer. 9. After the step shown in Figs. 4A and 4B, as shown in
Fig. 5, an n -tPﬁéY§ENFEBM|EEFoF1£b§‘?’@)'nlibe’r' SForfhiroeis wovexrefaPNesur f ace

O e o CONCYELoL B4Rl LR LU AHSD AORASHIELL 0 LA 20 P the
The polycrystalline silicon layer 9A may be prepared by
\4" | CVD,.for example, having its. resistance reduced by
10 introducing' pko':p'\“# and having a thickness of about
2,000 to 3,000 R. The molybdenum silicide layer 9B may
be a molybdenum silicide film produced by sputtering,
with a thickness of about 2,500 to 3,500 ;, Subsequently
the molybdenum silicide layer 9B and the polycrystalline
15 silicon layer 9A are selectively patterned to form the
conductivellayer 9 for providing a word line (WL) and a
gate electrode (G) of the MISFET; as shown in figs. 4A
and 4B, and are then subjected to a heat treatment at
'&“ : aboﬁt 1,000°C iﬁ an atmosphere of an inert gas such as
20 . . argon. This heat treatment may altérpatively be
‘conducted before the patterning step for forming the
conductive layer 9.
After the step shdwn in Figs. 4A and 4B, as shown
in Fig. 5, an n+-type semiconductor'region 10 is formed
25 in the main surface of the semiconductor substrate 1
| ‘through the insulating film 8 on both the-sides of thé_

. conductive layer 9 (G) in the region to have the MISFET,



- 20 - as showmn in Fig. 5. The sem conductor region 10 is formed using

a k for doping the conductive layer 9 (G and the insulating film7 with

npurity and may be forned in self-alignment by iron inplantation, for
exanple S'In this case, energy of about 70'to 90 KeV is used to introduce
an inmpurity of arsenic (As) ions inTa 295~ 17 2 -

concentration of about 1.0 x 10 to 1.0 x 10 atns/cm After the step

shown in Fig. 5 an insulating film11l covering the conductive |ayer 9 is

causes pool | A5 OT L Re RS e Rim ST CoRS T apert8h FeORPRE e 1 e

causes peel i

ng of the nol ayer

phosphosi | i cg@enda@ssifg M f @r mRdkl o2 a4 §ﬁ§U€Hé ééﬁ@uctir@é‘tléoj@”?t' ng

film1ll may

be made of a silicon dioxide | mwhich is prepare

hi gh 15 tenpdicat wnd ahealinsinlaA¥Anigo £300)( erwionaad ﬂi\pﬁrﬂﬁﬁsﬁﬁu%&ﬁw by
0.1 to 10 Torr than atnospheric pressure. As discussed above, however,

I's preferabl
| arger than

doximetd time sielfiradtiignmenit! byliohasmplahtakibess Bopadxdmple.

1,000 A. In the present enbodi ment, the thickness 20 of the

it

CVD at a

i nsul ating® f iInmthis saset &bey gyb oft abogb07Pota, QOOKﬁVah@I wsgd pef er abl y be
1,500 to 3,500 A. After the step shown in Fig. an insulating film 12 of
phosph03|llc&9§§$ iad ﬂSWWE&tYTHfsaFHEBFﬁtKﬁﬁ’f%?%ﬁlﬁnﬁhy have a

r;r:purl tx ag:ncentqfaabo%gfl %§6ag§m %Engob(yg‘g{ :'[s?se%( L e,2 and a

ﬁmneover

phosphor us |
t hi ckness of

10
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After the step shown in Fig. 5, an insulating
film 11 covering the c§nductive layer 9 is formed, as
shown in Fig. 6, so as to reduce unnecessary stress which
causes peeling of the molybdenum silicide layer 9B by
glass flow of the phosphosilicate glass film formed in a
subsequent step. That insulating film il may be made of
a silicon' dioxide film which is prepared by CVD at a high
temperature of about 700 to 800°C and at a pressure lower
by 0.1 to 10 Torr than étmospheric pressure.

As discussed above, however, it is preferable that
the 1nsu1at1ng film 11 has a thlckness equal to or larger
than 1,000 A. In the present embodiment, the thickness
of the insulating film 11 is suitably about 1,000 to
4,000 ; and may preferably be 1,500-to.3,500 ;.

After the step shown in Fig. 6, an insulating film
12 of phosphosilicate glass is formed. This insuléting
£ilm 12 may have a phosphorus impurity concentration of
about 10 mol%, for example, and a thickness df about
6,000 to 9,000 ; so as to ensure glass flow. Moreover,

the insulating films 8, 11 and 12 above the predetermined

u_'



the insulating films 8, 11 and 12 above the predeterm ned - 21 -

sem conductor region 10, which are to be connected to the bit line to be 3
fornmed during a subsequent step, are selectively renmoved to forma contact "
hol e 13. Af.ter-that, in order to inprove the coverage of the conductive 5

| ayer formed on the insulating film12 23 glass flow of 30 mn. at a
tenperature of about 1,000[err]Cis effected to flatten the undul ati ons of

t he upper surface of the insulating film112. As shown in Figs. 7A and 7B, a
bit line 14 is selectively forned such that it is electrically 10Q
connechigd to t hese@ArenfugeesrreeiPdn Ao Whirdugre ke SsnfarpeRtre ¥3 and

that it tends ip t di ti i.nsul_at i film12. The_bi
ine 14 Gsmide Bt Tiné fSobe Forted dimitiha’ uBlegupRtoRhgRs SFoabout
0.8 1o 1.0 pm 1he300ui 0.8 POhSTed ' ddih S AUCHRT o] 33] €0RRR10

di ffuses during intro uc?l N of- yhe rnpurity an uring the various

subsequent heat gl MA! o38EPSLSOitp¥vd (tHAT oV eRaR@ebe Rheedodaithive

(x[err]). Moreover, the sem conductor region 10 connected to the bit |ine
14 is doped duy in@yghragsrhb@vori tihe ai mhOsdioig i1t ¥ ylassh€13@ eent act

hole 13 so that one part of it is deeper than other parts. During the
subsequent heat Boealinenatsaepempéimtumpof tabdur 1g1089S Cf Lewedferhed
insulating film212 is introduced into the upper part of the insulating film
25 11. Since itq £lpskepvtbet nedulpikens |ofiytihe [uppsire sugface of the
insulating £ilm 12. As shown in Figs. 7A and 7B, a bit
\o ' line 14 is selectively formed such that it is electrically
10 connectéd to the semiconductor region 10 through the
contact hole 13 and that it extends in the row direction
on the insulating film 12. The bit line 14 is = made
of an aluminiﬁm film and has a thickness of about
0.8 to 1.0 pm. It should be noted that the semiconductor
15 region 10 diffuses during introduction of:the impurity
and during the various éubsequent heat treatment steps
so that it has a predetermined depth (xj); Moreover, the
semiconductor region 10 connected to the bit line 14 is
&J doped during glass flow with a phosphomsimpurity via the
20 contact hole 13 so that one partlof‘it is deepef than
othef'parts. |
‘During the subsequent héat treatment steps, the
impurity for glass flow qf the insulating film 12.is
introduced into the upper part of the insulating film
25 '11.f éince it is believed'that,gléss flow is liable to

take pléce at the doped part, the result is that there

_is a part which prevents peeling of the molybdenum

®



take place at the doped part, the result is that there is a part which .
prisyents peeling of the nol ybdenum - 22 - silicide layer 9B. Upon
c@ggletion of the DRAM the insulating film 11l for reduci ng the unnecessary .
stress which causes peeling of the nolybdenumsilicide |ayer 9B as,a result
of glass flow of the insulating fil-m222-0 5 may have a thickness of. about
600 A or larger. After this, a protecting filmis fornmed all over the
entire surface. In the present enbodi nent, unnecessary stress of the
insulating film 12, which causes peeling of the 10 nolybdenum silicigde

| ayer 9B by &iddsideofaver 28gucdPopy coRpletionapfnhei PRAMA . thespite _thi s,

i | ati fil.m 12A f phosphasi |.i cat | be gi both th
Fonetion of dnsw Bz TR 11 Bes Radiicingnthe Hobecenssr e seeaes o
Fig. 8 i howi t he .di_strd buti t he phosph i it
Concentt at | oNHaRh HAREL0 o0 1R le Rl S GhabfimPETFede Ay BTl LY. (|

| ai ni t di : : i i 1 d. t bsci
P cat oot ha® Rroendeeus ps el F Il bf) B’ BRsulfefnd) ribn (17, 102G

oA e £ Mg btashis o dsehn ohlcer gt e gy ot no 111
phosphorus i mnis,t i prioteldtingC&idm ke formed all over the entire
| surfacé.
In the present embodiment, uhnecessary stress of
the insulating film 12,.which_causes_pee1ing of the ;)

10 molybdenum silicide layer 9B by glass flow, is reduced
by the insulating film 11. Despite this, an insulating
film 122 made of phosphosilicate glass may be given both
the fuhction of glass flow and also to reduce the
unnecessary stress.

‘15 Fig. 8 is a graph showing the distribution of the
phmwkmms impurity coﬁcentratidn of the insulating film
12A made of phosphosilicate glass for explaining the
embodiment of the present invéntion,

In Fig. 8, the abscissa. indicates the thickness

20 (x 103 A) of the insulating film (PSG) 12 from the
boundary between the conductive layer 9land the insulating
film 12a, whereas the ordinate indicates the concentration
mol%‘of the phoﬁﬁmls impurity. 1In this case, thé-
thickness of the insulating film 12A may be, for example,

25 about 8,000 to 12,000 A. |

As is appareht from the same Figure, the part of

the insulating film 12a covering and adjoining the



-

thi ckness of the insulating film 12A may be, for exanple, 25 about 8,000

to 12,000 A. As is apparent fromthe sane Figure, the part of the
iasul ating film 12A coveri-ng and adj oi ning the - 23 - conductive |ayer
9; i-.e., the part having a thickness equal to or smaller than 1,000 to

2,000 A has a remarkably | ow phosphoraos2Bnpurity concentration. The
phosphorus inpurity concentration necessary for the 5 insulating film 12A
to effect glass flowis equal to or higher than 4 nmol % Therefore, the

hosphor-us i nmpurj concent.ration of, the insul atj film212A cqvering and .
g-.dj oi nwg t he -céﬁ%&cﬁ:\}g'ﬁ ;lfgl’erggr'rafﬂﬁé d J?ﬁﬁ%‘ﬁ’d&% HFERIEkNSASTer
portions, e.g. 'e%{ t 9 e te pecessary
stressing of the nsluﬁg-%rﬁgﬁ%l%%fgg%é%\lhﬁzRalgs_téla%’si 'b%/ g 2% f1ow and

results in peel iraghadfkaldlsy TR PbepHimSI &}nghﬁﬁt&aaéﬁc&ﬁtr o gguced by

the insulating film12A in the vicinity of the conductive layer 9. 15

According to thewspliches dinpuringt concdaseathed absessatyedmieaating film
12A is formed froma phosphosilicate glass film produced by CVD to cover

the conducti ¥e limsarladingd fiym A2Aodocefiffeat phbagd of Low i i widual it @rt he
phosphosilicate glass filmfromthe surface to 20 a predet erm ned depth so
“as to effect gl &3gharowhantii :oddes Rberpsanet othe sprybPresanimpurdityase in

: of the steps of, the fabricatin rocess because it can be
the nunber . concen%ration of the gnsulgtipng film 12A covering and

adjoining the conductive layer 9 may be lower than those

U . of the other portions, e.g. lower thén aﬁout 4 mol%. As

IQ a result, unnecessary stressing of the insulating film
12A, which is caused by glass flow and results in peeling
of the molybdenum silicide layer 9B, may be reduced by
the insulating film 12A in the vicinity of the
conductive ‘layer 9.

15 According to the method of formation descriBed
ab&ve, the insulating film 12A is formed from a
phosphosilicate glass film pr§duced by CVD to cover the
conductive layer 9 and by introducing a phosrkoms -impurity
into the phosphosilicate glass film from the surface to

20 a predetermined'depth so as to effect glasé flow. This
does not lead to a significant inérease in the number of
the steps of the fabricating process because it can be
conducﬁed in one furnace. .

The above description is directed mainly to a

25 memory cell which forms an element of a memory cell

'array of a DRAM. A Cbmplementary MISFET (hereinafter

referred to as a CMIS) forming a peripheral circuit of



conducted in one furnace. The above description is directed mainly to a 25
ry cell which forns an el enent of a nenory cell array of a DRAM A
| ementary M SFET (hereinafter referred to as a GMS)- fornmng a :

peripheral circuit of - 24 - the DRAMw || now be described.” Fig. 9 is a

sectional view showing the parts of-t2%& peripheral circuit of the BRAM for

expl ai ning a construction of another enbodi nent of the present 5

invention. In Fig. 9 an n -type mell region (N -well) 1Ais forned in a

predetern1ned naln e congucjor substrate 1.to forma -

p- channel M SER§ aﬁbe“%‘ﬁ e e%‘f *region 4A is formed undersef

field 10 insul atl nlglél I§n§s Ieapo%% r‘giggvpr}.h ngA‘@_h gg!r@gl A¢ film8A

is formed on the nalin®surfac reglon ion to be

formed with a L?ﬂb SgET and is
used to forn1t§ n%ate |ns£¥at|ng In1 the p chann NISF%# A1l5 p

-type Se”‘Conéaﬁéﬁfuéeﬂb@noﬁIXhéﬁhéfﬂémﬁbdihéAEEdfﬁthesgkéééﬁtOf the well
"region 1A through the insulating film 8A on both sides of the conductive

| ayer 9 irptheénvegtdonto be forned with the p-channel M SFET and which is
used in the formation of the p-channel M SFET. This 20_ p-channel M SFET

Qerr] has a gate eIncI‘Ig)deQ(G)nfmr-neyp@ywelﬂe nregiduc (N ewed}dr 18, ishe
insulating film8A, and a
formed in a predetermined main surface of a semiconductor

substrate 1 to form a p-channel MISFET. An n-type
channel stopper region 4A is formeé under a field ;)
10 insulating film 3 in the well region l1A. An insulating
film 8A is formed on the main surface of the well region
_lA in the region to be formed with a semiconductor
element, such as the pféhannei MISFET, and is used to
form the gate insulating film of the p-channel MISFET. A
15 p+-type semiconductor region 10A.is formed in the main
surface of the well region 1A through the insulating
£ilm 8A on both sides of the conductive layer 9 in the
region to be formed with the p-channel MISFET and which
"is used in the formation of the p-channel MISFET. This
. 20 p-channel MISFET Qp has a gate electrode (G) formed by
the conductive layer 9, the insulating film 82, and a
pair of the semiconductor regionslIOA are formed on
both sides of the gate electrode (G) in the main sﬁrface
 of the well region 1A. The in;ulating film 11 is formed,
25 as in the first embodiment, to cover the conductive
layer 9 and to reduce unnecessary stress of the

insulating film 12 of phosphosilicate glass which would



pair of the sem conductor regions 10A are forned on both sides of the gate

electrode (Q

in the main surface of the well region 1A The insul ating :GZD

fiilm1l is formed, 25 as in the first enbodiment, to cover the conductive
l.ayer 9 and to reduce unnecessary stress of the insulating film 12 of
phosphosi | i cate gl ass whi ch woul d =~ 25 -cause peeling of the nolybdenum
silicide layer 9B by glass flow Moreover, the-insulating film 211l covers
t.he sem conductor regions 10 and.| QA sinultaneously with the conductive -

uh oh kg 1t r o ReSE (SFRTHE FF Sre md QR 1A RICTRVEE B WL, Y o

bei ng i ntr.oduc ari | t ' Ok EL£04 9N nd | OA
;‘ﬂ)[éragt?ﬁfg? £ mﬁ%r%ér}}(f} gA%é%%‘s‘aﬁQ‘Eiﬁ%i gtiﬁ i? éovlgré

through the in

. There i1s a of this because the

insulating 10 ¢hé NSerdicoribiiroY ddifddsSRbTand 2oa] sﬂnﬁlfinéé@sll?ry t hin,

for exanpl e,
prevents the siwithdehe ayendbdtiveotgyeal ing ghe pnsutatingnfiitesaetsy
phosphorus inpurity frombeing introduced at that tinme thereby to | eave the
15 electri cal thaprevent sthe ghaphane NmpREILYQ whith dadigirediced
unaffected. The insulating film 1l is remarkably effective, particularly in
.a CM'S, becauseinr¥e %he tingulafing JHEm 32 ot ELecti glagsoflove ExPhace of
the p seﬁicond%gtpr rggion I has a | ow i ,qpur.it

\L'/.

10

15

20

25

about 500 to 600 A. In other words, the insulating film11l

eing introduced unnecessari into the semiconductor
regions 10 énd 10A through the insulating films 8 and
8A. There is a risk of thié because the insulaﬁing
films 8 and 8A of the MISFETs Qn Qp are very thin, for
example, about 500 to 600 ;, In other words, the .
insulating film 11 prevents the silicide layer 9B from
peeling and prevents unnecessary phesphorus impurity from
being introduced at that time thereby to leave the
electrical chéracteristics of the MISFETs Q  and Qp
unaffected. The insulating film 11 is remarkably
efféctive, particularly in a CMIS, because the part of
the MISFET Qp in the vicinity of the surface of the
semiconductor region 10A has a low impurity
concentration and so has an increased resistance. This
causes a reduction in the operating time. A contact
hole 13A is formed by selectively removing the insulating.
films 8, 11 and 12 from above fhe predetermined seﬁi-
conductor rggion 10 of the MISFET Qn' The contact hole
13A is used to connect electrically the semiconductor
region.lo and a wire (which will be described later). A

contact hole 13B is formed by-selectively removing the



20 concentration and so has an increased resistance. This causes a
regaction in the operating tinme. A contact hole 13A is forned by

S ctively renoving the insulating films 8, 11 and 12 from above the

pr®det ermi ned sem - conductor region 10 of the M SFET (n The cont.act hol e
25 13A is used to connect electrically the sem conductor region 10-and a
wire (which wll be described later). A contact hole 13B is formed by

sel ectively renoving the 26 |nsulat| fllns 8A, 11 and 12 from above
t he predeterm ned gggicon tor on | of t he %ISFEI ? The gont.act
hol e 13B i s usdB*¥oetihect r| clalalrﬂl e XM @8BR35 £8F PEgRSRST d a

wire (which w Léﬁggoxg&ﬁ] £ 41%:?"]?0}\ Wf q]ey’ﬁlI'S?‘E"'—i‘ Q]c or MflaORohRSct hole

insulating film s electrica connéect® to the

sem conduct or 1ggi 98 ded M&@hdé& @A dNg kR s%hbahdwc&srléggiénon

the insulating film12 so that it is electrically connected to the

seni conduct or Legyi amd | Hwile oughidtavidan s tmdnionkdBlater). wir&hedsegend
insulating filmis forned between the conductive |ayer and the first

i nsul ati ng3fi | fowhedhomothe insylatsing Hfd lawdRuso khalttajiyr isUsdectsianyly
stress (or change in the stress) of the first insulating filmdue to glass
flow, which fl8anreecked RdhaFMiqpdugtoriragion d0 t 5°P§hréﬂﬁcéeng?the

Second i neul at PAger AR e Tl Groke A A7 Wik e, 3eeae i Rg, 232BuRe BR the
vicinity of the,Lpsyiajl ”Qléééz”ica?ﬂi/ el HYRHRS 33 c3hibetor
region 10A through the contact hole 13B. - ;)
10 . The second insulating film is formed between the N
conductive layer and the first insulating film which cover
at ieast the conductive layer. Unneéessary stress (or
change in the stress) of the first insulating film due to
glass flow, which flow causés peeling of the silicide layer,
15 is reduced by.the second insulating £ilm. The phosphorw$
impurity concentration of the second insulating film is
preferably such that no glass flow occurs in the vicinity of
the insulating film, and hence any unnecessary stress
generated does not affect the conductive layer. As a L
20 result, it is possible to provide a highly reliable semi-
conductor integrated circuit device in which there is little .
or no peeling of ﬁhe molybdenum silicide layer.
The conductive layers of e.g. the word line are a
polycrystalline silicon layer and a layer which contains a

25 refractory metal of high melting point and silicon.



gener ated .does not affect the conductive layer. As a 20 result, it is
possible to provide a highly reliable sem - conductor integrated circuit
device in which there‘is I-ittle or no peeling of the m)lybdenumsilicide@
| ayer. - The .conductive |ayers of e.g. the word line are a polycrystalline
silicon layer and a layer which contaim#7a-25 refractory netal of. high

nmel ting point and silicon. - 27 - As aresult, the wring resistance of
~the conductive | ayer, which cannot be nade of al.umi ni um or an al umi ni um

Il oy, b d d that_th t ant d { t t ed
i 1 oul wadbvi ce may have 2R § FRRTHYECDAF o T THuRE Care S3cERA | nsul ati ng

filmis formed bgLugan.ibe 99%&6' éﬁd@ax(ﬂo@b Hrlé%ec%'kd‘é%h‘iié pﬁysg) and

the sem - conductor. regl on e source or raln reglion an

fnsulating film H“HQﬁﬁﬁﬁﬁﬁﬁ( §ii@§§ Y e Lbadcds 3o Rt thel B@saﬁhxhéenum
silicide layer of the first insulating filmby glass flowis reduced by the

second insul ati ngemitbh@actbit ihbegatesd ¢ivmitoafevide alalyehavehangat e
el ectrode and so that the phosphor inpurity introduced into the first

~insulating fi5n1ﬁmpthedobpenmetngsaiméy i ntroduced into the sem conduct or
region. As aresult, it is possible to provide a hlghly~reliable
semi conduct or |ntegraI¥hEc§¢Qan igenleding WWHiilohigeEproedt hetween cthe | ayer

nay be prevented or at_least _aneliorated and in which the electrical
gate electrode (i.e., the conductive layer) and the semi-

conductor region e.g., the source or drain region and
U the flrst 1nsu1at1ng film. Unnecessary stress which
10 causes peel of the molybdenﬁm silicide layer of the
first insulating film by glass flow is reduced by the
second insulating film so that the glass flow does not
affect the gate elestrode and so that the phosphor -
impurity introduced into the first insulating £ilm is
15 not unnecéssarily introduced into the semiconductor
region. As a result, it is possible to prsvide a
highly reliable semiconductor integrated circuit de&ice
in which peel of the silicide layer may be prevented or
S at least ameliorated and in which the electrical
20 characteristics of the MISFETs may be stabilised.

The preSent invention is not limited to the
embodiments described above but may be.modified in
various ways. For example, the embodiments described
above show the application of the presentlinvention to

25 a DRAM, for example. However, the present invention
'may also be applied to.a semiconductor integrated circuit

device such as a SRAM or a mask ROM, which is constructed



20 characteristics of the M SFETs may be stabilised. The present invention
isgaot limted to the enbodi ments descri bed above but may be nodified in
vazslous ways. For exanple, the enbodi nents descri bed above-show the
application of the present invention to 25 a DRAM for exanple. However,
the present invention may al so be applied to a sem conductor integrated
circuit device such as a SRAM or a mask ROM which is constructed 28 of
a conductive layer having a polycrystalli§e silicon la and a | ayer which
contains a refractory netal of high neltihg point and silicon, and an -

contains a r¢ | el 7] and si li con, -
bhosphosi 1 caf cx s granetes Tarel e o, Bblyor Bk a1 he b 1B CLENT
thus far madg, s, di45gl ogh il Wonddirdd1 Ga3% kR ol AT oENKERhI ON I 5

applied to the séem cbn- r-rntegrated circuit “device belonging to the
field of app}n&ﬁeih?np@mimtmww,ntairm\,anbuhshhatﬁhgse11mi svenliyongl0

should not be Iimied thereto. 29 CLAIMS: 1. A process of
fabri cati ng gheesbsauctiverlaysrgrettiath dilauiits tadecefhphpbaphasiléasteone
menory cell wth the or each nmenory cell including a capacitor and a

M SFET 5 glass for flattening the undulations.
* The description.thus far made is directed mainly to
the case in which oﬁr invention is applied to the semicon-
'ducﬁor integratéd circuit device belonging to the field of '
application backing the invention, but the present invention \/ 

10 should not be limited thereto.



5 connected in series to the.capacitor, the method com—prisimnig: formng a

capacitor el ectrode of polycrystalline silicon over th
sem conductive substrate; -formng a gate el ectrode of “Hrwwuﬂmmmgat‘
10 el ectrode cohprising'a first filmof polycrystalli

second filmon the first filmwhich contains a refractory metal of high

mel ting point and silicon; formng by chem cay vapour deposition a first
insulating filmcovering t he capacitor electrode and the 15 gate el ectrode,
the first insul agiggméi! mhaving a thick- ness of at |east 600 A, formng a
secondyiasul ati ng—fTtm of phosphosilicate glass on the first insulating

film heating the,secondl precesy icl) fadrbdat inguae sghason@ctdnwintegrated
formng a first conductive |layer which conprises an alumniumfilm 2.

A process accordehgcmbtodewina_haﬂﬁnqﬂattuﬂaﬂﬁ oge i nsuemeingcdll mwikth the

t hi ckness | ess than 4,000 A 25 process according to claim 2,
wherein the firs®r|®ach MEMRFY |9%1ha?§‘°d-‘{drﬁn@,<ﬁe§§l’l§éﬂ-&@§na’1d5@(}"‘;@% 3, 500

30 4. A grocess accordj ng to any o clai,ns 1 erein the
refractory netal SPRAGBESH L FRT ES t°rgiﬁm%5§§§§t8560&g?n@e¥€ ny°®¥ne of
t he preceding pls*ggingperern the first insulating filmis a silicon
forming a capacitor électrode of polycrystalline
silicon over the surface of a semiconductive substrate;
forming a gate electrode of the MISFET, the gate
10 electrode comprising a first film of polycrystalline
'silicon and a second film on the first film which contains
a refractory.metal of High melting point and silicon;
forming by chemical vapour deposition a first
insulating £ilm cbvering the capacitor electrode and the
15 gate electrode, the first insulating film having a thick-
ness of at least 600 3;
forming a second 1nsu1at1ng film of phosph05111cate
glass on the first lnsulatlng £ilm;
&;{ heating the second insulating film to cause glass
20 fiow; and
forminé a first conductive layer which comprises an
aluminium f£ilm.
2. A proéess acco:ding to claim 1, wherein the first
insulating filﬁ has a thickne#s less than 4,000 g.
25 3, " A process according to claim 2, wherein the first

insulaﬁing film has a thickness between 1,500 2 and 3,500

X.



5 di oxirde fitmhavifag—a—+thi ckness equal to or greater than 1,000 A 6.,

A ces one of clains 1 to 4, wherein the first
in atl il !Mi{m ,m on nitride film 10 7. . A process according
to any on 5, wherein the first insulating filmis a

phosphosilicate glass filmhaving a phosphor concentration equal to or |ess
than 4 nol % 8. A process according to any one of the preceding 15
clainms, further including form ng sem corfductor regions of a conductivity
type different fromthat of the substrate for providing source and/or drain
regions in the sen A prodesisoacsodingt §ooanpoone sofiesl aimg He tatde  »

el ectrode, the first insulatin ilmbeing forned so as to cover both=20
the gate el edhes®dm e get §é‘ﬁ’|%6’6|¥dﬁ‘6ﬂ'-éﬂ- F8gheh¥bdepum. A process

according to any one of the precedl ng cl ai ns_wher ei after .t formation -
of the pol ycr{tl‘stal | iPh@TPCERSa AT OREE ﬁPcSﬁYa?ﬂ?n%P tl?%f‘?‘fﬁedf’;f‘%t al of

hi gh el i ng Dojinly, LASHE {LAKEES AAL8.NSRL L LERRG e iln A A A 20

at mospher e. Process o 'ng a semcon ctor Mt egr at ed

circuit devi Qﬁo%&ta%t %tl'n@|rx|a)(r1@n %”)éh%ﬁnﬁ%eé&udfs%'@Edgreat?ér W!rléh
reference to the acconpanyi ng draw ngs.
1,000 .
6. A process according'to any one of claims 1 to 4,
wherein the first insulating film is a silicon nitride
£ilm. : | J
10 7, A process according to any one of claims 1 to 5, “
wherein the first insulating film is a.phosphosilicate
glass film having a phosphor concentration equal to or less
than 4 molg.
8. A process according to any one of the preceding
15 claims, further including forming seniconductor regions of
a conductivity type different from that of the substrate
for providing source and/or drain regions in the semi-
conductor substrate on bnth sides of the gate electrode,
the first insulating film being formed so as to cover both '\J'
20 the gate electrode and the semiconductor regions.
9. A process according to any one of the preceding
claims wherein, after the formation of the polycrystalline
film and the film containing a refractory metal of'high
meléing point, these layers are heat treated in an argon
25 atmosphere.

10. . A process of fabricating a semiconductor integrated

circuit device substantially as any one herein described
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with reference to the accompanying drawings.




