SPECI FI CATI ON . . METHOD OF MANUFACTURI NG SEM CONDUCTOR DEVI CE AND

SEM CONDUCTOR DEVI CE MADE BY USI NG THE SAME TECHNI CAL FI ELD
Thes'present invention relates to a sem conductor device and a net hod
for manufacturing the sem conductor device, and nore particularly to a
met hod for manufacturing a sem conductor. 10 device, in which a capacitor
and a resistor or a MOS transistor arc arranged_.and also to a

sem conduct or devi ce nade by this met hod . >y ' THE |
ART 5 Conventional |y, i rSREGEREGAEION rC d

devices) with high packaging density, elenents ar- ) cl sely
and in sone cases a plurality of resistors or tranS|stors may be
arranged cl ose to a _capacitor citor, resistors and MOS
transistors ar eME BE MHNQFGGWUQIN§OSEMEQBHBUCFﬂBybEVECFoPNPd in a

process shown in Fi ecifically, a
field oxide film?2 ?@qﬂqcﬂ«@ﬂﬂmn pﬁ“&%&@%ﬂ&&f%@éﬁﬂ?for f or mi ng
resist@rs R and an area Alerr] for formng a capacitor C, while a
gate oxide film3 is fornmed with a thickness of about 250 (A) in an
area Al er rppeHRfcAR Wigp MOS 25 transistors TR and then a polysilicon
film4, a capacitor- dielectric/insulating filmb5 and a polysilicon
filmfor an upperhe presedtcintveftioncréDit@s toal Sémiconducrodaddvide 2 and

t he gate oxide film3. After a mask pattern is fornmed on an area
where t he and a method for manufacturing the semiconductor device, and
more particularly to a method for manufacturing a semiconductor
10 device, in which a capacitor and a resistor or a MOS transistor
are arranged and also to a semiconductor device made by this

method.

BACKGROUND OF THE ART

15 Conventionally, in integrated circuits (semmconductor
defices) with high packaging density, elements are arranged
closely and in some cases a plurality of resistors or MOS
transistors may be arranged close to a capacitor. When a
capacitor, resistors and MOS transistors are arranged in a dense

20 layout, they are formed in a process shown in Figs. 6 and 7,
for example. More specifically, a field oxide film 2 is formed
to cover an area A, for forming resistors R and an area A, for
forming a capacitor C, while a gate oxide film 3 is formed with
a thickness of about 250 (A) in an area A for forming MOS

25 transistors TR, and then a polysilicon film 4, a capacitor-
dielectric/insulating film5 and a polysilicon £ilm for an upper
electrode are forméd on the field oxide £ilm 2 and the gate oxide

film 3. After a mask pattern is formed on an area where the
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upper el ectrode of the capacitor Cis to be forrred t he upper

el ectrdde 7 is forned by etching the polysilicon f| | mfor the upper

el ectr ode. (Fig. 6¢a)). Subsequently, a CAP oxide film 10 and a
resist filml1ll 5 are deposited (Fig. 6(b)), then a resist pattern 1lla is
f ored which is used to formthe resistors R and the capacitor C from
tthe resist film11l by a photolithographic process (Fig. 6(c)), and by
using this resist pattern as a nask, a mask pattern 12 for form ng the
resi stor Fppear telectxode bﬁrtlieieapmimrtg/ isl@o becformed heti@\Rpperde fil m
10 (Fig. 6(d)). Next, a tungsten silicide film13 and a CAP

oxi de filmléctrode Ir é5d§9m¢¢elw ehahing thespolysiliconsEibmkor they. :
6(e)). A resj st tern 16a faor formng the gate el ectrodes of the MOS
transi st or4PPRE |%19ﬁ‘rpﬁi"f@drﬂ't are)s'l st film16 by a 15

pattorn Zi,graaﬁg' v BeAeIphagh Fuh 1) PR el Yuaman, e
pat (or B 16205 & pc “?E%\P EYY) ued drodill piltern 11hif M |, o

filmi3 ispiahed aved €y MQhéQesiQEoEBSﬁ and ttﬁb”c& abPtot ¢ Extm t he
gate el ectrodes as an etching mask and the mask pattern 12 for formng

t he resi st¢he ridsdsd film Ihbycaphvtolithographics pitocebs Pigsid(cyon film4
is etched away by using this mask pattern 12 and al so the mask pattern
17 for foranddy usingt shiscresisbpatiern s ) mask,  @Dndsk pattedd 120xi de
filmby which to forman LDD structure is forned, and the LDD form ng
oxi de fil nf9% fQ@Eming aﬁ%cﬂww |13/ and rthencapacidior C\dis foxmed by d))

finally a thin, oxi Im|s or t posed silicon substrate 1
by hedD ¢ etEHinE She GAF oxide flin T (rig. WH >

Next, a tungsten silicide film 13 and a CAP oxide film
15 are deposited, and a resist film 16 is formed (Fig. 6(e)).
A resist pattern 16a for forming the gate electrodes of the MOS
transistors TR is formed from the resist film 16 by a
15 photolithographic process (Fig. 7(a)), and by using this resist
pattern as a mask, a mask pattern 17 for forming the gate
‘electrodes is formed by etching the CAP oxide film 15, and then

the resist pattern 16a is removed (Fig. 7(b)).
When the tungsten silicide £ilm 13 is etched away by using
20 themask pattern 17 for forming the gate electrodes as an etching
mask and the mask pattern 12 for forming the resistors R and
the capacitor C is exposed., the polysilicon film 4 is etched
away by using this mask pattern 12 and also the mask pattern
17 for forming the gate elec'trodeé (Fig. 7(c)). AnLDD forming
25 oxide film by which to form an LDD structure is formed , and the
LDD forming oxide film is etched anisotropically to form
side-walls (Fig. 7(d)), finally a thin oxide film is formed on

the exposed silicon substrate 1 by heat treatment in an



oxi di zi ng atnosphere, and this thin oxide filmis shaped into a mask
~for ion inplantation to formso urce and drain diffused regions (Fig.
7(e)). -~ +Thus, a plurality of resistors R a capacitor Cand a 5
plurality of gate electrodes TR-G have b een formed. By diffusing
inmpurities into the active region by using the gate el ectrodes TR-G
and the side-walls 18 as masks, a p lurality of transistors TR are
formed each having source and dr ain diffused regi ons of the LDD
st ruct ur e oxidi¥iny aktmosphere, and €this thhre oxf :ideafilmlistshaped dnto
However, in the above-nmentioned conventi onal nethod, there are a
di f f er encea maskefgit iontimplantaticmpio formOCsanurce and [drais iditffused and
another difference in height between the capacitor C and the -
MOS- t r ansiERGHONS £Fdg| d®)ddes TR-G 15 Therefore, the thickness of the

resisit filmis yneven in the, fresis,t r-formn areaAerr]rcan t he
transi stor-form sar_@apzf'é'ﬂi]’:ty of rgsistors Ry @ FAPRCIEF S8 &1,
di ff i N4t hi i ot . t
LT Ters, | bifYlelar gaye SEAERIGE of-Blivdn SR ackPRE dini it 2
step 1N Apddie e TRto0indaddiyd £3hibn B} v ing tBlgadd ANWdtraddd N0 O
the resist Tl mcfiffers between at thé part™ a ané‘ at - the part [err] of

the resi strid Bh@"eNE slidelMal1s218 idOmdBKS, &f peQuraiity of triaiisistdason,
there is a possibility that resistors R or gate el ectrodes TR-G

desi gned VR arehformed eachhavingasoatrcelandidr 'ain diffusddvrediohs fof ence
widths in the patterned resist. If the width differs anong
resi st or s theLdinghrughure in whieh the sopxcg @ @nd drajseand ofedaades in

resistance val ue anong the resistors R designed to have the sane

resi s&fncStruGkare. 3

" However, in the above-mentione: d conventional method,
there are a différence in height betw: zen the capacitor C and
the resistors R and another differenc( 2 in height between the
capacitor C and the MOS-transistor gate electrodes TR-G.

15 Therefore, the thickness of the resis' t film is uneven in the
resistor-forming area A, and the trans iistor-forming area A,,,
with the result that the resist f£ilr n differs in thickness
between at a part @ near the capacitor ' C and at a part § away
from the capacitor C. Consequently, : in the exposure step in

20 the formation of the resist pattern, li .ght intenmsity éct:i.ng on
the resist film differs between at the part a and at the part
B of the resist film owing to the stai nding-wave effect. For
this reason, there is a possibility t] hat resistors R or gate
electrodes TR-G designed with the same : width on a reticle are

25 formed with difference widths in the patterned resist.

If the width differs among res: istors R or amo:ig gate
electrodes TR-G, this causes diff_erem ses in resistance valtie

among the resistors R designed to have t! he same resistance value

3



and al so leads to differences in characteristics anong MOS transistors
desi gnéd to have identical characteristics, and t hus a probl em of

l owering of anal og characteristics ari ses. A possi bl e way of
suppressing variations in light 5 intensity owing to the standi ng-wave

ef fect by reducing the t hi ckness variation of the resist filmis to

di spose the resistors R and the MOS transistors TR in positions renote
from the capacitor C. However, this nmethod is not preferable because
it increasandtabsehleadschoaddfifexdnces indeharactenistiics amongoMOfhent
packagi ng density. In the step of Fig. 7(e), after the

si de-wal | stq@weﬁ{tors designed godiavg identigabcharagtieristdas, andi de
filmis forned i.n th xposed surfaces of the siligon, substrate 1 b
heat FUS, arohlem, 0%, IONEFing Of oRated CharRCEREIREIES ArinGhm: 15

those parts of the Lyshlic fil i t th .
resistors R are ‘QI ggggéﬁgleze‘gg%egﬂséuﬁ\ﬁﬁégsgégt g’%zi'lrlg%g%g'gsegn h'gl%to t he
oxi di zighg {@,ﬁg{% éﬁﬁﬁ S lgﬁ/&?@ dudy

t hi cknesss %} t he mfﬁlénﬁ?aaovzst e rlgiivgtv(;ers R a tgfy .re u‘%hneé rs}%}‘dee-\_/val S
for form ngnidknddd vhiiatioh BIVameecpesPsEediln’lis i ol Aigposkerey in a
chip there is variation in diffusion |evel of oxygen as the oxidizing
gas, this resigtors R andivle MOSitransistidiss TR ik pasd tdlonisheepotygsfirtoncon
film4 and also in the ~resistance val ue anong the resistors R designed
to have thecapaciter GhaHoweverstthis mebhod iisomob preferpbdshegaussy
Problems with the capacitor C are that the etching step carried out to

form the ubbeingreasesqjthe chipeareapd t12ads to a decrease in the
icli m 5 near the edge of upper

gﬁggfl gcrag‘l"g‘lh‘ggé# W%n‘g%éé’]ey'a current to | eak between

4 In the step of Fig. 7(e), after the side-walls 18 have
been formed by anisotropic etching, a thin oxide film is formed
in the exposed surfaces of the silicon substfate 1 by heat
treatment in an oxidizing atmosphere. 1In this heat treatment,

15 those parts of the polysilicon film 4 which are to become the
resistors R are also oxidized because those parts are exposed
to the oxidizing atmosphere. For reasons such as the uneveness
of the thickness of the oxide film above the resistors R after
the side-walls for forming the LDD structure have been formed,

20 if in awafer or in a chip there is variation in diffusion level
of oxygen as the oxidizing gas, this .results in variation in
the thickness of the polysilicon film 4 and also in the
resistance value among the resistors R designed to have
identical characteristics, which has been a problem.

25 Problems with the capacitor C are that the etching step
carried out to form thé uppér electrode 7 causes damage to the

capacitor-dielectric/insulating £film 5 near the edge of upper

electrode 7 and in some cases causes a current to leak b_etweeﬁ



the upper electrode 7 and the polysilicon film4 as the | ower and
upper ‘é.l ectrodes of the capacitor due to the electric field

eonrcentration at the |1 ower side edge of the upper electrode 7.

The present invention has been made with those 5 conventional, unsolved

probl ens taken into consideration. The present invention has as its
object to forma resistor or a MOS transi stor that have
characteristics as designed in a sen conductor device in which a
capaci t or thel uppexsielectrodea7 and tHe polyssilsicon £idmadrasdee laifer

DI SCLOSURE OF THE | NVENTI ON To achi eve the above objects, the

present i randhupper electrodesof themaparitor dusukedher ekhectrie fied®uct or

devi ce i ncluding a MOS transi staor, havi ng ati,ate el ectrode Cé)nsi sting
15 of a pAMENTRAHn At the lower Sidg egpRf the upreri@lectrode drsi sting
of polysilicon filnms as upper and l.awer el ectrodes and,, a .
capacitor-diele lﬁ c/® i rfdwelftﬂ% sac&fen mﬁq?er m&*‘,osaﬁnd a

resistgr CONNGiL{hdi, gf}g?g%’égl‘g%gn{é fhken in%@oﬁ%&gg?ée%én. ofThe

manuf aCturing a sem con I Ce conprises

deposi ti Ngprégendt litiventdlonShhk d¥) ith' bBjec® to form a resistor or a MOS
capacitor-dielectric/insulating filmand a second polysilicon filmon

a sem conderdmsistdst rilist | havie Schagacteispitker asnodesignéde Hecand
- polysilicon filmto formthe upper electrode of the capaci tor;

deposi t i ngsemiconductoxr gevicendn whithea td¢apacitor apd angesistonmr a
patterning the first inorganic anti-reflection coating filmto forma
mask patt MO8 feransiskor) are avrangedy and the resistor on a
capacitor-formng area and a resistor-formng area; depositing a
metal Wilicide filmand a - -

DISCLOSURE OF THE INVEN*ION
To achieve the above objects, the present invention
prov:i.dés a me.thod for manufacturixig a semiconductor device
including a MOS transistor having a gate electrode consisting
15 of a polysilicon £film and a metal silicide, a capacitor
‘consisting of polysilicon films as upper and lower electrodes
and a capacitor-diele‘ctfic/ insulating £film placed
therebetween, and a resistor consisting of a polysilicon film.
The method for manufacturing a semiconductor device comprises
20 the steps of depositing a first polysilicon £film, a
capacitor-dielectric/insulating £ilm and a second polysilicon
£ilm on a semiconductor substrate in this order and patterning
t~lie second polysilicon film to form the upper electrode of the
capacitor; depositing é first inorganic anti-reflection
25 coating film and patterning the first inorganic anti-reflectiﬁn
. coating film to form a mask pattern for forming the capacitor
and the resistor on a capacitor-forming area and a

resistor-forming area; depositing a metal silidide film and a



second inorganic anti-reflection coating filmin this order and

patterining the second i'norganic anti-reflection coating film to forma
mask pattern for forming the gate electrode on a gate el ectrode
formng area; and 5 etching away the netal silicide film and the
first polysilicon film |eaving unetched the netal silicide film

under the mask pattern for forming the gate el ectrode, by using t he
mask patterns for formng the resistor, capacitor and gate el ectrode
as nmasks, seidbnd inorgahteant i-hveflectdion caating < idapinithds ordef@anded with
the inorganic anti-reflection coating filmin the upper |ayers t her eof
with the rpathemingithe secondninorganitcanti-wreflectionigoating fidam MOS
transistor is fornmed with the netal silicide filmin the g*)per | ayer

t hereof witth foF® 8 mAsiupAttern for foxrmimg the gate alecknode,PpA $&¥en t op
of the met Silici ,_film Heat treatnment may be effected
in an oxi df ‘#g"?ﬁc‘?m areay And, oxtent that | ower side edge portions
of thegupper el egt e r d [gh . r g farag.ng t he
upper gl ect rode%%%%ﬁasa‘ﬁae%n%?@nﬁ"sﬁ?edde ;#.}f:.éﬁg ﬂiﬁ' ?grl'gdtjl Ia.ig%'ng Tl itnm may
be forned o Jdve {ddSte{ 1R UPPAFing undbbhed CtheChie®R1C231 4 abl P1m

An insulating filmmy be formed on the second inorganic

anti -ref | agdder theahask patitern £6r forming'theNjdte @lectzole by Wsingy be
used for the first and second inorganic anti-reflection coating filns.
Mor e specithe aiask pattexns dior forming the resishaors capacphoreamd@gate f or m-

an upper electrode of the capacitor on a
6 electrode as masks,

10 wherein the resistor and the capacitor .are formed with
the inofganic anti-reflection coating film in the upper layers
thereof with the metal silicide f£film omitted ,. the gate
electrode of the MOS transistor is formed with the metal
silicide film in the uppef layer thereof with the inorganic

15 anti-reflecﬁion coating £ilm formed on top of the metal silicide
£film.

| Heat treatment may be effected in an oxidizing atmosphere
to an extent that lower side edge portions of the upper electrode
recede slightly after the step for forming the upper electrode

20 has been finished.

An insulating film may be formed on the first inorganic
anti-reflection coating £film.

An insulating film may be formed on the second inorganic
.anti-reflectién coating film. |

25 A SiN film or a SiON film may be used for the first and
second inorganic anti-refledtion coating films.

More specifically, the second polysilicon film is

patterned to form an upper electrode of the capacitor on a



mul ti-layered structure of a first pol y5| licon fil m a capaci tor

diel ectric/insulating filmand a second pol ysilicon film On the
mul'ti-layered structure of various filnms on a sem conduct or substrate,
whi ch includes the upper el ectrode 5 fornmed as described, a first

I norganic anti-reflection coating filmis deposited, and the
multi-layered structure is patterned to formmask patterns for formng
a capacitor and a resistor in capacitor-form ng and resistor-form ng

ar eas. multi-layéred istirmcturet hofmat ifimster pdlysilidcone Hhlmpi agh t he

10 mask patterns for formng a capacitor and a resistor have been
formed, a GRRaAFitOr W%ﬂlﬂl&n@u&aﬁmnﬁlmwghm segond .polysilkigon ection

coating fi are dep and the second .i norgan . anit-reflection
filmis p ’Icgé? 8&&?\% ayaned &t W“re%afrdﬁﬁﬁﬂj‘safg‘é%sa'bcﬂrode
in a gate 1 Lode f orn ar taI SI|ICIdef and
the fi rst 1' 1| T‘t%'f"no’f |§"W§traetea’r é'llb’[%e’cf‘co,g}“{]ﬁﬁ BAk 1186 for
form ng Qr e eSO that
the 11 s; fored sl sesoridy kELRE Sikghdl fn %a%%%fgﬁﬁié ATk
silicide fgiym EQ%&‘S.’IMFB&K 1 hﬁﬂ.@:f-théQéH‘dﬁtﬁzﬁlﬁt&:.s ttd18fdd ode.
Consequently, the resistor and the capacitor are formed wth the

i nor gani ¢ tmtfoxneimank ipatteadis £orf fbimingt 4ccapacitiPppednd ay afes iidtireof
with.the netal silicide filmomtted. On the other hand, the gate

el ect rode i capacii®r+Eomiingrand resistar-farmind ateaswtal silicide film
I n the upper Iayer thereof 25 and on top of the netal silicide film the

i norgani ¢ ant | - After Fé‘f’-l%c?#oﬂ%dﬁﬂﬂg‘#ﬂ!ﬁﬁqu styuetyre on which thgen a
;efg;t.lgz Iolr t?ég%pspg?ffef de:ﬁ?gs %g%pgggtgr@ng a reszggggrelrxanv; YedrOr M NI

[ formed, a metal silicide film and a second inorganic anti-

reflection éoating film are deposited, and the second inorganic
anit-reflection film is patterned ﬁo form mask patterns for
forming a gate electrode in a gate electrode-forming area.
15 The metal silicide film and the first polysilicon £film
are etched by using the mask patterns for forming a capacitor,
a resistor and a gate.electrode as masks, so that the first
polysilicon film is etched away, leaving unetched the métal
silicide film beneatﬁ the mask pattern for forming a gate
20 electrode. Consequently, the resistor and the capacitor are
formed with the inorganic anti-reflection coating £film in the
upper layers thereof with the metal. silicide film omitted. On
the other hénd : the gaté electrode of the MOS transistor is
formed with the metal silicide £ilm in the upper layer thereof
25 and on tép of the metal silicide film, the inorganic anti-
reflection coating film is formed.
When a resist film, for example, is deposited and a mask

pattern for forming a resistor and a mask pattern for forming



a gate electrode are formed fromthe resist film if the capaci tor

the reSistor and the gate electrode are arranged cl ose to each other,
the 't hi ckness of the resist filmdoes not becone uniformin the
vicinity of the capacitor due to 5 differences in height between the upper
el ectrode and the resistor or the gate electrode. For this reason, at
exposure ~in photolithography, it sometines occurs that the |ight
intensity varies due to the standi ng-wave effect, resulting in

det eri or ata ogate eleckrodeadreofformedr froy shet (resisti s€ilm) nif xhe which
| eads to decreases in the di nensional accuracy of the mask pattern for
forning a 9apAGktar orkhe; xpaistar and tde gate, @lectrode, arg Arnanged
resistor, the capacitor and th e .are with the

| ect f¢
i R_or gani c Ginse o PéGF}?ﬁ"P%ﬁt{i’rﬁga S‘F g(ﬁ:s'[‘ﬁ the regist, fﬁﬂg‘e Qeg NQtaof | by
thi s inorgani ti- I t] .15 fdl the Li ' ity i
] ust od, HeRAme bpATErRG ‘i “tne TUPRAEY, o7 1Ehe; Sheachir I8 S of
the Mgk Rff¢Albdlls in pblghlS BULRERR e Apbdle bTLELPEES. Ghd! fkhd oS! St
ilm ove all, Dy a heat treatne I'n-an oxli di zi ng at nosphere

conduct ed {&s Ak X ¥ kheNghtbE1éOVFEAS] dPoRIERiIBOLELSSR, Cdt IdiPosifre UPPET
el ectrode recede slightly, the portions, damaged duri ng etching of

the upperin ephotoldthogthphyyhec i€ apomeitimes occulr®! ahat cthasdiglitng film
near the edge portions of the upper el ectrode are repaired, and the

el ectri ¢ firtehsiky sariesi dwe to thetstandingwravwe ¢ffedyo pesuvlbimgdm t he
upper el ectrode can be 25 alleviated. The present invention

provi des Aeteriorationinghe aecuracycofpatyierpiaget thesresist fidfv ng a
g?} ie Cﬁbgc;#ffﬁ%ﬁg%dtg %ecreasggpions iti:iew:i.n?enpsoil. 1;5;]! iagthrLic.grgf ghge nEaaslk
pattern for forming a resistor and a gate electrode. However,
beéause the resistor, the capacitor and the gate electrode are
formed with the inorganic anti-reflection coating film in the
upper layers thereof, by this inorganic anti-reflection coating
15. film, the light intemnsity is adjusted, thus preventing a
decrease in the dimensional accuracy of the mask pattern due
to the unevenness of the thickness of the resist film.
Above all, by a heat treatment in an oxidizing atmosphere
conducted to an extent that the lower side edgé portions of the
20 upper electrode recede slightly, the portions, damaged during
etching of the upper electrode, of the capacitor-
dielectric/ .i.nsuiating film near the edge portions of the upper
electrode are repaired, and the electric field concentration
at the lower side edge portions of the upper electrode can be
25 alleviated.
The present invention provides a semiconductbr device
comprising a MOS transistor having a gate electrode formed by

depositing a polysilicon film, a metal silicide film and an



I norganic anti-reflection coating filmin this order, a capaci tor
forned by depositing_po1ysificon films as upper and | oner el ectrodes
and-a capacitor-di-electric/insulating film pl aced t herebetween, and a
resistor formed by depositing a 5 polysilicon filmand an inorganic
antji-reflection coating film in this order. Mor e
specifically, because the gate el ectrode of the MOS transi stor and the
resistor are formed including an inorganic anti-reflection coating
film- for imoagandc | antherefbectbon Tdatiiongni figlm NS thissictderanad a
resistor, even when the resist filmis formed so as to cover the areas
where a Moapacitorsformed by drepositing polysidicenhEiimsasmpper @adpecti ve
mask patterns are formed by patterning . the resist filmhy a

pho'lt< ol ithdmiqilec?roqﬁsoh c%h aa{?dlmh 'terh ctrdc/dngsudating, film o

nmas tt t toljt ' he .l i ght, .1, [

orooshos Blnded thersharurstvand @ Frebeker PERTRed, by-aebddirifata | )
osure . . ! gt _ L

i DB Bl T 24 M JAlf o Photgddidants-reblBLt i coat iR HITR®

pattern dug, %-t{)%m.enness 20 of the thickness of the resist film
whi ch is cause y differences in height attributable to the presence

of the upper Mo2bpdFi di{l Iy|cbeaaase ithe ghteadledrode of theM0s e t 0
obtain a seni conductor device which the width of each el enent conform

to the w dirandistor aad theveeésistorare formedhinpluding amimerigamier ovi des
a nethod for manufacturing a sem conductor device having a capacitor
i ncl udi ng anfriduaflection ¢oatina sfilmerfordexanplee| d8t thacstepofor sing
the steps of: | depositing a first .conductive _fil a .,
capacitPor -forming a MOS transistor and a resistorg even when the resist

film is formed so as to cover the areas where a MOS transistor

and a resistor are to be created and respective mask patterns

are formed by patterning the resist film by a photolithographic

process and the elements are fbrmed by using the mask patterns,

15 in the photolithographic process the light intemsity at
exposure can be adjusted by means of the inorganic anti-
reflection coating film formed below the resist film.
Therefore, it becomes possible to avoid a decrease in the
dimensional accuracy of the mask pattern due to the unevenness

20 of the thickness of the resist film, which is caused by
differences in height attributable to the presence of the upper
electrode of the capacitor thereby becoming possible to obtain
a semiconductor device which the width of each element conform
to the width of the design value.

25 The present invention provides a method for manufacturing
a semiconductor device having a capacitor including conductive

films as upper and lower electrodes, comprising the steps of:

depositing a first conductive £ilm, a capacitor-



dielectric/insulating filmand a second conductive filmon a

semi conductor substrate in this order and patterning said - second
conductive filmto forman upper el ectrode of said. capaci tor; _
performng a heat treatnent in an oxidizing 5 atnosphere to an extent that
| ower side edge portions of said upper el ectrode recede slightly; and
patterning said first conductive filmto forma | ower el ectrode of

sai d capacitor. More specifically, the first conductive film
the - ocdjpsbectricl isualating Slmandga sécond conductive filkbwoamad 10
conductive filmare deposited on a sem conductor substrate in this
order, anceémigondncton substyatedin: thdisurerdercandcpagterningofid i ve
filmis patterned to_formthe upper el ectrode of the apacitor,._ After
this uppersesend reemdungtivecfily, o4 forayan upper eS?-PrEﬁfmﬁg ofndrddd in

an oxi di zi ng at nosphere t.o an extent 5 that, the | gwer_side e portions
of the upp %‘F’e*c?fbdé’%ref%é’&&"g a s‘f?%ﬁ]t 5Feak en"Pheaﬁov?@F" % ode of

i AP . et od
damage by SHiAghers td u'Bleent thay Lowdd S Bagk GO EFPhe FFMAG 7

capacl ( ricri ati1ng |'m ar ound
the edge Ofphde e _ctw&srrsés_aérQﬂe?ﬂuwgaaucw%&e%ihge SHIRETERtACT 1 0de
and alTeviates the electric field concentration at the |ower side
edge porticokdwétive £iletc!forn adtower electrodéhef psabd dapavitds .on
provi des a nethod for manufacturing a sem conduct or device including
the step of forrNoxe aspesiifiiwally; cther ifirst aconductiiveonfilim drthean
insulating film wherein oxygen-inperneable filmnot permtting

oxygen to miﬁor-t_i##&@#i%?&ﬁ ing t hefim ysiandon ¥he m second A
i)N f |1I°m Otr:ox?duség.\lv; I:Elirgmng)éebSeggggtLS rorE hae sg)x%. g?ﬁluctor substrate in
this order, and from thi.multi-layered structure, the second
conductive film is patterned to form the upper electfode of the
capacitor. After this upper electrode has been forﬁed ‘ heat.
treatment is conducted in an oxidizing atmosphei:'e to an extent
15 that the lower side edge portions of the upper electrode recede
slightly and then the lower electrode of the capacitor is
formed. |
This heat t'reat:ient i:epa:'.rs the damage by etching in the
capacitor-dielectric/insulating film around the edge of the
20 upper electrode during etching of the upper electrode and
alleviates the electric field concentration at the lower side
edge portions of the upper electrode.
The present invention provides a method for manufacturing
a semiconductor device including the step of forming a resistor
25 comprising a polysiliéon: film on an insulating film, wherein
an oxygen-impermeable film not permitting oxygen to pass

through is formed on the polysilicon film.

A SiN film or a SiON film may be used for the oxygen-
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i nperneable film _ Mre specifically, after a polysilicon film

for form ng a resi'stor is formed or after another filmis formed on
the - polysilicon film for exanpl e, an oxygen-i npermeable not 5
permtting oxygen to pass through is forned. ‘Thus, an

oxygen-inperneable film such as a SiNfilmor a SONfilm is for med
directly on the polysilicon filmthat is to becone a resi stor or above
the polysilicon film After a polysilicon filmfor formng a
resi st or Hapermeable0 fiflav.ned on a sem conductor substrate or after a

resi stor has been etched fromthe polysilicon fil for purposes such
. as oxi dat i mxieosseeafeca%rheaf@%manplysahsgarr&

Si@é???ﬁ%%}‘#ﬁé 38 foxme °Se%fih%sﬁ“mt§=°x o imism ”Pg—g*}%;g %t@ehﬁﬁct ed
E(f:’l)l cﬁatransg- A% IE&‘%’ ﬂ'g'ilf EEfD *amﬁ:%feains oxygeﬁa:',rf\é%ﬁal:;ﬂet i t
thi ckngss l@rﬂﬁ%ﬁ@ yékﬂ;&ﬁ.“ éd'%ﬁ@%é% is " £SEmed! S Thusa‘s ahe

resul t ere ar ations ~In ract eristics anong

resi st ors.oxygen-impernddMIFEiln) $@Eh ad BACSNYEELIn 'd@ﬁrgféi?'ﬁ.]fﬂ' pghas
been formed d| rectly on the' polysilicon filmor above the poI ysilicon
film Therfomiedl difdetrtliyhonp &hesipoly@iliiidon ifilmtat ds thebecome a

sem conductor substrate or after the resistor is etched from t he

pol ysi | i coreslistor excahdve the polysidicon fs'-lJ-mst rate is 25 exposed to an
oxi di zi ng atnosphere, owi ng to the oxygen- npernmeable filmthe top
surface of the Pditex piRQIYsilison £ilm fgreixmuéw B 5ABhEEAE has deedd, so

Lhat 187, USKIERE Lol lConauce B0k SU L Bk Bgitiasd ALoBasg I 0

etched from the polysilicon £film, for purposes, such as
oxidation to create another element, for example, when the
semiconductor substrate is exposed to an oxidizing atmosphere,
the polysilicon film is oxidized or particularly if oxidation

15 is conducted to form a plurality of resistors, if there is
variation in the thickness of oxygen diffusion level, there is
variation in the thickness of the polysilicon £ilm among the
resistors. As the result, there are variations in
characteristics among the fesistors.

20 However, in fact, the oxygen-impermeable film has been
formed directly on the polysilicon £ilm or above the polysilicon
film. Therefore , after the polysilicon film is formed on the
semiconductor substrate or after the resistor is etched from
the polysilicon film, even if the semiconductor substrate is

25 exposed to an oxidizing atmosphere, owing to the oxygen-

| impermeable film the top surface of the polysilicon film is
prevented from being oxidized , so that the thickness of the

polysilicon film is prevented from varying and the variation

11



of the characteristics anong the resistors can be avoi ded.
DESCRI'PTI ON OF THE DRAW NGS'
representing a part of the

Fig. 1 shows sectional views

BRI EF

5 manufacturing process of a sem conduct or

devi ce according to the present invention; Fig. 2 shows
sectional views representing the rest of the manuf acturing process in
Fig. 1; Fig. 3 shows neasurenent results of variation in the

width 10 of the resist patterns and in the width of gate el ectrodes with
respect tof tthealicharastenistios mmng ther reBistors can be Rvgidédshows
measurenent results of the varation in the wi dth of the resi st

patterns in relation to the variation in

films in two oipp05|te cases where 15 the inorganic anti-reflection

coating fiBBEEE

nmeasurenent res

WQMQ% QFo(THE DRAJINGS Fig. 5 shovvs

al’latIO the res

t he thickness of the resist

tterns

inrelation to tﬁlﬁ@’v r P ?'{'an??l ’f?féai “e"‘[%r"’(??ﬁ'(???"g‘f‘“ﬂhﬂ P%§+' Qf the i

used agd I'S no usez\cljfﬂ ‘i’%eszngtfhgn Jﬁ%%@@% g ‘Eé$%%> oqu]%qlf Esl mie

two Opgosids

di fferent §ioPrddnt :.nvérﬂ::.'ﬂ:& 4,

Fig. 6 shows secti onal

representing a part of conventional manufacturing process of a

seni conduct or derdigne2 s}ﬁﬁws 88dtional views rePreseniting tloe reagradf thas

representing the rest of the manuf acturing process in Fig. 6.
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25

manufacturing process in Fig. 1;

Fig. 3 shows measurement results of variatioﬁ in the width
of the resist patterns and in the width of gate electrodes with
respect to the distances of the transistors TR;

Fig. 4 shows measurement results of the varation in the
width of the resist patterns in relation to the variation in
the thickness of the resist films in two opposite cases where
the inorganic anti-reflection coatihg film is used and is not
used; |

Fig. 5 shows measurement results of variation in the width
of the resist patterns in relation to the variation in tﬁe
thickness of the resist films in two opposite cases where the
inorganic anti-reflection coating £ilm is used and is not used,
when the thickness of the CAP oxide film is different from that
in Fig. 4;

Fig. 6 shous sect:i.onél views representing a part of é
conventional hanufacturing process of a semiconductor device;
and

Fig. 7 shows sectional views representing the rest of tl_:e'

manufacturing process in Fig. 6.
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BEST MODE FOR CARRYI NG OUT THE | NVENTI ON The nodes for carrying
out thé present .invention wi'll be  ~ described with reference to enbodied
exanpl es. - "As shown in Fig. 1(a), a field oxide film2 is forned
in 5 an area Alerr] for formng resistors R and an ‘area Ac for formng

a capacitor of a silicon substrate 1, a gate oxide film3 wth a

t hi ckness of about 250(A) is forned in an area Alerr] for formng MOS
transistors TR, a polysilicon film4 with a thickness of 3000(A) is
fornmed f oBESTEMODE FOR CARRYING ODTUTHECYDVEBNTION 10 field oxide film?2
and the gate oxide film3, and the polysilicon film4 is doped with
phosphorus as i Fherhodes\forgcarryingeout thejpregensninventionpaildi becon
film4 is used as the |ower el ectrode of the capacitor C, and al so
used as t described withoxeferenge to gmbppedigd.ezamplesct ure of the netal

ilicide fil d 1 | il fi , ' , h f
f'hf; chie M 28 bhewacte iy L e Rrleld et #alte {F AHERAER' S 0
Jat s . ! N . .
e Bor U Bireh Ay ehe" eBPmiRG rB81E0GLE R SR Brea Ac for fofming
about 450%}}:&\?3&}@3&5&:&faf"“s‘il‘l%ohﬂﬁuﬁﬂ%¥%?:€ £0a gale bklidbdeiim I @HER

oxi dati on n oxi di zi ng at nosphere.

capaci tor flegigkhbks/dfabbat 290 { R)1iS foinda i 4nVaren %{&ol‘\&ormi_ngw th
the polysilicon film4 nmentioned above, a polysilicon film 6 1S

deposi t ed MOS tthansdstoxtsOTRJi al polysilicen| filmgt fwith = thickness olifi ckness
of about 3000(A) and is doped with phosphorus. 25 This polysilicon film®6
i s shaped 3000 A)eisipfromes] fonr eample by reduced pxessure CVD on the A

resist pattern is formed where the upper,el egtrode of he .capacitor C

i s di $fosddelghaxide fidm2iand the gats gxide éﬁﬁﬂbﬁ ahd the polys11183a

13 £ilm 4 is doped with phosphorus as impurity by vapor phase
diffusion. This polysilicon film 4 is used as the lower
electrode of the capacitor C, and also used as the lower portion
of a multi-layered structure of the metal silicide £ilm and the

15 polysilicon film, which are the components of the gate
‘electrodes TR-G of the MOS transistors TR. Furthermore, the
polysilicon film 4 is also used as the resistors R.

A capacitor-dielectric/insulating film 5 is grown to a

thickness of about 450(A) on the surface of the' ?olysilicon

20 fillm 4 by thermal oxidation in an oxidizing atmosphere. This
capacitor-dielectric/insulating £ilm5 may be grown by CVD. As
with the polfsilicon £ilm 4 mentioned above, a polysilicon film
6 is deposited on the capacitor-dielectric/insulating film 5
to a thickness of about 3000(A) and is doped with phosphorus.

25 This polysilicon ':E:i.lql 6 is shaped into thg upper electrode of
the capacitor C.

A resist pattern is formed where the upper electrode of

the capacitor C is disposed, and the polysilicon £ilm 6 is etched

13



with the resist pattern as a mask. After this, the resist pattern is
removed. Thus, the upper elfectrode 7 of the capacitor Cis fornmed
(Fi.g. 1I(b)). : As shown in Fig. 1(b), thermal oxidation is carried
out 5 to such an extent that the edge portions 7a of the upper el ectrode
7. are oxidized in an oxidizing atnosphere. This thernal . oxidation is
made to take place in such a way that an oxide film grows to a

t hi ckness of about 100(A) on the single crystal silicon substrate when
a singl e witdt dhesitesist ipatberhzasl a mask.f oAfteanphés,f thet eesistut es at
a tenperature of 800([err]C) in an oxidi zing atnosphere of a m xed gas
of ( err] Rpkremn aiscaemoxed. Thus, 4tbel/upper ardeptrode Jasohit thef eed
rate of 8(1/mn). Preferably t hermal oxi dation should be such that
an oxi de qum%‘i‘#&—' is quﬂ%‘&r(é?g-ofl@c)dut 50- 200(A) is grown on a SI ngl e

. 15 h h d A b
x| de 111 m i thA8 SRPVRAESFLH- itk ThSTracoRinetioe R spsied ok,
p0| yS| L.S' Y Lh&ﬁ‘g‘x‘. e:(:jtent ahat thé%&g& B%%%n%é’%&'@b hﬁ{:ﬁf reflgrcgg%gtg? i g\r/?l d
20 d' e' eof rhedi Bxia3zead fﬂ ! Hh%%':.ﬂ%%;h& télﬁndéﬁﬂféré' derﬁﬂﬂethemaﬂ.o” I ons

of the upper electrode 7 and to preclude™ current fromoccurring

_betveen t yxigsiorrlisGhdds!to/také plice 2hysudh @oRay that4aﬁSo:'E:hPe lgdamr and
upper el ectrodes of the capacitor C due to electric field

concent r atgrswsattd e tinklmesslof doyr1000A )aon2 theols ingdeupaystalect r ode
7 during etching of the upper el ectrode 7. At the sane tine, because
t he et chi riikinonr subsixase vhenhe single gyystedr silirent is Oxidized | ieng film
5 on the ponS|I|conf|Im 4, which is made into the resi Soi_r!;sall?‘ i S '
repai t8d fRF e¥ample, for tem minutes at a temperature 10of 800(
oxidizing atmosphere of a mixed gas of 0, gas at a feed rate
of 4.5(1/min) and H, gas at a feed rate of 8(1/min). Preferably,
thermal oxidation should be such that an oxide film with a
thickness of about 50-200(A) is grown on a single crystal.
15 By thermal oxide growth under the above conditions, an “
oxide film with a thickness of about 300-1000(A) is formed on
the polysilicon film 4.
This thermal oxidation is performed to avoid etching
-induced damage to parts of the eapacitor—
20 dielectric/insulating film 5 close to the lower side edge
portions of the upper electrode 7 and to preclude a current leak
from occurring between the upper electrode 7 and the polysilicon
4 as the lower and upper electrodes of the capacitor C due to
electric field 'concentretion at the lower side edge portion 7a
25 of the upper electrode 7 during etching of the upper electrode
7. At the same time, because the etching-induced damage to the

capacitor-dielectric/insulating £ilm 5 on the polysilicon £ilm

4, which is made into the resistors R, is repaired and the

14



capaci t or - di el ectric/insulating film5 is grown further by the t her mal
oxi dat i on, dopants in the pol ysilicon filmcan be prevented from

di ffusing out into an inorganic anti-reflection - coating film which is
to be deposited later, and resistance 5 values can be prevented from:

di sper si ng. As shown in Fig. 1(c), on an oxide film8 forned by
t he above-nentioned thernmal oxidation process, an inorganic
anti-reflection coating film(SiON) 9 about 700(A) thick is f or med,

for exanplapdqpﬂdmdml@dim/ngnmmggﬁshn SisYadver fhrthee By chel O and
He. This inorganic anti-reflection coating film9 is i ntended to

suppr ess tthermal oxidation hdopanhs| Ag pokysilicon £ilmngangben the
unevenness of the resist_filmand to ymake uniformthe |i ht intensity

in the redravented fF?’“l‘%’-%t%jr ng gut intq gn ipoxganig antd-x tif%ex and
the extinctiqn.co Lcie apgi n ti0s of, QX e

nit rogen q'd‘ g"& n" J'Ch 18 EX ﬁ %#7%%%%(1 3“td it rslgnﬁ(?sm bl e
to adj Eﬂtte‘?ﬂ%! #ﬁt‘g he refractive index, the
extinc | on dfudd %h Ci ent an the‘% I'm %}n Ss. For exanple, a sui tabl e

resist filmfor gd@nowndini Figh (@);,QEHH @n?BkideCEifn! 8 Oformdh lﬁl_é%h'eng film
9, which'is formed by a m xed gas SiHer], Nerr]O and rati os

of 54(sccrgboife-uerdttioned Stheamall obxbaatioh PocdSHH[ sam) inorgadfidie. In
this case, the refractive index is 2.50 and the extinction coefficient
is 0.35. anti-refledidion watimgy#iilm ySLoN)edl abbuen700¢Ai haMiickmis, 25
anor phous carbon or Ti N may be appli ed. Subsequently, on the

i nor gani c fgrmed cfoxcexanplteatbyplasma CVPusing SOUresgases P%] 8iHagi | i con

clibocv: gﬁ ;Ih{,g: teg t ser\é is :.norgan%.cng%}é:.-ref.flecr:&gg égae'l::rlggs?itfn(s '3 at er)

intended to suppress the variations in the standing-wave effect
attending on the unevenness of the resist film and to make
uniform the i:i.ght intensity in the resist film. It is possible
to adjust the refractive index and the extinction coefficient
15 by changing the ratios of oxygen O, nitrogen N and hydrogen H
in the SiON £film 9, and it is also possible to adjust the light
intensity by adjﬁsting the refractive index, the extinction
coefficient and the film thickness. For example, a suitable
resist film for the i fay is an inorganic anti-reflection
20 coating film 9, which is formed by a mixed gas of SiH,, N,0 and
He at ratios of 54(sccm) of SiH,, 59(sccm) of N,0 and 3000 (sccm)
of He. 1In this case, the refractive index is 2.50 and the
extinction coefficient is 0.35.
For the inorganic anti-reflection coating £film 9,
25 amorphous carbon or TiN may be applied.
Subsequently, on the inorganic anti-reflection cdat:i.ng
film 9, a CAP oxide film (a silicon dioxide £film that serves

as a mask for forming the resistors R later) 10 with a thickness
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of about 1000( A) |s. formed,  for exanple, by thernal

deconp05|t|on of TEGS (tetraethoxy5|lane) and on top of the CAP oxi de
film a resist fitlm1ll is forned.. By performng a phot ol i t hogr aphi ¢
process on the resist film1ll, a resist 5 pattern 1lla is fornmed in the
por.ti.on of the capacitor-formng area Alerr] in which a capacitor Cis
formed and also in the portions of the resistor-formng area Alerr] in
which resistors R are forned - (Fig. 1(d)). Note that the resist pattern

1la is depdsi abdutn 1000(tAe)pas i Fornled,c foe copample; Gy sthexrmad such
that the resist 10 pattern 1la covers the top surface_and the side
surfaces dlecompositiomodr TEPSc(tetizacthoxyaslane), mrd on d;op of the A

mask pattern 12 .is forned by etching. the CAP oxide_ film t he
i nor gani c G joxide Fddmy, acxeEigY FF'M‘h 31,48 ? %9(1' dBY Perfﬂ%"@ By using

5 e e 5 b 40 N
et chi n ;beaif?éﬁ 19 g : an%ét% B %he portibf Qfl%h%r %J.tl:ld )fgafnﬂ.ntghe

resli St orm ng area capacil t or area In

subs equent anam;éﬁ'% E’;%Kczétor doilktﬁfﬁu&?aha éjﬁﬂpihtﬁﬂe Eﬂ%ﬁtﬁ%ntsOp

surface an surfaces the upper electrode 7 as s in Fig.

1(e). of the réistotbESrming Wi AD ini whichiadsilgboks Rhawd £oiRied))
"thick is formed as a netal silicide on the polysilicon film4 and on
the mask pgrigr l(d)) .l nNote thate tiennesist pattenmdla is deposiked in
anti-reflection coating film9, an inorganic 25 anti-reflection coating
film 14 withe porsionmwheretheirapacitor ol A)omedr ek dhat the nagisk en

licide film 13. . ti - 1 m 14
CaP oAPic PAYHRLES 112 Covars e, AR 4P e, Fhe A< BuE TAER 6 R, i ng

gate upper electrode 7 as shown in F:|.1g6. 1(d).

A mask pattern 12 is formed by etching the CAP oxide £ilm
10, the inorganic anti-reflection coating £ilm 9 and the oxide
film 8 by using the resist pattern 1la as a mask, and then the
15 resist pattern lla is removed (Fig. 1(e)). This mask pét'l-;ern
12 is used as a mask for etching the metal silicide film and
the polysilicon film 4 in the resistor-forming area Ar and the
capacitor-forming area Ac in subsequent steps, and the‘mask
pattern 12 is deposited on the top surface and side surfaces
20 of the upper electrode 7 as shown in Fig. 1(e).
After this, a tungsten silicide filtﬁ 13 about 2000(A)
thick is formed as a metal silicide on the polysilicon film 4
and on the mask pattern 12. In the same manner as with the
inorganic anti-reflection coating £film 9, an inorganic
25 anti-reflection coatiﬁg film 14 with a thickness of about
300(A) is formed on the tungsten silicide film 13. On the
Iinorgan:i.c. anti-reflection coating £ilm 14, a CAP oxide film 15

(a silicon dioxide film used as a mask for forming gate
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el ectrodes TR-G later) with a thickness of about 1000(A) is f or med,
for exarrpl e, by thernmal” deconposition of TECS (tetrat hoxysil ane), and
on top of the CAP.oxide film 15, a resist film16 is formed (Fig.
2(a)). 5 The resist film16 is patterned by a photolithographic
.process to formresist patterns 16a where gate el ectrodes TR-G of MOS
transistors are to be formed (Fig. 2(b)). By using the resi st patterns
16a as nasks, the CAP oxide film 15 and the i norgani c anti-reflection
coat ing f i é heckradas @REddter)owithl@ thdcknesst ofnabodt 20004 krig hi s,
the resist patterns 16a are removed (Fig. 2(c)). Next , by
usi ng t he $emedat tfams M%skr thermal M?MNPW‘M of UTEQS | s

et ched by Pl asma etchljstq exanpl e. Wien, as the result, the
tungsten” s{§etrakhoxys a‘!S) éf‘ér%"—%&f ’éhﬁ%s‘k*’pﬁﬁtféﬂ-ﬂslﬁrzaeﬁees’é@posed

ot ﬁﬁ%ie VELFS e sied g évﬁhé‘sl?afﬁ.sg ) A s i
unet ohéd, “and_ couts SeRiR, ¥l ?.k.eﬁ PEBECHB pP L P CIghis

pol ysi | i coprdéedB 40 RokhNesd it islalh‘h%‘rﬂ% ishmﬂe%e %Bte eleébibaésipred i on

coating film 14 and a CAP oxide film15. Each of those nmulti-Iayered

struct ur esof MOS tZagslistok8Catre s beRf6rmed (Piga 2(B9 )l.r aBgi eéinig Tehe | N t he
resistor-formng area Alerr], each mask pattern 12 is a nmulti-Ilayered

struct ure védsistphPatsternonléLas mdsks|, the CAR@Afidenfilmils mndyche
anti-reflection coating film9 and a CAP oxide film 10, and this
mul ti - | ayeineraanig anti-refleahion goatding Silm lgnarecetcheditefam® ni ng
ar ca 1%) H‘F Lhe tq-.aesrkns 17, gg&taegge%%:ﬂiss'at eltrle_sl:La eregtg;["r‘gc{éjé eauroef a
pol ysi sk pa R2

removed (Fig. 2(c)).

Next, by using the mask patterns 17 as masks, the
multi-layéred structure is etched by plasma etching, for
example. When,- as the result, the tungsten silicide 13 is

15 etched away and mask patter:is 12 are exposed, because the mask
patterns 12 serve as masks, the polysilicon film 4 is etched
with the mask patterns 12 and 17 (Fig. 2(d)). At this time,
in the transistor-forming area A,,, the mask patterns 17 remain
'unetched, and each of those multi-layered structures consists

20 of a polysiiicon film 4, a tungsten silicide film 13, an

| anti-reflectio:i coating £film 14 and a CAP oxide film 15. Each
of those multi-layered structures forms a gate electrodes TR-G
of a MOS transistor TR. In the resistor-forming area A,;, each
mask pattern 12 is a multi-layered structure of a polysilicon

25 film 4, an oxide f£ilm 8, an inorganic anti-reflection coating

£film 9 and a CAP oxide £film 10, and this multi-layered structure

forms a resistor R. In the capacitor-forming area A;, the mask

pattern 12 is a multi-layered structure of a polysilicon 4, a

17



capacitor-dielectric/insulating filmb5, an upper el ectrode 7, an oxi de

film8, an inorganic anti-reflection coating film?9 and a CAP oxi de
film 10, and this nulti-layered structure fornmns a capacitor C. 5
Subsequently, over the whole area including areas Alerr], Alerr] and

Alerr], an oxide filmis formed which is used to formthe LDD
structure by a nethod such as reduced pressure CVD using thernal

deconposi tion of TECS, for exanple, side-walls 18 are forned by
ani set r opcapattborgddélectriei/ iesalakingofilen Snpan upper electxodecditer a
thin oxide filmis fornmed on the exposed silicon substrate,l by heat

t r eat ment annozadex£ilmi §g an rinquganiq @nti-reflegtdpn coating filmp
diffusing inpurities into the active regiop with the ate el ectrodes
TR- G and 3ndea GAR exide £ilm 1P and this my 11%*’36‘?5?4. sd’i‘(“ﬁ%é‘é‘_‘(? Egﬁ?'ﬁns (not
shown) of LDD str,k_l'cture are forned in which the source and drain are
of dual sfrGePgFitor C. "Here, the polysilicon film4 corresponds to

the figst L] fi ol o%ﬂ_.)ﬁ{ fal he

pol ysiTi con Bak%?h’lhégggyfeég%ﬁ}g‘% g’ﬁto Iee é;e“cacs)n po %/is&ﬁ idcxlgngsfi 'mAacnd t he
second 2QugCandughi ¥218é! £11:h s ifeR@@ Whieh! is' €déd X3 Eorapahiengphi | m 9
corresponds to the first inorganic anti-reflection coating film and

t he oxygeigtiieu Q hétkod shchtag gedaced pressierd CVDnisting thermaldesponds
to the netal silicide film and the inorganic anti-reflection coating
film1l4 cdecomposdition bifcTEOSpnfor Mxample gside-walls 8 axe §prmedt i ng
film . . As mentioned above, the inor anipanti-reflictigad
coating fibyrandsetropicietghing (of he exide; filp; | fer ¢xample, 16, and
underlahi Sth%(;.%daifttie%nat Elelirrleg:ius.ée lerR; ilslfggge 601{31 r'I§1e exposed silicon
substrate 1 by heat treatment in an oxidizing atmosphere (Fig.
2(e)).
By diffusing impurities into the active region with the
gate electrodes TR-G and side-walls 18 as masks, source and
15 drain diffused regions (not shown) of LbD structure are formed
in which the source and drain are of dual structure.
Here, the polysilicon film 4 corresponds to the first_
polysilicon £ilm and the first condudtive £ilm, the polysilicon
£ilm 6 corresponds to the second polysilicon £ilm and the second
20 conductive film, the inorganic anti-reflect_ion coating film 9
corresponds to the first inorganic anti—reflect:ﬂon coating film
and the 6xygen-impermeable £ilm, the tungsten silicide £ilm 13
corresponds to the metal silic.ide £film, and the inorganic
anti-reflection coating film 14 corresponds to the second
25 inorganic anti-ref]_.ect:i.on'coating film.
As mentioned above, the inorganic anti-reflection

coating films 9 and 14 are laid below the resist films 11 and

16, and under this condition the resist films 11 and 16 are
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subj ected to exposure in a photolithographic process to form t he
resist patterns 1lla and 16a. By this arrangenent, it becones possi bl e
to-suppress variations in the standing-wave effect in the respective
areas attributable to the unevenness 5 of the thickness of the resist
film_ nore specifically, the resist film1ll in the area Alerr] where a
plurality of resistors . Rare to be fornmed and the resist film16 in
the area Alerr] where gate electrodes TR-G of a plurality of MOS

t ransi st orsubjected to exposiref dnnmadphdtolithographicipryocess ko Eoxnf or
formng the 10 resistors R and the resist patterns 16a for formng gate
el ect r odesthER- xRoist hpatberng Jilah ande 16aend®Y Bhis asxapgepent, i

f th h _
%‘ﬁﬁ:t‘ﬂé §a%§ﬁ§m@e hmtte SHPRESE! NACESELPR ot The HeApding-wavs 1 Lan
t nat R h
ol ect r odesS FEETE ﬁ%»gﬁeﬁsééé’aé%w%t%eaa%%&ifﬁﬁ%fe“ g#’“ﬁe . é-ﬁlse@q*etﬁe gate
char acger |§f _I%% m&&g;grﬁ t he

transi Stors accorc#ng to the ab ve ? odi nent

a Cappédisd £ilm X Q4P e:ie Hx@&shfsltﬂéréeér PLvKL {8y Idf qrdﬁrmkgl ose
to 20 the capacitor and a group of transistors [err] to [err] arranged

rel ativel yr a®&o béofoiled caeheorefiser £ilmriédnothe area ayp where
substrate, results were obtained as shown in Fig. 3. In Fig. 3(a), the
hori zont al gabe eXexqtrosies FR-Geofi atmlmlimmft HeS transigtersdPR@EN® the
transistors, while the vertical axis resents the w dt hs of the

resist patterbe fcomedy nThugy khe resﬁﬁbtbﬂi 58 abhe EoF
(rjlegltzh@];!sl’gm?‘%gcﬁp%gdt drhe rteggspgrplﬂz? rétf"?‘lgngé“lsog %Rﬂr']'té‘%?thgeve‘?t i cal
axis repr egfecéroges TR-G can be formed with the intended hi:ah accuracy.
On account of this, the resistors R in the resistor-forming area
A, and the gate electrodes TR-G in the transistor-forming area
A, can be formed such thatl the resistors R have the same widths
15 and the gate electrodes TR-G have the same widths, and the
variations of characteristics can be repressed among the
resistors R and among the transistors TR.
When, according to the_ above mode of embodiment, a
capacitor C, a group of transistors @ and @ arranged close to
20 the capacitor and a group of transistors @ to @I arranged
relatively remote from the capacitor C were formed on a silicon
substrate, results were obtained as shown in Fig. 3. In Fig.
3(a), the horizontal axis represents the distances from the
capacitor C to the transistors, while the vertical axis
25 represents the widths of the resist patterns 1l6a formed by a
photolithographic process on the resist film. Im Fig. 3(b),
the horizontal axis represents the distances from the capacitor

C to the transistors, while the vertical axis represents the
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wi dt hs of - the above-nentioned gate el ectrodes TR-G Note that t he

synbol " [err] denotes that an inorganic anti-reflection coating film
was-used and, on the other hand, the synbol O denotes that an

i norganic anti-reflection coating filmwas not used. 5 As shown in
Figs. 3(a) and 3(b), when the distance from the capacitor C differs
with the transistors, if an inorganic anti-reflection coating filmis
not used, variation occurs in the width of the resist patterns 16a,

and accor cridths oF thé iabove-mentiioned gatelelevtidied TRRG .06t e lvaiy odes
TR-G However, it 10 has been confirmed that if an inorganic

anti -ref| ekhe symbodt@ndenotesfthat aa imarjanitcaneii-sefpettioncoddnmve an
al nost uniform width and as a result the gate el ectrodes TR- G have an
al nost £ilmwas waed gnd,hon the other hands hhensymboddDedenotesthatanges

in the width of the , 15 resist_patterns (lla and [16a rrentionedd?bove)
formed by @n 1NQEEANLG (ARt eftion cqating, £ilm was, Moy, used-hanges in

two opfosi te. caddl s SRFIbL il T o Gl WRe Ehe iR Fegel

filmwas usgd lﬁé&%éﬁ%ﬁhh&if ?é%ﬁh 'é('_j)ibE; Q%thiszgrsgni'ﬁ'éx?fi'n%ﬁagig&Oati ng

fil mwas not e resu alned are as shown I n 4 and

5. Fig. 4 sieisrdERSet £0IP Hoating £¢1il 1S rdt asedsevibeatibhoddkd dinle
films to be etched by the above-nentioned resi st patterns (CAP oxide

films 10 akise ¥Width of rehel resist Pakternny6ap dnd akcordinglyAYidltioand Fig. .

5 shows 25 neasurenent results in a case where the CAP oxide filnms have

a thi cknesariged A0t wiidthoofi the gate slectrodes TBnGt eHoweveresitits

when an inorganic anti-reflection coating filmwas not used and (b)

denot 49 r haf beenironEirned thaki if ancinorganiq ppki-reflection coating

20 film is used, the resist patterns 16a have an almost uniform
width and as a result the gate electf:odes TR-G have an almost
identical width. | |

Measurements were made of changes in the width of the

15 resist patterns (lla and 16a mentioned above) formed by
photolithography of resist films in relation to changes in the
thickness of the resist films | (11 and 16 mentioned above) in
two opposite cases: one where an inorganic anti-reflection
coating film was used and the other where an inorganic

20 anti-reflection coating film was not used. The results
obtained are as shb_wn inFigs. 4and 5. Fig. 4 shdws measurement
results in a case where the CAP oxide films to be etched by the
above-mentioned resist patterns (CAP oxide films 10 and 15
mentioned above) have a thickness of 1200[A] , and Fig. 5 shows

25 measurement results in a case where the CAP oxide films have
a thickness of 1700[A]. In both Figs. 4 and 5, (a) denotes

results when an inorganic anti-reflection coating £ilm was not

used and (b) denotes results when an inorganic anti-reflection
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coating filmwas used. The horizontal axis represents the t hi ckness of
the resist films and the vertical axis represents the wi dths of the
Tesist patterns. As shown in Figs. 4(a) and 5(a), when an
inorganic 5 anti-reflection coating filmwas not used, as the thickness
of , the resist filmincreases, the width of the resist pattern

changes in a swing curve as a sine wave with an anplitude of a certain
magni tude. In contrast, when an inorganic anti- reflection coating
filmwas ¢oatingheidindwasoiusdd. r eftiethodizomsal caxis srepresentsai tbem as
shown in Figs. 4(b) and 5(b). Therefore, as shown in Figs. 4(a)
and 5(a), thigknessgof Hhe resiStPfilnsand thehverticalaxis raprrEenEss, the
phase of the above-nentioned swi ng curve changes, and the resist :
pattern hihe widthsi of; the xesisd PAEECINSrhe resist filmhas a fixed

t hi ck . 15 F hi ' '

St g r@s?[sjﬁgiéiiiﬁ’f-t““ﬂ‘ - oand; 53 e HHEL 15, HoFRRBARLC.
condi tLon of, .t he i ' i D h | '

S cknbios asniaeTeosttn Sobl 1fll £ut GaB 0L U4dIBRIERE dHRAAEs of BN @

process. Qq‘\@;;ﬁésciosgfi%ﬁwﬂ&&&és, 4()?%] MR (8F tw&ef&esiett patitegngani c

anti-reflectl mis used, e wdth of the resist pattern
i s al nost apidgusENint a2kdingSclkvehas a sindivdvessitl dohanplitwdedofl il m
Therefore, It Is not necessary to consider the thickness condition of
the CAP 0 dseftain imagnitudéie [hwtodntiastapkhenpancdvorgasict antion|y
necessary to set 25 the thickness of the CAP oxide filmso as to satisfy
the thi cknesflection ceoakingnfilmt was msed,adhe width nof hthe: 29846ty ocess

| ater. . I'n the above enbodinment, gs shown in Fig. J(Cb)l, after
the 10 Wt@ll&t&%ﬁ%mﬁmw@&&ﬁ-né,(bt)hgnﬁa%@i'dation

21 Therefore, as shown in Figs. 4(a) and 5(a), supposing the
CAP oxide film has different thicknesses, the phase of the
above-n_tentioned swing curve changes, and the resist pattern has
different widths even if the resist f£film has a fixed thickness.

15 For this reason, when one sets' a thickness for the CAP oxide
£ilm, it is necessary to take into consideration a thickness
condition of the CAP oxide £ilm in the photolithographic process
and a thickness condition of this £ilm as amask in the subsequent
etching process. However, as shown in Figs. 4(b) and 5(b), when

20 the inorganic anti-reflection cdating £film is used, the width
of the resist pattern is almost uniform regérdless of the
thickness of the CAP oxide film. Therefore, it is not necessary
to consider the thickness condition of the CAP oxide film in
the photolithographic process and it ié only necessary to set

25 the thickness of the CAP oxide film so as to satisfy the thickness
condition of this film as a mask in the etching process later.

_ In the above embodiment, as shown in Fig. 1(b), after the

upper electrode 7 has been formed by etching, thermal oxidation
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is carried out to such an extent that the edge portions 7a of t he

upper-“el ectrode 7 are boxidized. Therefore, it is possible to repair
the-etching-induced damages of the capacitor- di el ectric/insulating
film5 at the edge portions 7a, and avoid 5 electric field concentration
at the edge portions 7a, prevent a current |eak between the upper and

| ower el ectrodes of the- - capacitor C, and thus form a high-performnce
capacitor C In the above enbodinent, in the step shown in Fig.
2(e); isathtrieddeutatsd ssiuch war exttentethabetbe cedge Iportboniz 7a b i s 10 -

formed on the exposed silicon substrate 1, an inorganic )
anti - r ef | ddtei uppevaelentrodenioare axidizedd Iherefoxe, it isppopsibleon film
4 which is nmade into the resistors R B research into the SiON film

appl i ed f o tﬁepaﬁargrémce&ﬁ!!fing-induﬁe¥| Aanaget oefi P i CAPICLPTRas been
oo Aty s ¥ L0 Y AT o o g R
substrate 1 | t [ dlzi iti
That Re AT Te1d' doflepsranfbh F oI BRGRIOELLoNR A, WheWRRRAI 117

oxygen- i mygrd it 1ida® pelwebd PRk Gppesi afdl Fower |t AdRE dfthe
f1lm4, |P th

pol ysilicon ere is variation in oxygen diffusion |evel
for reasongagdtiitor ¢, and hus 6 e hith-pes fiorimainites tapacitterod.de film

above the resistors R after side-walls for form ng the LDD structure
has  been fanmtte aboveiémbodimerss, in the stepishosm éh Fig. 2(8),

pol ysilicon flln1ﬂ, resulting in different characteristics, - ..among the
resi st ors after side-wallgpid werepfoxmed,t heforerathin pride £ilm disHy
coatin film(SiONfilm 9 as an oxygen-i ilm i ited
22 1 formed ogx_ the ex{:%sed s:i.li.cci(xy gssblst ate" aib,l ea;:l lirlrxlolrsgacxjne:l.%OSI ted

anti-reflection coating f£film 9 is deposited above the
polysilicon film 4 which is made into the resistors R. By
research into the SiON film applied for the inofganic anti-
‘reflection coating £ilm 9, it has been conformed that the SiON
15 is an oxygen-impermeable film not permitting oxygen to pass
through. |
Meanwhile, when the silicon substrate 1 is exposed to an
oxidizing atmosphere under the condition that the inorganic
anti-reflection coating film 9 as an oxygeh-impermeable £film
20 is not deposited as a layer above the polysilicon film 4, if
there is variation in oxygen diffusion level for reasons such
as the unevenness of the thicknesslof the oxide filnnabove the
resistors R after side-walls for forming the LDD structure has
been formed, variation arises in the thickness of the
25 polysilicon film 4, resulting in different characteristics
among the resistors R. |
However, because the inorganic anti-reflection coating

£ilm (SiON £ilm) 9 as an oxygen-impermeable film is deposited
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as a layer above the polysilicon film4, even when the silicon
substrate 1 is exposed 'in an oxidizing atnosphere in the step shown in
Fig.. 2(e), the polysilicon film4 that is to becone resistors Ris
never oxidized, so that variation does not occur 5 in the thickness of the
polysilicon film4. Therefore, it is possi ble to securely prevent
variation in characteristics anong the resistors R which results from
t he oxi di zati on process in an oxi di zi ng at nosphere to form an oxi de
film-in thes exlayed above rths podysilikcensfilmol, avien when the dlilicon
Because an oxygen-inperneable filmis deposited as a ‘| ayer above the
pol ysi | i cosubstyate this pxposeficinan axidizing atmospherr inxthestep does
not progress fromthe top surface .of the polysilicon film4, but

oxi dat i on FHUP R Filg s Fh@he the 99§W&élﬁﬁeﬁsf6¥-mtﬁet‘b%?y%$ 1t heqanen 4.
However, the ya{iat'on 15 in wigdth ﬂi rrenz'h%n of Ih‘?.‘gglg)asi |icon film4 due
to oxi datitFPIStOryR 1§ Nayer.orlfrzen, RO thar 1IritL §F PRE Rt i on
in c NI f Aleh ' . es Lati J

the t nPcknis Hs KRS of Ene TORRLEIC M1EASS SHERIIELE) 40 2
the above LoDOHIE 'Ebséiﬁﬁfé]lﬁk&@eﬂé%éﬁ%i%dfn ehaact@riaticyiidhg
polysilicon is used for the first and second . conductive filns.
However, t¢ie Hexititiods ' R¢Nthidh iresilts from/thd badditatiion pré6ess!in but
material s, such as tungsten or a nmetal silicide, can be applied.

I n the aboam axodik ingtatmbsphens iton foarm bocoxiddefblmain 2the axposdest ¢ a
SiON is used for the inorganic anti-reflection coating film9 that
acts as anregdops - ofipthegblicon substimte 1. | m my be used as an

- le fil I hi [ [ f
Oxyge MROT Meatle LULIM on oxygen-imbarhbab1 B1ghls' degseiiad e & O

In

layer above the polysilicon film 4 that is to become the
resistors R', oxidation does not progress from the top surface
of the polysilicon film 4, but oxidation progresses from the
side faces of the 'polysilicon film 4. However, the variation
15 in width dimension of the polysilicon £ilm 4 due to oxidation
of its side faces have smaller effects on the variation in
characteristics of the resistors R than does the variation in
the thickness of the polysilicon £film 4 and poses no problem.
In the above embodiment, description has been made of a
20 case where polysilicon is used for the first and second
conductive films. However, the present invention is not
limited to this material, but materials, such as tungsteﬁ or
a metal silicide, can be applied.
In the above émbodiment, description has been made pf a
.25 case where a SiON is used for the inorgaiu‘.c anti-reflection
coating £ilm 9 that acts as an oxygen-impermeable film. A SiN
film may be used as an oxygen-impermeable £ilm.

In this case, it is necessary to form the inorganic
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anti-reflection coating film9, and, on top of this film form a SiN

filmas an oxygen-inpetneable film By so doing, it is possible to
‘obtain the operational effects equivalent to those - of the

above- nenti oned enbodi nent. Wen, for exanple, Si[err]Nerr] is 5 used as
t he oxygen-inperneable film after an inorganic anti-reflection
coating film9 is forned, on top of which a Si[err]Nerr] filmis
formed by a reduced pressure CVD process using a m xed gas of SiHerr]

and NH3 agptiseeflection Abatinghfilmidhandbeaqteptof thissifddm,sfoxmri ed
out in the sane manner as in the above-nentioned 10 enbodinent. Note
that the iansipafilmaas ian exygen-dimpesmeable £ilmfi | By sordloing f dtndg after
t he oxygen-inperneable filmhas been | f or med. ) In.the above
enbodi nenpossdbde poiohtain thecoperational effectseguiraient ta thoge.

elements are forned on a silicon s trate. __15 e present i ntion |
not |imt&f tbetqh@mﬁﬁo%ﬁosmbu ;{“F“‘" When, % %ﬁa%g?f g(}'\gﬁbllg calsz
where el enents are forned on a, S ir bs . . :

Furt he?, i4FS6he28pdhe eﬂ‘ﬁxgﬁﬁéﬁ?‘?emgggggi stt%'olr%g’ R%E?%g an lnorgapic

el ectrode _Qf, .t 1 +0 : r i.N
t ransi st or tﬁr}\%btﬁ%%ﬁ% é‘ %?%%?ﬂglgg“ngqtﬁgfggﬁﬁaéﬁpﬁi ?%@wbgeh élzg\*/?av“er , the
present i npsanf @NsGRNed by AP kb@lcbd préseereitVeprocesst igilgw wiwed R the
upper el ectrode of the capacitor C and the upper el ectrodes TR- G of
the transigdog Sanad MR ®¢l & sourtbagas. Aftarethibysthe swhbseiquenti n

whi ch case the operational effects 25 equivalent to those of the above
enbodi mentstnibecaitiedout in the sandusnRes as\Bn tigapboveymentioned  Ag

has been descri bed, accordi ng to the nethod for . . .
24 10 embodiment. Note that the inorganic anti-reflection coating

£film 9 may be formed after the oxygen-impermeable film has been
formed.

| In the above einbodiment, description has been made of a

case where electronic elements are formed on a silicon substrate.

15 The present invention is not limited to this mode of embodiment,

but may be applied to a case wheré elements are formed on a
sapphire substrate.

Further, in £he above embodliment, the resistors R, the

lower electrode of the capacitor C and the gate electrodes TR-G

20 of transistors TR were made from the same polysilicon film.

However, the present invention may be applied to a case where

ihe resistors R, the upper electrode of the capacitor C and the

upper electrodes TR-G of the transistors TR are formed from the

same polysilicon film, in which case the operational effects

25 equivalent to those of the above embodiment can be obtained.

INDUSTRIAL APPLICABILITY

As has been described, acéording to the method for
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manuf acturi ng a sem conduct or device of the present invention, a mask
pattern for formng a capacitor, a MOS transi stor and aresistor is
‘formed by patterning a first inorganic anti- reflection coating film
and a second inorganic anti-reflection 5 <coating film By this nethod,

t he di mensi onal accuracy of the mask patterns can be prevented from
deteriorating, which could occur due to the unevenness of the
“thickness-of the resist film which is ascribable to differences in
hei ght ar aiaih fadttutipgy a semicdmhictadcdetiteof thegpteasent idvention,
Particul arly, because, after the upper electrode of the capaci tor has
been for ned maskapattexnnfor forminguatcapacitor, a MO§ taansigtordddhere to
an extent that the | ower side edges of t he upper .el ectrqde regede

slightly, & resistanyris feymed by pPatherning cRchir§todinergapifeAntdsct r ode,
f th itor-, 15 dielectric/insul ating, film cl t,0 _t
borti ons. Hedlstion cophihs dln Aplc: Seropd inerdatte Shsi aetieRtion o 4

tion .at the | o ' f . d
o esBendipatite Sii Y HiR=BEHGAR tho Hihebls 1l RBEUzpey of BT D00
can be pr 3 ggtfl:é%?ko&ﬂt' rhlrénegeveﬂged £rom d6te2idiraeihg, IPide Eowaaduct or

devi ce of res enti1on, because a MOS transistor and a

resi stor P&edPaiBto the unbveridis 3 tHOLOICkacda!l of kil Pesion Fidat,i ng
film a sem conduct or devi ce can be obtained, in which the elenents

conf or m t aeltlish @'s askbrébabilehtdi Aif fearencas/ iavheightnaroend diie uppes
pattern are formed by photolithographic patterning of the resist film
coveri ng tdkedid®de of ithercapatitoxtstor in the manuf act uri ng process.

According to the nethod for manufacturing a sem conductor
25 10 Particularly, because, after the upper electrode of the

capacitor has been formed, heat treatment is conducted in an
oxidizing atmosphere to an extent that the lower side edges of
the upper electrode :ecedé slightly, the portionms, damaged
during etching of the upper electrode, of the capacitor-

15 dielectric/insulating film close to the edge portions of the
upper electrode can be repaired, the electric field
concentration at the lower side edge portions of the upper
electrode is lessened, and a current leak between the upper and
lower electrodes can be prevented from occurring.

20 According to the semiconductor device of the present
invention, beéause a MOS transistor and a resistor are formed
including an inorganic anti-reflection coating film, a
‘semiconductor device can be obtained, in which the elements
conform to design values with high accuracy even when the resist

25 pattern are formed by photolithographic patterning of the
resist film covering the MOS transistér and resistor in the
manufacturing process.

According to the method for manufacturing a semiconductor
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device of the present invention, after the upper el ectrode of t he
capacitor has been forned, heat treatnent is performed in an oxi di zi ng
at mosphere to such an extent that the | ower side edges of the upper

el ectrode recede slightly. By this heat 5 treatnent, the portions,
danmaged during etching, of the capacitor-dielectric/insulating film
near the edge portions of t he upper el ectrode during etching of the
upper el ectrode can be repaired, the electric field concentration at
the |ower deiviee of the@presmnt danventiome afper theaippai electiyrode bévi at ed,
and-a 10 current |eak between the upper and | ower el ectrodes can be
prevent ed theonapesatprnlgas been formed; heptstreatwent ks peniormed Asd for
manuf act uri ng sem conduct or device of the present ventlon

oxygen- an omﬂeﬁareswfmwpmrem suchopn gxtepint mw &lda | ow
d h | f | h i

of or nt herdges S ehe el sidtesead Takids, Sllansay o By thifREar o

to f t | t h | ha f d

o LBy bRl R holdiUnd CallagSl) difiing epbhifiyy?of *Ehel O T

resistor %?J&Wﬁﬁ@l%tfﬁ@hn%ﬁlﬁ%'ﬂ?rPﬂ:ﬁ’ nead tRé ¢dge posticns pewhen a

plurality of resistors - are forned omthe polysilicon film it is
possi bl e t¢hePuppert electrble ahwims etichinigc 0£f the) wpper el evtredd kean

resistors due to oxi dati on nmenti oned above.
26 be repaired, the electric field concentration at the lower side
edge'portions of the upper electrode can be alleviated, and a
10 current leak between the upper and lower electrodes can be
prevented from occurring.

Further, according to the method for manufacturing a
semiconductor device of the present invention, an oxygen-
impermeable film, such as SiN or SiON, which does not allow

15 oxygen to pass, is formed on the polysilicon film that is used
to form the resistors. By this arrangement, even when oxidation
is performed to form the other elements after the polysilicon
£ilm has been formed on the semiconductor substrate, the
polysilicon £film for forming a resistor can be prevented from

20 . being oxidized, and particularly when a plurality of resistors
are formed from the polysilicon £ilm, it is possible to prevent
the characteristics from varying among the resistors due to

oxidation mentioned above.
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CLAI M5 1. A nethod for manufacturing a sem conductor device

i ncl uding a MOS transi stor havirg—a—gate—eteettode consisting 5 of a

polysilicon filmand a netal si]jg&i o]y ~ consi sting of
T
* N ;herebet s end a

polysilicon filnms as upper and

capacitor-dielectric/insulating

resistor consisting of a polysilicon film CONgad
10 - depositing a first polysilicon film a ch
dielectric/insulating filmand a secCh8IMS| ysilicon
sem conductor substrate in this order and patterning
polysilicon to formthe upper el ectrode of -the capacitor;

d iti first i ' ti-reflect) ti 1 fil d,

Gepos 110 18! e LR SO cobuck bt dhce o 1 o
Kk . ' ' ' -

ek P el 544010108 L PEaFSHEEE By Y o o o106E3bE) Yorlidhing

depos i NGof GRld1yedlfndie Eill A %SGl '0P10GINE, &0 diideiidd ection

coating filmin I's order and patterning the second i norganic
anti -ref | egéhSs €D i pU1P,§&tlacBar £ 8m8T6K upper Bal! Boves Wldd¥rodus t he
gate electrode on a gate electrode formng area; and
etching avandsai @ netcapacitor<ddidleckmicl/ hsuldtimg 2%ilmol yplacah film
| eavi ng behind said netal silicide filmunder sai d mask pattern for
form ng satbiexebetween; andca wgsistionyconsdsting ofiskpplysdliacondfikmy ni ng
said resistor, capacitor and gate el ectrode as masks,
27 comprising the steps of: 28

10 depositing a first polysilicon £film, a capacitor-

dielectric/insulating film and a second polysilicon film on a
semiconductor substrate in this order and patterning the second
polysilicon to form the upper electrode of the capacitor;
depositing a first inorganic anti-reflection coating
15 filmand patterning the first inorganic anti—reflectiqn coating
film to form a mask péttern for forming the capacitdr and the
resistor on a capacitor-forming afea and a resistor-forming
area;
depositing a metal silicide film and a second inorganic
20 anti-reflectipn coating film in this order and patterning the
second inorganic anti-reflection coating film to form a mask
pattern for forming the gate electrode on a gate electrode
forming area; and
etching away said metal silicide film and said first
25 polysilicon £ilm, leaving behind said metal silicide £ilm undez;
said mask pattern for forming said gate electrdde, by using said
mask patterns for forming said resistor, capacitor and gate

electrode as masks,

27



wherein said resistor and said capacitor are formed with said

L norganlc antl-lLeH—ee{—l—Gn—ega,t_l_ng_tllmln t he upper .layers thereof
wi tth said netal i Hmlmjl momtted said gate el ectrode of said

IR CEENE o E R

l ayer thereof wt
formed on top of said netal SI|ICIdef nmet hod for

manuf acturi ng a sem conduct or device “ “according to Claim1, further
conpri si ng heat whesatinesaid reiistomandisaid capacitiodi arefamedtpiithe t o an
extent that | ower si de edge portions of said upper electrode recede
slightly said imxﬁnimeastéprsglestmng apatingpéilm| da rehe npper

conpl et ed. A et hod _for manyfacturi a sem cqnduct or devi ce
accor di ng: Weasth?{e‘bf with ﬁ?{-ﬂé}e%ﬁ#%hﬂef”d&rﬂ AyLtked, said GALR) 4t ng

o A moBhastrERe ek, MO ST R FOOT Wit said kel g (o

f CI f t f Fil
o sai 3 soiligided elaal dh' BEC GHPPE fafl 'HeRI¥E with said’inBigadicnd 11T
A method fa‘i‘ft:!ﬁ:@ﬁ%@tliwnng:@afﬁ‘g CfﬂﬂﬂcWrnﬁ@"&& top o:E S&LQ" ka1t 0 any

of Clainms 1 to 4, wherein said first and second I norgani c

anti-refl ggaliiidqeodilag filns are formed of a SINfilm or a Si ON
film 25 6. A sem conduct or device conpri sing: a
MOS transi2st or - Bavimethed gdicx emanhfadturiognea (semiconductdanodevicg a
polysilicon film a netal silicide filmand an I norgani c

anti - r ef | @scondingat tag Gliaim i &, t furtherr comprising heat treatment

10 conducted in an ox:.d:.z:.ng atmosphere to an extent that lower
side edge portions of said upper electrode .recede slightly
after the step of forming said upper electrode. is completed.
3. A method for manufacturing a semiconductor device
according to Claim 1 or 2, further comprising forniing an

15 insulating filmon said first inorganic anti-reflection coating
£ilm.

4. A method for manufacturing a semiconductor device
aécord:i.ng to any of Claims 1 to 3, further comprising forming
an insulating film on said second inorganic anti-reflection

20 coating film.

5. A method for manufacturing a semiconductor device
according to any of Claims 1 to 4, wherein said first and second
inorganic anti-reflection coating £films are formed of a SiN film
or a SiON film.

25 6. A semiconductor device comprising: |

a MOS transistor hawfing a gate electrode formed by
depositing a polysilicon film, a metal silicide £ilm and an

inorganic anti-reflection coating film in this order;
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a capacitor formed by deposLL+ﬂ§/EolyS|I|con films as upper and
_Ifwera ,eLectLodes ‘Kor- dlelectrlcllnsulatlng film

pl dced therebet vigen; “‘%“ a I esiSmremig) 1 by depositing said
pol ysilicon filman @\ \\\\\\\\\ ~sai dfi'H SHEEI:H y g Ioect i ong
coating film |n_ 0 X ‘Jgcturing a

seni conduct or  devi ce havi ng a capaC|tor T . offductive filns
as upper and | ower el ectrodes, conprising the steps of :

depositing a f capacditotuformed byldepos:txngppolysulxcbﬁ films as
dielectric/insulating filmand a second conductive filmon a

seni condusipPersubsandt e loweli s celeetrodes pat withi ng 3 ai dcaPaCJ-t?Econd

d fil f | d
o or i e YeRkrie/daeint LG £41m PIAseR, SherabakuEEn; S84 (o an ext ent
Srght e a2 PER1080: 008 %f 7 depo ”&?H'gtsat%ﬁ%&?%ﬁ&gg?f‘{%cf“gg?&ma
| ower aid Q4 %f@: %&3&%&%& goatxéa fxlm 4 W%hﬁgd ok@er. .

nanufa%tuﬁ ng a se conduc eV|ce orn1ng a resistor

consi sting of aADﬂé?fﬁbﬁ'ﬁﬁ:“mﬂﬂufacturﬁﬂg'é‘%%ﬁbbﬂ@uﬁth@d%@h&v@.ﬁg _
oxygen-inperneable filmno perm{ting oxygen to pass through, is

formed on ssatapdieitcr | f6fed of condictive Filmds as nepper and lower
manuf acturing a sem conductor device 25 according to Caim$8

wher ei n saleabrogies, qomprising fthemsteps of:

depositing a first conductive £ilm, a capacitor-

rder

10 dielectric/insulating film and a second conductive film on a
| semiconductor sﬁhstrate in this order and patterning said
second conductive film to form an upper electrode of said
capacitor;
performing a heat treatment in an oxidizing atmosphere
15 to an extent that lower side edge portions of said upper
electrode recede slightly; and
patterning said first conductive film to form a lower
electrode of said capacitor;
8. A method for maﬁufacturing a semiconductor device
20 comprising forming a resistor consisting 6f a polysilicon on
.an insulating £film, wherein an oxygen-impermeable film not
permitting oxygen to pass through, is formed on said polysilicon
film.
9. A method for manufacturing a semiconductor device
25 according to Claim 8, wherein said oxygen-impermeable film is

a SiN film or a SiON film.
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