0 8 JAN 2004 DESCRI PTI ON Sem conductor Integrated GCrcuit Device and
Process for Manufacturing the Sanme Technical Field The present invention
‘relates to a sem conductor device and a manufacturing process thergbfJAN 2004
particularly to a technique effective when applied for inparting a highly
integrated circuit device with high performance and high reliability.
Background Art Wth a tendency toDheCgbrenONhe performance and

m niaturization degree of a sem conductor device, a self alignnment

t echni que capabl e of absorbing mask alignnent errors has been enpl oyed
frequently. For exanples, disclosed in Japanese Patent Application

Lai d- Open Noamilebndddd999 neddL4rbs @itechni gueiter anaorebkhys Wokh a
silicon nitride film gate electrodes of M SFET (Metal |Insul ator

Sem conductor Field Effect Mgﬁﬁgyégdygn%xyygi§éﬂéng the menory cell of
DRAM formng an interlayer insulating Tilmnmade of a silicon oxide film

~and then formng a plug for connecting source and drain regions of the

M SFET. In this processing step of a connecting hole wherein this plug is

‘to be fonp$gh f%#fifgkdeB JAN 2004 is carried out in tw sub-steps, that
S ching

is, afir

The present invention relates to a semiconductor
device and a manufacturing process thereof, particularly to
a technique effective when applied for imparting a highly
integrated circuit device with high performance and high
reliability.

Background Art

With a tendency to heighten the performance and
miniaturization degree of a semiconducteor device, a self
alignment technique capable of absorbing mask alignment
errors has been employed frequently.

For examples, disclosed in Japanese Patent Application
Laid-Open No. Hei 11(1999)-26714 is a technique for
covering, with a silicon nitride film, gate electrodes of
MISFET (Metal Insulator Semiconductor Field Effect
Transistor) constituting the memory cell of DRAM, forming
an interlayer insulating film made of a silicon oxide film
and then forming a plug for connecting source and drain
regions of the MISFET. In this processing step of a

connecting hole wherein this plug is to be formed, etching




sub-step permtting etching of the silicon oxide filmbut not permtting

easy etching of the silicon nitride filmand a second etching SUb-féﬁfN2W4
permtting etching of the silicon nitride film Since the M SEET
(selecting M SFET) of the DRAM nenory cell is processed with a m ninum
processing size, mask msregistrationn between a gate el ectrode pattern

gggngcgfggeg%;QQ%Q%Stp%t eLB gpen%egg ,a\eai39eqs,uaorfifr%rtme&nﬁ the

etween gate ectrodes and accurate processing of the

connecting_hole cannot _be attain g wi-t haut usi;ng sel f al ignoent,d echni que.
The techﬁgaﬁétﬁPSB?Bgé t?ﬂgtﬁégg g epgegcgi eglFiFergfure, the silicon
nitride filmcovering the gate el.ectrade serves_as .an.etchi. st.opper
wher eby BRE E%ﬁﬁé&??ﬁé ﬁSFg 858ﬁ188 B oéggsgdlﬁﬁogepﬁ%%ﬁaaﬁggﬁ%\ﬁq¢:the
gate el ectrode. According to the above<describedhtechnkqﬁﬁgtt1 .églicon
oxi de fi BnFESORSr ARANERINABP ~FRER PRETSIHMEEN °6%i"dEY Al m'SerVing ds an
interlayer insulating filmand the_silicon nitride fi%ghﬁergfs as an
et ching Btoppee §dlmhat S18GRf tEReNE SEFdr dBERRRG 108 We dfk &d'S n the
above- described first etching sub-step. Even a mnute connecting hole or
a connecbRAY hemerka¢ehd ASgPERCcaSpEcH Lt Bo @A™ Fe PFAFRF MY h a uniform
t hi ckness on the wafer and in addition, a process margin can be increased.
In the seterd meskhiAgreghssrasioon RGHWEea SUDRITE EAHERFSIAR | thi ckness 2
08 JAN 2004 of the silicon nitride filmserving as a stopper, excessive

pattern and a connecting hole pattern cannot be avoided

upon formation of the connecting hole between gate

electrodes and accurate processing of the connecting hole

cannot be attained without using self alignment technique.

Tne technique disclosed in the above-described literature,

the silicon nitride film covering the gate electrodes

serves as an etching stopper, whereby the connecting hole

can be processed in self alignment with the gate electrode.

According to the above-described technique, the

silicon oxide film is formed thinner than the silicon oxide

film serving as an interlayer insulating film and the

silicon nitride film serves as an etching stopper so that

sufficient overetching can be conducted in the above-

described first etching sub-step. Even a minute connecting

hole or a connecting hole having a great aspect ratio can

be formed with a uniform thickness on the wafer and in

addition, a process margin can be increased. In the second

etching sub-step, owing to a sufficiently small thickness



etching of a substrate can be inhibited even by sufficient over-etching is
conducted. In short, a connecting hole can be forned in self alignnent
with the surface of the substrate. In particular, when the bottom pdr8 j&M2004
of the connecting hole overlaps with an el enent isolation region, there
is a possibility of the silicon oxide film which constitutes the el enent

i sol ati on_region, .being etchg% cessively. f¥o tJ |§g t he J00: sfage
et chi ng, Oéx&B?s?v}élcé’Pcﬁlilr%‘ tfﬁ)eimelseeﬁ%ﬁ]tryq SO aatoiéotﬁlgb egi'on can be -
controlled wthin a sufficiently acceptable rapge,. Agia resul t, ak
current BFCM-BPEPLdde Wségééé?sicéé‘ &ecﬁi bd'ftetcgc%vs bt a%ueéyj(éelreeArrtgnt
i sol ation regiongvcan,be i nhi bited, whereby in the case of DRANI refresh
propert i e¥eEartpeingpicy AN Sshov U red AT TS Protessing
relative to the substrate surface can be applieqf for eﬁgggle, to a
Wi ring sbepfasmag andsrddcard Inmseds ¢ eddis bRtF fagfe @ i Iy, upon
defining a wiring trench for netallization or a connecting hole in an
i nt er| ayeubsicmegkat i A fHidnniculay.n wWign dde hatiae B9THes $brikd in
advance at a position corresponding to the bottomportion of the wring
trench orohoktamngotilen cofe tlle@scorifdctdmee Lt arRP tHekPD tFRI VPR i ng
trench or connecting hole is formed in a simlar manner to the
above- destieirlked st wo pstsagd i lattghiofy Stemlliraudkidsteplng twhichpossible to
inhibit 3 0 8 JAN 2004 excessive etching of a nmenber at the bottom portion
of the constitutes the element isolation region, being etched
excessively. Adoption of the two-stage etching, excessive
etching of the element isolation region can be controlled
within a sufficiently acceptable range. As a result, leak
current of MISFET due to excessive etching of the substrate
(element isolation region) can be inhibited, whereby in the
case of DRAM, refresh properties can be improved.
The above-described self alignment processing relative
to the substrate surface can be applied, for example, to a
wiring step using a damascene process. Described
specifically, upon defining a wiring trench for
metallization or a connecting hole in an interlayer
insulating film, a thin silicon nitride film is formed in
advance at a position corresponding to the bottom portion
of the wiring trench or bottom portion of the connecting
hole and then, the wiring trench or connecting hole 1is

formed in a similar manner to the above-described two-stage

etching step. In such a step, it is possible to inhibit



wiring trench or connecting hole, inprove the uniformty of the depth of
the wiring trench or connecting hole, and to actualize definite conﬁgch&%h
between wiring |layers. There are a variety of filmformation nethods fl k
silicon nitride film for exanple, the thermal C/D (Chem cal Vapor
Deposition) and plasma CVD. For exanple, in Japanese Patent Application

Lai 0~ Qe N, tL 2(4R00) 224480n,dsclosed Lok ckeguiaus far o ng. 2

F~I AsU m or passivation film a silicon nitride film
fornmed by.the ECR Eéectr n % ron.;Reson; a%%%- CYR YSiiNg Suilaw Jwteri al
gas havi #g* Waﬁ’éegf i B 888 %I&:?b g@ﬁl?m?. %I‘n apanese Patentta%’ppl i cation
Lai d- Open No. Sho 6 (1888%132434 disclosed is a.techni.que _ for_ using, as
a passi v‘éP?oﬁePFFn?%at Pl FEOATHI {'FIeEé%f PEm- f6r %&r%y%t l%’Eéﬁ-%Fﬁuusi ng a
raw materi al wgas having. silane (Si.H4) band nitro%en (g!%% .. The present
i nvent or 3chBARYEE FBEORRFZeGOPREETLRE PEHETE &S Ted HESHTI ques i nvol ve
pr obl ens. Recogni tion on the probl ens Wnifch w Il be SFE)[SC ib bel ow was
obt ai ned by TB8rg arg AnVeste§it Pén tonfy tHFMe 3By BEMChventdrs, and it
has not been published. Wth a tendency to nminiaturizati 9N and perfornmance
i npr oveneat igpnanssridendddiior f@dveEE™PHEat e ANFEHR been severely
controlled. For mniaturization of a 4 0 8 JAN 2004 seni conductor device,
preci se ¢Ghemoradf Venerpdeppeisdsignd and plasma CVD. For example,

in Japanese Patent Application Laid-Open No. Hel 2(159380)-
224430, disclosed is a technique for using, as an
interlayer insulating film or passivation film, a silicon
nitride film formed by the ECR (Electron Cyclotron
Resonance)-CVD using a raw material gas having silane
(SiHs) and nitrogen (N;). In Japanese Patent Application
Laid-Open No. Sho 63(1988)-132434, disclosed is a technique
for using, as a passivation film, a silicon nitride film
formed by the ECR-CVD using a raw material gas having
silane (SiH4) and nitrogen (N:}.

The present inventors however recognized that the
above-described techniques involve problems. Recognition
on the problems which will be described below was obtained
by tests and investigation only by the present inventors,
and it has not been published.

With a tendency to miniaturization and performance

improvement of a semiconductor device, heat treatment has

been severely controlled. For miniaturization of a



depth of a diffusion layer (inmpurity sem conductor region) is necessary. A
hi gh- -t enperature process subsequent to the precisely-controlled forgghhqmm
of a diffusion layer is not preferred, because it causes diffusion g
inmpurities, thereby causing fluctuations in the position of the diffusion

| ayer. A precise control of an inpurity concentration in the diffusion

011 usi oRTayaPAURT SEURBL S e alerng Pl Gl BACoRE Fct FOSmeer oy

ations inthe I'npuri
concentration is not preferred. For perfornmance .igprov%nent of.éh]

. q p = =)
seni conddePbr @BvRcEiffpsionddayped (LBPUFIFH & THGPOME TPdy &S Vel the
surface of an inpurity diffusion |ayer or over theé&yrface of a ggte
el ectrodés neaesEpssi-ti HnhéBhatRrgR reERPEr REQFE S5 SUESEWTEr GThet e
formation of a silicide |ayer causes various problens due taq poor heat
resi st anpeeof. sehg-sphtepddedafermatdeneeingl 61 LTASARENG@YST tife “¥positi on
of the silicide layer owing to the re-reaction between the silicide |ayer
and silipeatekagdr, backawer iing ciansesndddtfingiion off tWPYFIYHIESde | ayer owi ng
to this conpositional change, an increase in the stress in the silicide
| ayer andhappegr anceiafy Faudsualttions tiherékoresiiidoessidfl &t forma silicon
nitride filmfor self alignment which filmcovers the gate electrode or a
silicon pifrudeohi Layker. for pireg isewcoinngod @B ahANMZOOA Y ench or
connecting hole of a damnascene process in self
concentration in the diffusion layer is also requested so
that re-diffusion of the impurities in the diffusion layer
presumably causing fluctuations in the impurity
concentration is not preferred. For performance
improvement of a semiconductor device, it 1is desired to
form a silicide layer over the surface of an impurity
diffusion layer or over the surface of a gate electrode.
Interposition of a high temperature process after the
formation of a silicide layer causes various problems due
to poor heat resistance of the silicide layer, for example,
a change in the composition of the silicide layer owing to
the re-reaction between the silicide layer and silicon
layer, a lowering in conductivity of the silicide layer
owing to this compositional change, an increase in the
stress in the silicide layer and appearance of voids.
It is therefore impossible to form a silicon nitride

film for self alignment which film covers the gate

electrode or a silicon nitride film for forming a wiring



alignment by using thermal CVD, a filmformation nethod at high
tenperatures (usually, 700C or greater). According to the recognitinﬁﬁ g&/ o
the present inventors, formation of a silicon nitride filmby ther J éﬂ
is acconpanied with another problemthat active hydrogen (H being
generated during filmformation is diffused in a diffusion |ayer or

Cam fE1h0 8, MATEE LS O, b Bl Dt v

Formati o rcon ni I'musin ch permts
formation_at | ow tenperatur Q%usqal? about, , 4 C)n[i t her efar
i nvest | gﬁtléanﬁﬁnfhgypf’léégﬁt %?‘n 8Rcor %'Aasgllilglo%%ﬁ:i‘ artﬁ‘é’é1 %ﬁecrtﬁ Ggrarrted by
pl asma CVD however has a c{i sturliancg ghicch marq%/r dgteri orat e deyice
char act eP8hi E§MPERAE tHFEEURBENESE LYs Rt Ca °SuPF&EESon whi Y HE S 1 i con
nitride filmis to be fornmed receives plasna-induced %amgggsi b% I‘f’;ldi cal s
gener at e80i Ghg BRSSABISAGE®S 6P B SHEMyar-dERtOPhi <Ak Yp et 2
i nactivation of an ir.rpurit.{ jboron (B),, phosphorus (P), etc.) in a
pol ycryssalicaa nsikigen fi| Yoaherdirdc VodeF G SRRPER 13tk il con nitri de
filmis to be formed or in a diffusion |layer (sem conductor substrate), or
an i ncreasetbkrdangbilag boads aich Lvige hyggiogany SHal Hede dsidsneF? ¥89 m or
diffusion layer, causing an increase in their resistance. 6 08JAN 2004
Upon fordatiog 6fila Sielrmesdoni tisi dé ffiusmchyinpleaghid fusion layer or
channel region of MISFET, thereby fluctuating the threshold
voltage (Vth).
Formation of a silicon nitride film using plasma CVD
which permits formation at low temperatures (usually about
400°C) is therefore investigated by the present inventors.
A silicon nitride film formed by plasma CVD however
has a disturbance which may deteriorate device
characteristics.
The disturbance is that a surface on which the silicon
nitride film is to be formed receives plasma-induced damage
by radicals generated in a plasma process or ion
bombardment. This leads to inactivation of an impurity
(boron (B), phosphorus (P), etc.) in a polycrystalline
silicon film (gate electrode) on which the silicon nitride
film is to be formed or in a diffusion layer (semiconductor
substrate), or an increase of dangling bonds in the

polycrystalline silicon film or diffusion layer, causing an

increase in their resistance.



CVD, silane (SiH4), ammonia (NH3) and nitrogen (N?) are used as raw

mat eri al gases because of good step coverage, but a plasma CVD film
(silicon nitride film formed using such an SiH4/NH3M .~ gas as a [N 2004
mat eri al contains nuch hydrogen (H). By the subsequent heat treatnent,
hydrogen is released fromthe film causing an increase in the stress of

the Tilm (Siligan Hddlda dd 198 o ALINLARE Jind he 1 wtEpssidnihe Tilmis

causati ve of terioration of ‘'device characteristics. mar ked i ncrease
causes p ing.qf. a fd.man .ca eyl ce i . r n S

rel eased%yg’digﬂ'ﬁﬁéleed (iéﬁ@ 'p%fm;{%%;}%t gﬁﬁ?ﬂegégl ?%g#?%ﬁm@%}?ﬁ% %%Qg gate
el ectrode or diffusi.on |ayers (source-drain), of sem ct.or ubstrate
and becof€s réiwcﬁli‘é:?rflt?:l iq%(,e[ﬁ VRIS rﬂ%rqﬁ%sﬂ?apn f#&gg%(?%tr@%%a li ne
silicon filmor diffusion layers, resulting in an increase in the

resi st an®d a5 [ ydtid ™ &Stk ‘blrt@cdﬁ cfgl%d?)ai%r Y3 Bgehc g

rel eased and di.ffused in the polycrystalline silicon filmor diffusion

| ayers Badisl NHafls Gidvafet G iMARAT 13 e SUPRTTIE T VI YBOTFR™ (B)) in
the polycrystalline filmor diffusion layers and_ facilitates diffusion of
Cinmpuritid$)(paBy cliearsupsasio) haat tHeatRaitel MR I M SFET. This
effect causes fluctuations in the threshold voltage (Vth) of MSFET, 7 0 8
JAN 2004 refierstey dotaar itdreatfingn + e ywekForamndec 6552 3¢ sehi Eondies 8FS

of the film (silicon nitride film}. An increase in the
stress of the film is causative of deterioration of device
characteristics. A marked increase causes peeling of a
film and may cause device failure.

Hydrogen thus released is diffused 1in a
polycrystalline silicon film serving as a gate electrode or
diffusion layers (source-drain) of a semiconductor
substrate and becomes a cause for inactivating impurities
in the polycrystalline silicon film or diffusion layers,
resulting in an increase in the resistance of the gate
electrode or source-drain.

The hydrogen thus released and diffused in the
polycrystalline silicon film or diffusion layers
facilitates movement of impurities (particularly, boron
(B)) in the polycrystalline film or diffusion layers and
facilitates diffusion of impurities (particularly, boron)
in the channel region of MISFET. This effect causes

fluctuations in the threshold voltage (Vth) of MISFET,



device. As described above, in the silicon nitride -filmfornmed at |ow

t enperature, nmuch hydrogen contained in the filmis presuned to
deteriorate device characteristics. Even if a silicon nitride film ﬂ@)rJ%éﬂﬂk
using S1H4/ NH3/ N2 as a raw nmaterial gas contains nuch hydrogen as deposited
state, this drawback can be presuned to be overcone by a nethod of

subj ect i t |Lti.ng _fi.l t nent; tQn &l fase: bydrogen

fromt he@gielr%]%y[ ﬁ%;&gglﬁ'%%g&&&@ng?ﬁ %ﬁﬁ%{]@% contaent .mlBut t hi s met hod

causes p%el i.ng of a film after thermal treatment and generates foreign
d

matters. “Fr{-“Fddi ti on, when a contact hole is formed in a portion of the
causi hg condulel G SR PaTe 26 e TortUat®  PUrti i - A on BeY Sriind
11 de PR RPHOR SRR ST A D11 RGPS Whi e (eR A &
hydr ogen content. Another object of the present invention is to. provide a
fi1m for PEESERSFettiofeCEFHI I 16T FBUIS 1T 35 e 3 Ttuc ddV Famhe? upon
formation of a silicon nitride film A further object of the present -
i nvent i ofiildcos rptdiidge f&%rﬁ%ﬁﬂhdﬁo‘r“%eﬁﬁ%é%#% |1%%s2 {3t uations in 8
0 8 JAN 2004 the resistance of a polycrystalline silicon filmand with

material gas contains much hydrogen as deposited state,

this drawback can be presumed to be overcome by a method of

subjecting the resulting film to thermal treatment to

release hydrogen from the film, thereby reducing its

hydrogen content. But this method causes peeling of a film

after thermal treatment and generates foreign matters. In

addition, when a contact hole is formed in a portion of the

film just peeling, coverage failure of a connecting member

occurs, thereby causing conduction failure of the contact

portion.

An object of the ptesent invention is to provide a

technique capable of forming a silicon nitride film for

self alignment at low temperatures while reducing a

hydrogen content.

Another object of the present invention is to provide
a film formation method capable of reducing a plasma-
induced damage upon formation of a silicon nitride £ilm.

A further object of the present invention is to

provide a semiconductor device with less fluctuations in



| ess fluctuations in the threshold voltage of M SFET. A still further

obj ect of the present invention is to provide a sem conductor device

havi ng hi gh performance and high reliability. The above-described dfdIANB0t
ot her objects and novel features of the present invention will be apparent
fromthe description herein and acconpanyi ng draw ngs. D sclosure of the

I nvention Typical .inventions, anong those disclos by. 1 he r t
appl i cat i"GF, HFHSIHS HRESE If: taerpog]é’cs%rﬁ’}-‘aaﬁislzlencﬁ ﬁlnﬂt(ﬁocejn s%ln%rllgoann uc‘?gﬁqdevi ce or
manuf acturi ng process . thereof in the present jinvneti Llicon nitride
film forlesel f£lAGtHRFeMnS Mbﬁﬁeor%%@ﬁfa‘é%ﬂlat%,ofg”ﬁ?%d at 350C or
greater (preferably 400C or greater). In addition, the silicon njtride
filmis formed wiidg £untdriereldEart g Wi 3T anE S 1t rbgeh®as raw
material gases. Formation of a silicon nitride filmat 350C or reater,
pr ef er ablpy cati 40 GC semigragatuert ralday ige Joxsi iy 119D peutee dhes h?g‘?ogen
content of the filmin the as deposited state, thereby inhibiting an
i ncrease high he lfiidbml isty.ess and an increase in rel eased hydrogen in the
subsequent thermal treatnent. In addition, use of a two 9 0 B JAN 2004
el ement gas (SHeamband-dedamigey) arakeshs topossidhietios arduceval
pl asma-i nduced damage, thereby reducing a hydrogen

features of the present invention will be apparent from the

description herein and accompanying drawings.

Disclosure of the Invention

Typical inventions, ameng those disclosed by the
present application, will hereinafter be summarized.

In the semiconductor device or manufacturing process
thereof in the present invnetion, a silicon nitride film
for self alignment, when formed by plasma CVD, is formed at
350°C or greater (preferably 400°C or greater). In
addition, the silicon nitride film is formed using a two-
element gas having silane and nitrogen as raw material
gases.

Formation of a silicon nitride film at 350°C or
greater, preferably at 400°C or greater makes it possible
to reduce the hydrogen content of the film in the as
deposited state, thereby inhibiting an increase in the film
stress and an increase in released hydrogen in the

subsequent thermal treatment. In addition, use of a two-



content in the as deposited state. By these effects, peeling of a silicon
nitride filmfor self alignment can be prevented and rel ease of hypl oaeis
- contained in the filmcan be suppressed. By suppressing hydrogen rel ease
fromthe film inactivation of inpurities in the gate electrode or source
and drain regions can be inhibited, whereby fluctuations of their
res'Stan@geﬂgﬁtf58§t¥§ﬁﬂﬁﬁé @Edth@trbhhash@h&awohka@@sﬁ1HMé§ﬁa'can be
suppresse result, a sem conductor having inproved reliability is

availablg?HbEe'ﬁ E?Sghgs§nhgc3@ydbﬁébeWhQﬂOQ%%yOEéﬁudﬂd d d dg/dmygent o
hei ght en e performance of a sem conduct or devi ce (M SFET) is taken into

consi der at.i e t r e of ide filmis
not set §8ng?mﬁ %El Fh l:l% ﬁ%?%% ECgs,{tll[é%t% In takg%ggeésée%%ér?vtteitl on, a

silicon nit |de fil m I. D t ey
natFrigltﬁﬁi ?soFaﬁeSl %%%Elgxa% %%rﬁfgygn %:ggﬁg; égﬁg%%aSSIJEP?%% film
applied to a semiconduct

order toPPPEGBARET ﬁ{?gg%(? re(3’1‘56://\/|§te;ny gllé%ﬁc (t?et%m%%/qr@%é ifpdant 0

evice characteristics do not

depend on the hydrogen content of the ass i vatian f| ymgg silicon
PltrldehPPIﬁPPBFe§éF %énﬁﬁﬁﬁrgﬁﬁlﬁﬁégl at1%on %e%n1are conﬁ%red t he
ornmer has a snaller hydrogen 10 o a JAN 20 cont ent orped at a
hi gher téﬁé@raﬁ&@étl?ﬁélcﬁvggtﬁﬁ%?ﬁﬁ%ﬁﬁ %WQ%F%M %?é%na er be

source and drain regions can be inhibited, whereby
fluctuations of their resistance and fluctuations of the
threshold voltage of MISFET can be suppressed. As a
result, a semiconductor having improved reliability is
available. It is needless to say that when use of a
silicide layer to heighten the performance of a
semiconductor device (MISFET) is taken into consideration,
the formation temperature of the silicon nitride film is
not set so high as that for thermal CVD.

In the present invention, a silicon nitride film
formed by plasma CVD using a three-element raw material gas
(silane, ammonia and nitrogen) is used as a passivation
film applied to a semiconductor device, because step
coverage is important in order to prevent invasion of water
and the device characteristics do not depend on the
hydrogen content of the passivation film. When the
silicon nitride film for self alignment and passivation

film are compared, the former has a smaller hydrogen

10



listed. 1. A manufacturing process of a sem conductor device according to
the present invention, which conprises: (a) selectively formng a first
cinsulating film(for exanple, an elenent isolation region) on a surlifadtdl 2
a sem conductor substrate; (b) formng a first conductor piece (for
exanple, a gate electrode) via a second insulating film (for exanple, a

gate insulaling LhLm SO¥BEabhe ;UL agenal khfoosgmipanductor substrate, (o)
ctor Ffor ex

. O . . .
form ng a°8sii'condu ayer npl e, source drain) in a region, on

the surface of, the sem caonduct.qr ubstr nein the fdgst Jahsul ating
filmand the %Prs%nVSBEdﬁggo%l%Fégg’ o%ﬁ%%%gxwgg}(ﬂ%“%%ﬁ%gng athird
insulating film(for exanple, a filmfor self alignnent) to cover the
first cohddE8r piece, semiconductor layer and first insulating film (e)

forming a fourth insulating film (for exa e, an . interlayer insulating
filnm over thé-thfr BaNRSACATAGY i fﬂces(sfg%rérﬁi%%“ﬂe%ttyfo i1y (for
exanpl e, a contact hole) in the fourth and third insulating films, (Q)
form ng acsecdnddcsRdEtiCoPIBiSEdE UNTENEL&Tpl &nigh JAMPTISFIhe first
opening; and 11 0 B JAN 2004 (h) forming a fifth insu!ating film(for
exanpl e, a Pdedi vatieen itvielly) fowaringha flgdsth inssuwadting 454 (Merei n
example, an element isolation region) on a surface of a
semiconductor substrate;
(b) forming a first conductor piece (for example, a
gate electrode) via a second insulating film (for example,
a gate insulating £ilm) over the surface of the
semiconductor substrate,
(c) forming a semiconductor layer (for example, source
drain) in a region, on the surface of the semiconductor
substrate, wherein the first insulating film and the first
conductor piece do not exist;
(d) forming a third insulating £f£ilm (for example, a
film for self alignment) to cover the first conductor
piece, semiconductor layer and first insulating film;
(e) forming a fourth insulating film (for example, an
interlayer insulating film) over the third insulating film;
(f} forming a first opening (for example, a contact
hole) in the fourth and third insulating films,

(g) forming a second conductor piece (for example, a

plug) in the first opening; and

11



the third and fifth insulating filns are silicon nitride filnms formed by
plasma CVD and the third insulating filmis formed at a tenperature higher
than that of the fifth insulating film 2. The manufacturing procegsks A 208
sem conductor device according to the item 1, wherein the first and
fourth insulating filns are silicon oxide filnms, and the step for formng

a first opening caonprises a _step af tching the fourth insulating film
under conditiégé fﬁéﬁﬁpﬂtPn6lgtﬁaﬁﬁéﬁﬁéﬁ&HQufébﬁnhﬁéQﬁeﬁﬁﬂ? Durt h
insulating filmthan that of the third insulating filmand a step of
et chi ng phestiatdonnsdilayi Ry Iheu ke toddistt G "D drini t i "Hf & 4 ar ger
etching anount of the third insulating filmthan that of the first
i nsul ating fi kime 3hiThe amdndfidetutingg otddes & 1dsa AF@misdondifdt or  devi ce
according to the item1, wherein the fifth insulating filmis forned using
an amonhateqdkaifnilng foeact oy gds,smahidVed tanel tthier dhinslliatswnlgatingm i s
formed using an amoni a-free reaction gas. 4. The manufacturing process of
a sem comduat @ fdewiede aaC @O reimpg rtad vrtee hiitggrarl tHaur tdiert cohprhiisi ng,
between the steps (c) and (d), a step of formng a silicide |layer over
the surfagetrafl ihkelserdingorduet.or layer. 12 0 8 JAN 2004 S. The
manuf acturing process of a sem conductor device according to the item 4,
wherein the secondhe manufacturing process of a semiconductor

device according to the item 1, wherein the first and

fourth insulating films are silicon oxide films, and the

step for forming a first opening comprises a step of

etching the fourth insulating film under conditions

permitting a larger etching amount of the fourth insulating

film than that of the third insulating film and a step of

etching the third insulating film under conditions

permitting a larger etching amount of the third insulating

film than that of the first insulating film.

3. The manufacturing process of a semiconductor

device according to the item 1, wherein the fifth

insulating film is formed using an ammonia~contéining

reaction gas, while the third insulating film is formed

using an ammonia-free reaction gas.

4. The manufacturing process of a semiconductor
device according to the item 1, further comprising, between

the steps {(c) and (d), a step of forming a silicide layer

over the surface of the semiconductor layer.
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conductor piece contains a first conductor |ayer (for exanple, a titanium
nitride |ayer) and a second conductor |ayer (for exanple, a tungsten
‘layer), and the first conductor layer is thinner than the second cbfdAit e
"Layer and lies below the second conductor |ayer. 6. The manufacturing
process of a sem conductor device according to the item1, further

conprising, between the steps (_grg and (h), (i).a step of formng a third
% T 1 e

conductor pi ebe (i ERAMHE " Hn ihtRr¥dnnedts 6h)®% Step of
connecting, in a second opening fornmed in the fifth i nsulgti ng filmto
expose adeoritcieodcefondiaa Har ot o P the® tH T Conduct or  pi ece
with an externally connecting conductor piece (for exanple, a bonding wire
or  bunp celneltictade picte Tive treams gctiliry $ig %‘i’%&%@%fla&y%%n{%%duct or
device according to the item1, wherein the first conductor piece is
fornmed ofexampilld,can dimeeriwontidimidey boyon. Bd Fheserond acedvAgOpr ocess of
a sem conductor device according to the item1, wherein the conductor
piece i9afemmedf dumed egorduntroys tayersye thatand, the ff k8%t conduct or
| ayer made of silicon, a second conductor |ayer (for exanple, tungsten
nitride sYERREASs lahar rierciiayey) tend chd hechodnducdertbaybayaade of a
refractory netal (for 13 08 JAN 2004 exanple, titanium cobalt or
tungst en)snP.1 1A STBUIFACtHHE N ¥t essndiictosem gonduct or devi ce
6. The manufacturing process of a semiconductor
device according to the item 1, further comprising, between
the steps (g) and (h), (i) a step of forming a third
conductor piece (for example, an interconnection) and (3) a
step of connecting, in a second opening formed in the fifth
insulating film to expose a portion of the third conductor
piece, the third conductor piece with an externally
connecting conductor piece (for example, a bonding wire or
bump electrode).
7. The manufacturing process of a semiconductor
device according to the item 1, wherein the first conductor
piece is formed of a silicon layer containing boron.
8. The manufacturing process of a semiconductor
device according to the item 1, wherein the conductor piece
is formed of three conductor layers, that is, a first
conductor layer made of silicon, a second conducteocr layer

(for example, tungsten nitride serving as a barrier layer)

and a third conductor layer made of a refractory metal (for

13



according to the present invention, which conprises: (a) selectively
formng a first insulating film(for exanple, an elenent isolation reglonﬁ
‘on a surface of a semconductor substrate; (b) formng a first condbgtlaN 2004
pi ece (for exanple, a gate electrode) over the surface of the

sem conduct or substrate via a second insulating film (for exanple, a gate
insulating fil (c) formn senlconductor | ayer (for exanple, source

drain) i ﬁxé‘"“lpéél'oﬁl Th ]'fta(,c?s,'r SR Ui conduct or substrate,
wherein the first insulating filmand the first conductor P gce do not
exi st; (d) foﬁnln@-@@ﬂﬂﬁ%?qqﬁﬁﬂ%uﬁqﬂfﬁﬁqrﬁ%f%ﬂs%ﬂ&ﬁﬁp HCEOL 198 Yt ¥Or sel f
allgnnent) to cover the first conductor piece, sem conductor |ayer and
first | n@WCATIdAgF itomtiee P Fo6re Ingt W FHUr A | WSt At TP FI 395 { f or exanple
an interlayer insulating fil over the third insulating film f)
formng a fird@)opediang i(vedry g & kortfactnhioly1n¢ ihbmfbﬁ?fh and
third insulating filnms, (g) formng a second conductor piece éfor exanpl e,
a plug) eixznpie,f iarste lgmeEn tng; scaired- {d1) fagidmg enfédfswriasalatidg film (for
exanple, a passivation filnm over the fourth insulating film 14 0 8 JAN
2004 wherseini dometudtiard sarmks tfadtdy i nsulating filnms are silicon nitride
films formed by plasna CVD and the third
(b} forming a first conductor piece (for example, a
gate electrode) over the surface of the semiconductor
substrate via a second insulating film (for example, a gate
insulating film),
{(c} forming a semiconductor layer (for example, source
drain) in a region, over the surface of the semiconductor
substrate, wherein the first insulating film and the first
conductor piece do not exist;
(d) forming a third insulating film (for example, a
film for self alignment) to cover the first conductor
piece, semiconductor layer and first insulating film;
(e) forming a fourth insulating film {(for example, an
interlayer insulating film) over the third insulating film;
(f) forming a first opening (for example, a contact
hole) in the fourth and third insulating films,
(g) forming a second conductor piece (for example, a
plug) in the first opening; and

(h) forming a fifth insulating film (for example, a

passivation film) over the fourth insulating film,

14



insulating filmhas a hydrogen content smaller than that of the fifth
insulating film 10. A manufacturing process of a sem conductor device
~according to the present invention, which conprises: (a) forning a 0i8r AN 2004
insulating film(for exanple, a filmfor self alignment) on a surface of a
sem conductor substrate; (b) formng a second insulating film(for

exanple, an insulating filmfor tallization)_ .over irst insulating
film OI(c) df](c)_r HPRG Se? ?%@ni%@rﬁfﬁﬁr%f&réﬂ%,l%%rﬁaeh%w f%?ﬁﬂ%a‘{n%"scene) in the
second and first insulating fil s, d(() formn onduct.or layer (for
exanpl e, Saf licArend6RRe® ifdmms F ame S%hip?}ga,wa%a&{i)aa rwi‘%gtré%f%i rd
insulating film(for exanple, a assivation film over the conductor
| ayer, wherseilatting fliilst Hassd Jt}icﬁ-'g?qqf} RAFETheSTht beF il %\tf?ﬁgogi | mare
silicon mtnc!e films formed by plasma CVD and the first insulating film
is formedhat fdfthernperndiadriaciighdr. than that of the third insulating film
11. A manufacturing process of a sem conductor device according to the
present i nventliocan, Aumiactu feartpriises pra)eforad gy emieetdiabar aBEHGCRi I m
(for exanple, a 15 0 8 JAN 2004 filmfor self alignment) on a surface of a
seni conduicdrdisigpsio attes present invention, which comprises:
(a) forming a first insulating film (for example, a
film for self alignment) on a surface of a semiconductor
substrate;
(b} forming a second insulating film (for example, an
insulating film for metallization) over the first
insulating film;
(c) forming an opening (for example, a trench for
damascene) in the second and first insulating films;
(d) forming a conductor layer {for example, an
interconnection) in the opening; and
(e} forming a third insulating film (for example, a
passivation film) over the conductor layer,
wherein the first insulating film and the third
insulating film are silicon nitride films formed by plasma
CvD and the first insulating film is formed at a
temperature higher than that of the third insulating film.
11. A manufacturing process of a semiconductor device

according to the present invention, which comprises:

(a) forming a first insulating film (for example, a

15



(b) formng a second insulating film (for exanple, an insulating filmfor
nmetallization) over the first insulating film (c) form ng an opening for
~exanple, a trench for damascene) in the second and first insulating g”hnqmn
(d) form ng a conductor |ayer (for exanple, an interconnection) in tH
opening; and (e) formng a third insulating film (for exanple, a

passi vation fi.l

film and fERE Fﬁgzag %ngﬁen%%%% CE%ral%%%%as%h%kekn5@%333%&ﬁc€5§“'ating

ting fil'maré silicon nitride films forned by
plasma CVD and the first insulating filmhas a hydrogen content snaller
than t hat“BFt€RESFhird insulating film 12. A manufacturing process of a
sem conduct or device according to . the present.inveg;tpn whi.ch conpri ses:

(a) sel ectivell)f SPEMAGTIa of iSERSCNChIMSEA G 6 ITh YT ot © Te)XtIRS ‘arf Bl enent
i sol ation region) over a surface of a sem conductor substrate; (b) fornng
a seni condgetlet ihgy &i Lif Sorex@hald 1 @ddide  ed P fiF S%egi on, over the
surface of the sem conductor substrate, wherein the first insulating film
does not iesiudetingc)ifloviming a refractory netal silicide | ayer over the 16
0 8 JAN 200; surface of the sem conductor layer; (d) form ng a second
i nsul ating fil(m)(forméxanpire ocpening (for example, a trench for
damascene) in the second and first insulating films;
(d) forming a conductor layer (for example, an
interconnection) in the opening; and
(e) forming a third insulating film (for example, a
passivation film} over the conductor layer,
wherein the first insulating film and the third
insulating film are silicon nitride films formed by plasma
CVD and the first insulating film has a hydrogen content
smaller than that of the third insulating film.
12. A manufacturing process of a semiconductor device
according to the present invention, which comprises:
(a) selectively forming a first insulating film (for
example, an element isolation region} over a surface of a
semiconductor substrate:;
(b) forming a semiconductor layer {for example, source
drain) in a region, over the surface of the semiconductor
substrate, wherein the first insulating film does not

exist;

(c) forming a refractory metal silicide layer over the

16



filmfor self alignnment) to cover the refractory netal silicide |ayer and
the first insulating film (e) formng a third insulating film (for 08 IAN

. exanple, an interlayer insulating film over the second insul ating filiﬁ 2004
(f) form ng an opening (for exanple, a contact hole) in the third and

second insulating filns, and (g) formng a conductor piece (for exanple, a

pl ug) in??%ﬁg?%pggiggﬁ %$§585H%%g§o§eggggansulating filmis a silicon

nitride r red asnma at 400C or greater. 13. The

e actur g B 06es.5, 3 SRILRADIY o SR o005 desceiagin e i tom

12, wherein t I Ng mis using a reaction gas
havi ng nonosil ane d ni.trogen, but free o&. i 14 %Q qanuf act uri ng
; . . ol r o .
process b+l §%ﬁ1€8ﬁgu€$69nm88gec Catesrii agrggghgclteﬁl 5 -“Wherein t he
third insulating filmis a silicon_oxide f%Lnl nd_t he opening formng
step conpiisesda SPEBLofNEt ERPNGIFRE LAFPPA2CFAIUFALMAg fil m under
conditions permtting a |arger etching annu?tlof t_he thirdlinsulating film
reelative to (ehefS&RdAE PnSOE&F AGSHIEMIEAd T418: d5°5F S&ATRIYTYy e second
insulating filmunder conditions pernittin% a larger 17 6 .JAN 2004
et chi ng anbentapert hasséasradeféhimgoVREFm-Pel §6CP8% dNSHe 2%t i nsul ati ng
film
film;
(f) forming an opening (for example, a contact hole)
in the third and second insulating films, and
(g) forming a conductor piece (for example, a plug) in
the opening,
wherein the second insulating film is a silicon
nitride film formed by plasma CVD at 400°C or greater.
13. The manufacturing process of a semiconductor
device as described in the item 12, wherein the second
insulating film is formed using a reaction gas having
monosilane and nitrogen but free of ammonia.
14. The manufacturing process of a semiconductor
device according to the item 12, wherein the third
insulating film is a silicon oxide film, and the opening
forming step comprises a step of etching the third
insulating film under conditions permitting a larger
etching amount of the third insulating film reelative to

the second insulating film and a step of etching the second

insulating film under conditions permitting a larger

17



15. The manufacturing process of a sem conductor device according to the
item 12, wherein the silicide-layer formng step further conprises (h)
~depositing a refractory netal filmover the sem conductor |ayer anqui‘§QML
insulating film (i) heat treating the sem conductor substrate, ther %K
formng a silicide | ayer over a surface of the sem conductor |ayer; and

(j) renoving the refracth%?netal filghover e firg&atkggukgtkﬂg film 16.

t
The manFe@tiid M Proceds b a>SeRidonbalt BF ?aéQiEe according to the item
12, wherein the conductor  piece contains a first conductor |ayer and a
second fiorrfuctdiulayeRd BhtMthe first conductor layer is thinner than the
second conductor |ayer and |ies below the second conductor |ayer. 17. The
manuf act ur i ngl pr ocBe mAnafaehiEbRAUREBFSSAePfcd 2BRAFANAYCEB the item 16,
wherein the first conductor layer is a titaniumnitride |ayer, while the
second ciewlicd cactay@ingsta thagstem LayewheiginAtpgnafadfarendayfdcess of
a sem conductor device according to the present invention, which
conpri sesorf g set ept fuetjetoconpgiacki it Aapekating Bi FATCRGTOFY 0 8 JAN
2004 exanple, an elenent isolation region) on a surface of a sem conductor
substratgstal film over the semiconductor layer and first

insulating film;

(i) heat treating the semiconductor substrate, thereby
forming a silicide layer over a surface of the
semiconductor layer; and

(j) removing the refractory metal film over the first
insulating filim.

16. The manufacturing process of a semiconductor
device according to the item 12, wherein the conductor
piece contains a first conductor layer and a second
conductor layer, and the first conductor layer is thinner
than the second conductor layer and lies below the second
conductor layer.

17. The manufacturing process of a semiconductor
device according to the item 16, wherein the first
conductor layer is a titanium nitride layer, while the
second conductor layer is a tungsten layer.

18. A manufacturing process of a semiconductor device
according to the present invention, which comprises:

(a) selectively forming a first insulating film (for

18



(b) formng a first conductor piece (for exanple, a gate el ectrode)
the surface of the sem conductor substrate via a second insulating
_(for exanple, a gate insulating film, (c) form ng a sem conduct or
(for exanple, source drain) in a region, over the surface of the

sem conductor substrate, wherein the first insulating filmand the

conductor piece do no exigfﬁaéﬂéﬁggarkg i%nﬁhbkdai@%%%%E%ngﬁitirn(f

exanpl e, %3P { ¢ m £Br Ss8FFN

0 ¢€over the first con

pg'z;gy 00

first
or

tor piece,

sem conductor layer and first insulating film and (e) formng a fourth
i nsul at i AEEFPRTEFEPIeRARBFEACSA interlayer insulating filn) over t
third insulating film wherein the first conductor. piece is a

bor on- cont ai ni(kg f§FWF66nafﬁﬂﬁﬁénﬁopﬁécFﬁFr@lﬁﬁ§uﬂéﬁﬁh§xﬁ551%%;%1si
nitride filmformed by plasma CvD at 400C ortgégater. 19. The manufacturing

process oéta séattondgtt overdéhecéEvaéésrdiong

third

insulating filmis fornmed using a reaction gas having nonosi

. and nitregbatbatef vée of sawwodi ans2datAngafufldctdGnGiHedess ofIate
sem conductor film according to the present invention, which conpri

- (a) forntnguaatingt fiidswl,ating film (for exanple,
for self alignnent) over a sem conductor substrate;

i nsul ating fil(m(fformexanpl egragonductor layer (for example, source

drain) in a region, over the surface of the semiconductor
substrate, wherein the first insulating film and the first
conductor piece do not exist;

(d) forming a third insulating film (for example, a
film for self alignment)} to cover the first conductor
piece, semiconductor layer and first insulating film; and

(e) forming a fourth insulating film (for example, an
interlayer insulating film) over the third insulating film;
wherein the first conductor piece is a boron-containing
silicon film and the third insulating film is a silicon
nitride film formed by plasma CVD at 400°C or greater.

19. The manufacturing process of a semiconductor
device according to the item 18, wherein the third
insulating film is formed using a reactlon gas having
monosilane and nitrogen but free of ammonia.

20. A manufacturing process of a semiconductor film
according to the present invention, which comprises:

(a) forming a first insulating film (for example, a

19
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i con
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a 19 0 8 JAN 2004 film
(b) formng a second



insulating filmfor the formati on of a damascene trench) over the first
insulating film (c) form ng an opening (for exanple, a trench for §§ JAN 2004
damascene) in the second and first insulating filnms; and (d) formng a
conductor l|ayer (for exanple, an interconnection) in the opening, wherein
the first insulating filmis a silicon nitride filmformed by plasma CVD

t 400C o ter. 21, . Th f i ; ' t
evi co ducd dhoty 151 £t {RRFS0! et o noPRLCEEaaeEh-taemkeaReut vl s &

silicon oxide film 22. The manufacturing.proce ] duct.or
devi ce accor&hﬂ;EQFW%&Qi?eﬁ?%@?dmh%?%%ﬂgfﬁ% gb%@u@%%? g%%@%?%g %bEp
conprises formng a first conductor |ayer a

; , g a | ower IayEr ang)a second
conduct oknswlaking Hhllphef FAGeFOrmghicletbnd E8RARCELF FAJEFWs nade of
copper, and the first conductor |ayer serves to prevent diffusion of
copper. &&r Atmnifngt utndglpkbe@s5:oF/a seniconductor device according to
the present invention, which conprises: (a) degositing, via a first
insul ating film (formiegaspl epealigat éLpAsakabPAg. f #I AF2N&Nf £PSt conduct or
| ayer nade of silicon, a second conductor layer, a third conductor |ayer .
made of damedcarns prinnebal sandnd sedofdr20 INBUIANIRGO41LASHl &g fil m
(for exanple, a cap insulating filn) over a sem conductor substrate;
(d) forming a conductor layer (for example, an
interconnection} in the opening,
wherein the first insulating film is a silicon nitride
film formed by plasma CVD at 400°C or greater.
21. The manufacturing process of a semiconductor
device according to the item 20, wherein the second
insulating film is a silicon oxide film.
22. The manufacturing process of a semiconductor
device according to the item 20, wherein the conductor
forming step comprises forming a first conductor layer as a
lower layer and a second conductor layer as an upper layer,
the second conductor layer is made of copper, and the first
conductor layer serves to prevent diffusion of copper.
23. A manufacturing process of a semiconductor device
according to the present invention, which comprises:
(a} depositing, via a first insulating film (for
example, a gate insulating film), a first conductor layer

made of silicon, a second conductor layer, a third

conductor layer made of a refractory metal and a second

20



(b) processing the second insulating film and the third, second and first
conductor layers into a predetermned pattern; and (c) fornming a thilddJAN 2004
~insulating film(for exanple, a filmfor self alignnment) over the second
insulating film wherein the second insulating filmis a silicon nitride
filmformed by plasnma CVD at 4000C or greater. 24. The manufacturing

process of _a agiefe] t devi.geraccar disng ;ha tihe iidemidd) Wiedeid the
third i ﬁ%ﬁP%@?%gf ??%ﬁi glfgrsig\féi’:\\gl nnitri gé fli I rLrl1 for matgg by plasnma CVD at

4000C or greater,. 25. A sem duct or device according to the present
i nventi oﬁgmﬁxﬁf’Bﬂucc,g%r F’E%gtr%%g’a seni conduct or substrate, (b) a first

insulating film (for exanple,.an el enent. .isaqlation.regi £ctively
formed on a suP? aEEOSFSzi%geﬁingoﬁ&Egp rlgﬁblét%rtzﬁbg; r{‘;(lc]')(?rg’a 4 Zcﬁl“conductor
pi ece (for exanple, a gate .el ectrode) .fornmed over, tttgje surface of the

seni condiBEsf, §8EERFaf8dyifd T8 s EOTRY G REu-aArEAT 1M (For exanple, a gate
insulating film, (d) a sem conductor |ayer (for exanple, source drain,

di f f usi oRTREPELITLAEEr PBANEITI 0AY i sposed between 21 0 8 JAN 2004 the

first insulati ngbfl | mand first conductor pi ecicimov(efror t he sulrg’acae of the

sem conduct or (shbgprarieg a third insulating £ examp

film for self alignment) over the second insulating film,
wherein the second insulating film is a silicon nitride
film formed by plasma CVD at 400°C or greater.

24, The manufacturing process of a semiconductor
device according to the item 23, wherein the third
insulating film is a silicon nitride f£ilm formed by plasma
CVD at 400°C or greater.

25. A semiconductor device according to the present
invention, which comprises:

(a) a semiconductor substrate,

(b) a first insulating film (for example, an element
isolation region) selectively formed on a surface of a
semiconductor substrate;

(¢) a first conductor piece (for example, a gate
electrode) formed over the surface of the semiconductor
substrate via a second insulating film (for example, a gate
insulating £film),

(d} a semiconductor layer (for example, source

drain, diffusion layer, interconnection) disposed between

21



(e) athird insulating film(for exanple, a filmfor self alignnment)

formed over the first conductor piece, first insulating film and 08 JAN 7004
sem conductor layer; (f) a fourth insulating film (for exanple, an
interlayer insulating film formed over the third insulating film (g) a
second conductor piece (for exanple, a plug) forned in the opening defined

oine LPREeERd.T oHELl, LASUANLGNY eTE s and (koD d ifided nudal ing, 11 m

(for exampre, ssrvatio ormed over the second conductor piece,

wherein the third and_fifth _insul atji fil r ilicon nitride filns
f or ned b?ﬁﬁl§§ﬁ£a€9Dp£n5n?héepﬁFP%duggo‘ SGES%r%F%H]has a hydrogen cont ent

insul ating
smal [ er than that of the fifth_i.nsul gin film_ 26. The senic ctor
devi ce accor di(f¢ ?otpﬁégiﬁéﬁP ?BFDﬁhgﬁ angﬁé ?é@gﬁ&edoﬁﬁﬁﬁgé}q%ﬂgce
contains a first conductor |ayer and a second conductor |.ayer, and the
first cohtbét8lipayentis iPRMSAeP VERan "ehé 180 @ MRt S 9%yer and lies
bel ow the second conductor |ayer. 27. The seni conductor device according to
the itenfi2et WheHeRS1NFe IhLASRNEoFGICOPIEFET iI€YE R i tani um nitri de
| ayer and the second conductor layer is a tungsten |layer. 22 e 8 JAN 2004
28. The seni cofiduet Spudéhi dasadesidiond e tHe L ™R, viHerein a
refractory nmetal silicide |ayer is forned '
interlayer insulating film) formed over the third
insulating film;
(g} a second conductor piece (for example, a plug)
formed in the opening defined in the third and fourth
insulating films; and
(h) a fifth insulating film (for example, a
passivation film) formed over the second conductor piece,
wherein the third and fifth insulating films are
silicon nitride films formed by plasma CVD and the third
insulating film has a hydrogen content smaller than that of
the fifth insulating film.
26. The semiconductor device according to the item
25, wherein the second conductor piece contains a first
conductor layer and a second conductor layer, and the first
conductor layer is thinner than the second conductor layer
and lies below the second conductor layer.
27. The semiconductor device according to the item

26, wherein the first conductor layer is a titanium nitride

layer and the second conductor layer is a tungsten layer.
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over the surface of the sem conductor |ayer. 29. The sem conductor device
according to the item 25, wherein the first conductor piece is forngd 8
- boron- containing silicon |ayer. 30. A sem conductor device according é

the present invention, which conprises: (a) a sem conductor substrate; (b)
a first conductor piece (for exanple, a gate electrode) forned over the

sem conduct or %Ubs%%t%ewl%o%dufdtro%t dehsilaatddib fd iy (forcrexanpde, a gate
i nsul ati ng f| m ; (c) a second insulating film(for exanple, a cap

nulating fLLILLQr e Btelcdy sl conduclor hace | ahedd 2 Third

|nsu: ating f|I r exanple, a pa55| vati on f| fformed over the second

i nsu atln eint e gnglwe aﬂ%gatlngfllms are
ﬁlllcoE g &g]flﬁﬁgaﬁgrnég%b% giasna anth second insulating film
as a hydroge con nt smaller. t at of .t ag film 31
The seni condu (Lnr SETHEENM 30% e taecréyré%lm‘# ﬂ:r(% her corrprl sing: (e)
first and second conduct or, regi ons dlcggsed on . 03|Qg ends ,of Qe first

conduct oRSpi ¥EETEATY FESs riftte PRV E AN T04 oF 1 HE S ondtﬁclf

substrate, wherein the first conductor piece functions as a gate
containing silicon layer.

30. A semiconductor device according to the present
invention, which comprises:

(a) a semiconductor substrate;

{b) a first conductor piece (for example, a gate
electrode) formed over the semiconductor substrate via a
first insulating film (for example, a gate insulating
film);

(c) a second insulating film (for example, a cap
insulating film) formed over the first conductor piece, and

(d) a third insulating film {(for example, a
passivation f£ilm) formed over the second insulating film,

wherein the second and third insulating films are
silicon nitride films formed by plasma CVD and the second
insulating film has a hydrogen content smaller than that of
the third insulating film.

31. The semiconductor device according to the item
30, further comprising:

(e) first and second conductor regions disposed on

opposite ends of the first conductor piece on the surface
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of a transistor, the first and second sem conductor regions function as
source and drain of the transistor, and the second insulating filmhas a
substantially equal width with the first conductor piece in a directijojAN 2004
fromthe source toward the drain. 32. The sem conductor device according

to the item 30, further conprising (e) a second conductor piece (for

exanpl e, an_jnterconnection) fo d. .qver the second insulating filmand (f)
AarED Ay e Bk agaPgE tage

an exter ecBAM&EPTAY piéce (for exanple, a bunp) connected
with the second conducton,@iece erein the t? rd . i.nsulating filmhas an

openi ng and WReFR&NOPBRI hgLSENEC R4l I SEEn e Y "Corftfiuc ot piece  has
been connected wth the second conductor piece. 33. A sem conductor_ device
accordi ngft 8 tHenpieseRr thavdAEiSdn ANFhiSER CEGhPETEELI UG Jeif tMiuct or
substrate; (b) a first conductor piece (for exanple, a gate electrode)
formed ofancthensesi sondget ends@stiratd g & ramiSistt Qs At ity fil m (for
exanple, a gate insulating filnm and having a side wall; (c) a second
i nsul ati sgcbnimiqbod agiagplfé lmahgisde swiisitprtdeddd @mral el dtev vl | of
the first conductor 24 6 8 JAN 2004 piece; and (d) a third insulating film
(for exampkefiast conductor piece in a direction from the source
toward the drain.
32. The semiconductor device according to the item
30, further comprising (e) a second conductor piece (for
example, an interconnection) formed over the second
insulating film and (f) an externally connecting conductor
piece (for example, a bump) connected with the second
conductor piece,
wherein the third insulating film has an opening and
in the opening, the externally connecting conductor piece
has been connected with the second conductor piece.
33. A semiconductor device according to the present
invention, which comprises:
{a) a semiconductor substrate:
(by a first conductor piece (for example, a gate
electrode) formed over the semiconductor substrate via a
first insulating film (for example, a gate insulating film)
and having a side wall:

(c) a second insulating film (for example, a side

wall) formed over the side wall of the first conductor
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passivation film fornmed over the fist conductor film wherein the second
and third insulating filnms are silicon nitride filns forned by plasn% QMQ 0
~and the second insulating filmhas a hydrogen content snaller than tﬁa dm
the third insulating film 34. The sem conductor device according to the
item 33, further conprising (3) a second conductor piece (for exanple, an

i nt erconnecti on) Efrned over the second insulating film and (f) an

ext er nal R}SE€61iné& ng conduct or piece (for exanple, a bunp) connected with
the second conductor_piece, rein the third | al i filmhas an

openi ng and i f%hé %g'e‘?ﬂpﬂjfs% léﬁ&eérlnmaql oc*onén%iﬂln“g (r}%nduct or piece has
been connected with the second conductc%hp' ece. 35 Aosen%{:ﬂrrl]ductor devi ce
accor di n®a56 e isedent™) iGRART &S i B

sem conduct or

substrate; (b) a first insulating film (for, ex | e, filmfor self
al i gnment) ové&hﬁqﬁé%éﬁ%m%%%t&q#%ﬂ e’:“?@)r?%%%%“? msufating film

(for exanple, an insulating filmfor the formation of a wring trench)
over theifliiosn ivigutias gt g formpd £¥ iR kstoid{R i3 ik estF9r exanypl e,
an 25 0 B JAN 2004 interconnection) formed in a first opening defined in
~the firsinsadatsigeprd imswdsatd dyydiqga content smaller than that of
the third insulating film.

34. The semiconductor device according to the item
33, further comprising (3) a second conductor piece (for
example, an interconnection) formed over the second
insulating film; and

(f) an externally connecting conductor piece {for
example, a bump) connected with the second conductor piece,
wherein the third insulating film has an opening and in the
opening, the externally connecting conductor piece has been
connected with the second conductor piece.

35. A semiconductor device according to the present
invention, which comprises:

(a) a semiconductor substrate;

(b) a first insulating film (for example, a film for
self alignment) over the semiconductcor substrate;

{c} a second insulating film (for example, an
insulating film for the formation of a wiring trench) over

the first insulating film,

(d) a first conductor piece (for example, an
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(e) athird insulating film(for exanple, an interlayer insulating film

over the first conductor piece, (f) a second conductor piece (for eﬁ%ﬁﬁh%gm

-an interconnection) over the third insulating film and (g) a fourt
insulating film(for exanple, a passivation film over the second

condu
nitri
hydr o
sem c
ext er
pi ece
secon

connected with the seco

ctor piece,

de fi

genlgggﬁgéﬁﬁ
onduct or dev.
nal §r3gnﬁ89
, Wwherein.t
d openi ng®’t

wherein the first and fourth insulating filns are silicon
U4y PLRSIRAND and e fetind T aldaa i has
| PR R BTaT Thread Coinect ed wi th the second conductor
e CORTer AT SCaRReati iy | ooy i &b has been

.con iece.. 37.. T

d tqr . e sem.c 0, evi ce
accordin@nFSrQEEEFtéﬁﬁug@Flﬂﬁé éﬁﬁstﬁggfécéﬁﬂ'Q%ﬁﬁlex?i%fégggﬁéﬁé%géilicon

oxi de

according to ke Pt ERCPRI L&t

(b),
(c),

film 38.
a step of fo

a high
(g)

passivati

The nanufacturin% rocess of a sem conductor device
ofprSS Ny, °F 18t t ' steps (a) and

rmng a first 26 0.8 JAN 2004 conduct.or e (for

) ) \ pi e
exanpl e, latgacenarstiosde Pvirgdd e T 15 15O GRetet | %mMWﬁﬂéin in the step

a fourth insulating film (for example, a

on film) over the second conductor piece,

wherein the first and fourth insulating films are

silicon nitride films formed by plasma CVD and the first

insulating film has a hydrogen content smaller than that of

the fourth insulating film.

36.

The semiconductor device according to the item

35, further comprising (h) an externally connecting

conductor piece connected with the second conductor piece,

wherein the fourth insulating film has a second opening,

and this

second opening; the externally connecting

conductor piece has been connected with the second

conductor plece.

37.

The semiconductor device according to the item

36, wherein the second insulating film is a silicon oxide

film.

38.

The manufacturing process of a semiconductor

device according to the item 12, further comprising,

between the steps (a} and (b), a step of forming a first
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refractory silicide layer is forned on the surface of the first conductor
pi ece. 39. The sem conductor device according to the item 25, wherej QH%@IE 0
.first conductor piece is nade of a silicon material and a refractorg g
silicide | ayer has been formed over the surface of the first conductor

pi ece. 40. A manufacturing process of a sem conductor device according to

the present Jvent ion il GIRIISeS J UIDe, | &l ioad) Shbbgopenatri de

! | S,
filmfor S ali'gnnent” and formng a second silicon nitride filmfor

passi vatian,, wherein the first silico | tr.d Lfmijs med by plasma
CVD usi ng ‘& &l Hlé“tt&rilaﬁ%"ga‘i?%raevjinngmsi rgténesr‘?’;gri% {gﬁll'tréogtéin?ﬁand t he second

silicon nitride filmis fo d by plasma CVYD using a raw mafer]j gas

havi ng siqeeﬁﬁé‘,c’:z?rﬁ-‘rbrﬁl&l%ﬁ% %Y elrﬁaéir.m%eo%% a%ltlﬁf?%% %)fo%@és of a
sem conductor device according to the item 40, wherein the first silicon
nitride fiinat SPEIFEPAtP ¥ I%enperature hi gher than that of the second
silicon nitride film 42. The manufacturjng process of a sem conductor

devi ce accordidfg t FhehsaniGAmiciMerdd Wliahe 3595419 | FRror e nttflde filmis
formed at 400C or greater. 43. A sem conductor device of the present

i nvent i oR5,2 W8 <lAN tIG0L Wit T F Ui i s L 249 rkt MERi Qe i Phl 6P sel f

al ignment processing and a second silicon nitride filmfor
material and a refractory metal silicide layer has been

formed over the surface of the first conductor piece.

40. A manufacturing process of a semiconductor device
according to the present invention, which comprises forming
a first silicon nitride film for self alignment and forming
a second silicon nitride f£film for passivation,

wherein the first silicon nitride f£ilm is formed by
plasma CVD using a raw material gas having silane and
nitrogen, and the second silicon nitride film is formed by
plasma CVD using a raw material gas having silane, ammonia
and nitrogen.

41. The manufacturing process cof a semiconductor
device according to the item 40, wherein the first silicon
nitride film is formed at a temperature higher than that of
the second silicon nitride film.

42. The manufacturing process of a semiconductor
device according to the item 40, wherein the first silicon
nitride film is formed at 400°C or greater.

43, A semiconductor device of the present invention,
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passi vation, wherein between an Si-H Si-N bonding ratio Rl according to
FT-IR anal ysis of the first silicon nitride filmand an Si-H Si-N bondi ng
ratio R2 according to FT-1R analysis of the second silicon nitride §§IJAN 2004
there is a relationship of Rl < R2. 44. The sem conductor device accordi ng
to the item 43, wherein the Si-H bonding by the FT-IR anal ysis of the

first silicon nitride filmis x 1021 ¢ or_less.. The, nenbers in the
par ent hesBE- S €9 St d &5 Z&éﬂrﬁlﬁﬁlﬁl? ]g]rﬂ‘yf%‘?'lds?% %Pe%lafﬁ?m?nvent ion is
not limted thereby. Effects available by the typical _inventions anong the
above. di SIREREE {0 MY Ghes SR S+ 1Nt L boL A oat BEECT br | ef | y. (1) A
silicon nitride filmfor-self alignment can be formed at a | ow tenperature
with a sreddsivadrioyen wWontald betpwgen 1 aShel { Hut RO ¢al2E EpBRC T BF mat i on
of a silicon nitride filmcan be reduced. (3) A sem conductor device with
| ess fl uctamiidimss ite BTelR emistvmice of theofyesysthlicoe nitpidad | ess
fluctuations in the threshold voltage of M SFET can be provided. (4) A
hi gh- per fioirlmarered aard i ¢hJieth abirndinyg 2821080 JAN 2004rdeny coadlttdR devi ce
can be provided. BRI EF DESCRI PTI ON OF THE DRAW NGS

analysis of the second silicon nitride f£ilm, there is a

relationship of R1 < RZ.

44. The semiconductor device according to the item
43, wherein the Si-H bonding by the FT-IR analysis of the

-3 or less.

first silicon nitride film is 2 x 10?! cm

The members in the parentheses are indicated as
exemplarily only and the present invention is not limited
thereby.

Effects available by the typical inventions among the
above-disclosed inventions above will next be described
briefly.

(1) A silicon nitride film for self alignment can be
formed at a low temperature with a small hydrogen content.

(2} A plasma-induced image upon formation of a silicon
nitride film can be reduced.

{3) A semiconductor device with less fluctuations in
the resistance of a polycrystalline film and less
fluctuations in the threshold voltage of MISFET can be

provided.

{4) A high-performance and high-reliability
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FIGS. 1 to 14 are cross-sectional views illustrating, 1in the order of

steps, the manufacturing process of a sem conductor device according to

"Enbodi nent 1 of the present invention; FIG 15 is a graph showi ng &8 JAN 2004

hydrogen content in a silicon nitride filmat varied filmformng

tenperatures; FIG 16 is a graph showi ng the rel ationship between a

hydr ogen cont ent chanﬁigg rati o_by annealinggof the silicon nitride film
toaf '

and st r esEH SPPAteHe 1eF GAReRFi RESVETE® 17 is a graph of the sheet

resistance of a polycrystalline silicon filmplotted agai nst the annealing
tenperature when the silicon nitride filmover the boron- containing
polycrystalline silicon filmis annealed; FIG 18 is a graph show ng NBTI
char act er BRIET sDBFCRIMPBHEN: OF| BE 10RAEINGEr aph il lustrating the shift
amount of a flat band voltage; and FIGS. 20 to 42 are cross-sectional
views illustraFl@g, linothé arderrofsseepsionhe WaAuFadtdEFR§apidfess of
DRAM according to Enmbodi nent 2 of the present invention. Best Mde for
Carrying owtthdeotdeentiont@9sp 8hd ANag0b4acTheipgenencepAvelt Fon wil l
herei nafter be described in detail based on acconpanying drawi ngs. In al
t he draw sggicdetudeseribinget hecenbodgnent Epbbidkmentnbers &hea function
will be identified by like reference nunerals and

present invention:

FIG. 15 is a graph showing a hydrogen content in a
silicon nitride film at varied film forming temperatures;

FIG. 16 is a graph showing the relationship between a
hydrogen content changing ratio by annealing of the silicon
nitride film and stress displacement after annealing;

FIG. 17 is a graph of the sheet resistance of a
polycrystalline silicon film plotted against the annealing
temperature when the silicon nitride film over the boron-
containing polycrystalline silicon film is annealed;

FIG. 18 is a graph showing NBTI characteristics of
MISFET;

FIG. 19 is a graph illustrating the shift amount of a
flat band voltage; and

FIGS. 20 to 42 are cross-sectional views illustrating,

in the order of steps, the manufacturing process of DRAM

according to Embodiment 2 of the present invention.

Best Mode for Carrying out the Invention
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over | appi ng descriptions will be omtted. (Enbodinent 1) FIGS. 1 to 14 are

cross-sectional views illustrating, in the order of steps, the
~manufacturing process of a sem conductor device according to EnbodifnaNt20
of the present invention. As illustrated in FIG 1(a), over the main

surface of a sem conductor substrate 1, for exanple, made of p type

AR T beafmtahggalas@tgg ol GoRLR

el ement i sol at or med e, he foﬁ]omnng

First | i de d I fil
o SuckRathePySRYr RaQ OrRrSPRE LAl A-SlrPaRe oFft R

substrate 1. Using a patterned photoresi t he on n|tr|de film
is etcheﬁOfvﬁ¢ﬁC¥hPS“§tEh%demQPPFEﬁﬁtﬁrti?&@ P?ghﬁﬁ§ 8 nﬁs& NELRA | ow
trench is formed in the sem conductor substrate 1. An |gsulat|ng film for
exanpl e, walsi be chdenxifaeti P skaepBSPEEBCEONERBEEE 1Eh& shal | ow trench,
foll owed by renpval of the silicon oxide filmfroma region other than the
shal | ow ¢venthpbyngMPes¢cchphienr wééhaRRcaMipERAshi ng). By wet etching or.
the 30 0 8 JAN 2004 like, the silicon nitride filmis then renoved, whereby
the el epenbodsmeati Oh region 2 (the first insulating filmin the item1)
is formed. Wth the patterned photoresist filmas a nask,

FIGS. 1 to 14 are cross-sectional views illustrating,

in the order of steps, the manufacturing process of a
semiconductor device according to Embodiment 1 of the
present invention.

As illustrated in FIG. 1l(a), over the main surface of
a semiconductor substrate 1, for example, made of p type
single crystal silicon, an element isolaticon region 2 1is
formed. This element isolation region 2 can be formed, for
example, in the following manner. First, a silicon oxide
(s1i0) film and a silicon nitride (SiN) film are
successively formed over the main surface of the
semiconductor substrate 1. Using a patterned photoresist
film, the silicon nitride film is etched. With this etched
silicon nitride film as a mask, a shallow trench is formed
in the semiconductor substrate 1. An insulating film, for
example, a silicon oxide film is deposited to embed the
shallow trench, followed by removal of the silicon oxide
film from a region other than the shallow trench by CMP

(chemical mechanical polishing). By wet etching or the
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inpurities are ion-inplanted to forma p-type well 3 and an n-type well 4.

In the p-type well 3, a p-conductivity type inpurity such as boron (B)jA%<S004
~ion-inplanted, while in the n-type well 4, an n-conductivity type inpurity
such as phosphorus (p) is ion-inplanted. In this manner, an n channel

type M SFETOn is fornmed in the p-type well 3 and a p channel type M SFETQ

is fornESﬁLgrt?Eﬁgégig%ﬁgekht%idésfhh%#ﬁ%rQ%% ﬁéﬂgdédiﬁﬂyerébﬁﬂ%ﬁéﬂn

i
oxi de fi nsalr-ati ng mintheitem1) is formed over
each of the regions_of the p-type _well 3_and n-type wel| %Eé?T silicon
oxi de fi P#ﬁ?@eng %éoéélt\}éma§e§l§§‘t§ i 531%5 lfr%lﬁu%a\ol\“ﬁ“l\?q gﬁ‘d is
fornmed, for exanple, by thernmal CVD. Then, a polycrystalline silicon film®é
i s fornmeihe FTRE® pol yér y&FFene silicon film6 is to serve as a gate
el ectrode (the first conductor piece in the item1) of MSFET and is
formed, for eWatpl shebpaceprnas phogsrestied it @S A @@Skith a
photoresist film (not illustrated) as a mask, an n-type inpurity (ex.
. phosphor usip(Piriks aor- impl-ameddnted e FoInfe iy frdlisheeld |3 3T m6 in
a region (the region of p-type well 3) wherein the n channel type M SFETn
is to benfaypedweldl @.8 JANt2@SD-whyereebie lilhe .n-a e ansti O B 1o f L iRfe
polycrystalline silicon filmis formed. Wth a photoresist film (not
illustrateghriay awshsks dorarypd)i mpuricny- ifwd.aiedodn WE)De i igwe
i npl anted to the polycrystalline silicon film®6 in a region
n-type well 4, an n-conductivity type impurity such as
phosphorus (p) i1s ion-implanted. In this manner, an n
channel type MISFETQn is formed in the p-type well 3 and a
p channel type MISFETQp is formed in the n-type well 4.
As illustrated in FIG. l{b), a silicon oxide film 5
(the second insulating film in the item 1) is formed over
each of the regions of the p-type well 3 and n-type well 4.
The silicon oxide film 5 is to serve as a gate insulating
film of MISFET and is formed, for example, by thermal CVD.
Then, a polycrystalline silicon f£ilm 6 is formed.
This polycrystalline silicon film 6 is to serve as a gate
electrode (the first conductor piece in the item 1) of
MISFET and is formed, for example, by CVD.
As illustrated in FIG. 1l(c), with a photoresist film
(not illustrated) as a mask, an n-type impurity (ex.
phospnorus (P)) is ion-implanted to the polycrystalline

silicon film 6 in a region (the region of p-type well 3)

wherein the n channel type MISFETQn is to be formed,
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(the region of n-type well 4) wherein the p channel type MSFETQ is to be
formed, whereby the p-type region 6p of the polycrystalline silicor‘][ilil*hmqH
is formed. Separate ion inplantation in two regions of the polycrys ﬂ g
silicon film®6 makes it possible to constitute a so-called dual gate

structure wherein the conductivity type of the gate el ectrode becones an n

t in th ft | T ne. in f
the’p cnaRREroRy SEAMPSEERE AP RIn AT M DRy B R LR SO

(threshol d_ vol.t age) of, M SF can he reduced,. wherehy the FET,driven at
a | ow volftléﬁ‘elscgﬁrﬁ‘@df'or ﬁ@g-[’ Thé ESRFE D gql]’érén{rbogtn ulgtuos'rl\érgae%@e is

acconpanied with the drawback that, when a Qoron-caontaining polycrystalline
silicon Bl A MeS&rploPed Y& dritbYon'Sf: QP Yat )m%ﬁn%%ﬂe, owing to a
| arge thermal diffusion coefficient of boron, boron diffused fromthe gate
el ect r odémppanfedy salthien@odigreEt Ll ife reeciiad thiel ™ chadheét T4t Uh
(well), tending to fluctuate the threshold voltage of MSFET. In this
Enbodi nerthehoweven, of $iH1tveen wedil rd)de'isigihdhihP L5 HyRdgen
content is used as a filmfor self alignment processing as described |ater.
so 32 a YIIANTREO04 st Hax bdi fiausiesh ofhdpston Ghe UPHFRS skl &Y %%
reliability of a sem conductor device can be maintained. This wll be
descri bedheope lygegisitiaddlinge |switlercorAst {1 ust rgpeedn FIG 2(a),
pol ycrystalline silicon
Separate ion implantation in two regions of the

polycrystalline silicon film 6 makes it possible to

constitute a so-called dual gate structure wherein the

conductivity type of the gate electrode becomes an n type

in the case of the n channel type MISFET and a p type in

the case of the p channel type MISFET. By adopting this

dual gate structure, the Vth (threshold veltage) of MISFET

can be reduced, whereby the MISFET driven at a low voltage

can be formed. The conventional semiconductor device is

accompanied with the drawback that when a boron-containing

polycrystalline silicon film is employed for a portion of

the gate electrode, owing to a large thermal diffusion

coefficient of boron, boron diffused from the gate

electrode (polycrystalline silicon film) reaches the

channel region (well), tending to fluctuate the threshold

voltage of MISFET. In this Embodiment, however, a silicon

nitride film having a small hydrogen content is used as a

film for self alignment processing as described later so
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films 6,6n,6p are forned into predeterm ned patterns, whereby gate
el ectrodes 7 are formed. For this patterning, dry etching is conduc{@dAN 7004

-With a photoresist film(not illustrated) as a nask. The gate el ectrode 7
may be rendered to function as an interconnection. As illustrated in FIG
2(b), wth a photoresist film (not illustrated) as a mask, an n-type

Ui Ly (10T o PXATRLE, opNBSRBAr U3 QUpREEeBLe GAS) hilgh ireniiamilanied to

the p-type we ereby an n-type sem conductor region 8 (the

sem condugct or _| L] LLem.l) . r at I :nod al so
serves aggaa nﬁgéﬁgn%%%g?h&eigg-q%:%pgaﬁste)r% (E:ﬁ%% Egpglred?egiqgﬁsgg{lsqu gjrleed in
self alignnent. wi,th the

ate.el r . Wth a photoresist film(not

i |1 ustrafBEYLa8ed Wﬁ§ﬁ,sggﬁ}?§58?§&pggﬁfé'(ex. boron) is ion-inplanted to
the n-type well 4, whereby a pﬁ& pe ., .sem conduct aor. _r.egi an %h(t
seniconducto%sléﬁéPsFﬁaFﬁé e &I)Zﬂg?FoPﬁéHFrgﬁ%ﬁqy%ﬂﬁ % %%ga e
el ectrode 7 serves as a mask sqg that the p-t&ﬁg sem cqnductor region 9 is
formed i &+1%8| Bs ANy GRnBRE WPEASENENGS: BTEFELEFEGL SR PAL Y95 st rated in FIG
2(c), side walls 10 are fornmed on the side walls of the gate el ectrode 7.
These sideessby gajaN=2e64rRERSs /16 L& & ofBeRed, FRG TExampte P dirosi ti ng,
on the side walls of the gate electrode 7, a silicon oxide filmto a
t hi cknesgrguptrbiagt 10FopAYFLEPNY i§dod SNEFEEPeSige M {Ndfen
anisotropically etching this silicon oxide film

illustrated) as a mask. The gate electrode 7 may be

rendered to function as an interconnection.

As illustrated in FIG. 2(b), with a photoresist film

{(not illustrated) as a mask, an n-type impurity (for

example, phosphorus or arsenic (As)) is ion-implanted to

the p-type well 3, whereby an n-type semiconductor region 8

(the semiconductor layer in the item 1) is formed. The

gate electrode 7 also serves as a mask so that the n-type

semiconductor region 8 is formed in self alignment with the

gate electrode 7. With a photoresist film (not

illustrated) as a mask, a p-type impurity (ex. boron) is

ion-implanted to the n-type well 4, whereby a p-type

semiconductor region 9 (the semiconductor layer in the item

1) is formed. Similarly, the gate electrode 7 serves as a

mask so that the p-type semiconductor region 9 is formed in

self alignment with the gate electrode 7.

As illustrated in FIG. 2(c), side walls 10 are formed

on the side walls of the gate electrode 7. These side
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As in the step of FIG 2(b), an n+ type sem conductor region 11 and a p+
type sem conductor region 12 are fornmed in the region of p-type well H3 "ﬁnﬂl]l.
.the region of n-type well 4, respectively. To the n+ type sem conducﬂt OM
region 11 and p type sem conductor region 12, inpurities are introduced
at higher concentrations than the n-type sem conductor region 8 and p-type

sem conductQr region 9, _respectively. JIn this , ion.inplantatigon step, the
si de vvalwlaé £0 FuREE SREEE gfgsr SEARAE 1 Y KE RS Ty m'%(tl)n uctor region
11 and p+ type sem caonductor region 12 are fornmed in self alignment with
the sideSwdlel ¥alds phudhe FadSurde TrEade Havighg At 98D C("ﬁ%tl%gﬂbob%d

Drain) structure forned of the n-type sem conductor region 8 and the n+
type seniacohdGdngssr eyifdd iR fdfe RFAIWiFE 1% SR RARR FOYSRIH 9And t he
p+ type sem conductor region 12 is formed. As illustrated in EIG 3(a), a
resi sti vehenemerisatgoriceddd arahinge thiide sildman asisiatioiregion 2. This
resistive elenent is forned, over the elenment isolation region 2, of a
conduct or fil msRinarthenseat iafg LG .m213) carem n§ypPhke s€oideadsctfdd m R and
a wthdrawal electrode 14 34 0 8 JAN 2004 over the insulating film 13. For
t he condueigdiorf illlmaRd @ pietgbe( bemievadplceort urgiten)l 2haviend crmrasd at i vel y
hi gh resistance or a sem conductor film (for exanple, a polycrystalline
silicon fiinl Mhet aegfiicth cen g4typeducililold and the region of n-type

well 4, respectively. To the n' type semiconductor region

11 and p' type semiconductor region 12, impurities are

introduced at higher concentrations than the n-type

semiconductor region 8 and p-type semiconductor region 9,

respectively. In this ion implantation step, the side

walls 10 function as masks so that the n' type

semiconductor region 11 and p* type semiconductor region 12

are formed in self alignment with the side walls 10. Thus,

a source-drain having an LDD {(Lightly Doped Drain)

structure formed of the n-type semiconductor region 8 and

the n' type semiconductor region 1l or the p-type

semiconductor region 9 and the p' type semiconductor region

12 is formed.

As illustrated in FIG. 3{a), a resistive element is
formed over the wide element isolation region 2. This
resistive element is formed, over the element isolation

region 2, of a conductor film R, an insulating film 13

covering the conductor film R and a withdrawal electrode 14
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anount of an inpurity is relatively small can be used. For the insulating
film a silicon oxide filmor a silicon nitride filmcan be used. gﬂf#ﬂcﬁ“4
wi t hdrawal el ectrode 13, a polycrystalline silicon filmcan be used.
conductor filmR can be fornmed by depositing a conductor filmall over
t he sem conductor substrate 1 and then patterning it. Then, the insulating
film13 is deposited by CVD, _.sputteri or_. the |like net .. After opening
a connecPVfg H@Ié?58165P98r§§ﬁ§Iﬁ§ne E%Fi&gﬁ FPPQPFgogegggfigﬁ,%for
exanple, by CVD, followed by patterning of this Rglyg; st?g}ine silicon

] I

filmint®ehapr édererHifedSpalttelstenWnEREBNSt Re N tivdr Betrode 14 is
fornmed. The resistive element exenplified above is equi pped wth the
Wi t hdr anaksébeancederlia, SEot ceRIpREP Tt FidMofl LT rE&metlieve %l ement to be
wi thdrawn directly by a plug wthout disposing the wi thdrawal electrode 14
my be eopkoygdraliink sidasen iffllmhe toomtictornf iINRRAEHETe of a
polycrystalline silicon film it is necessary to cover the surface of the
conduct ogmbiuhm Bfwiahh iapumisyl adtsi mg lbitime liyn sovaddr aae preevaad.si |15 de
formation on the whole surface of the polycrystalline silicon filmin the
silicidetgkepn3nl@8 ihAN2QQ4 whisdh iwidn oxs ddeSdrlitbed laatsarlidmior to the
formation of the side walls 10 as illustrated in FIG 2(c), the conductor
filmR maythedef @imed copatieenned)., frold eard Wiy Horravetli el eaft @4 nisi at i ng

a polycrystalline silicon film can be used. The conductor

film R can be formed by depositing a conductor film all

over the semiconductor substrate 1 and then patterning it.

Then, the insulating film 13 is deposited by CVD,

sputtering or the like method. After opening a connecting

hole, a polycrystalline silicon film is deposited, for

example, by CVD, followed by patterning of this

polycrystalline silicon film into a predetermined pattern,

whereby the withdrawal electrode 14 is formed.

The resistive element exemplified above is equipped

with the withdrawal electrode 14, but another type of a

resistive element to be withdrawn directly by a plug

without disposing the withdrawal electrode 14 may be

employed. In this case, if the conductor film R 1s made of

a polycrystalline silicon film, it 1is necessary to cover

the surface of the conductor film R with an insulating film

in order to prevent silicide formation on the whole surface

of the polycrystalline silicon film in the silicide step
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filmfor formng the side walls 10 to cover the conductor filmR 1In '
case, by anisotropic etching of the insulating filmwth a photore3|£6JAN2W4
_film which is forned to cover the patterned conductor filmR, as a mask,

the insulating film 13 covering the conductor filmR can be forned in t he
formation region of the conductor filmR and, sinultaneously, side walls

10 can be forned ustr. d |n Fl G 3(b) a netal film1l5 is
deposi t el 4FR BQQ}AﬁﬁedgﬁFFéggg ﬁé sen1conductor substrate 1. For the

nmetal film15, a refractory netal, % xanmpl e, éﬁnl%ﬁ] tungsten or
cobalt is usearl?HetonépﬁlfPFWﬁFiQ“lQ &B6sPLEE H? spattering or the
like method. As illustrated in FIG c t he senlconducto% substrate 1
i s thernallystreseddinsElg, £JF) exéﬁﬁléonﬁ?ﬁtOFRéﬂlﬁ ?h@@#hl?Anneal) By
this thermal treatnment, a silicide formng reaction occurs in a region
wher ei n Ehemedet(phttilmets i $oBlowght biyntfe TEGRLLE OF @R 4NSYLatdMa
material, whereby a silicide layer 16 is fornmed. Wien the netal film1l5 is
made of cmmmlfprtﬁbxmsnhl¢h&eshd¢ema165|é0 @@b@pwe§|qh9(ﬁgwqaﬂ§9r An
unreacted portion of the nmetal 36 0 8 JAN 2004 film 15 is selectively
renoved. £The anredet etiporchisen ofy anisoretslic dtphday I9d Wéte et ched under
the conditions permtting etching of the netal film 15 but not permtting
et ching ehstihatshkyi giide kdyer al@hotoresist f£ilm, which is formed to

cover the patterned conductor film R, as a mask, the

insulating film 13 covering the conductor film R can be

formed in the formation region of the conductor film R and,

simultaneously, side walls 10 can be formed.

As illustrated in FIG. 3(b), a metal film 15 is

deposited all over the surface of the semiconductor

substrate 1. For the metal film 15, a refractory metal,

for example, titanium, tungsten or cobalt is used. The

metal film 15 is deposited by CVD, sputtering or the like

method.

As illustrated in FIG. 3(c), the semiconductor

substrate 1 is thermally treated using, for example, RTA

(Rapid Thermal Anneal). By this thermal treatment, a

silicide forming reaction occurs in a region wherein the

metal film 15 is brought into contact with a silicon

material, whereby a silicide layer 16 is formed. When the

metal film 15 is made of cobalt, this silicide layer 16 is

cobalt silicide (CoSi). An unreacted portion of the metal
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Thus, formation of the silicide |ayer 16 over the gate electrodes 7, n+
type sem conductor regions 11, p type sem conductor regions 12 and

-wi t hdrawal el ectrode 14 nakes it possible to reduce connection r esildt AN B0
with the plug in a region wherein a contact is to be forned and also to
reduce the sheet resistance in a region constituting interconnections such

as the gatq electrodes o s 1y AfmGRIA CONGUCT £ LG ORSpdde PHH BF type
sem conductor regions 12.° As ‘a result, wiring resistance and W ring-wring

esislancecan s radyeed., el ey Jamoy! rE3PONSEy; £ AbRsOf el ements,
a nauc [ %

wher eby the performance © sem co or device can be 1 nproved. The
silicide |layer 16 itself. is r.in heat _resi ) i ]
resi st an@?%ﬁ*&tﬁn&ule}ﬁwq% qojﬁgtheca{%ee %lr Ic]b]gnélﬁS§ wfc?%tté)?é%%géﬁabﬁg on its
crystal phase aggbe en if for of a crystal phase having snal
resi st an&& S % éﬁ? ts&khﬁfecgegglaayep%a]sé' change to a crystal phase having
hi gh resi stance by the subsequent heat,  treatnent. ALéernatively, a

t

“silicide fornmgred@iMW L cteddd® a1 LiF 9k eF3 ¥l Aeeh the 87FPci de

| ayer and a not-silicide-formed silicon region and a sili,con element 37 0
8 JAN 2064-acdtbosigsover i & YPRe SEMLCONGRAtRFer2Aiad g t @ at¥®oi chi onetric
deviation fromthe crystal structure. In this case, an increase in the
resi st anGeaeHrhs o Hrgd iems Morawberithfdeivah eheeheedd kbt BRKREgI on
exi sts, the

it possible to reduce connection resistance with the plug

in a region wherein a contact is to be formed and also to
reduce the sheet resistance in a region constituting
interconngctions such as the gate electrodes 7, n’ type
semiconductor regions 11 and p* type semiconductor regions
12. As a result, wiring resistance and wiring-wiring
resistance can be reduced, thereby improving a response
rate of elements, whereby the performance of a
semiconductor device can be improved.

The silicide layer 16 itself is poor in heat
resistance. It differs in resistance (particularly in the
case of cobalt silicide), depending on its crystal phase
and even if formed of a crystal phase having small
resistance, it happens to undergo a phase change to a
crystal phase having high resistance by the subsequent heat
treatment. Alternatively, a silicide forming reaction
proceeds at an interface between the silicide layer and a

not-silicide-formed silicon region and a silicon element
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unreacted netal fornms its silicide and at the same tine, transfers to the
silicon region by the subsequent heat treatnent, whereby voi ds appear a %
~region wherein the unreacted netal existed. If such voi ds are fornmed UiBn/AN 2004
the contact portion, they increase the contact resistance and in the

worse case, cause connection failure. This embodinment is free of such a

probl em of heat. resistance of the siljcide |ayer. 16, because as descri bed
| ater, tHEtdGOI&YFET thehfals i rﬁaW%FTxﬂghé&%% % 4 suppressed
terrperature particularly, a filmfor self alignnent (silicon n|tr|de film

i s for med et G logies ivel4F v i advk Are gt ke %@Y%ﬂaalsn%t@vﬁ%% by her mal
CVD. In short, the silicide layer 16 can be used while av0|d|ng t he
pr obl em dfh itseata Seasiast dmerreans cim ke st 431 Porsidleeene hier gt eRlehe

performance of a sem conductor device. As illustrated in FIG 4(a), a
silicon mameicdeof,i lWwheli7 ar( turer ¢dvitrall imsstd atfeqgidon lewistshetheem 1) is
formed all over the surface of the sem conductor substrate 1. This

silicon nidrdade dd Imath ifomsed tforsskeldidd i gmrent pheocesse ngims, will be
described later. The silicon nitride film17 is fornmed by plasma CVD at 38 .

0 8 JAN 2QQ4 320G afo giteatslrl igrrefmssabiy o AOOGussgqeaterne8y the plasna
CVD, a silicon nitride filmcan be fornmed at a |lower tenperature conpared

Wi th t hergmlat@MRmhivale rapiFesda agpsper at u erof i JO0hore greaher (for
exanpl e, about 7800
unreacted metal existed. If such voids are formed in the
contact portion, they increase the contact resistance and
in the worse case, cause connection failure.
This embodiment is free of such a problem of heat
resistance of the silicide layer 16, because, as described
later, the subsequent thermal treatment is conducted at a
suppressed temperature, particularly, a film for self
alignment {(silicon nitride film) is formed at a relatively
low temperature by plasma CVD not by thermal CVD. In
short, the silicide layer 16 can be used while avoiding the
problem of heat resistance, which makes it possible to
heighten the performance of a semiconductor device.
As illustrated in FIG. 4(a), a silicon nitride £ilm 17
(the third insulating film in the item 1) is formed all
over the surface of the semiconductor substrate 1. This
silicon nitride film 17 is used for self alignment
processing as will be described later.

The silicon nitride film 17 is formed by plasma CVD at
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for filmformation. It is therefore unnecessary to consider the probl em of
heat resistance of the silicide layer 16. In addition, the silicon nitride
film17 is formed using a raw material gas having silane (nonosiland8 JAN 2004
(SiH4)) and nitrogen (N2) but not having ammonia (NH3). In this point, it
differs froma passivation filmwhich wll be described later. The

Pavi ng mad0SF] BRe TS| &L SALCPodn. G S T 11 T For

havi ng mo ogen. € passiv I's formed

using an _anmoni a-containing raw material. gas because good_step, coverage
i s i npor PaAEMROL VDhi & 15i1|lﬁnc%6nt“%tﬁéds% 15 S 99 o‘e"‘ff%%aﬁ & gl?‘"é%ﬁed

usi ng an ammoni a-free raw material gas. The{gassjvation filmis fornmed at
a rel at besbg redwIte FEAPRAIGT " aBFARITEHEY N ¥T mRIBE ST 2the silicon
nitride film17 needs a tenperature of 350C or greater, preferaplg 400C or
great er. tempelaturef of (199G emabeatest (i GHavve niahede T§P kL7,
ammonia is not wused, while for the formation of the passivation film
ammoni a ifsrufedm Iforaddiitdnon, Gthd sitticcmtang rirded43sany tes forned at a
tenperature higher than that of the 39 0 8 ] AN 2004 passivation film in
thi s speecichisdateironhet percbdram "dfenpertatnrsl's tevars @f stbst$ht eci@@per at ur e.
By using such an anmoni a-free raw material gas, a hydrogen content in the
silicon niskeirda d.il m 17 can be
In addition, the silicon nitride film 17 is formed

using a raw material gas having silane (monosilane (SiH4))

and nitrogen (N;) but not having ammonia (NH3). In this

point, it differs from a passivation film which will be

described later. The passivation film is formed at about

350°C by using a raw material gas having monosilane,

ammonia and nitrogen. The passivation film is formed using

an ammonia-containing raw material gas because good step

coverage is important for this film, but the silicon

nitride film 17 is formed using an ammonia-free raw

material gas. The passivation film is formed at a

relatively low temperature of about 350°C, but formation of

the silicon nitride film 17 needs a temperature of 350°C or

greater, preferably 400°C or greater. In short, for the

formation of the silicon nitride film 17, ammonia is not

used, while for the formation of the passivation film,

ammonia is used. In addition, the silicon nitride film 17

is formed at a temperature higher than that of the
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reduced. Since a hydrogen content in the silicon nitride film17 is

| onered, rel ease of hydrogen fromthe silicon nitride film1l7 can be

i nhibited even by the subsequent heat treatment (for exanple, sintenigngyoxos
densification at about 700'C in the case where an interlayer insulating
film is made of PSG (Phosphor Silicate ass) or SOG (Spin Ohn dass)). As

T o TpRESYEac EhoREenD! BYIEAGENSHACH PREE 1ohe LAY BR3OT LS ST L1 Pon

nitride 7 presunably “calsi ng péee the silicon nitride film 17

or connegtion fajlure at_the botéo rtion _of _a connecting hole. In
addi ti on, ﬁ%@%%gahuﬁﬁdrﬁasﬂ? 3s°4 gg%gggdkggggé?%ufgactivates the inmpurity
(particularly, _boron) in tEe [ urité-introduced silicon | ayer (gate
el ectrode 7, nBY ¥§pRIsEHFRoABUETBPFEGEERE1EAVpRaLFR&3defREonduct or regi on
12, withdrawal electrode 14), thereby increasing its resistance. It
facilitate¥drpapsfepPnbenaninnplfi 6y 12¢par PAEGRERI ¥ 1 1BoldnF2BndSt he i npurity
(particularly, boron) thus rendered diffusible transfers to the channel
regi on of rRASFEY- andinfactubyesogne EARESABI dnvoheagaelisgehnatetifess
increase of the silicon nitride film fluctuations and increase in the
resi stancéibth iReisilpeenedo os8lgaRe2004hrvayegeand rPmuéhgatiiddsoinn t he
threshol d voltage of M SFET due to release of hydrogen becone a cause for
the failunétradd péitholransa Het énhobatednegknt by ta&sububRgaIsEmtconduct or
device. In this enbodi ment, however, the

heat treatment (for example, sintering or densification at

about 700°C in the case where an interlayer insulating film

is made of PSG (Phosphor Silicate Glass) or SOG (Spin On

Glass)). As described above, release of hydrogen increases

the stress of the silicon nitride film 17, presumably

causing peeling of the silicon nitride film 17 or

connection failure at the bottom portion of a connecting

hole. 1In addition, released hydrogen, as described above,

inactivates the impurity {particularly, boron} in the

impurity-introduced silicon layer (gate electrode 7, n’
type semiconductor region 11, p' type semiconductor region
12, withdrawal electrode 14), thereby increésing its
resistance. It facilitates transfer of an impurity
(particularly, boron) and the impurity (particularly,
boron) thus rendered diffusible transfers to the channel
region of MISFET and fluctuates the threshold voltage.

Such a stress increase of the silicon nitride film,

fluctuations and increase in the resistance of the silicon
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silicon nitride film 17 does not contain hydrogen so much in the
as-deposited state so that no such problemoccurs. Use of an ammoni a-free
-raw material gas nakes it possible to decrease plasna-induced danag%ﬂd&%ﬁm‘
formation of the silicon nitride film217. Wen the raw naterial gas
contains amoni a, plasma is presuned to have an increased density by the

Penni ng afiet! SbLoughic i dif Add e @fxo AERNI A1 ddbd his endrogh ment,

because oOf Ya raw nateri gas free of anmoni a, a pl asrra denS| ty does not

show an gxcessi v r aﬂq 8- damage. Of Lan
t her ef orei e%guﬁﬁﬁgs?s%%d%afs% a ré@’fﬂ amage to a Si |con ayer (gate

el ectrode 7, n+ /e sem cqonduct or 9 %ﬁé e sem conduct or region
12 and w¥HdP Oy %%erlfratlosrgl ici Irae;'lse"} 9to be a substrate

over which the S|I|con nitride i can_be reduced, and
gener at | GRS SGTg FoHEE andIf %‘i%%“olﬂ?eq FESTSY a%ccre due to
t hese dangling bonds can be preyented As describ d bove, the rogen
cont ai ned4li e N1Gni%Sf infitt rl 08T At Cf%“traellra(a}?ﬁ(fgﬁﬂwc? ‘a | east
smal l er than that contained in the passivation film (sjlicon nitride film
whi ch wi lin Béedasodapss igerstde ;B Yt Z@@%tplf%k%]tﬁ“ﬂ LHHEIhe present
i nventors on the hydrogen content in the silicon nitride film17 or the
qual ity of tRsesidfi con anmarige fieen 7ad etk e hyeenieontent  wil |
be descri bed.

possible to decrease plasma-induced damage upon formation

of the silicon nitride film 17. When the raw material gas
contains ammonia, plasma is presumed to have an increased
density by the Penning effect brought by the addition of
ammonia. In this embodiment, because of a raw material gas
free of ammonia, a plasma density does not show an
excessive increase and plasma damage or ion bombardment can
therefore be suppressed. As a result, damage to a silicon
layer (gate electrode 7, n’ type semiconductor region 11,
p’ type semiconductor region 12 and withdrawal electrode
14, or silicide layer 16) to be a substrate over which the
silicon nitride film 17 is formed can be reduced, and
generation of dangling bonds and an increase of the
resistance due to these dangling bonds can be prevented.

As described above, the hydrogen contained in the
silicon nitride film 17 is relatively small, at least
smaller than that contained in the passivation film

(silicon nitride film) which will be described later.
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FIG 15 is a graph showi ng the hydrogen content in a silicon nitride film

at varied filmform ng tenperatures (deposition tenperatures). The rhonbic

. data points show the hydrogen content of the filmin the as-depositﬁgj N 2004

state, while the square data points show the hydrogen content in t %I Izm

after annealing at 760C for 10 seconds. Line A is a test |ine showng the

hydrogen content of the filmin the as-deposited state ile Line Bis a
Ty IS

test |ine showieig IER&MaPegdl T iRy i T hieal s PAARY
apparent from Line A the higher the deposition tenperature, th | ower
the hydr 6§6%SEGntEntthien SiHd 390 M1 SrHElSi F ¥t dnlc T Hets UILJirrﬁé Qfand Line B
(hydrogen content rel eased by annealing) becones snmaller with an increase
in the d&sosiitiieen epariataurta lmrmiel €t SR AYIHRIHY FIYERN T cont ent i n
the as-deposited state can be reduced and an anount of hydrogen rel eased
by anneamiiid &en descdedeshsed by increasing a deposition tenperature. FIG
16 is a graph illustrating the relationship between a hydrogen content
changing rati @ity dndal iang raaph Staweissy ditepltgobreran afaereahneal @ ng. Li ne
Cis atest line available fromeach of the data points. Here, the
hydr ogens42 i@o® HhANrAQR4 fddmt et wGhairegl N Imatioorn ingo bt empremch tayrels vi di ng' t he
hydrogen content after annealing by the hydrogen content in the as-
deposi t ed debpaisa.t A% trhirpedizagrrans isugdest shdmere dat | msint g edtabw onshi p
bet ween t he hydrogen content changing ratio

the hydrogen content of the film in the as-deposited state,

while the square data points show the hydrogen content in

the film after annealing at 780°C for 10 seconds. Line A

is a test line showing the hydrogen content of the f£ilm in

the as-deposited state, while Line B is a test line showing

the hydrogen content in the annealed film. As is apparent

from Line A, the higher the deposition temperature, the

lower the hydrogen content in the film. The difference

between Line A and Line B {(hydrogen content releasad by

annealing) becomes smaller with an increase in the

deposition temperature. This suggests that the hydrogen

content in the as-deposited state can be reduced and an

amount of hydrogen released by annealing can be decreased

by increasing a deposition temperature.

FIG. 16 is a graph illustrating the relationship
between a hydrogen content changing ratio by annealing and

stress displacement after annealing. Line C is a test line

available from each of the data points. Here, the hydrogen
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and stress displacenent after annealing. The greater the hydrogen content
changing ratio (the higher the deposition tenperature), the smaller the
stress displacement. Wth a line of about 0.7 (Line p) as a boundar {8 JAN 2004
peeling of a film occurs in a region wherein the hydrogen anount changi ng
ratio is smaller (at a |lower deposition tenperature), while peeling of
filmdoes not occur in a reqgion wherein, it i

i s reater (at hi,.gher
deposi t i GRICEMFeAANEI § st oD T bRy Pt L the BEAIPAG ol a
silicon nitride film can be prevented al nbpst conpletely by setting the
deposi t i GentEmie iRl MN0MS 1Y s£he RHErERISorPIFRAE t He ShFi@®n nitride
film1l7 is fornmed preferably at 400C or greater. FIG 17 is a graph
wher ei n depostided rdsitst-andess Hiierdiagranl suggedis a YR oA- £dnfaPhfng
polycrystalline silicon filmover which a silicon nitride filmhas been
deposi t edelias ipinathtied begrvaaen driredl yapdempermtente. CN@IRGr LHRakoi s
attached to each of the data. The triangle data points show the data of a
- silicon amid rdtdesfd |dn Sfpdraegneatt 400 byanrse anpimg r avlimat greéategashehavi ng
nonosi | ane and nitrogen (two-elenment raw material 43 4B JAN 2004 gas) and
- Line E i sy@irdegn |domaonngcdndihd hesei slatthe Hhghdt acke cidepbeitdada points
show the data of a silicon nitride filmfornmed at 360C using a raw
mat eri al tGapdramiuie NORAS | SRl 1 &M as engs i 41 9gbacmdmee- eleorna
line of about 0.7 (Line D) as a boundary, peeling of a film
occurs in a region wherein the hydrogen amount changing
ratio is smaller (at a lower deposition temperature), while
peeling of film does not occur in a region wherein it is
greater (at a higher deposition temperature). Results of
the test show that the peeling of a silicon nitride film
can be prevented almost completely by setting the
deposition temperature at 400°C. This is the reason why
the silicon nitride film 17 is formed preferably at 400°C
or greater.
FIG. 17 is a graph wherein the sheet resistance, after
annealing, of a boron-containing polycrystalline silicon
film over which a silicon nitride £ilm has been deposited
is plotted versus annealing temperature. An error bar is
attached to each of the data.
The triangle data points show the data of a silicon

nitride film formed at 400°C by using a raw material gas

having monosilane and nitrogen (two-element raw material
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raw material gas) and Line Fis a test |line connecting these data. The
rhonbi ¢ data point G shows the reference datumon the sheet resistance (in
the as-deposited state) of an annealing-free polycrystalline siliggnaliXih
over which no silicon nitride filmis deposited. It, of course, shows the
| owest resistance. .The square data points show various conparison data

provi ded for consi_ deration. Point I's a datum of olycrystalline
B 1 con fash GG aniE H b 1 s e PG RIS 117 SR TBh o

pol ycrystalline silicon filmwith N2 plasma, Point J is a_datumof a
pol ycryst al | i d&esinliason cifqdhf dadet P Wi §hH Ny NS HasFre®and Point Kis a
datumof a polycrystalline silicon filmtreated with N2 plasm, _followed
by heat tsiddtomentnidqtrighod flor format ciids3 6 Ddt a5 HNTF1 a5 £aY Raveriaveal ed
that the sheet resistance of a polycrystalline silicon filmis lower (in
ot her worgds, helvdisey randdiel o yanyerrsid iared stifeoged | (Hhiee-thement
as-deposited state) when a silicon nitride filmis formed at 400C by using
a two- el emdntmapgas idl ) drdlivhen s sa lteon hineidenfedning forned at
360C by using a 44 0 8 JAN 2004 three-elenent gas (Line F'), suggesting
that the treeleyetarstalline silicon filmis not deteriorated. Conparison
between the datum (point H) on treatnment with NH3 plasnma or the datum
(Point 1) on tmeatymeiMb tdathh point G shows the reference datum on

the sheet resistance (in the as-deposited state) of an

annealing-free polycrystalline silicon film over which no

silicon nitride film is deposited. It, of course, shows

the lowest resistance.

The square data points show various comparison data

provided for consideration. Point H is a datum of a

polycrystalline silicon film treated with NH3 plasma, Point

I is a datum of a polycrystalline silicon film with N;

plasma, Point J is a datum of a polycrystalline silicon

film treated with NH3/Nﬂ3 plasma and Point K is a datum of

a polycrystalline silicon film treated with N; plasma,

followed by heat treatment at 950°C for 10 seconds.

Data in FIG. 17 have revealed that the sheet

resistance of a polycrystalline silicon film is lower (in

other words, closer to the polycrystalline silicon film in

the as-deposited state) when a silicon nitride film is

formed at 400°C by using a two-element gas {(Line E) than

when a silicon nitride film is formed at 360°C by using a
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pl asma and the datum (Point J) on treatnment with NH3/ N2O plasma is usefu
as reference data for explaining the difference between the resistance 05
the silicon nitride filmformed using a two-el enent gas and the si 13§ M 2004
nitride filmformed using a three-element gas. Data of Points H and |
correspond to the data (Line E) of a two- elenent gas, while the datum on
Point J corresponds to the datun1 Line F) of a tE e-el enent gas. The
sheet restR¥afcelf8eRFnBae (Lgl&lI i n FH@@@S&&P& Fg ﬁgefron1a one- el enent
gas is formed in each of NH3 plasnma and N2 plasma. On the other hand,

pl asma froed 6CE bt &l biBAt S§ASCPE fé#ﬁeéslHONH§PN§6106P§§ﬁa and in this
case, Penning effect, that is, a phenonmenon wherein plasnma di ssociation
degree beGomparihbgheeteeapathd WREHMt KBOEASEHMf OB SHE2EMERENt IS, is
presuned to occur. The difference between the data at Points Hand I and
datum at Wi mlakns qor esherethtion oiRoimt Pl asmes F patwedt dakbgeNof a
polycrystalline silicon film resulting fromthe Penning effect. Wen
simlar pbasnhdeanti dhei daappl i(édihe U)nenEtardthiene KitBehhiAY0 ef f ect
resulting fromammonia occurs when the silicon nitride filmis deposited
using a tpreemel esentegas ki pef4bedc8 AANa2@94 Ekpl@inpawedhsi th the
two-el enent gas (Line E), the polycrystalline silicon filmserving as a

substratedi FeepbNes PHehephashe- redueedndanage tand siid ipoeswied itdae have

i ncreased resistance. This experinentally indicates that
film formed using a two-element gas and the silicon nitride
film formed using a three-element gas. Data of Points H
and I correspond to the data (Line E) of a two-element gas,
while the datum on Point J corresponds to the datum (Line
F} of a three-element gas. The sheet resistance is almost
equal in these data. Plasma from a one-element gas is
formed in each of NH; plasma and N; plasma. ©Cn the other
hand, plasma from a two-element gas is formed in NH3/N.0
plasma and in this case, Penning effect, that is, a
phenomenon wherein plasma dissociation degree becomes
higher compared with the case of a one-element gas, is
presumed to occur. The difference between the data at
Points H and I and datum at Point J is presumed to owe to
plasma-induced damage of a polycrystalline silicon film
resulting from the Penning effect. When similar
consideration is applied to Line E and Line F, Penning

effect resulting from ammonia occurs when the silicon

nitride film is deposited using a three-element gas (Line
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in this enbodi nent, use, as the silicon nitride film217, of a silicon
nitride filmformed using a two-el enent gas at a substrate tenperatugg R& 0l
400C or greater, the resistance of the gate electrode 7 or the like H é
mai nt ai ned | ow and performance of a sem conductor device can be maintai ned
hi gh. The sheet resistance of a silicon nitride filmforned wusing a

fvo-el emept gas, [ggsgﬁaot LRCERESE, oemfsngvgas' fianeql edpat a high

t enper at ur €, resirstance Sil'tcon nifride filmformed

using a three-el e . b ncreases | argel nneal.i a high
tenperatu?%fy%ﬂﬁsg%gi ﬁbéﬁFOR) 6§m gég § %5 ggbagggﬁécrystalllne
silicon filmwth N2 E g Bg th rnal treat ment % 950C for 10
seconds i%5°GRefEf BYCReP ?Eﬁﬁel?che %?ﬂ?n@ngu&ﬁ BXFSPBREe U6t "8 Véhange
in the sheet resistance depending. on an annealin nperature. The datum
on Poi nt K'SFH®%8Sd B%FyﬁFﬁg?gfl|ﬁgl§|?FE%ﬁlP?Pﬁ?lgﬁbﬁééﬁgatSﬁl§h95 N2

pl asma treatnent and subsequent thernmal treatment, so that an_increase in
t he sheetinrelistgneecsnrehhe BéPycF?sFQFlﬁhél§PP|Béﬁrﬂﬂﬁnﬁﬂémpﬁésuﬁgd to
result fromsuch treatnents. In short, without an 46 4 8 JAN 2004 influence
of hydrogansikhcpncrensedenfshBeforRsfistahRE BotWANSARMEAE &8SsKEWR in
Point K occurs. The data (Line E) on the use of a two-elenent gas and
thermal tselsheate taMpesRtngy atf ABBUF 950QrgrEcalmbd€ E§FAStAGEhat of

of the gate electrode 7 or the like can be maintained low
and performance of a semiconductor device can be maintained
high.

The sheet resistance of a silicon nitride film formed
using a two-element gas does not increase so much even if
annealed at a high temperature, while the sheet resistance
of a silicon nitride film formed using a three-element gas
increases largely by annealing at a high temperature. The
datum (Point K) on the treatment of a polycrystalline
silicon film with N, plasma, followed by thermal treatment
at 950°C for 10 seconds is useful as reference for
explaining such existence of a change in the sheet
resistance depending on an annealing temperature. The
datum on Point K shows a polycrystalline silicon film
subjected only to N; plasma treatment and subsequent
thermal treatment, so that an increase in the sheet
resistance of the polycrystalline silicon film 1is presumed

to result from such treatments. In short, without an
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Point K, but the data (Line F) on the use of a three- elenent gas indicate
a large increase in the sheet resistance. As illustrated in FIG 15 W i
a two-element gas is used, the influence by hydrogen is negligibl e,m}) 2&
| arge anobunt of hydrogen is rel eased when a three-elenent gas is enployed.
The resistance of the polycrystalline silicon filmis presuned to increase

owing to this hydrogen., In short, an increase in the resistance of the
pol ycr yst&fiuse c§ qug&YC’friQ%F{'Liar{b MCRGaAsF A i HG%as esllnSt‘%rﬂé]e atnél)eal i ng
tenperature is presuned to occur because released hydrogen. inactivates an
i npuri ty anbErGeNt @t FOOWsol e RATH 1T REH TS cort 45 | tarhf@“?& ti®entally
I ndi cates that use, as the silicon nitride film17 of the present

i nvent i oheofus® sifl jacdrvamaldngn ¥ i9af fached afna 4dorermYftleat er by using a
two- el ement gas mekes it possible to suppress fluctuations in_the

r esi st ancarpfealhismg)gatte adoant rade 7 are thlenddtkee gl el ntkath 2he
reliability of the sem conductor device even if a step requiring high
treati ng fegnpenat e extisstdataf t @ridenel )f aometionsd ahea Hiteeon nitride
film Thus, by using, as the silicon nitride film217 of this 47 0 6 AN NON
enbodi nertier@fntd @id iionnididd idel £idem frormeabatia shubsihete tenperature of
400' C or greater by plasma CVD using a raw nmaterial gas having silane and
ni trogen,rpaelddirof tawe isiddoerad tin deidi | 15,1 Weam det wo-evkeedt and

rel ease of
gas is used, the influence by hydrogen is negligible, but a
large amount of hydrogen is released when a three-element
gas is employed. The resistance of the polycrystalline
silicon film is presumed to increase owing to this
hydrogen. In short, an increase in the resistance of the
polycrystalline silicon film (Line F) with an increase in
the annealing temperature is presumed to occur because
released hydrogen inactivates an impurity (boron} in the
polycrystalline silicon film. This experimentally
indicates that use, as the silicon nitride film 17 of the
present invention, of a silicon nitride film formed at
400°C or greater by using a two-element gas makes it
possible to suppress fluctuations in the resistance of the
gate electrode 7 or the like and maintain the reliability
of the semiconductor device even if a step requiring high
treating temperature exists after the formation of the
silicon nitride film.

Thus, by using, as the silicon nitride film 17 of this
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hydrogen fromthe silicon nitride film 17 can be suppressed, leading to

I nprovenents in the performance and reliability of a sem conductor fj@g@"
As illustrated in FIG 4(b), an interlayer insulating film18 (then
insulating filmin the item1, etc.) is forned. This interlayer insulating
film218 is made of, for exanple, a silicon oxide filmformed, for exanple,

by CVD. ternatively, PSG .SOGor.theILé fidm q;ﬁus
i nterl ayBF°P %WFQFi’nG%f A ArtgCoR SdiF % l§1me ﬁm%%s/uac % as b%é %?gSOG can
wel | enmbed the mniaturizeqd gate electrode 7, faciéé}'cti ating surface
pl anari zaEMBRTaPKER PSGA08r CsOs (9L 87t A% Rie W EH &tP 18 thet A
treatment such as sintering or densification. Since release of hydrogen
from t hemgkkirden @asr haeingl mllanss afhpriddsi®as RESSAMDRE Hhdve,
probl ems, which will otherw se occur after heat treatnent, such'as peeling
of the sbkhiléornnintrirddef iflidml2,7 cary ibse eV @b igeiheef esi st ance
of the gate electrode 7 or fluctuation in the threshold voltage do not
occur. Thedsugkacdrofn the isntlédoayeritimsld dtilw i lgaridemy be pl anari zed,
for exanple, by CWP (Chem cal Mechanical 48 0 8 JAN 2004 Polishing). As
i || ustrakedpireske@, Seading photiopesiwtmeidamilo theyipay Opemmes dedi ned in
accordance with connecting hole patterns is fornmed over the interlayer
i nsul ati rglfibbmli8y of a semiconductor device.
As illustrated in FIG. 4(b), an interlayer insulating

film 18 (the fourth insulating film in the item 1, etc.) 1is

formed. This interlayer insulating film 18 is made of, for

example, a silicon oxide film formed, for example, by CVD.

Blternatively, PSG, SOG or the like film may be used as the

interlayer insulating film 18. A self flowable film such

as PSG or SOG can well embed the miniaturized gate

electrode 7, facilitating surface planarization. When PSG

or SOG is used, it is subjected to thermal treatment such

as sintering or densification. Since release of hydrogen

from the silicon nitride film 17 is suppressed as described

above, problems, which will otherwise occur after heat

treatment, such as peeling of the silicon nitride £f£ilm 17,

a rise or fluctuations in the resistance of the gate

electrode 7 or fluctuation in the threshold voltage do not

cCccur.

The surface of the interlayer insulating film 18 may.

be planarized, for example, by CMP (Chemical Mechanical
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with this photoresist film19 as a mask, etching is conducted to partially
form connecting holes 20 (the first openings inthe iteml1, etc.). TWG%ANZWL
etching (the first etching step) is conducted under the conditions
permtting etching of a silicon oxide filmbut not easy etching of a
silicon nitride film Selection of such conditions can make the silicon
nitride fihn1 ng function as an etching stopper. This etching enables to
expose t & &6 ef'%urface of the silicon nitride film217 even if the

connecti ng hol es 1 resetgria{ﬁﬁe Ielnri h‘léfbdggégé%i' L%léﬁ%é?g\g{g_s,f?%figi ent over-

etching can béZefl or rred, ereby hol es
different in depth can be formed definitely. In addition, even_jt _the
et chi ng M&Ve"6h qpr?é‘%ﬁeﬂsetd‘-’lér}ﬁff lrhrﬁcf%c?rrﬁg%%? ek n‘fo%R’/%?t'“\{ nhie

etehing can be

carried out until the conpletion of the processjng of a holLe, whose etching
is conplraté@qrgstis 'ﬁ%"ﬁgé@é&s‘i Hﬂ‘%%‘?ﬂp%?y?%el%g%ﬁ%ﬁ?%gh%%l gg'can
therefore be increased. As illustrated in FIG 5(b), second etching is

- conduct edittd rtévicy @hdergIigtorf Mt r1Yed § 13 MaAYKsf ronFRHRI bdttom portion of
t he connecting hol es 20, whereby the opening of connecting holes 20 is

- conpl et edorThes tswst ol PEr 0L 8L AN Qriu4c @R 03 NG sShebPd i €8 buReuhdErt
conditions facilitating etching of a silicon nitride film but not
facilitatipepirgchimgiof e | contoxi de Thisn eeglehngf (gt fEFd8ht over-

etching is conducted upon second etching, excessive etching
etching step) is conducted under the conditions permittilng

etching of a silicon oxide film but not easy etching of a
silicon nitride film. Selection of such conditions can
make the silicon nitride film 17 to function as an etching
stopper. This etching enables to expose the upper surface
of the silicon nitride film 17 even if the connecting holes
are different in depth. In other words, sufficient over-
etching can be effected until the deepest hole is formed,
whereby holes different in depth can be formed definitely.
In addition, even if the etching rate on the wafer is not
uniform, sufficient over-etching can be carried out until
the completion of the processing of a hole whose etching is
completed last. The processing margin of the connecting
holes can therefore be increased.

As illustrated in FIG. 5(b), second etching 1is
conducted to remove the silicon nitride film 17 from the
bottom portion of the connecting holes 20, whereby the

opening of connecting holes 20 is completed. The second
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of the underlying sem conductor substrate 1 (elenent isolation region 2)

can be inhibited. Described specifically, the silicon nitride film217 is

~much thinner than the interlayer insulating film 18 so that over - etighiANgltlh

in the second etching step is sufficient when about half of the thickness

of the silicon nitride film17 at nost is etched. The over-etching in the

second etching step can, therefore be suppressed to0 .an.ext.e not so | arge
Beémenes atoddan 5%

as to eREERENGely ERERIEFeRUENENERENERT NSRS &R Fedi r the like

and cause a trouble. This nakes it possibl% torgﬁyevent.a eterioration in
the perf8ERARBE ARdar BLLABPR Ny trdAeMESEET PUINGT Wid9: Wit iSe occur due
to excessive etching in the elenent isolation region 2 or, the like, but to
mai nt ai nethbiper bér AaRds iard Peldgbiflliliy of e L is S idoiidFtor® N ce hi gh.
The silicon nitride film 17 does not peel off easily as described above so
that no peehiing 66 thedsicltiedomponi Seic@adf AL CENRE I Hhis-Gperd ng st ep
of connecting holes 20. As illustrated in FIG 6(a), plugs 21 are forned
in the ednnaet ingeldlyésg2B@erficonexarmgire subs e < dl | (®liae™S0 6 8 JAN 2684
manner. Atitaniumnitride (TiN) filmis forned all over the surface of
the seni g¢ghduetion sehsbnhate Lanndleudinhgbtited.i ndledemifosshch of the
connecting holes 20. This titanium nitride filmcan be forned, for
exanmpl e, sbgcC¥PcaOMyngthe silicon nitride film 17 is much thinner

than the interlayer insulating film 18 so that over-etching

in the second etching step is sufficient when about half of

the thickness of the silicon nitride film 17 at most 1is

etched. The over-etching in the second etching step can

therefore be suppressed to an extent not so large as to

excessively etch even the element isolation region Z or the

like and cause a trouble. This makes it possible to

prevent a deterioration in the performance and reliability

of MISFET, which will otherwise occur due to excessive

etching in the element isolation region 2 or the like, but

to maintain the performance and reliability of the

semiconductor device high.

The silicon nitride film 17 does not peel off easily

as described above so that no peeling of the silicon

nitride film 17 occurs in this opening step of connecting

holes 20.

As illustrated in FIG. 6(a), plugs 21 are formed in

the connecting holes 20, for example, in the following
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excel l ent step coverage of CVD, the titaniumnitride film can be forned
with a uniformthickness even inside of the mnute connecting holes ﬁ) n
~Since the silicon nitride film 17 does not peel off easily, the ste[b AN 2504
coverage of the titaniumnitride filmis not disturbed. In the next place,
a tungsten (W filmto enbed the connecting holes therewith 1is forned.

This tungsten filmis fornmed f.or exanpl.e by.. CVD. _Even the mnu

connect i ﬁkj_nﬁélrgs ?Oltééﬁrﬁémb r@ﬁ])l AV it ??5%%{'@;# b%/é%/D. The

titaniumnitride film_and tungsten filmin a region outsjde the connecting
sl 2R i

~—

hol es 20har s urars erfovdd P diEr by e Tmed. As
! |1 ustrat_ed__l n Fl G 6(b), a silicon nitride film?22 is forpned over the
i nt er | ayemsineulcdt ieagtf idfintie amngsiaigin@nofes 1fved Byt Het F Héfi on of an
insulating fil m23 for first wiring layer. This silicon nitride film22 is
a film semding & lan cetrchiandg smssherf uporkdp kg ndw E¥encHO¥HNg he
insulating film23 so that a material having an etching selectivity to the
i nsul at i rgkddlllerid3 swdmtdone dagyet et GID,i gore ni trdndeurt it it ¥ sdenbl byed. As
the insulating film 23, a material having a small dielectric constant is
used 51 QG JAN £200dd wifider Jro Suppresiss kies £ apaen tindedeweh the
interconnections as |ow as possible. The insulating film23 is for exanple
a silicomigitde ddrdmacldgnultdvely, tdindasthats npidon nmiBidayfbéman
organic SOG filmhaving a small dielectric

17 does not peel off easily, the step coverage of the

titanium nitride film is not disturbed. In the next place,

a tungsten (W) film to embed the connecting holes therewith

is formed. This tungsten film is formed for example by

CVD. Even the minute connecting holes 20 can be embedded

similarly with tungsten by CVD. The titanium nitride film

and tungsten film in a region outside the connecting holes

20 are then removed by CMP, whereby the plugs 21 can be

formed.

As illustrated in FIG. 6(b), a silicon nitride film 22

is formed over the interlayer insulating film 18 and plug

21, followed by the formation of an insulating film 23 for

first wiring layer. This silicon nitride film 22 is a film

serving as an etching stopper upon forming a trench in the

insulating film 23 so that a material having an etching

selectivity to the insulating film 23 relative to the

silicon nitride film is employed. As the insulating £ilm

23, a material having a small dielectric constant 1is used
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constant or a fluorine-containing SOG film Wth the silicon nitride film
22 and insulating film 23, a second- |ayer interconnection will be forned.
-So their total thickness is determ ned by a designed thickness nece&&dﬁwzmh
for the second-|ayer interconnection. In consideration of |owering in the
capacity between interconnections, the silicon nitride film 22 nmade of a

siicon ot pide.f Ebm, hpvbag & gholcaligotiirqaaanstanisdoasifag to have

t hi ckness as thin aS possible insofar "as it has a sufficient thickness

to exhibll d.5taapeL LURGH ONgeS LG 1S LEOR i 8 J I4dR Zhamdydd |1 con

nitride ffl for rn-asimlar manner to the silicon nitri IIm17 at
a substrate, tenperature qf .400C.qor. _great.er by phas US| raw
naterialagééaﬁggpnﬁxﬁgﬁogﬁﬁgne &ﬁ&e%ﬁ@%&gg%e'cgﬁ%bg§ﬁ§§§gl§§}g%b%}cation of
afilmsimlar to the sili.co itride film17 to thhe silicon.nitride film
2o § PBnhsr B S ORIAR e ROgh SO rIee % 5 s 47 L VD and
i's suppressed in hydrogen rel ease amunt can _be . .used_as a stopper film As
a resul t COBFEANLS OF &t &pUOLAGE 7§ ridrdgén P4 a%%?leqaagdih% after this
step, peeling of the silicon nitride film 22 does not. occur and, 52 0 8 JAN
2884 rel 6asécon Rydrégen filds Egprass dd SUMIEEYy Hdt & 3's STV~ for

rel eased hydrogen causing a deterioration in the characteristics of
M SFET. Asyelkl asteaceanestioa wild) bea fsHatesr-esiSst Fhgim 2ptal

thickness is determined by a designed thickness necessary
for the second-layer interconnection. In consideration of
lowering in the capacity between interconnections, the
silicon nitride film 22 made of a silicon nitride film
having a high dielectric constant is desired to have a
thickness as thin as possible insofar as 1t has a
sufficient thickness to exhibit a stopper function.

As the silicon nitride film 22, a silicon nitride film
formed in a similar manner to the silicon nitride film 17
at a substrate temperature of 400°C or greater by plasma
CVD using a raw material gas having monosilane and nitrogen
can be used. By application of a film similar to the
silicon nitride film 17 to the silicon nitride film 22, a
film formed without a high-temperature step as in thermal
CVD and is suppressed in hydrogen release amount can be
used as a stopper film. As a result, even if a step
causing hydrogen release will exists after this step,

peeling of the silicon nitride film 22 does not occur and
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havi ng an opening forned according to the wiring pattern of the first

wiring layer is patterned on the insulating film 23 and with this08 JAN 203

~photoresist film24 as a mask, first etching is conducted. In the

insulating film23, a wiring trench 25 is defined partially by this first

etching. This etching is conducted under conditions facilitating etching

of a silicon oxide filmbut not facilitat] etching of a.silicon nitride
rggéezfg"y%“

film Theedieiseor Inibtidr@en |45 S1RHET S Wiy S oppdP. As
illustrated in FIG 7@, second etching is conducted under conditions
perni tti dgretrefisngest hy Biagadorraufiitnd de F999R L HALT He sil1¥ con nitri de
film22 is formed sufficiently thin as described above, not so nuch over-
et chi ng icharecessanye igsor fsétéiidETet chi ng and excessive etching of the
interlayer insulating film18 can be suppressed. By such two-stage

et ching, the s iind usterated 25 @& bel farned pivdforegistandl uredy. Then, an
i nterconnection 26 of the first wiring layer is forned inside of the
Wiring trengh@an Bienidy doomectdanPhyg std arhredyiofireg patrternlafer and
a main conductive layer. The barrier layer is made of, for 53 0 8 JAN 2004
exanpl e, w@d ig;ayumiNiitdd deafdd Ms whid et ned nctleonchuot lareing agelmi s made
of, for exanple, copper. The barrier layer has a function of preventing

di ff usi on fy CORPAM el eHiHvE ainsk foT1d i s purpaseska fitani umnitride

film
etching is conducted. In the insulating film 23, a wiring
trench 25 is defined partially by this first etching. This
etching is conducted under conditions facilitating etching
of a silicon oxide film but not facilitating etching of a
silicon nitride film. The silicon nitride film 22 then
serves as an etching stopper.

As illustrated in FIG. 7{b), second etching is
conducted under conditions permitting etching of a silicon
nitride film. Since the silicon nitride film 22 is feormed
sufficiently thin as described above, not so much over-
etching is necessary upon second etching and excessive
etching of the interlayer insulating film 18 can be
suppressed. By such two-stage etching, the wiring trench
25 can be formed uniformly and surely.

Then, an interconnection 26 of the first wiring layer
is formed inside of the wiring trench Z5. The

interconnection 26 is formed of a barrier layer and a main

conductive layer. The barrier layer is made of, for
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can be enployed. The barrier layer is, however, not Ilimted to a titanium
nitride filmbut another netal film having a function of preventing 08 JAN 2004
. diffusion of copper can also be enployed. Instead of titaniumnitride,
tantalum (Ta) or tantalumnitride (Tali) can be used. As the barrier

| ayer, a description will hereinafter be nmade using a titaniumnitride

filmas an oxampl e A% ARG IS AROE n [ AHAINRA AAN AdRILELvde can

be used FHETR copper unctions as a main conductive |ayer and

can be fornmed, for exanple, b | at,i_ng. i t | NG o R & copper
film canlB¥forAelapy Shut ?é)rri g)f%g‘ lae'secedgée?ﬁr'm O“% ta&edr%glt? ve% the copper

filmmay be forned by sputtering. . In f. case, it is comended to

f1 ui di zehBReacdppetion P F\Kﬁ"&%tﬁég t‘}ggﬁ\‘s&r%(féoycospﬁue{ﬁeeri ng, by heat
treatment, thereby inproving enbeddi ng properties in a, connec%i?rg hol e or
Wi ring tEBaeRarPNnEhanselfow t@ésgcrﬂ“&tﬂ‘%%' fortidta b B Tpper L 171 m by
plating will be exenplified. As described above, sputteri né; may be used

al t er nat casl pe e Liowest-c ofiec thadT 185 i P ¥r ety L9 Tows™®A  ti tani um
nitride filmis formed all over the sem conductor 54 0 8 JAN 2004 substrate
1 i ncl udithgithkd itosiadd isfanime witmida ridheh 25 250ttt byl t bt Htion of a
copper filmto enbed the wiring trench 25. A netal |lamnate film 27 thus
forned ohathieg & tftamiairhom tofi derefvianh g Eoppeyidn M | CRRBEdERd in the

also be employed. Instead of titanium nitride, tantalum
(Ta) or tantalum nitride (TaN) can be used. As the barrier
layer, a description will hereinafter be made using a
titanium nitride film as an example. As described above,
tantalum or tantalum nitride can be used instead. The
copper film functions as a main conductive layer and can be
formed, for example, by plating. Prior to plating, a thin
copper film can be formed by sputtering as a seed film.
Alternatively, the copper film may be formed by sputtering.
In this case, it is recommended to fluidize the copper
film, which has been formed by sputtering, by heat
treatment, thereby improving embedding properties in a
connecting hole or wiring trench. In the below
description, formation of a copper film by plating will be
exemplified. As described above, sputtering may be used
alternatively.

The interconnection 26 is formed as follows. A

titanium nitride film is formed all over the semiconductor
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wiring trench 25 (FIG 8(a)). For the formation of the titaniumnitride
filmand the copper film CVD and plating are for exanple enpl oyed 08 JAN 2004
_respectively. Prior to the formation of the copper filmby plating, a

copper seed filmcan be forned for exanple by sputtering. Then, the copper
filmand titaniumnitride filmin a region outside the wiring trench 25

are [eMUels VR, horneibnd NUE cONDRR T on % 15 LoRgRdeLELE H6(D)) . A

i |l ustratedsin opper 1 nsul ati ilm 2B and an interl ayer

i nsul at i film are successi vel f over_the Jnte npectign 26 and
i nsul at i ﬁ’%lr]ﬂwrﬁ‘%%y ‘ﬂfé“agct]bopnpeor]‘gi%scu?%%gf*yfr%(gB&F%% oﬁﬁ%dﬂgfggan&t eri al
having an etching selectivity to the interlayer insulating -fplm?29 and a
silicon A% de 431 mic A e &?ﬁ?lﬁii%ne fjgjrfme Anples FREReAcRF {éb%r
insulating film29 is for exanple made of_a si]icon oxide fil As the
st opper itAS@EUTM@LGEIdR Al AR (PP tFIHR ¥ I %‘?‘ﬁ%ﬁ tRdERFesimi | ar
conditions to the silicon nitride film17 can be used. A photoresist film
- havi ng opdmings tarsgsididiy tPlG cdhiflcki ng hol e patterns is patterned on the
interlayer insulating film29. Wth this photoresist filmas a mask, 55 0
8 JAN 2004 t hé&dmttdrd afarmidtisil 2F nghd i thi2olyg eiehbde DhbR #RAfsthet ching,
conditions are selected to prevent snooth etching of the silicon nitride
film but deagids tfztlan,et@H apdfpideingidFe ok bxesepl ¢ neheredy t he
interlayer insulating film

respectively. Prior to the formation of the copper film by

plating, a copper seed film can be formed for example by
sputtering. Then, the copper film and titanium nitride
film in a.region outside the wiring trench 25 are removed
by CMP, whereby interconnection 26 is formed (FIG. 8(b)).

As illustrated in FIG. 9(a), a stopper insulating film
28 and an interlayer insulating film 29 are successively
formed over the interconnecticn 26 and insulating film 23.
The stopper insulating film 28 is formed of a material
having an etching selectivity to the interlayer insulating
film 29 and a silicon nitride film can be employed for
example. The interlayer insulating film 29 is for example
made of a silicon oxide film. As the stopper insulating
film 28, a silicon nitride film formed under similar
conditions to the silicon nitride film 17 can be used.

A photoresist film having openings according to
connecting hole patterns is patterned on the interlayer

insulating film 29. With this photoresist film as a mask,
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29 can be etched with the stopper insulating film28 as an etching

st opper. Then, the stopper insulating film28 is etched under conditions
-selected to etch the silicon nitride film whereby connecting hol egg3@ANR
formed. As described above, excessive etching of the underlying film can
be suppressed by this two-stage etching. Plugs 31 are then forned inside of

(e comeeLl g, Dol 29230, TReSE Rugs 312" ool atimdss Lpbhowhy i rot . 2

Oover the Sem con substrate 1 including
t he inside of. the connecting holes ,30, follo f i.on.qf :a _copper
: ] : L h 1% OPP

( Cu) f|In??%?l“%nbﬁaﬂgﬁﬁl?ﬂgréﬁftﬁe%ﬁgggdcgﬁngggygéthgﬁggkéogt%hé égpper
filmand barrier filmin a region, outside.the._connecting. hol Q0 are
renmoved bYECWE Shétedd) PﬁérbgﬁgglgT P& fPSF&égé“ﬁseﬁFﬂﬁggrg ed®h FI G
9(b), simlar to the interconnection 26, a silicon nitrade,fil .32 and a
silicon ®kideoniPrids &iims oNMRBESLYoFNEWAH EEY lBXEFsteGE éﬁéﬁﬁngu t hese
silicon oxide film33 and silicon nitride film32 to foarman wiring trench
34. An in28rcennket pbAheg silFhl &het 6tPRESENLEPESANEET &t 156 48 aodtkd
inside of the wiring 56 9 8 JAN 2904 trench 34. As the silicon nitride film:
32, a siletohingi stpgpeti| n'seni| ahet 6tPRecabdveudasdndéd L& 138:6rF nitri de
film22 can be used. As illustrated in FIG 10, in a sim/lar nmanner to the

etched under conditions selected to etch the silicon

nitride film, whereby connecting holes 30 are formed. As

described above, excessive etching of the underlying film

can be suppressed by this two-stage etching.

Plugs 31 are then formed inside of the connecting

holes 30. These plugs 31 are formed as follows. First, a

barrier layer is formed all over the semiconductor

substrate 1 including the inside of the connecting holes

30, followed by formation of a copper (Cu) film for

empedding therewith these connecting hocles 30. The copper

film and barrier film in a region outside the connecting

holes 30 are removed by CMP, whereby the plugs 31 are

formed.

As illustrated in FIG. 9(b), similar to the

interconnection 26, a silicon nitride film 32 and a silicon

oxide film 33 are formed, followed by two-stage etching of

these silicon oxide film 33 and silicon nitride film 32 to

form an wiring trench 34. An interconnection 35 similar to

the interconnection 26 is formed inside of the wiring
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" plugs 31, plugs 39 are forned. First, a stopper insulating film36 and an

i nterlayer

insulating film37 are fornmed. By two stage etching of the

. stopper insulating film36 and interlayer insulating film37, conndbh ifgl00
hol es 38 are

simlar to the plugs 31 are fornmed. An interconnection 40 is then forned

over the, jpterbaver Jnsylating Jdd mATdthe {nf epgonnectignd0 is, for

exanpl e,

f

alan nat'e

ornmed. Inside of these connecting holes 38, the plugs 39

Imof atitaniumfilm an alumnumfilmand a

titaniumnitride film_.This _int ' j ; . le, b
Sucoossi PRIy L Goddd TR (T SR T S T 1T nd 11T By um

nitride film

phot ol i t Hddiag

covering the interconnection 40 is fqrmed, followed

b
insul ating fi PR A2 Lo atse iifs fili nd of i1m? AT S R S T

%nd then etchjng these filns into a predeterm ned pattern by

y C3Rs 58 Y2 F-ated in FIG 11, an insulating film4l for

the formation of an
SPQ?In141 is

formed from for exanple, a silicon oxide film for exanple, CVD. The

i nsul ati Bduds Prh-4P g selfe e §UMSeandiES803 FPREe YISHHe S8 film
makes it possible to planarize the unevenness on the 57 0 8 ! AN 2004
surface dérived fansmarhd ntfedstiinedis Wi 409 Upom oradel i oir®3dthis SOG

film

t her na

treatnent is conducted for reflow of the SOG film but high

per f or narige tawd stagd aidhing off e redng ol sem o c bk dé¥i @@%ar e not

interlayer insulating film 37, connecting holes 38 are

formed.

Inside of these connecting holes 38, the plugs 38

similar to the plugs 31 are formed.

An interconnection 40 is then formed over the

interlayer insulating f£ilm 37. The interconnection 40 is,

for example, a laminate film of a titanium film, an

aluminum film and a titanium nitride £ilm. This

interconnection 40 is formed, for example, by successively

depositing the titanium film, aluminum film and titanium

nitride film, and then etching these films into a

predetermined pattern by photolithography.

As illustrated in FIG. 11, an insulating film 41 for

covering the interconnection 40 is formed, followed by the

formation of an insulating film 42 over the insulating film

41.

This insulating film 41 is formed from, for example, a

silicon oxide film, for example, by CVD. The insulating

film 42 is made of, for example, S0G. The use of the SOGA

film makes it possible to planarize the unevenness on the
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| ost, because a silicon nitride filmexcellent in peeling resistance and
suppressed in hydrogen rel ease has been used for the silicon nitride filns
.17 and 22. A silicon oxide filmmay be forned further over the insQ§anN gl
film42. Over the insulating film42, an interconnection 43 (the third
conductor piece in the item1, etc.) is fornmed. The interconnection 43

(el udes o hond ng Rl S GANSGY S {4) o extirgally connect ng

conduct or pi'ece np : e I nterconnection 43 is made of,
for exanpl e, an alumd num fi q@%s formed, for_.ex | & b ering.
As il ustPEEd R I‘—"Ir?Gr{Lf_Tf gﬁ?ﬁ}] n WS tﬁeiarﬁn}{% (the I%IC%L?(EH%‘?]Sm ating
filminthe iteml, e zﬁg is formed to cover the.interconnection 43. This
silicon diodr it&e 3 rﬂfI § SUP f‘{ﬁ%"c% ﬁi%ﬂ%] RF & PR3 Bh fil m and
serves to block the invasion of water or inpurities fromthe outside of
the seni deidddtidr tdefedng e titth, SstiGHYG &Y 459 ¥t oPof a rays,
thereby preventing a mal function of the sem conductor device. The silicon
nitride flidsm -4pscRuseeduisidd a8 Heiker iste of idov eéreird kansath ¥ + Hd above-
described functions. Accordingly, the silicon nitride film58 0 B JAN 2034
44 is formesd sd@nees @rst o nesARet altturhyy Bfo o ute IB50E Byas frestrali €8 usi ng
a raw material gas having nonosilane, amonia and nitrogen. Formation of a
silicon ot itde foillmcamdert wigsh ol t3 brsndredées 4 Poksidt ecxbde npart t he
film

film may be formed further over the insulating film 42.

Over the insulating film 42, an interconnection 43

(the third conductor piece in the item 1, etc.) 1is formed.

The interconnection 43 includes a bonding pad and it is

connected with an externally connecting conductor piece

(for example, bump}. The interconnection 43 is made of,

for example, an aluminum film and is formed, for example,

by sputtering.

- As illustrated in FIG. 12, a silicon nitride film 44

{the fifth insulating film in the item 1, etc.) 1s formed

to cover the interconnection 43. This silicon nitride film

44 is a film constituting a passivation film and serves to

block the invasion of water or impurities from the outside

of the semiconductor device. In addition, it inhibits
transmission of o rays, thereby preventing a malfunction of

the semiconductor device. The silicon nitride film 44 is
required to have step coverage to satisfy the above-

described functions. Accordingly, the silicon nitride film
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w th excellent step coverage and the filmthus formed can effectively
prevent invasion of water and inpurities. As described above, the silicon
“nitride film44 is fornmed wunder conditions different fromthose faﬁaiﬁnanm
silicon nitride films 17,22. The silicon nitride film44 is forme é
tenperature |lower than that of the silicon nitride filnms 17,22. Amonia is
used for the formation of the forner film while amonia is not used for

the fornféi 6A 6PTMeHeakagt 6HbBTEAEE EEMPETRGN LS of 13beet AT TN i | ns
under different conditions depending on the using purpose is one of the
char act eplasingsC8P uhiisgeabodivnenterAs li gagstheatiead merRIsGlard, a silicon
oxide film45 is fornmed to cover the silicon nitride film44. The silicon
nitride &mhondd and sikirogenoxi derhaltiodS oferveiddcopassiowatdeort flih 5.  As
illustrated in FIG 14, a connecting hole 46 is formed in the silicon

oxi de fihAuds 80dhstbhaen ionit ratesf iiltmpé4 stid 1@X pes & nigae-d nihey clirinect i on
43. After formation of a bunp underlying netal 47 so as to cover this

connect i pgrAokRc4BleatbuiRp4Boive rhgnBddaghan feXehals o reRaneddd ng
conductor piece. The bunp 48 is fornmed to have alnost a spherical shape,

but a pogkkeRtolelll, beecoBhtt edvhRid or8wbANNIAC Ripudriawiand. e
connecting hole 46 can be forned by photolithography and etching, while

the bunpyunderbyhngnoget aknd7s6an e EQ&%%@ebELE%FMQrQ@ngdyhéa”Eta| film
deposited all over the Sem conductor substrate 1.

under conditions different from those for the silicon
nitride films 17,22. The silicon nitride film 44 is formed
at a temperature lower than that of the silicon nitride
films 17,22. Ammonia is used for the formation of the
former film, while ammonia is not used for the formation of
the latter films. Formation of silicon nitride £ilms under
different conditions depending on the using purpose is one
of the characteristics of this embodiment.

As 1llustrated in FIG. 13, a silicon oxide film 45 is
formed to cover the silicon nitride film 44. The silicon
nitride film 44 and silicon oxide film 45 serve as
passivation films. As illustrated in FIG. 14, a connecting
hole 46 is formed in the silicon oxide film 45 and silicon
nitride film 44 to expose the interconnection 43. After
formation of a bump underlying metal 47 so as to cover this
connecting hole 46, a bump 48 is formed as an externally
connecting conductor piece. The bump 48 is formed to have-

almost a spherical shape, but a portion of it is omitted in
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bunp underlying netal 47, gold can be used for exanple, while as the bunp
48, gold and sol der can be used for exanple. Then, a sem conduct or devic%
~is conpleted after nounting on a package substrate but an explanaﬂﬂﬂﬂ&*zgk
itis omtted. Here, the bunp 48 is exenplified as the externally
connecting conductor piece, but alternatively, an inner |ead such as
bondi ng wire nmay be used. Connection to a |ead fr%g$ ia a,gold wire is

L (R

f ol | owed thysmalrairigani t Fre Gossiestima hlserd Ht5h HeedtRY is onitted.
The sem conductor device of this enbodi ment can also be applied to

so- cal | eghwePlivabar aphaocess REckdde), werld mhafRwEie g | o of
re-placenent and re-routing via a resin filmsuch as polyimde, a bunp is
formed omeaapad 7r eginotveoff o dntsids brve-pal taicermeimta anfd & angtouk i higltand t hen t he
wafer is divided into individual sem conductor devices. The effect of this
enbodi meak pwislil: elie adds ervidred Heasethi amddGRir IBazsrkad®: FH GA48the a graph
illustrating the NBTI (Negative Bias Tenperature Instability)

char act epiusifpl ©adefr IMiSEetddlnel 1, igolichegr aph ised fiat a6m@ls, JAN 2004

| ine of the sem conductor device of this enbodinent. Lines MN O are data

lines prwiijded Af0f HeOMAlY S1B). gHlesaMintsolde e it aaeassdy fppl ying a
silicon nitride film(a film formed under simlar conditions to the
silicon @&gmﬂyéjilrn

Then, a semiconductor device is completed after
mounting on a package substrate but an explanation of it is
omitted.

Here, the bump 48 is exemplified as the externally
connecting conductor piece, but alternatively, an inner
lead such as bonding wire may be used. Connection to a
lead frame via a gold wire is followed by molding with a
resin, but description of this step is omitted.

The semiconductor device of this embodiment can also
be applied to so-called WPP (Wafer Process Package) wherein
after formation of re-placement and re-routing via a resin
film such as polyimide, a bump is formed on a pad region of
this re-placement and re-routing and then the wafer is
divided into individual semiconductor devices.

The effect of this embodiment will be described based
on FIGS. 18 and 19. FIG. 18 is a graph illustrating the

NBTI (Negative Bias Temperature Instability)

characteristics of MISFET. Line L in the graph is a data
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44) formed at a substrate tenperature of about 350C by plasma CVD using a
raw materi al gas havi ng nonosilane, amonia and nitrogen to a film
~corresponding to the silicon nitride film 17 of this enbodinent. | Hﬂﬂl |
MN O silicon nitride films are formed using different apparatuéﬁg A@ﬁ
illustrated in FIG 18, Line L shows the largest life tinme (tau:
characteristic value indicating an increasing tine of an off-state
current) lindepft hoe peadcioadulyoysideyiseard exhastidenggs=-4\epf a
source- drain voltage (Vgs). In other words, the sem conductor device of
this enbmdNanhresdamaeﬂuQES|prD@hﬁ&Ulﬁbuycxxngdﬂ§SQﬂ:heﬂﬂwa§%334lﬁne
MN, O. Judging fromthe fact that the life tau is expressed by |ogarithm
reliabil hky ebthheedses eppdythar adedildecof rtitirs dentfodimrefst §islm
extraordinarily superior. FIG 19 is a graph illustrating the amount (Vfb)

of flat fhapddvahtiage sshiiflar Asnihe iMnSFED tep-sifidmnel riypeidM SFET havi ng
a p-type inpurity (boron) doped to a gate electrode is used. In the graph,

~data on EBZ FhgRbaShade a EWbsheut eNdhaie tfrd her seipeombrtorogevi ce of
thIS 61 ~ 8 JAN MA enbodi nent, while those on the left side (with NH3) are

oty SO et SBlohed e n At LI e T
formed at a sybstral e temReakW & film corresponding to the silicon
nitride film 17 of this embodiment. In Lines M,N,Q,
silicon nitride films are formed using different

apparatuses.

As illustrated in FIG. 18, Line L shows the largest
life time (tau: characteristic value indicating an
increasing time of an off-state current) under the
practically using state (for example, Vgs=-1V) of a source-
drain voltage {Vgs). In other words, the semiconductor
device of this embodiment is superior in reliability to the
other cases (Line M,N,0). Judging from the fact that the
life tau is expressed by logarithm, reliability of the
semiconductor device of this embodiment is extraordinarily
superior.

FIG. 19 is a graph illustrating the amount (Vfb) of
flat band voltage shift. As the MISFET, a p-channel type
MISFET having a p-type impurity (boron) doped to a gate
electrode is used. In the graph, data on the right side

(without NH;) are of the semiconductor device of this
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of about 550'C by plasma CVD using a raw material gas having nonosil ane,
anmoni a and nitrogen to a film corresponding to the silicon nitride film
17 of this enbodiment. As illustrated in FIG 19, the Vib shift red@nhhdl 20
1.4V when the raw material gas contains NH3 (on the left side), while it
is onl 0.45V or so when the raw material gas is free of NH3 (on the right

side). ConS|derat|on t hat tr}} Vb shift, occurs, by »9]{““@1%{3(3” oj:fe inpurity

(boron) BRI gatd w16 9173v Gfs That® W5 £ U5 oh bSron 1t om t he
gate electrode is effectlvely suppressed .in the sem conductor device of
this enbddiSARHCOIEETHU HFHFS Pfﬁg %‘rﬂfcfg BERPPEY HE® ne siF9%0on nitri de
films 17,22 are fornmed at asubstrateterrperature of 400' C or_greater

pl asma CVD tusidry i kmw areltiek® afogped 4nde %gs#fbh%ﬂ%?l%dh?\ﬂo?ﬁtﬁzggEﬁe( not

ammoni a), peeling of these silicon nitride filnms 17,22 can be suppressed
and rel eisld axfn hyidroigien §4rlom 4 Hesleo e drsa e ah %ebw@aﬂé@n‘@%mp%atar?esm t,
performance and reliability of the sem conductor device can be naintai ned

hi gh. Conpardsort EeWRrbwa sidsmorC tus deg fa | may fhasers2l G8SJAN 24
silicon nitride film used for the silicon nitride film17 and a silicon
nitride fidvmr(e ewonek Sidricoremmdnideardd Im)troped forathelmilicon nitride
film44 reveals a difference between a ratio of Si-H bonds to Si-N bonds
as measureskri¥sponding to the silicon nitride film 17 of this

embodiment.

As illustrated in FIG. 19, the Vfb shift reaches 1.4V

when the raw material gas contains NH; {(on the left side),

while it is onl 0.45V or so when the raw material gas is

free of NHy {(on the right side). Consideration that the

Vb shift occurs by diffusion of an impurity (boron) from

the gate electrode reveals that diffusion of boron from the

gate electrode is effectively suppressed in the

semiconductor device of this embodiment.

According to this émbodiment, since the silicon

nitride films 17,22 are formed at a substrate temperature

of 400°C or greater by plasma CVD using a raw material gas

having monosilane and nitrogen (not ammonia}), peeling of

these silicon nitride films 17,22 can be suppressed and

release of hydrogen from these films can be prevented. As

a result, performance and reliability of the semiconductor

device can be maintained high.

Comparison between a silicon nitride film (first
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the FT-1R nethod. Described specifically, there is a relationship RI < R2
between the Si-H Si-N bonds ratio RI of the first silicon nitride film and
‘the Si-H Si-N bonds ratio R2 of the second silicon nitride film TpeMEIR
measur enent by the present inventors show that the nunber of Si-H bonds of
the first silicon nitride filmis 1 X 1021 cm 3 and that of Si-N bonds is

10 X 1021 3, whi unb f bd f th d

e i it s B e T Lol LR LA,

Hydr ogen releasefromthes | i con nltrlﬁgfllm E?re
Tﬁé m

presumed 3% rastttiFIOMRISHE] 6E)o Hémnﬁ?"?ﬁ?/n tE %ﬂ?n’éhfri?e
manuf acturin rocess of DRAM (Dynam c_Random Access I\/Ermry according to
Enbodi nerits o Heh§ nvieht$om D Fidaeki lhe HeseYEded fndihESERAEE of steps
based on FIGS. 20 to 42. In each of the drawings illustrating the cross-
section dfetweibst reatelo a0F efi Oh PeRddrio ceitN peagy apheeapnradneifory cel |
of DRAMis to be forned is illustrated on the |eft side, while a
peri pher athei FTUIR metEgyhdn iRes¢riloed aspecbhichblyef therdeisAs il | ustrated
in FIG 20, an elenent isolating trench 63 t B JAN nu 102 of about 350 nm
depth i s xefameshdiyiphiol of i Rhogeaphyn @mel 2t i Bg-Nnbandentebnduior
substrate 101 (which will hereinafter be called "substrate" sinply) which
is formedf ofha Priypessingbe ciysidd &ilmcamd halve n§ispésifNcbonds

ratio R2 of the second silicon nitride film. The E£T-IR

measurement by the present inventors show that the number

of Si-H bonds of the first silicon nitride film is 1 x 10%

cm™® and that of Si-N bonds is 10 x 10°' cm™, while the

number of SiH bonds of the second silicon nitride film is

11 x 10%' em™® and that of Si-N bonds is 6 x 10% cm™.

Hydrogen release from the second silicon nitride film is

therefore presumed to result from Si-H bonds mainly.

(Embodiment 2)

The manufacturing process of DRAM (Dynamic Random

Access Memory) according to Embodiment 2 of the invention

will next be described in the order of steps based on FIGS.

20 to 42. In each of the drawings illustrating the cross-

section of a substrate, a region (memory cell array)

wherein a memory cell of DRAM is to be formed is

illustrated on the left side, while a peripheral circuit

region is illustrated on the left side.

s illustrated in FIG. 20, an element isolating trench
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resi stance of about 10 Qcm A thin (about 10 nmthick) silicon oxide film
106 is then forned on the inner wall of the elenent isolating trench 102
for exanple, by wet oxidation at about 8500C to 9000C or dry thermed§ JAN 200k
oxi dation at about 10000C. A silicon oxide film (which will hereinafter

be called "TECS oxide filnl') is deposited to a thickness of about 400 nm

f le, by pl CVD usi : 03) .and tetraethoxysil TEOS
s sour cLGhsed o5 bmbed TREBPENORE HSOFAERAYt PEAERL1DBOHFPRIDNI S i1/

This silicon oxide filmis subjected to CVWP (Chem cal Mechani cal

Pol i shi ngdnd ccrenbve ihed sPEREEPNORFERIf FRRASERARE LRI dKN6EReM than the

el enment isolating trench 102, while Ileaving the silicon oxide film 107

i nsi de ofhé¢heimttoentbeisal dednystubencatel2simhéyebyhaahekeméarmedol ati on
region is formed. As illustrated in FIG 21, after ion inplantation of a
p-type i npfiraty-£osoninghd anystsypeil ipani hgviphosphoifisy to the
substrate 101, these inpurities are diffused by thernmal treatnent at about

1000' C, whes £bya@c®- by Pen¥et] 10103mand pak nint YR®oWR! 11016 atra diormed in the
menory cell array of the substrate 101 and the p-type well 103 and n 64 8

8 1A d 2904 1088 SRlLe 10t ! £ok Of UB0ALA EB?mQSrBH“?E?L}Ebéguhglﬁe%EO“ of

the substta @ surface’o e substrate 10 e well 103 and
n-type well 1081 45 welueshgdc wbhind:ohyde8t! UQLhg 8¢ 4, Washi ng 11 quid,
oxidation at about 850°C to 900°C or dry thermal oxidation
at about 1000°C. A silicon oxide film {which will
hereinafter be called “TEOS oxide film”) is deposited to a
thickness of about 400 nm, for example, by plasma CVD using
ozone (03) and tetraethoxysilane (TEOS) as source gases to
embed the element isolating trench 102 with this film.
This silicon oxide film is subjected to CMP {(Chemical
Mechanical Polishing} to remove the silicon oxide film in a
region other than the element isolating trench 102, while
leaving the silicon oxide film 107 inside of the element
isolating trench 102, whereby an element isolation region
is formed.
As illustrated in FIG. 21, after ion implantation of a
p-type impurity (boron) and an n-type impurity {phosphorus)
to the substrate 101, these impurities are diffused by
thermal treatment at about 1000°C, whereby a p-type well

103 and an n-type well 105 are formed in the memory cell

array of the substrate 101 and the p-type well 103 and n-
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of a clean gate oxide film 108 of about 6 nmthick on the surface of 0
of the p-type well 103 and n-type well 104 by thermal oxidation at a@ﬁﬂm
.800C. As illustrated in FIG 22, a |lowresistance polycrystalline silicon
film109a of about 100 nmthick which has been doped with phosphorus (P)

is deposited over the gate oxide film 108 by CVD, followed by deposition

b o L
e S i St P G e M Hafrir st
st e DA AN il b B

rpel axi ng fgf?efosﬁlr‘é%%icatacjt%é”ﬁﬁje?q aceTht aeg‘gfgo‘é?qu?%%Eg%g?h’%%ggltlgﬁnm and
(110b), which w Il be deposited over the silicon oxide fi|lm]l Oﬁﬁi n the

subsequerttf &t epleahdatRe Ut 154 HY W§ioh aboet st FhsEraPBAtPR FIG 23,
after deposition of the 65 0 8 JAN K "A silicon nitride film 110b of about
100 nm t Hwi€aneerof reacki o core axi deP®i ¥ed 11087 end 8TFVESnwALLril@d film
110b is dry etched wth a photoresist film(not illustrated) with a mask
to | eave Whetstnabromidat den fat npaaeb 840aCr egi on

As illustrated in FIG. 22, a low-resistance
polycrystalline silicon film 10%a of about 100 nm thick
which has been doped with phosphorus (P} is deposited over
the gate oxide film 108 by CVD, followed by deposition
thereover a WN film 109b of about 5 nm thick and a W film
109¢c of about 50 nm thick by sputtering. Over the W film,
a silicon oxide film 110a of about 100 nm thick 1is
deposited by CVD.

In order to relax the stress of the W £ilm 109%c and
densify the WN film 109b, they are thermally treated at
about B800°C in an inert gas atmosphere such as nitrogen.
The silicon oxide film 110a over the W film 10%c is formed
for the purpose of protecting the surface of the W film
109c upon this thermal treatment and relaxing the stress at
the interface between a silicon nitride film (110b), which
will be deposited over the silicon oxide film 110a in the
subsequent step, and the underlying W f£ilm 109%9c.

As illustrated in FIG. 23, after deposition of the
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wherein a gate electrode is to be forned. This silicon nitride film2110b is
formed under simlar conditions to the silicon nitride film17 of {g JAN L3k
Enbodi ment 1. Described specifically, it is formed at a substrate
tenperature of 400C or greater by plasma CVD using a raw naterial gas
havi ng nonosil ane and nitrogen. This silicon nitride film 110b, as will be
descri bed later, is used upon self alignnent rocessing of a connecting

hol e to brd Yigrareditimide nidngr yL k&P |0F 2pDnt abel i Bmskhve’ 9¥eh £8P
insulating filmof a gate electrode. If hydrogen is released from this
cap i nsulstliingprf id:deprbblrensl @a, devers beCem nErbbde nehtm11WPPI 18ccur, for
exanpl e, processing failure of a connecting hole due to peeling, increase
or fluctuaty aitschef wigth st gricet@fegase €1 bot fode bklesureeedi avathng
fluctuations of the threshold voltage of MSFET. In this enbodinent, these
probl ens gavk e awnieed hy sl gpn asithede sfiloohldbt inde fegmpdl0b serving
as a cap insulating film a silicon nitride filmwhich does not easily

cause hydppgen n r£lfase. e Méefodendyato obet herpdatoresi st film the silicon
oxide film110a, WTilm 109c, WN film 109b and 66 0 B | AN 231

pol ycrystal | i ng, 8§ |4 concdd | i 4988 af e1dr y1 @b chedsiibdt badesi ip@nami tri de
film110b as a mask, whereby a gate electrode 109 forned of the

g]?' %’ﬁreyfr;%nr#c%/ir@iérié M 3093 YW ifbhmiP9baand: YA ik mE0Bebbaikented.in each
Described specifically, it is formed at a substrate
temperature of 400°C or greater by plasma CVD using a raw
material gas having monosilane and nitrogen. This silicon
nitride film 110b, as will be described later, is used upon
self alignment processing of a connecting hole to be formed
in a memory cell region and it serves as a cap insulating
film of a gate electrode. If hydrogen is released from
this cap insulating film, problems as described in
Embodiment 1 will occur, for example, processing failure of
a connecting hole due to peeling, increase or fluctuations
of resistance of gate electrode or source-drain and
fluctuations of the threshold voltage of MISFET. In this
embodiment, these problems can be avoided by using, as the
silicon nitride film 110b serving as a cap insulating film,
a silicon nitride film which does not easily cause hydrogen
release.

After removal of the photoresist film, the silicon

oxide film 110a, W film 109c, WN film 109b and

66



cell array and peripheral circuit region. Over the gate electrode 109, a
cap insulating film 110 having the silicon oxide film 110a and silicon
‘nitride film110b is forned. The gate el ectrode 10 forned in the megprifN 253
cell array functions as a word line W In this enbodi ment, the cap
insulating film 110 includes the silicon oxide film 110a, but the silicon

oxi de fil ﬂ%? I S Lal. L u%g i ag BEB”h}ég ray be
formed only 9¥ 232?#?§0%fﬂ%??biggmﬁi?ﬁ??i%gg E/iPIlﬁstrate in FIG 25,
by ion inplantation of .an_.n-t i mpurit phosph s_or._arsenic) to the
p-type mg$+fii%% Sht bbih gfg%s¥g$btﬁ ﬁaTéS%regﬁg5§égleggagﬁ n- type
sem conducfor regio %1 is forped, mhiie by ion. . inplantatiqn o% a p-type
i npurity $b®T ?g?oPQ egﬂ§T§ﬁeogﬁﬁp? B9 YC5¥BP3E§b8es ﬁ?@ohhgéfo Nr egi on
112 is fornmed. As illustrated in FIG 26, a silicon nitride film113 of
about 50 RHEh}RRO | 3NdcPholtRAIBYEr 1EnECETBYL 18t E2EH1°F FRE BFMPEEN nitride
film 113 of the peripheral circuit region is anisotropically etched with
“the uppercpbktapr@pfandheesiBlerateC10tuin tRE1IABADr YVEBEl FN&r BAYSbei ng
covered with a photoresist film(not illustrated), whereby side 67 8 8 JAN
2 4 wall shacersda1Bd®are fapnilsehathedsfdémwalPshgvinde that 6114C€E r ode
109 in the peripheral circuit region. The silicon nitride film113 is
formed, ioxadsifilarllfanaed solipenshitcodeniidnddlPbl ps1fobmest. a
substrate

The gate electrode 10 formed in the memory cell array

functions as a word line WL. In this embodiment, the cap

insulating film 110 includes the silicon oxide film 110a,

but the silicon oxide film 11l0a is not essential. The cap

insulating film 110 may be formed only of the silicon

nitride film 110b.

As illustrated in FIG. 25, by ion implantation of an

n-type impurity (phosphorus or arsenic) to the p-type well

103 on both sides of the gate electrode 109, an n  type

semiconductor regicon 111 1is formed, while by ion

implantation of a p-type impurity (boron} to the n-type

well 104, a p~ type semiconductor region 112 is formed.

As illustrated in FIG. 26, a silicon nitride film 113

of about 50 nm thick is deposited over the substrate 101.

The silicon nitride film 113 of the peripheral circuit

region is anisotropically etched with the upper portion of

the substrate 101 in the memory cell array being covered

with a photoresist film {(not illustrated}, whereby side
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tenperature of about 400C by plasma CVD using a raw nmaterial gas having
nonosi | ane and nitrogen. In the nenory cell array region, this Siliﬁfg 00
-nitride film113 is enployed, together with the silicon nitride fil M%%{
upon self alignnent processing of a connecting hole to be forned in a
menory cell array region. In short, it serves as a side wall of a gate

el ectrode i the nenory cell array. Jf rogen i r r uch a
silicon l"i’iatl:ii FEFFEN 1132 rreobﬁcer#sedsior?l It%]%" tsg‘ “h(gael lggs%gfzg%r% b ngﬂeISn

Enbodi nent. 1  occur, faor exanpl e, processing failure of a connecting hole
due to p&erchgCn lior?crléla%‘eolperri]ﬁ@[elfét' 3 1 &51%t4hce of the gate

el ectrode or source-drain and f] uct atHﬁgi,of t%&ﬁghreshold.voltage of
M SFET. In t hildeeBadicmentil tHoRedr™ tHek & Srigsi cdh e Woidfed by
using, as the silicon nitride film 113, a hydrogen-rel ease-suppressed
silicon manmiede thi [the TrHd isicde Manidspdddms PP fadr r?eoelﬁiﬁttﬁr%é i 1'i con
nitride 113 are also formed froma silicon nitride filmnot permtting
easy rel ¢aspeafathydr oferrborde i Kgly, msiafinaaCVifeldt® are@vavail abl e in
the peripheral circuit region. By ion inplantation of an n-type inpurity
(phosphomasteGf a8 FabAMaY i0GH mamcgidaries)and niterquarype el thel08RILY he
peripheral «circuit region, n type sem conductor regions 114 (source,
drai n) areelflorared,y whidierhy thars sl iagtratr ior iafe & ipknt yiple3 isrpurity (boron)
to the n-type well 104, p} type

employed, together with the silicon nitride film 110b, upon

self alignment processing of a connecting hole to be formed

in a memory cell array region. In short, it serves as a

side wall of a gate electrode in the memory cell array. If

hydrogen is released from such a silicon nitride film 113,

problems similar to those as described in Embodiment 1

occur, for example, processing failure of a connecting hole

due to peeling, an increase or fluctuations of resistance

of the gate electrode or source-drain and fluctuations of

the threshold voltage of MISFET. In this embecdiment,

however, these problems can be aveoided by using, as the

silicon nitride film 113, a hydrogen-release-suppressed

silicon nitride film.

The side wall spacers 113a formed by the silicon
nitride 113 are also formed from a silicon nitride film not
permitting easy release of hydrogen. Accordingly, similar

effects are available in the peripheral circuit region.

By ion implantation of an n-type impurity (phosphorus
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sem conductor regions (source, drain) are forned. By the steps so far
descri bed, an n channel type M SFETOn and p channel type M SFETQp, each
.equi pped with source and drain having an LDD (Light!y Doped Drain) 08 JAN Z3k
structure, are formed in the peripheral circuit region. As illustrated in
FIG 27, a silicon oxide film116 is formed over the gate el ectrode 109,

oL pved by ShepL el - 16, oLl )| 0518 oot pe- gihgn oxice 1T

116 to ustrated ih
photoresist film (not illustrat ed% as_a nmask, the sil ilgloqn xide film 116
e

of the MEmsTYt 93 tay i & Y&y S G- AU o vEd 1R ¥ G of the
silicon nitride film13 below the silicon oxide film116, whereby contact
hol es 118rEig arar g orheted addviel @ heY nlof yier st dohdict braregr¥his 111. The
silicon oxide film 116 is etched under conditions so that the etching rate
of silicommpxdidey (144N oxitdee H7tpa 1651 hwolf 4, be’ I%Rfer than that of
silicon nitride, by which conplete renoval of the silicon nitride film 113
is avoi dehickmedwitidroreqians desdutee11drasn) onre heooneer Rrntheet ched
under conditions so that the etching rate of 69 0 8 JAN 2004 silicon
nitride wudgh e ofeatdrsdhidred hatan off shdnigeh tysebdidBLeQPnoandi pi con oxi de
to prevent deep etching of the substrate 101 or silicon oxide film 107. In
addi ti on,cHdrmelSidymoMIdEETQe, fédon 1d3uisped cheth usderceoaddt doasn
having an LDD (Lightly Doped Drain) structure, are formed
in the peripheral circuit region.
As illustrated in FIG. 27, a silicon oxide film 116 1is
formed over the gate electrode 109, followed by chemical
and mechanical polishing of the silicon oxide film 116 to
planarize its surface.
As illustrated in FIG. 28, with a photoresist film
(not illustrated) as a mask, the silicon oxide film 116 of
the memory cell array is dry etched, followed by dry
etching of the silicon nitride film 13 below the silicon
oxide film 116, whereby contact holes 118,118 are formed
above the n~ type semiconductor regions 11l.
The silicon oxide film 116 is etched under conditions
30 that the etching rate of silicon oxide (silicon oxide
film 116) would be larger than that of silicon nitride, by
which complete removal of the silicon nitride film 113 is

avoided. The silicon nitride film 113 is, on the other

hand, etched under conditions so that the etching rate of
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permtting anisotropic etching of the silicon nitride film 113, whereby
the silicon nitride film113 is |left on each of the side walls of the gate
_electrode 109 (word line W). This nmakes it possible to formthe cqong N 7004
hol es 118,119 having a mnute dianeter in self alignnment with the gate

el ectrodes 109 (word line W.). As illustrated in FIG 30, an n-type

| mpurit hosphor u ' IS 1 rpﬁ -
np y ép p S or arsenic) is ion-i lant‘?ﬁdt%gﬁfshi;ft pe wells 103

(n- typesédareanddstdeder &§idins °FL B SH-&hée via the
contact holes 118,119, whereby n+ type sem conductor regions 117 (source,
drai n) areubstmade)Bpr tshd ISP 40 dFefeiaBed e r%rf%rlfl%él’%c‘%ti“?\g

M SFETQs fornmed of an n channel type is formed in the nenory cell array.
As il ustuatedaite EOG o31,siflivgn 20 de € ifler iéd - nsirdedift e coig act

hol es 118, 119. These plugs 120 are formed by wet washing the inside of the
contact RBalesohl®it¥dsi tflilra IyAdricf lammrtert agidecentread iti imnsavashi ng 1 qui d,
depositing, by CVD over the silicon oxide film 116 including the inside

of the ceatacttheleanibdtklbdia dmtiresict artee s idalgwmr ysitatideef slhi con
filmhaving an n-type inpurity such 70 a 8 JAN 2cW as phosphorus (P) doped
thereto, 1and ehelHarg Raek siaricqeoldishiing: i XGVA)1 3 hies plod frcrorsteddih ne

silicon filmto leave it only inside of the contact holes 118, 119. As

i | lustratediig BliGe 32118f tar «depaesitd el aft@ode 109 (word line WL).
This makes it possible to form the contact holes 118,119
having a minute diameter in self alignment with the gate
electrodes 109 {(word line WL).

As illustrated in FIG. 30, an n-type impurity
(phosphorﬁs or arsenic) is ilon-implanted to the p-type
wells 103 (n~ type semiconductor regions 111) of the memory
cell array via the contact holes 118,119, whereby n* type
semiconductor regions 117 {source, drain) are formed. By
the steps so far described, a memory selecting MISEFETQs
formed of an n channel type is formed in the memory cell
array.

As illustrated in FIG. 31, plugs 120 are formed inside
of the contact holes 118,119. These plugs 120 are formed
by wet washing the inside of the contact holes 118,119 with
a hydrofluoric-acid-containing washing liquid, depositing,
by CVD over the silicon oxide film 116 including the inside

of the contact holes 118,119, a low-resistance

polycrystalline silicon film having an n-type impurity such
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silicon oxide film 121 of about 20 nmthick over the silicon oxide film
116 by CVD, the silicon oxide film121 and underlying silicon oxide (fg AN 7004
-116 in the peripheral «circuit region are dry etched with a photoresi st
film(not illustrated) as a mask, whereby contact holes 122 and contact

hol es 123 are formed over the source and drain (n+ type sem conductor

regi ons ‘%‘%4%1)83)% ‘h@%u’% c(%nwff%%e%@:’ET %ﬁiﬁ?g suHice gnd drain (p+

type sem o ctor regions : e p channel type M SFETQp,
Gat o ol eBOTSaBIT00 Mor e 0t €A SaTrod UG 5 L (1] et raTea” r egi on
Of the nschamnel yae MSFEIQ. e o) Lrpaly pole 125 1 fored over
Grain  (ne yPé SaRStIRIECb T Sgions 2 AL HRPIELHATnGT 9pe M SEETOD,
the source and drain (pt+ type sem conductor regions 115 f the p-channel
type M SEEt@scnamdide Ihilgy 12 h fh: A0 tHe %b’rﬁ’&c"e"@rr%l‘g‘ﬁl& pl ugs 127
are formed inside of the contact holes 122,123,124 and the, t hrough 71
DaJ ANK3Rsidligoro®x ifife fabgvellfedist iBEy stit i tiel ¥39mn avkls stFJdPnJeg,? f or
exanpl e, by depositing a Ti filmof about 30 nmthick and a Ti N film of
about 20 amm tuhmicdek lgMiaTg tshiel isdqrt conidskiflelm i 1 ¢ in the peripheral

circuit region are dry etched with a photoresist film (not

illustrated) as a mask, whereby contact holes 122 and

contact holes 123 are formed over the source and drain (n”

type semiconductor regions 114) of the n channel type

MISFETQn and the source and drain {p’ type semiconductor

regions 115) of the p channel type MISFETQp, respectively.

At the same time, a contact hole 124 is formed over the

gate electrode 109 (or the gate electrode 108 in a not-

illustrated region of the n channel type MISFETQn), while a

through-hole 125 is formed over the contact hole 118 of the

memory cell array.

As illustrated in FIG. 33, after formation of a

silicide film 126 over each surface of the source and drain

(n" type semiconductor regions 114) of the n-channel type

MISFETQn, the source and drain (p® type semiconductor

regions 115) of the p-channel type MISFETQp, and the plug

120 inside of the contact hole 118, plugs 127 are formed

inside of the contact holes 122,123,124 and the through-
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121 including the insides of the contact holes 122,123,124 and

t hrough-hol e 125 by sputtering, and heat treating the substrate 101 at
_about 650C. The plugs 127 are forned, for exanple, by depositing aBEHNszL
filmof about 50 nmthick and a Wfilmof about 300 nmthick by CvVD over
the TiNfilm including the inside of the contact holes 122,123,124 and

t hrough-hol e 125 and polishing the Wfilm TiNfilmand Ti filmover the
silicon dXle ¥43m 121 by COW to leave these films only inside of the
contact holes 122,123,124 and through-hole 125. Formation of the silicide
film 126 made Bfe Bbevetdeserikndt hblintdef httmbeifesh £REMSBur €8T drain
(n+ type sem conductor regions 114, p+ type sem conductor regions 115)
and the pExegEl2y, floy bepbehitr boyer Hakeslintoposepbbre3Ponmr EHLEE BRE @ont act
resi stance between the source drain (n+ type sem conductor regions 114,
p+ type SEIN chinducibrabowygi dhsnid1shiakdovbe phagsil2¥coheadidg £aolan

i nprovenent in the acting speed of the M SFET (n channel type M SEETh, p
channel type MSRER) tloasingidéngof henpecbpbecal holesuii2, A23i l124st r at ed
in FIG 34, a bit line BL is formed over the silicon oxide film 121 of the

menory celdd afH@yugf2hdL8 AN 2P04pubiteihlie hhashehayetenntiagcanrections
130 to 133 are forned over the silicon oxide film 121 in the peripheral

circuit region-addierditatigeoBt engdethe fhespihayen27i aker gepnedti ons 130
to 133 can be forned, for exanple, by
for example, by depositing a TiN film of about 50 nm thick
and a W £ilm of about 300 nm thick by CVD over the TiN film
including the inside of the contact holes 122,123,124 and
through-hole 125 and polishing the W film, TiN film and Ti
film over the silicon oxide film 121 by CMP to leave these
films only inside of the contact holes 122,123,124 and
through-hole 125.

Formation of the silicide film 126 made of Ti silicide
on the interface between the source - drain (n’ type
semiconductor regions 114, p' type semiconductor regions
115) and the plug 127 formed thereover makes it possible to
reduce the contact resistance between the source - drain
(n* type semiconductor regions 114, p* type semiconductor
regions 115) and the plug 127, leading to an improvement in
the acting speed of the MISFET (n channel type MISFETQOn, p
channel type MISFETQp) constituting the peripheral circuit.

As illustrated in FIG. 34, a bit line BL is formed

over the silicon oxide film 121 of the memory cell array,
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depositing a Wfilmof about 100 nmthick over the silicon oxide film 121
by sputtering and then, dry etching this W filmwth a photoresist éilnlas

‘a mask. At this tine, the silicon oxide film116 |ying under the bi b 8JANS004
BL and interconnections 130 to 133 have been planarized so that the bit
line BL and interconnections 130 to 133 can be patterned with high size
accuracy. As illustrated in FIG 35, a silicon oxide film 134 of about 300
nm t hi ck wihg leotied fdvart tiie &5 tintare@nagid atfe 134 st -1 &re

i nterconnections 130 to 133. This silicon oxide film134 is formed in a
similar feamed oetrhd hebovid-1ates crdisked fillm dél oxi deve ingn I rank
illustrated in FIG 36, after deposition of a polycrystalline silicon film
135 of akdutcu2@0 remitdn.ck Thwerbitt Heirsi IBlcamcoxitde fidan-13dvdry CVO, the

pol ycrystalline silicon film 135 of the nenory cell array is dry etched
with a pheteresingieddilansad 3 resk, 3 Wharelhe £ dmet,h k36 esamglor medy i n t he
polycrystalline silicon film 135 above the contact hole 119. As

i1l ustrateédsi thig 3% fEilde omldbspaces ldtmre: darnmecthonsihecshde walls
of the trench 136, followed by dry 73 0 8 JAN 2004 etching of the silicon

- oxide filypihdd raneh underdyisit tsd diirgprarxided,i |dpd 2 i idy these wi de wal |

spacers 137 and polycrystalline silicon film 135 as nasks to forma

through- hahe 138 rabow dihe Lonfracts hples Elhaskhe sideyad ltime, the

silicon oxide film 116 lying under the bit line BL and
interconnections 130 to 133 have been planarized s¢ that
the bit line BL and interconnections 130 to 133 can be
patterned with high size accuracy.

As illustrated in FIG. 35, a silicon oxide film 134 of
about 300 nm thick is formed over the bit line BL and the
first-layer interconnections 130 to 133. This silicon
oxide film 134 is formed in a similar manner to the above-
described silicon oxide film 116.

As illustrated in FIG. 36, after deposition of a
polycrystalline silicon f£ilm 135 of about 200 nm thick over
the silicon oxide film 134 by CVD, the polycrystalline
silicon film 135 of the memory cell array is dry etched
with a photoresist film as a mask, whereby a trench 136 is
formed in the polycrystalline silicon film 135 above the
contact hole 119.

As illustrated in FIG. 37, side wall spacers 137 are

formed on the side walls of the trench 136, followed by dry
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spacers 137 on the side walls of the trench 136 are forned by deDO%iéiﬂﬁ ﬂ
polycrystalline silicon filmover the polycrystalline silicon film gANl 4
.including the inside of the trench 136 and then |eaving the
pol ycrystalline silicon filmon the side walls of the trench 136 by
anisotropic etching. By formng the through-hole 138 at the bottom of the
trench 136 having the side_ wall sgaﬁer . 137 ggrne on thﬁﬁ,side wal | s

Y 33% pBdo ¥

thereof , RHENHANRE etndf SthECPRr 3tEHENOEET1 HRLEM¥LP8r than that of
the underlying contact hole _119. This nmakes it possible to secure an
al i gnmentskhigpm cvidenblibnt 1Rineipk BRESEnFoUghYALEeSRBE2EVeR Ji'f 3Re
menory cell size is reduced, thereby preventing a short-circuit between
t he plug g8byamhystaid inebeibhbeddedlmnsPleasfmapks thr6Q§M- Bole 138 and the
bit line BL. After renoval of the polycrystalline silicon film135 and
si de wal | tispaeghnshdBE bys dalyoes chhagecatpbtghdB9 L39.f ofhedsiidsi deldf t he
t hrough-hole 138 as illustrated in EIG 38. This plug 139 is forned by
deposi ti ngpaiceéps-1Besost anees pokyeayssabli neestkenoh LBkbnehavifograa n-type
i mpurity (phosphorus) doped thereto over the silicon oxide 74 0 8 JAN 2004
filmincligdi agpbbering depof ythesthiough- ol ecd38tbymCyer ahd then | eaving
this polycrystalline silicon filmonly inside of the through-hole 139 by
et ching baskycApsthiusheasetitonFEGIm3935aiatliaongnthei dastidemo¥40

the trench 136 and then leaving the pclycrystalline silicon

film on the side walls of the trench 136 by anisotropic

etching.

By forming the through-hole 138 at the bottom of the

trench 136 having the side wall spacers 137 formed on the

side walls thereof, the diameter of the through-hole 138

becomes smaller than that of the underlying contact hole

119. This makes it pessible to secure an alignment margin

of the bit line BL and through-hole 138 even if the memory

cell size is reduced, thereby preventing a short-circuit

between the plug 139 which will be embedded inside of the

through-hole 138 and the bit line BL.

After removal of the polycrystalline silicon film 135

and side wall spacers 137 by dry etching, a plug 139 is

formed inside of the through-hole 138 as illustrated in

FIG. 38. This plug 139 is formed by depositing a low-

resistance polycrystalline silicon film having an n-type

impurity (phosphorus) doped thereto over the silicon oxide
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of about 100 nmthick is deposited over the silicon oxide film 134 %{
fol |l owed by deposition of a silicon oxide film 141 over the silicon(8
nitride film 140 by CVD. Wth a photoresist film(not illustrated) as a
mask, the silicon oxide film 141 of the nmenory cell array is dry etched
and then the silicon nitride film 140 lying under the silicon oxide film
141 is dry etched, mherebg a trench 142 is formed above_the through-hole

a

CVvD,
JAN 2004

138. A | m e} et w@dHed ok haninghéler frat oA SREPHEG-RapRCLEBr P¥YsCVBrmed al ong
the inside wall of this trench 142 so that the silicon oxide film 141

form ng téedttepwhledPinusthbe deppsryetalbine shi&éropf 6k imeRBAfl e, about
1.3 pm in order to enlarge the surface area of the | ower el ectrode,

t her eby iircs vdsiaf) ane chirgeghaioclaul 38 edyaabaningAsatke silicon nitride
film140, a silicon nitride filmforned at a substrate tenperature of
400' C or great®s ibyuptastadCiy BsGENQg38, rawsibieohahigasdhatfihng AvAosi | ane
and nitrogen nmay be used alternatively. As illustrated in FIG 40, after

deposi ti agf ofb&ut BODrPRAOURiSk! i sofehbbMtd43avbavtng anldcbypexigpurity
(phosphorus) doped thereto and having a thickness of about 75 0 8 JAN 2004

50 nm ovefjthel 54 lhgogvoxi deliohanlgd &i@?bgﬂtmgnt be knsidecoaf okhget rench
142, the anorphous silicon film143a is left along the inside wall of the

trench 142 hy eithbpgrbagk 5heic8ADRPREUSeSELLRON4DI bin &¢Ba oweknht he

silicon oxide film
photoresist film (not illustrated) as a mask, the silicon
oxide film 141 of the memory cell array is dry etched and
then the silicon nitride film 140 lying under the silicon
oxide film 141 is dry etched, whereby a trench 142 is
formed above the through-~hole 138. A lower electrode of an
information storing capacitor is formed along the inside
wall of this trench 142 so that the silicon oxide film 141
forming the trench 142 must be deposited to be thick (for
example, about 1.3 pm) in order to enlarge the surface area
of the lower electrode, thereby increasing an charge
accumulated amount.

As the silicon nitride film 140, a silicon nitride
film formed at a substrate temperature of 400°C or greater
by plasma CVD using a raw material gas having monosilane
and nitrogen may be used alternatively.

As illustrated in FIG. 40, after deposition of an
amorphous silicon film 143a having an n-type impurity

(phosphorus) deoped thereto and having a thickness of about
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141. The surface of the anorphous silicon film 143a left inside of the
trench 142 is then wet washed with a hydrofluoric acid washing |iqui(® JAN 7004
.Monosilane (SiH4) iS then fed to the surface of the anorphous silicon film
143a under the vacuum at nosphere, followed by thermal treatnent of the
substrate 101 to convert the anorphous silicon film 143a into

polycrystalline and at the sane ti| 0, al]pw . silicon i ns row on
the surf a2l AR 4 5%1%@ n O’fﬁé FUEEL a Ty ueglsri1 %rgén Lﬁ%rﬁig43
havi ng a roughened surface is formed al ong the ingsjde | of Lh trench
142. Thief ﬁg!%/&fﬁﬂcil li%fe s c%‘FP"TF?r}%ﬁA%”s‘eQ%s?Ja%ma et S ?gtétrode of
a data storage capacitor. As illustrated in FIG 41, a tantal um oxjde
(Ta205) aflidng étheadd\rids wihk MkEhes Weudh tk Y iErbved Baek Shficon
oxide film 141 including the inside of the trench 142, followed by thernal
t r eat nentamatrpdivot SO0 aOf ofil3n T Jaut@se § nthm oklieen a2 wbdphki &t o
crystallize the tantalum oxide film 144 and at the same tine to repair the
def ects 1yl .oxyijen et dae tdfe fhid mmdipsousng bl ieenoxf dbmfl4 e 1haftserves as
a capacitor insulating filmof the data storage capacitor. After
deposi ti dm=afdea ofi NHa |teelrdh of 4 Abioait t &0 Wb OvBsideddN 2004 am t hi ck over the
tantal um oxide film 144 including the inside of the trench 142 by using,
i n conbi natd @t 1 U @net i prddreri gl idunied Ti NMdhd o1 lldde ahglifiantiad um oxi de
film144 are dry etched with a photoresist film(not illustrated) as

then fed to the surface of the amorphous silicon film 143a

under the vacuum atmosphere, followed by thermal treatment

of the substrate 101 to convert the amorphous silicon film

143a into polycrystalline and at the same time, to allow

silicon grains to grow on the surface. By this treatment,

the polycrystalline silicon film 143 having a roughened

surface is formed along the inside wall of the trench 142.

This polycrystalline silicon film 143 serves as a lower

electrode of a data storage capacitor.

As illustrated in FIG. 41, a tantalum oxide (Taz0s5)

film of about 15 nm thick is deposited by CVD over the

silicon oxide film 141 including the inside of the trench

142, followed by thermal treatment at about 800°C for 3

minutes in an oxygen atmosphere to crystallize the tantalum

oxide film 144 and at the same time to repair the defects

by oxygen fed to the film. This tantalum oxide film 144

serves as a capacitor insulating film of the data storage

capaciteor. After deposition of a TiN film 145 of about 150
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a mask, ,whereby a data storage capacitor C fornmed of an upper el ectrode

made of the TiN film 145, a capacitor insulating filmnmade of the tﬁgtgh%ﬁ

.oxide film 144 and a |ower electrode nmade of the polycrystalline si J 4

film 143 is formed. By the steps so far described, a nenory cell of DRAM

formed of the menory cell selecting M SFETQ and data storing capacitor C

connected in series therewith is conpleted,. Th apacjtor insulating film
St B L4 1 1T EOhD

of the ddia igtagyecdpiti 1t iy he e $sedmainly of a
high dielectric substance or ferroelectric substance having_ a per ovskite
or conpl epietovakithe FEarE k14 oY Bl RUchl AsCoOmyMa b, PEYR apHTI O3,
SrTi 03, BaTi 03, BST, SBT or Ta205. As illustrated in FIG 42, over the data
storage smapdciniongC the skidontllnrlhy eegetansalbyrnedliedy fhem $6f1 owi ng

met hod. First, a silicon oxide film 150 is deposited to a thickness of
about 10Gmemarreretdieediatiotistorpigetcopacst of il0n byoCVDLlwgteated nasdi on of
t hr ough- hol es 151,152 by dry etching the silicon oxide film 150, 141,
silicon i tidde, WwhdmdAG auksidticomgoxcaeaditor 134formedt b€ &hrst-| ayer
77 0 8 JAN 2004 interconnections 130,133 in the peripheral circuit region
with a phagigsess sdctitdde (mode it ushe at2d) £ abmal 4hska phpgsitdb3 are formed

I n the through-hol es 151, 152. These plugs 153 are forned, for exanple, by
depositinghgu AN A | MO made of the tantalum oxide film 144 and a

lower electrode made of the polycrystalline silicon film

143 is formed. By the steps so far described, a memory

cell of DRAM formed of the memory cell selecting MISFETQs

and data storing capacitor C connected in series therewith

is completed.

The capacitor insulating film of the data storage
capacitor C may be made of a film composed mainly of a high
dielectric substance or ferroelectric substance having a
perovskite or complex perovskite crystal structure such as
PZT, PLT, PLZT, PbTiO;, SrTiO;, BaTiO;, BST, SBT or Ta»0s.

As illustrated in FIG. 42, over the data storage
capacitor C, a second wiring layer is formed by the
following method.

First, a silicon oxide film 150 is deposited to a
thickness of about 100 nm over the data storage capacitor C
by CVD. After formation of through-holes 151,152 by dry
etching the silicon oxide film 150,141, silicon nitride

film 140 and silicon oxide film 134 over the first-layer
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about 100 nmthick over the silicon oxide film 150 by sputtering,
depositing thereover a Wfilmof about 500 nm thick by CVD and then
etching back these films to leave themonly inside of each of the 08 JAN 2004
t hr ough- hol es 151, 152. Interconnection |layers 154 to 156 are then forned
over the silicon oxide film 150, for exanple, by depositing a TiN film of
about 50 nmthick, an A (alumnum alloy filmof —about 500 nm.thick and a
Ti fil m oM EFERANBE AT B0 ovet 11 e & PeEbokd HeC T Fiit 1588y “8put t er i ng
and then dry etching of these films with a photoresist film (not

i || ustratwidh s phofesies it i il | Byet FhbusBEarAEidn %oW%?anPEHQS

I nterconnections 154 to 156 therewith, a third-layer interconnections and
a passi vatibrare | finfmedrech ofhe Shiiowpmhokéslel$li hband BheFei BoHIAI tri de
filmare then deposited in this order but its illustration is omtted. By
the stepslisFafarcaased, s ORANDdDLE, thy sdepbodi meatai EiNubstanrifal |y

conpl eted. The passivation filmof this enbodinent is simlar to that of
Enbodi mendbdlut DesT rmibeth spechFécathy, s Al sébh conidai fiideldDl byf ormed at a.
substrate tenperature of about 78 0 8 JAN 2004 3500C by plasma CVD using a
raw mat erd e @as: Vi diép o SDNDE] | Binere av@PN: aW andlmi 6 f ogeouis SG9edmas t he

passivation film The inner lead of this enbodinment is constituted in a
thick by CVD and then etching back these films to leave
them only inside of each of the through-holes 151,152.
Interconnection layers 154 to 156 are then formed over the
silicon oxide film 150, for example, by depositing a TiN
film of about 50 nm thick, an Al (aluminum) alloy film of
about 500 nm thick and a Ti film of about 50 nm thick over
the silicon oxide film 150 by sputtering and then dry
etching of these films with a photoresist film (not
illustrated) as a mask.

An interlayer insulating film covering the
interconnections 154 teo 156 therewith, a third-layer
interconnections and a passivation film formed of a silicon
oxide film and a silicon nitride film are then deposited in
this order but its illustration is omitted. By the steps
so far described, DRAM of this embodiment is substantially
completed.

The passivation film of this embodiment is similar to
that of Embodiment 1. Described specifically, a silicon

nitride film formed at a substrate temperature of about
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simlar manner to Enbodinent | so that its illustration and description
are omtted. According to this enbodinent, a silicon nitride filmed forned
at a substrate tenperature of 400'C or greater by CVD using a raw dk sAN %
gas havi ng nonosilane and nitrogen (not ammonia) is used as the silicon
nitride film110b serving as a cap insulating filmand silicon nitride

film 113 (side wall spac 113a),_so that,_peelin f.the _silicon nitride
filmcan 35’(60 ;9 erRiP ﬂ@l“éﬁé‘ég ot r%‘i/d?ao%egrnl iro%‘?hhéégwgcon nitride
filmcan be inhibited. As a result, performance and re}I‘i abilit f DRAM can
be i nEENRE HATgh, AT FHbot TAAS ot Gl € USThP A poY 9§t al | i ne
silicon filmas a |ower electrode of the capacitor of DRAM is shown.

Al ternatifadime. platinum (2t), ruthenium (Ru) or iridium(lr) or oxide

t hereof may be used as the |ower el ectrode. The | ower el ectrode of the
capacitor exdiy ifiner hevad ks iy |emrdeenGtiuctenetibrhed LA &

trench, but a sinple stacked type may be adopted. In the DRAM of Enbodi nent
2, M SFEE iofi tae nperigpheral Empddiowgnt reg@ntivaly bes f bk kgt ot hadeahddual
gate structure 79 0 8 JAN 2004 as described in Enbodi ment 1. Descri bed
-speci fi caldsygrigpipion yquee poticregdtal line silicon filmand an n-type

polycrystalline silicon filmmy be used for constituting the gate

el ectrode of thecgrdienned diype MviSkEmand, téhesilicon nitride filmed
formed at a substrate temperature of 400°C or greater by
CVD using a raw material gas having monosilane and nitrogen
(not ammonia) is used as the silicon nitride film 110b
serving as a cap insulating film and silicon nitride film
113 (side wall spacers 113a), so that peeling of the
silicon nitride film can be prevented and release of
hydrogen from the silicon nitride film can be inhibited.
As a result, performance and reliability of DRAM can be
maintained high.

In this Embodiment, an example using a polycrystalline
silicon film as a lower electrode of the capacitor of DRAM
is shown. Alternatively, platinum (Pt), ruthenium (Ru) or
iridium (Ir) or oxide thereof may be used as the lower
electrode. The lower electrode of the capacitor
exemplified here has a cylindrical structure formed in a
trench, but a simple stacked type may be adopted.

In the DRAM of Embodiment 2, MISFET of the peripheral

circuit region may be formed to have a dual gate structure
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el ectrode of the n channel type M SEET, respectively. The present invention
may be applied to system LSl having M SFET of Enbodi ment 1 and DRAM®b§ JAN 2004
.Enmbodi nent 2 forned on the sane substrate. The present invention made by
the present inventors were described specifically based on enbodi nents of
the invention. It should however be borne in mnd that the present

invention is not limted enpodi , | t ay that
the presétt C1*ns\/cernjt}:?‘:“onan %%né)%%(%y%?o%ﬁ ingd wél%%%%l%%&eiégﬁ?gﬁg%fg bagténg from
the scope of the inventjon. For.exanple, in di nen 1 and 2,
nDnosiIaﬁ¥9%;p{;&ﬁﬁ%§§ﬁiif%% %3%ﬁ??%oﬁlP&p%mgggﬁn%gg¥égl gas for a
silicon nitride film, but _'phlorPs'Iane (,SIi C12H?2) _.or disjilane.(Si 2H6) may
be used. ATHFEY L A i Tabt $9 y FERE P Bed 2BobR" TR sehicdbRBuct or
devi ces and nanufactwﬂégkprocesses according to the_present jnvention

t

are ef f et gafrere ephy Qf tHee | FrpF d3emeht TS t e Eper #87 nkhte and

reliability of the sem conductor device and 80 O O JAN 2004_t hey have
t her ef or eliamiuends 2 f appe irapidnesgl BIP® BIIRRL 2008s0PatlVei¥tai med is: 1.

A manufacturing process of a sem conductor device,
The present invention may be applied to system LSI

having MISFET of Embodiment 1 and DRAM of Embodiment 2
formed on the same substrate.

The present invention made by the present inventors
were described specifically based on embodiments of the
invention. It should however be borne in mind that the
present invention is not limited by these embodiments. It
is needless to say that the present invention can be
modified within an extent not departing from the scope of
the invention.

For example, in Embodiments 1 and 2, monosilane is
exemplified as a silicon type raw material gas for a
silicon nitride film, but dichlorosilane (SiCl;Hz) or

disilane (Si;Hg) may be used.

Industrial Applicability

As described above, the semiconductor devices and
manufacturing processes according to the present invention
are effective when applied to the improvement of the

performance and reliability of the semiconductor device and
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“conprising: (a) selectively formng a first insulating filmin a

sem conduct or substrate; (b) formng a first conductor piece over th%aJAN?m‘

_surface of the sem conductor substrate via a second insulating film (c)

form ng a sem conductor layer in the sem conductor substrate in a region

wherein the first insulating filmand the first conductor piece do not

exist; (d) formng a third ins%iatin filmto cover the first conductor
St S

pi ece, sERFYORGTEL SPEFRFET Sand ARG FRP - ¥ (e) forming a fourth
insulating filmover the third insulating film (f) formng a first
opening in the fourth and third insulating filnms, (g) formng a second
conductor piece in the first opening; and (h) formng a fifth insulating
filmover the fourth insulating film wherein the third and fifth
insulating filns are silicon nitride films fornmed by plasma CVD, and
wherein the third insulating filmis fornmed at a tenperature higher 82 0 8
JAN 2004 than that of the fifth insulating film 2. A manufacturing process
of a sem conductor device
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according to claim1, wherein the first and fourth insulating filnms are
silicon oxide filns, and the step for formng a first opening conpqpﬁﬁﬁ il
.step of etching the fourth insulating filmunder conditions permt g ;

| arger etching amount of the fourth insulating filmthan that of the
third insulating filmand a step of etching the third insulating film

under congitions ﬁgrnit igg_a | arger etching amount of the third
f

i nsul at i 3T 1h7 t haht TRAt the first insulating film 3. A manufacturing
process of a sem conductor device according toclaim1, wherein the fifth

insulating filiis® TRWHEICHLF HET aRrSRFDAI AL cBnBEMHFAGINESEE BRVASES, whil e
the third insulating filmis fornmed using an amoni a-free reaction gas. 4.
A manuf ackRR S prdcess of a sem conductor device according to claim1l
further conprising, between the steps (c) and (d), a step of forming a
silicide | ayer(®dveteldrtivelyaterpinghe Senptondagieringyéilmsinaa
manuf acturing process of a sem conductor device according to claim4,
wher ei n té$mnseroid tondseborrptece contains a first conductor |layer and a
second conductor |ayer, and wherein the first conductor |ayer is thinner
t han t he secontbofwitrcimyg 4 ayerstndohdestbel pwetheogecontie83u@f8cgAN 2004
conductor layer. 6. A manufacturing process of a sem conductor device
of the semiconductor substrate via a second insulating
film,
{c) forming a semiconductor layer in the semiconductor
substrate in a region wherein the first insulating film and
the first conductor piece do not exist;
(d} forming a third insulating film to cover the first
conductor piece, semiconductor layer and first insulating
film;
(e) forming a fourth insulating film over the third
insulating film:
(£} forming a first opening in the fourth and third
insulating films,
(g} forming a second conductor piece in the first
opening; and
(h) forming a fifth insulating film over the fourth
insulating £ilm,
wherein the third and fifth insulating films are

silicon nitride films formed by plasma CVD, and wherein the

third insulating film is formed at a temperature higher
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according to claim1l1, further conprising, between the steps (g) and (h),

(i) formng a third conductor piece; and (j) connecting, in a second JAN 2004
~opening fornmed in the fifth insulating filmto expose a portion of tﬁé

third conductor piece, the third conductor piece with an externally
connecting conductor piece. 7. A manufacturing process of a sem conductor
device according to claim1, wherein the fjrst conductor piece is forned

of a bor 6hasosbatnicdgteel itddhh dpstlaging -acturing process of a

sem conduct or device according to claiml1, wherein the condqftor piece is
formed of thRee Bomadnefectiaiads Prasass &f & [aECIBIUI@Lr* ' 9@er nade

of silicon, a second conductor |ayer and a third conductor |ayer nade of a

ref ract omgcoetidng 2o Almanuflactiieingg prdceds 6t &briQdiiduct or devi ce
conprising: (a) selectively formng a first insulating filmin a
sem condugisan azubst Fatlers @re fsdrlniqugq ®fiidestf idorducingt PreecktewefO¥ he
surface of the sem conductor substrate via a second insulating film (c)
formng Fos@ingORIUCGt lodygerinign dowe rsievdsc an ductoro 842 008 AN 2904
substrate in a region wherein the first insulating filmand the first
conduct org Rir@Ge i@ UGl iy Hislm under conditions permitting a larger

etching amount of the fourth insulating film than that of

the third insulating film and a step of etching the third

insulating film under conditions permitting a larger

etching amount of the third insulating film than that of

the first insulating film.

3. A manufacturing process of a semiconductor device
according to claim 1, wherein the fifch insulating film is
formed using an ammonia-containing reaction gas, while the
third insulating film is formed using an ammonia-free
reaction gas.

4. A manufacturing process of a semiconductor device
according to claim 1, further comprising, between the steps
(c) and (d), a step of forming a silicide layer over the
surface of the semiconductor layer.

5. A manufacturing process of a semiconductor device
according to claim 4, wherein the second conductor piece
contains a first conductor layer and a second conductor

layer, and wherein the first conductor layer is thinner

than the second conductor layer and lies below the second
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(d) forming a third insulating filmto cover the first conductor piece,

sem conductor layer and first insulating film (e) formng a fourth 08 JAN 2004
~insulating filmover the third insulating film (f) forming a first

opening in the fourth and third insulating filnms, (g) formng a second
conductor piece in the first opening; and (h) formng a fifth insulating
filmover the fourth insulating film wherein the third and fifth

i nsul at i FPTMNGRCRr¥®YSi1icon nitride filns formed by plasma CVD, and

wherein the third insulating filmhas a %ﬁrogen contgnt smal | er than

that of the fifth A MAHaAFg FH0MPEIEER e attTr T B Beesd=dt o8

sem conduct or device, conprising: (a) formng a first insulating film over
a surf aceafor i i @ OBt ok, stbBTRYE COMBY L $ B e BV TR ohiS| ﬁgﬁpati ng
filmover the first insulating film (c) formng an opening in the second
and first{glimdattiing filns; 85 0 8 JAN 2004 (d) form ng a conductor |ayer
in the opening; (e) formng a third insulating filmover the conductor

(1} forming a third conductor piece; and

{j} connecting, in a second opening formed in the
fifth insulating film to expose a portion of the third
conductor piece, the third conductor piece with an
externally connecting conductor piece.

7. A manufacturing process of a semiconductor device
according to claim 1, wherein the first conductor piece is
formed of a boron-containing silicon layer.

8. A manufacturing process of a semiconductor device
according to claim 1, wherein the conductor piece is formed
of three conductor layers, that is, a first conductor layer
made of silicon, a second conductor layer and a third
conductor layer made of a refractory metal.

9. A manufacturing process of a semiconductor device
comprising:

(a) selectively forming a first insulating film in a
semiconductor substrate;

(b) forming a first conductor piece over the surface
of the semiconductor substrate via a second insulating

film,

(c} forming a semiconductor layer in the semiconductor
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| ayer, wherein the first insulating filmand the third insulating filmare
silicon nitride filns fornmed by plasnma CVD, and wherein the first 08 JAN 2004
-insulating filmis formed at a tenperature higher than that of the third
insulating film 11. A manufacturing process of a sem conductor device,
conprising: (a) formng a first insulating filmover a surface of a

sem condugfle substiate; rddiod aiE Agi @ seeondr dnsthati Hgidd | M Dyesndhe
first insulating film (c) form ng an opening in the second and first

first insulating ) fo in the second and first
2 Thi rd SIS THI N OVEr R CoRMutor Teyer . whorern the firet

e conduct or ayer, wherein the first

insulating film.,a ird . Jjns ing. fil il i fr} ilms
formed by plasﬁg Q%V%ﬁ§5%%! (ﬁé%ﬁ#ﬂ%ﬁgéﬁké f%@ﬂﬁéfﬁ%§&$?|ﬁ¢ agggsaydrogen
content smal]er than that of the third ifsulatin ilm 12, Q‘ganufacturing
process SO dhdtctor® S Ut AEIC D ‘Fi‘%ef%ga:lm? %l 2t ettt T VetV 1orming a
first insulating filmin a 86 0 8 JAN 2004 sem conductor substrate; (b)
“form ng i conductor |ayer in the sem conductor

(e) forming a fourth insulating £f£ilm over the third
insulating film;

(£) forming a first opening in the fourth and third
insulating films,

(g) forming a second conductor piece in the first
opening; and

(h) forming a fifth insulating film over the fourth
insulating film,

wherein the third and fifth insulating films are
silicon nitride films formed by plasma CVD, and wherein the
third insulating film has a hydrogen content smaller than
that of the fifth insulating film.

10. A manufacturing process of a semiconductor
device, comprising:

(a) forming a first insulating film over a surface of
a semiconductor substrate;

(b) forming a second insulating film over the first
insulating film;

(c) forming an opening in the second and first

insulating films;
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substrate in a region wherein the first insulating film does not exist;

(c) forming a refractory netal silicide |ayer over the surface of t gJAN?W‘
. sem conductor layer; (d) formng a second insulating filmto cover t
refractory netal silicide layer and the first insulating film (e) formng
athird insulating filmover the second insulating film (f) form ng an

opening in the third and second, . i | At fil 9?9. .formng a
conduct or pi ecgé})i rqurb%eanicn%?duéﬁi#e?gny‘%&geldseﬁ%d nsgl ting filmis a

il itride filmformed by pl D at.400C t
Tanuf act uri g (HocREGTS I S EOnULL T (A1 Bt GREBF arig T8 ArarRf 12,

wherein the second insulating film is fornmed using a reaction gas having
nonosi | adé¥&fd nitrogen but not having amonia. 14. A manufacturing
process of a sem conductor device according to claim12, wherein the third
i nsul ating filwhdzeim W19 | Gorstoxipekating MhaPei W% hebbeni ng for i ng
step conprises a step of etching under conditions ggrnitting a larger
et chi ng dmowitatofng Hel ithiaxe i iskhi @en iyt §F 198 rel Hes vECBTed Y JANRSH84 to the
second insulating filmand a step of etching under conditions Eerm’ tting a-
| ar ger et@Hi ngrahourerain ttHee setos insulating f£ilm is formed at a
temperature higher than that of the third insulating film.
11. A manufacturing process of a semiconductor
device, comprising:
(a} forming a first insulating film over a surface of
a semiconductor substrate;
(b) forming a second insulating film over the first
insulating film;
(c) forming an opening in the second and first
insulating films;
(d) forming a conductor layer in the opening;
(e) forming a third insulating film over the conductor
layer,
wherein the first insulating film and the third
insulating film are silicon nitride films formed by plasma
CvD, and wherein the first insulating film has a hydrogen
content smaller than that of the third insulating film.
12. A manufacturing process of a semiconductor
device, comprising:

{a) selectively forming a first insulating film in a
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insulating filmrelative to the first insulating film 15. A manufacturing
process of a sem conductor device according to claim12, wherein th
.silicide-layer formng step further conprises: (h) depositing a ref ﬁ&c-{%'rmm
metal filmover the sem conductor |ayer and first insulating filnm (i)

heat treating the sem conductor substrate, thereby formng a silicide

| ayer over_a surc{ufac eorofs&gser[%%@ "conductor | ayer; and (j) renoving the

refract or‘cyenH'ectoeﬂ
process of a seniconductor_ device accor di to item 12, wherein th
conduct or pi ec@jr?c HY 3 ??[?Js‘fo%%ﬁﬁh%forgY%ﬁe?’nagheasgé%oﬁgdggtr%g%ct or
| ayer, and wherein the first conductor layer is thinper.tha .Ehe second
conduct orSURRIERA Ehd 1 i L $ R Y HREEER o cghﬂﬁ'&tb?su ayers rfl?. A

manuf acturing process of a sem conductor device according to claim 16,
wherei n t#es it Cortductor layer is a titaniumnitride layer, while the
second conductor layer is a tungsten layer. 18, A manufacturing process of
a seni conduct ofc) dexiTEEg conpR F 53 Aiger 8NPt 8L JaNL 2obde (4R Y8E| BEELYENG

formng a first insulating filmin a sem conductor substrate;
surface of the semiconductor layer;

i1m over Irst insulating film 16. A nmanufacturing

(d) forming a second insulating f£ilm to cover the
refractory metal silicide layer and the first insulating
film;

(e} forming a third insulating film over the second
insulating £ilm;

(f) forming an opening in the third and second
insulating films, and

{g) forming a conducter piece in the opening,

wherein the second insulating film is a silicon
nitride film formed by plasma CVD at 400°C or greater.

13. A manufacturing process of a semiconductor device
according to claim 12, wherein the second insulating film
is formed using a reaction gas having monosilane and
nitrogen but not having ammonia.

14. A manufacturing process of a semiconductor device
according to claim 12, wherein the third insulating film is
a silicon oxide film, and wherein the opening forming step
comprises a step of etching under conditions permitting a

larger etching amount of the third insulating film relative
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(b) formng a first conductor piece over the surface of the sem conductor
substrate via a second insulating film (c) formng a seniconductor 0GhyaN 2004
-in the sem conductor substrate in a region wherein the first insulating
filmand the first conductor piece do not exist; (d) formng a third
insulating filmto cover the first conductor piece, sem conductor |ayer

and fi Fsﬁoi N aldd fidsl: Antd 81 frPTdANG & daqurdh dinswd e i mgdéi | m over
the thir insulating film wherein the first conductor piece is a boron-

contai ni NG iEoM o M: ANAMLH M d NG A ity Tt [ 1) £Ad | s2ésna

silicon nitri Torme plasma CVD at 400C or greater. 19. A

renulact L0 SSESS o] A ST SNy des o At gl gocl alm 15

ating filmis using a reaction gas having

e T 2 B AT < c Ay dmau by 0o
form ng AUSEE6HY HSUIHA Ty 141 MGV T Nt 1§ BE ot Fch S48 ot P ogs
step further comprises:

(h) depositing a refractory metal film over the
semiconductor layer and first insulating film;

(i) heat treating the semiconductor substrate, thereby
forming a silicide layer over a surface of the
semiconductor layer; and

(j) removing the refractory metal film over the first
insulating film.

16. A manufacturing process of a semiconductor device
according to item 12, wherein the conductor piece contains
a first conductor layer and a second conductor layer, and
wherein the first conductor layer is thinner than the
second conductor layer and lies below the second conductor
layer.

17. A manufacturing process of a semiconductor device
according to claim 16, wherein the first conductor layer is
a titanium nitride layer, while the second conductor layer
is a tungsten layer.

18. A manufacturing process of a semiconductor

device, comprising:
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(c) formng an opening in the second and first insulating filns; and (d)
formng a conductor |ayer in the opening, wherein the first insulati fil%
-is a silicon nitride filmforned by plasna CVD at 400C or greater. %BJM 04
manuf acturi ng process of a sem conductor device according to claim 20,
wherein the second insulating film is a silicon oxide film 22. A

manuf act uri ng (AR 0GRS S 0fi @ 152 FoGANHCLOrf idest Gigh s alCooiTel NPt Iro o ad m 20,
wherein the conductor-layer formng step conprises formng a first

conduct or, JL.ayer @s+a d Q\efst Jaaxer and a second conductor |ayer as an upper
| ayer, wherein the second conductor |ayer is nade of copper, and wherein

the first conc{lgﬁt %rorlmq@ 5‘8?2\%%?0%“%&% gicggé‘ USon Qe COPPESce23. A

manuf act uri ng 0CeSS 0 uctor device, conprising: (a)

depositing, .via a first insulati i a fjr Pi:{yer nade of
silicon, Og 5%‘80&3"85@&?&(3&05 %fé%({rfaaée{nﬁflraad alcos'rilﬂ’tci:uc&fcgrrEL | ayer nade of a
refractory nmetal and a second insulating filmover a sem conductor

substr at é;ll(“b) processing the second insulating film and third, second

and first conductor layers into a predetermned 90 9 8 JAN 200 .
and (Ic) Sf or mi n(l,é{r)a ftcmrrpéq rs‘?s:ﬁeﬁlicr?dﬂ‘ﬁtrﬂrov]eafyetrhel%e@})endsemlconéugg%er n

substrate in a region wherein the first insulating film and
the first conductor piece do not exist;

(d) forming a third insulating film to cover the first
conductor piece, semiconductor layer and first insulating
film; and |

(e} forming a fourth insulating film over the third
insulating film,

wherein the first conductor piece is a boron-
containing silicon film, and wherein the third insulating
film is a silicon nitride film formed by plasma CVD at
400°C or greater.

19. A manufacturing process of a semiconductor device
according to claim 18, wherein the third insulating film is
formed using a reaction gas having monosilane and nitrogen
but not having ammonia.

20. A manufacturing process of a semiconductor
device, comprising:

(a) forming a first insulating film over a

semiconductor substrate;
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insulating film, wherein the second insulating filmis a silicon nitride
filmformed by plasma CVD at 400'C or greater. 24. A manufacturing pG@cgdsi
. of a sem conductor device according to claim?23, wherein the third
insulating filmis a silicon nitride filmforned by plasnma CVD at 4000C or
greater. 25. A sem conductor device, conprising: (a) a sem conductor

substrate, (b)3 fforﬁ&lﬂgn%ulﬁddmi fiddnisal @ ively dedmechd nether

sem conduct or substrate a first conductor piece forned over the
surface C_{nsula %{/ﬂ ’uct or substrate via a second insulating film (d)
a sem conductor I'sposed between the first insulating filmand first

conduct or plece in the sen1co r. S I nsul ating

film fo&mad o e s C’oDng‘ gigg 1 piuéglcete sal%l rsé e"%nnd;luflt I}HLﬂg filmand

sem con uctor Iayer urth insulating filmformed over the third
Mo i e

i nsul ati Ag AR ) conductor piece formed in the opening made

in the third and fourth insulatjng fi and 9 0 B JAN 2004 (h) a flfth
i nsul ating fi M GRS é C’cc’d"ls‘:lL’ég:coo‘:ndl y‘c%’ﬁd]l}'bt € pitsdy "

wherein the first insulating film is a silicon nitride
film formed by plasma CVD at 400°C or greater.

21. A manufacturing process of a semiconductor device
according to claim 20, wherein the second insulating film
is a silicon oxide film.

22. A manufacturing process of a semiconductor device
according to claim 20, wherein the conductor-layer forming
step comprises forming a first conductor layer as a lower
layer and a second conductor layer as an upper layer,
wherein the second conductor layer is made of copper, and
wherein the first conductor layer serves to prevent
diffusion of copper.

23. A manufacturing process of a semiconductor
device, comprising:

(a) depositing, via a first insulating film, a first
conductor layer made of silicon, a second conducter layer,
a third conductor layer made of a refractory metal and a
second insulating film over a semiconductor substrate;

(b) processing the second insulating film, and third,

second and first conductor layers into a predetermined
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wherein the third and fifth insulating filns are silicon nitride filns
formed by plasnma CVD, and wherein the third insulating filmhas a hgdrogen
.content smaller than that of the fifth insulating film 26. A 8 JAN 2004
sem conductor device according to claim25, wherein the second conductor

pi ece contains a first conductor |ayer and a second conductor |ayer, and
wherein the fir.st;gpnductor layer is thinner than the second conductor

| ayer an(ﬁj l'ies rlbeI ow t he second conductor layer. 27. A sem conductor device

according to c(lca};nr%)?r&%ind/\/_%er n-d Qqqu;}%%ind NEUGH O & AYERe | Se@oddit ani um

nitride |ayer erein the secon ctor layer is a tungsten
| ayer. 28. E;A S n]‘_l corhc%_ ctor device according to claim?25, wherein a
refract ory’ r‘l’lcgftél " 15eie | ayer is formed over the surface of the

sem conduct or | ayer.. . A sem oindu&# or. devj Cg accor d_l,fﬂié ncI aim 25,
wherein the S EShddtd oicPiEte TRIF DT of & bordn> T coRt ai ning silicon

| ayer. 30. A sem caqnduct or Vi ce, conpri.sing: a_seni conduct or
- subst r at &1tEAS T th%‘?ﬁfﬂ orP %‘E:n% (Jf.‘g'#n%a ?)fg/@)rct%’é IE%ATTohduct or
substrate via a first insulating film 92 0 8 JAN 2004 éc% a'sgcond
“insul ating fil4hf orfmSPBVACHHE T IRECCTIh Lt droPreceidynger device

according to claim 23, wherein the third insulating film is
a silicon nitride film formed by plasma CVD at 400°C or
greater.

25. A semiconductor device, comprising:

(a) a semiconductor substrate,

(b) a first insulating film selectively formed in the
semiconductor substrate;

(c) a first conductor piece formed over the surface of
the semiconductor substrate via a second insulating film,

{d) a semiconductor layer disposed between the first
insulating £ilm and first conductor piece in the
semiconductor substrate;

(e) a third insulating film formed over the first
conductor piece, first insulating film and semiconductor
layer;

(f} a fourth insulating film formed over the third
insulating film;

(g) a second conductor piece formed in the opening

made in the third and fourth insulating films; and
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(d) athird insulating filmfornmed over the second insulating film

wherein the second and third insulating films are silicon nitride fg§nay 9004
-fornmed by plasna CVD, and wherein the second insulating film has

hydrogen content smaller than that of the third insul ating f|In1 31. A

sem conductor device according to claim30, further conprising: (e) first

and second congductOrf 1 gh 0fes @l $PDs@df O  PPPRSH t €vendshef sébendi r st
conductor piece on the surface of the sem conductor substrate, wherein the

first condychorepi goeddinctions as a gate of a transistor, wherein the
first and second senlconductor regions function as source and drain of the

Lransi stor . rgspaeli vily.cond wheact neLhe; second; Agsyl shongzi | m has a

substantlally equal  wi firrst conducto iece Iin a direction

fromthe SOas, LoMalhd h@lﬂﬁ?']{'@grﬁgd By SEILERNAeh O 2 g VIGE8E6OLALNY 1O

cl ai m 30, er conpr|5|ng conduct or prece Formed over the

second su%?tln tldpagldﬁfgagnae%tgégalchon ?ﬁgt an pdgﬁ%gr pi ece
u

connect ed: JIO tJhe secon conauct or ereln Insulati ng film

has an openi.n 93 0 JAN 2 h openi ng, the externally
connectlntg1 %ﬁﬁcqb TR %Eh%%téh fth the second conductor piece.

26. B semiconductor device according to claim 25,
wherein the second conductor piece contains a first
conductor layer and a second conductor layer, and wherein
the first conductor layer is thinner than the second
conductor layer and lies below the second conductor layer.

27. A semiconductor device according to claim 26,
wherein the first conductor layer is a titanium nitride
layer, and wherein the second conductor layer is a tungsten
layer.

28. A semiconductor device according to claim 25,
wherein a refractory metal silicide layer is formed over
the surface of the semiconductor layer.

29. A semiconductor device according to claim 25,
wherein the first conductor piece is formed of a boron-
containing silicon layer.

30. A semiconductor device comprising:

(a) a semiconductor substrate:

{(b) a first conductor piece formed over the

semiconductor substrate via a first insulating film:;
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33. A semi conductor device conprising: (a) a semconductor substrate; (b)
a first conductor piece formed via a first insulating filmover the 08 jAN 2004
- sem conduct or substrate and having a side wall; (c) a second insulating
filmforned over the side wall of the first conductor piece; and (d) a
third insulating filmformed over the first conductor film wherein the

second and thicd Lnsubahkingnbiih Beiage ishl roonenl bivkde thiel 1 dsar med by
pl asma CVD, and erein the second’insulating filmhas a hydrogen content

smal l er than t Lhe,phird insulating film 34. A sem conductor device
accordinﬁo?%u%ﬁg?nPgé? ’far?her conprising: (e) a second conductor piece

formed over tzg)igﬁﬁggfgggﬁ§#?%k?ﬁgfkhqh gggmg ) 22 exter naldanfonnecting

fﬁndgctor Pie_ onnect §écond conductor piece, wherein the
ird insulating filLmhas an opening, and wherein,. in. | hg, the
extgrnal+95ﬁéﬁﬁé69iﬁglmcoﬂ GE?EP 6B§céernéoﬁﬁch§&R%tﬁ¢% %§§§Q %d

conduct or iece. 94 0 0 JAN 2004 35.. A ' t devi i sing:
(a) a Semégﬁdﬁégoﬁ}_éﬁﬁgpr 89_&::1(16 %llms %%rpm%%n lSIICp I:asm%VIC%%,COarFPCEI sing.

wherein the second insulating film has a hydrogen content
smaller than that of the third insulating film.

31. A semiconductor device according to claim 30,
further comprising:

{(e) first and second conductor regions disposed on
opposite ends of the first conductor piece on the surface
of the semiconductor substrate,

wherein the first conductor piece functions as a gate
of a transistor, wherein the first and second semiconductor
regions function as source and drain of the transistor,
respectively, and wherein the second insulating film has a
substantially equal width with the first conductor piece in
a direction from the source toward the drain.

32. A semiconductor device according to claim 30,
further comprising:

(e) a second conductor piece formed over the second
insulating film:; and

(f) an externally connecting conductor piece connected
to the second conductor piece,

wherein the third insulating film has an opening and
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(b) a first insulating filmover the sem conductor substrate; (c) a second
insulating filmover the first insulating film (d) a first conductoﬂ&ﬂk&ﬂm4
formed in a first opening made in the first and second insulating fil ns;
(e) athird insulating filmover the first conductor piece, (f) a second
conductor piece over the third insulating film and (g) a fourth

i nsul ati nigh filemenatinhe Se ol eomaibikY ofonpretenyg whereuatehePt PESt and
fourth insulating filns are silicon nitride filnms fornmed by plasna CVD,
and wher ei ddrenedtiadtwinsuiat i secdnd nehrduat dydpogen. content smal | er than
that of the fourth insulating film 36. A sem conductor device according to
claim 35, furiher xosgrisimipict{dy) daviexs ecombtyscomnecti ng conduct or pi ece
connected wth the second sem conductor piece, wherein the fourth
insulating filmbhas sesecondhcopenstgs t 2acke wherein, in the second openi ng,
the externally connecting conductor piece has been connected with the 95 0

8 JAN 2004 secaid £ondtiet aFordtiestr Ifiede SEFHRONORHLE 0F flevsee according to
cl ai m 36, '

insulating film over the semiconductor substrate and having
a side wall;

(c}) a second insulating film formed over the side wall
of the first conductor piece; and

(dy a third insulating film formed over the first
conductor film,

wherein the second and third insulating films are
silicon nitride films formed by plasma CVD, and wherein the
second insulating film has a hydrogen content smaller than
that of the third insulating film.

34. A semiconductor device according to c¢laim 33,
further comprising:

(e} a second conductor piece formed over the second
insulating film; and

(£} an externally connecting conductor piece connected
with the second conductor piece,

wherein the third insulating film has an opening, and
wherein, in the opening, the externally connecting
conductor piece is connected with the second conductor

piece.
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wherein the second insulating filmis a silicon oxide film 38. A

manuf act uri ng process of a seniconductor device according to claim 038, JAN 2004
. further conprising, between the steps (a) and (b), formng a first

conductor piece made of a silicon material, wherein a refractory netal
silicide layer is fornmed on the surface of the first conductor piece in

the step (c). 3”,9. AA\SSE%E&M%%EO‘?&?%$“ 13l to claim25, wherein

the first conductor piece is ma co mat érial, and wherein a
refractory nmetal, silicide | ayer has ,been formed over the surface of the
first conduct o&a‘)piaecsez‘:‘.’mcifbr.lg1 Tt e %]falh%’ process of a sem conduct or
device which conprises formng a first,silicon nitride fi sel f

al i gnment pr oc&¥sihgt At f R IE tjan%eijo]rﬂfl 77T coh® %?Tf?%%éml:{%for

passi vation, wherein the first silicon nitride filmis formed by plasnma
CVD usi nfFWPsei?tdt erial gas having silane and nitrogen, and wherein the
second silicon nitride filmis_fornmed _b]\_/ pl asma CVD_usi ng. a riw .mat eri al
gas having sil &be,2 a9RRANd Bret b Eiogeht 1m0V nBef SEFSF i hESProtess of a
sem conductor device according to claimd40, wherein the first silicon
nitride filmais forned at a tenperature higher than that of the 96 0 8 JAN

2004 second silicon nitride film 42. A manufacturing process of a
sem conduct or tdvizefirst conductor piece formed in a Iirst opening

made in the first and second insulating films;

(e} a third insulating film over the first conductor
piece,

(f) a second conductor piece over the third insulating
film, and

(g) a fourth insulating film over the second conductor
piece,

wherein the first and fourth insulating films are
silicon nitride films formed by plasma CVD, and wherein the
first insulating film has a hydrogen content smaller than
that of the fourth insulating film.

36. A semiconductor device according to claim 35,
further comprising:

(h) an externally connecting conductor piece connected
with the second semiconductor piece,

wherein the fourth insulating film has a second
opening, and wherein, in the second opening, the externally

connecting conductor piece has been connected with the

95



according to claim40, wherein the first silicon nitride filmis forned at
400C or greater. 43. A sem conductor device, which conprises a first 08 JAN 2004
.silicon nitride filmfor self alignnent processing and a second silicon
nitride filmfor passivation, wherein between an Si-H Si-N bonds ratio R
according to FT-1R analysis of the first silicon nitride filmand an

Si-HSi- 'gec%%glg%qrqﬁc%%ﬁi% ding to FT-IR anal ysis of the second

silicon AItTl e is arelationship of R < R2. 44. A

sen conduct or #Ykﬁgﬁ%%cogodr{d‘n‘%ttcg ga%adirg 433%3@5{&41%% ih%leé]]f%b% of the Si-H

bonds by the (S I'Tst siTicon ilmis 2 x 1021
cm3 or less. 45. A manufagturi rocess, of. a semi conduct or  deyi

2ccor di ndf g Sifle e SOV H: L Wihi TR orprd stst 1) SRt ] vaTy
formng a first insulating filmon a surface of a semﬁonduct r_substrate;
(b) forming a¥8irsth é‘@r‘iﬂ—lﬁ?cotruﬁﬁ%é”?ﬁ‘laesas FhP TSR NPT FFF M OVer the

surface of the sem conductor substrate, (c) form ng a sem conductor |ayer
in a regid®ECadHNhe O SrFlate of Tihe i CIMIUE Hid s AR e, P ferein the
first insulating filmand the first conductor piece do not exist; (d)
form ng stdfs dainanichting filmto cover the first conductor piece,
sem conductor layer and first insulating film (e) formng a fourth
i nsul ating filfmmverg tthef itdt dconchsad el imeds IfRdg 9L fared hyCanfirst
opening in the fourth and third

material, wherein a refractory metal silicide layer is

formed on the surface of the first conductor piece in the

step {(¢).

39. A semiconductor device according to claim 25,
wherein the first conductor piece is made of a silicon
material, and wherein a refractory metal silicide layer has
been formed over the surface of the first conductor piece.

40. A manufacturing process of a semiconductor device
which comprises forming a first silicon nitride film for
self alignment processing and forming a second silicon
nitride film for passivation, wherein the first silicon
nitride film is formed by plasma CVD using a raw material
gas having silane and nitrogen, and wherein the second
silicon nitride film is formed by plasma CVD using a raw
material gas having silane, ammonia and nitrogen.

41. A manufacturing process of a semiconductor device

according to claim 40, wherein the first silicon nitride

film is formed at a temperature higher than that of the
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insulating films; 97 0 8 JAN 2004 (g) form ng a second conductor piece in
the first opening; and (h) formng a fifth insulating over the fourff AN 2004
insulating film wherein the third and fifth insulating films are silicon
nitride films formed by plasma CVD, wherein the fifth insulating filmis
formed by using a silane, nitrogen and ammoni a gas, while the third
insulating filmis fornmed by using a silane and nitrogen gas in ammonia -
free atnosphere, and wherein the third insulating filmis forned at a

t enper at uFeCPRGhetlisem phbFide thEmfifth insulating film 46. The

manuf acturi ng process of a sem conductor device according to claim 45,
wherein the fi43t ahdnioufadtiunsng aprecgess | of arsemsédndertorideviceéns, and
the step for f&

romng a first,.opening. conprises a st of etching the

Fourth | Cr St THEE £ T7 rf LheBr Cont tT OHS FoF i {17 o b TS el F £hfng. amount
of the fﬁ&ﬂﬁfﬁéﬂﬁ@fﬁéangtfd®mﬁdfﬁﬁ]gﬂgﬁtéﬂ_the third insulating and a
step of etching the third insulating film under conditions permtting a
| arger et chi ngdanouht sefrickeduchiorddendgkat Wwhgchi cemplraseshat fafrstthe first
insul ating,, 1L m, 87, Jhe FRRUEBCt UL PO, P OGesR o, 45001 S9naugt o"

second silicon nitride film for passivation, wherein

between an Si-H/Si-N bonds ratio Rl according to FT-IR

analysis of the first silicon nitride film and an Si-H/Si-N

bonds ratio RZ according to FT-IR analysis of the second

silicon nitride film, there is a relationship of Rl < R2.

44. A semiconductor device according to claim 43,
wherein the number of the Si-H bonds by the FT-IR analysis

-3

of the first silicon nitride film is 2 x 10%! cm™ or less.

45. A manufacturing process of a semiconductor device
according to the present invention, which comprises:
(a) selectively forming a first insulating film on a
surface of a semiconductor substrate;
(b) forming a first conductor piece via a second insulating
film over the surface of the semiconductor substrate,
(c) forming a semiconductor layer in a region, in the
surface of the semiconductor substrate, wherein the first
insulating film and the first conductor piece do not exist;
(d}) forming a third insulating film to cover the first
conductor piece, semiconductor layer and first insulating
film;
(e) forming a fourth insulating film over the third
insulating film;
(f) forming a first opening in the fourth and third

insulating films;
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devi ce according to claim45, wherein the fifth insulating filmis forned
using an anmoni a-contai ning reaction gas, while the third insul ab 34N 200! m
is formed using an anmoni a-free reaction gas. 98 0 8 JAN 2001 48. The

manuf acturi ng process of a sem conductor device according to claim 45,
further conprising, between the steps (c) and (d), a step of formng a
silicide layer over the surface of the sem conductor |ayer. 49. The

manuf act uri ng_process of a sem conductor , device according to c]aim48,
wherei n tH SEUTHNE MRRINPI FFrRBIEHNE FHRCa 1 ridte Lot tRF"1er and a
second ccg}gyct or layer, and the first conductor |ayer is thinner than the
second conductor |layer and |ies below the second conductor |ayer. 50. The
manuf act uth )ngf qumoioes sa of 1 Bt ts em swihmluct proveevilee Zeoorhli gsebatirg m 45,
further conprising, between the steps (g) and (h), (i) a step of formng a
third c tor piece and (j) a step of connecting, in a second opening

formed in the fyddfeimsthatimordidna toi exposes@latpoidioimd 4he third
conductor piece, the third conductor piece with an externally connecting

conduct orsplieeen BItrite hHeHL akemedd privkess diViy semi conduct or  device
according to clgi(mdy, PRET ¢ hNe fd 18l GAPAHELPT 1 B $6%md R MRELRE 2
silicon | ayer containing boron.
a silane, nitrogen and ammonia gas, while the third
insulating film is formed by using a silane and nitrogen
gas in ammonia - free atmosphere, and

wherein the third insulating film is formed at a

temperature higher than that of the fifth insulating film.

46. The manufacturing process of a semiconductor

device according to claim 45,

wherein the first and fourth insulating films are
silicon oxide films, and the step for forming a first
opening comprises a step of etching the fourth insulating
film under conditions permitting a larger etching amount of
the fourth insulating film than that of the third
insulating and a step of etching the third insulating film
under conditions permitting a larger etching amount of the
third insulating film than that of the first insulating
film.

47. The manufacturing process of a semiconductor
device according to claim 45,

wherein the fifth insulating film is formed using an
ammonia-containing reaction gas, while the third insulating

film is formed using an ammonia-free reaction gas.
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52. The manufacturing process of a sem conductor device according to claim
45, wherein the silicon nitride filmis formed by using nono-sil zﬂ
nitrogen. 99 0 8 JAN 2004 53. The manufacturing process of a sem'@ﬂm !br
devi ce according to claim45, wherein the conductor piece is fornmed of a
silicon layer, a netal nitride filmover the silicon |layer and a
refractory rretal Iayer over the rretal nitride layer. 54. A manufacturing
process of a s ?gluctor .according to tr}e nresent. i hvention,

whi ch conpri se Sel 86 é‘l ufrc}rnr?l n§ 2T st Gnsdt atTAY FTTMOR S

surface Qieﬁ@eerrh@@aelu@hgr tsubst & ahe ;s 5(,b)f1f1@tflﬁ1éflgc@mblrﬁ%hnqondb@ﬁﬁerpi ece
over the surface of the sem conductor substrate via a second insulating

film (c)thHeoratasa (séniddshd(Rtoral &feP i af ¢RI M, ai FLHECIUrFRE of t he
sem condygt or Subst At L. Wr%§£é}@ééﬁﬁctépsﬂygéf ng filmand the first

conductor piece do not exist mng a third insulating filmto cover
the first conductor piece, sem conductor Iayer and first insulating film
(e) formngaf(&urthlnsulatln i, mover t |nsulat|n%fllm ()

o o 2 8 RSkt i, DXt Pl @) RETH B R CE D

device according to claim 48,

wherein the second conductor piece contains a first
conductor layer and a second conductor layer, and the first
conductor layer is thinner than the second conductor layer

and lies below the second conductor layer.

50. The manufacturing process of a semiconductor
device according to c¢laim 45, further comprising, between
the steps (g) and (h), (i} a step of forming a third
conductor piece and (j} a step of connecting, in a second
opening formed in the fifth insulating film to expose a
portion of the third conductor piece, the third conductor

piece with an externally connecting conductor piece.

51. The manufacturing process of a semiconductor
device according to claim 45,
wherein the first conductor piece is formed of a

silicon layer containing boron.

52. The manufacturing process of a semiconductor
device accerding to claim 45,
wherein the silicon nitride film is formed by using

mono-silane and nitrogen.
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(g) form ng a second conductor piece in the first opening; and (h) form ng
a fifth insulating filmover the fourth insulating film wherein the third
and fifth insulating films are silicon nitride filnms formed by PBadNeltivD,
wherein the fifth insulating filmis formed by using a silane, nitrogen
and ammoni a gas, while the third insulating filmis forned by using a
silane and nitrogen gas with ammonia - free, and 100 0 8 JAN 7004 wherein

the third insulating filmhas a hydrogen content smaller, than that of the
fifth insulati mgfi ma U FRGE YRl B NSSYy ‘b‘?@ee“s%“]ﬁ%?‘%fgﬁﬁ’%onduct or

devi ce agLRfddNG L Q Nt c Mg & the silicon nitride filmis formed by
using nono-silane and nitrogen. 56. The manufacturing process of a

sem Iconduct or weviaia atber diovuar @t apesd, Mhefermetheo i pstsiakicdmurt h
i nsul ati films are ilicon oxide.filns, a t he ,st f rm first
roee metdy BECEER! RSP o bfiel MR Phyof) Hhag 2

openi ng e rtour I nsulat1 ng m-under

condi ti ons Mefdldty Mkttal argesr elwdd nchamuuyl ofitdie flydh, i nsul ating
filmthan that of the third insulating filmand a step of etching the
third insulating filmunder conditions permtting a |arger etching anount

of 54. A manufacturing process of a semiconductor device
according to the present invention, which comprises:
(a) selectively forming a first insulating film on a
surface of a semiconductor substrate;
(b} forming a first conductor piece over the surface of the
semiconductor substrate via a second insulating film,
(c) forming a semiconductor layer in a region, in the
surface of the semiconductor substrate, wherein the first
insulating film and the first conductor piece do not exist;
{(d) forming a third insulating film to cover the first
conductor piece, semiconductor layer and first insulating
film;
{e) forming a fourth insulating film over the third
insulating film;
(f) forming a first opening in the fourth and third
insulating films;
(g) forming a second conductor piece in the first
opening; and
(h) forming a fifth insulating film over the fourth
insulating film,

wherein the third and fifth insulating films are
silicon nitride films formed by plasma CVD,
wherein the fifth insulating film is formed by using a

silane, nitrogen and ammonia gas, while the third
insulating film is formed by using a silane and nitrogen

gas with ammonia - free, and
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the third insulating filmthan that of the first insulating film 57. A
manuf acturing process of a sem conductor device according to the present

i nvention, which conprises: (a) formng a first insulating filnﬂgm ! 2004
surface of a sem conductor substrate; (b) form ng a second insulaﬁlng film
over the first insulating film (c) formng an opening in the second and
first insulating films; (d) form ng a conductor |ayer in the opening; and
(e) forming a third insulating filmaver the conductor |ayer, 101 0 B JAN

2004 wherei n t oemeddy thes Hdtichg rsulatdnd tHdm Bigsd 2 iysHeashgatsitar e
silicon ][Hxﬁarﬂlgeefbfﬂﬂar@ {1 ¢edys by D! Asem, D1 WE{pi i fhe third insulating
or ne

filmis y using a silane, nitrogen and ammoni a gas, while the
first insulating filmis formed by using a silane and nitrogen gas in

ammpnia - free atm)s%hhere, nd wherein the fir%t i nsul ati filmis forned

at a tenperatut® hihdran FHAPDPEHE TR F TN F P m 58, A

manuf act Wd-ng-Pracessitlg asem Lanadet or device according to the present
i nvention, which conprises: (a) formng a first insulating filmon a
surface of a wherein the silicon nitride film is formed by using

mcno-silane and nitrogen.

56. The manufacturing process of a semiconductor
device according to claim 54,

wherein the first and fourth insulating films are
silicon oxide films, and the step for forming a first
opening comprises a step of etching the fourth insulating
film under conditions permitting a larger etching amount of
the fourth insulating film than that of the third
insulating film and a step of etching the third insulating
film under conditions permitting a larger etching amount of
the third insulating film than that of the first insulating
film.

57. A manufacturing process of a semiconductor device
according to the present invention, which comprises:
(a) forming a first insulating film on a surface of a
semiconductor substrate;
(b) forming a second insulating film over the first
insulating film;
(¢} forming an opening in the second and first
insulating films;
(d) forming a conductor layer in the opening; and
(e) forming a third insulating film over the conductor

layer,
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sem conductor substrate; (b) form ng a second insulating filmover the
first insulating film (c) formng an opening in the second and first
insulating films; (d) form ng a conductor |ayer in the opening; rncﬁ %ﬂ)znm
forming a third insulating filmover the conductor |ayer, wherein

first insulating filmand the third insulating filmare silicon nitride
films formed by plasna CVD, wherein the third insulating filmis formed by
using a silane, nitrogen and anmonia gas, while the first insulating film
is forned by ushageénsithanéiaﬁd pnspdgeanggdd 1w ehdatenichirdfree, and

wherein the fijrst atin m has conten er than that
of the tl‘ﬁr}%ﬂr%@[ﬂ%tflll’—\%“fﬁ% S @@%\fy&ooﬁlﬂ%@s 1 A e f%"t’:t%ir?%%a process
of a sem@gnductor device according to the present invention, which

conpri ses: (a) selectively formng a first insulating filmover a surface
of a seni condub’b@ﬁfesnbﬂlleattéllr@b)lﬂfscblrlrﬂtﬁgl% fddm dendirermnd (kY etsSing a2

regi on, J]_F sug,l %%% %fn th emnm qH_%tor §g|bst rai8 V\/ﬂ%hgl n :P{e i rst
i nsul ati ng]f nﬁ does exi s é(c) ?rPrP)rm ng % refractlorey nmet al : c‘lf'de
| ayer oveindulating fllm is formed by using a silane and nltrogen
gas in ammonia - free atmosphere, and
wherein the first insulating film is formed at a

temperature higher than that of the third insulating film.

58. A manufacturing process of a semiconductor device
according to the present invention, which comprises:
(a) forming a first insulating film on a surface of a
semiconductor substrate;
(b) forming a second insulating film over the first
insulating film;
(c¢) forming an opening in the second and first
insulating films;
(d) forming a conductor layer in the opening; and
(e) forming a third insulating film over the conductor
layer,

wherein the first insulating film and the third
insulating film are silicon nitride films formed by plasma
CcvD,

wherein the third insulating film is formed by using a
silane, nitrogen and ammonia gas, while the first
insulating film 1is formed by using a silane and nitrogen
gas with ammonia - free, and

wherein the first insulating film has a hydrogen

content smaller than that of the third insulating film.
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surface of the sem conductor layer; (d) form ng a second insulating fil mto
cover the refractory netal silicide layer and the first insulating film
(e) forming a third insulating filmover the second insulating figdiN (80
form ng an opening in the third and second insulating filnms, and (Q)

form ng a conductor piece in the opening, wherein the second insulating
filmis a silicon nitride filmfornmed by plasma CVD at 900C or greater,

and wherein the second insulating filmis formed by using a reaction gas
having a silané%and mﬁﬂpégéﬁurhnanﬁﬁﬁpass Pfed §?Wﬁ§ﬁH€P€t°€0deTH€e

manuf act Lé\ndd&d{r tq{ ¢ ﬁ‘%%’{"lom Hf r?glorgewk&q:}pst rdhed in claimb59,

wherei n the seco rmed usi ng nosi | ane and
ni trogen.(&H1. se‘l]fm:tmamﬁ}acﬂcwmrrgg [ dtiesst aifn s lsamirepnfdiulct arvedevi ce

accor di ng to claim59, 103 0 8 JAN 2004 wherein the third insulating film
is a silidot dgtl F g5t YHe o Hof ¥t ng step conprises a step of

etching thy t@dﬁ%ﬁﬁ§Uhats@ﬁlébhahéaggr_Rgﬁmwlﬁmsa peegibhingia lager
etching amount of the third insulating filmrelative to the second
i nsul ati repffidar anfl ahst epewiconductor substrate, wherein the first
insulating film does not exist;
(c) forming a refractory metal silicide layer over the
surface of the semiconductor layer;
(d) forming a second insulating film to cover the
refractory metal silicide layer and the first insulating
film;
(e) forming a third insulating film over the second
insulating film;
{(f) forming an opening in the third and second insulating
films, and
(g) forming a conductor piece in the opening,
wherein the second insulating film is a silicon
nitride film formed by plasma CVD at 400°C or greater, and
wherein the second insulating film is formed by using

a reaction gas having a silane and nitrogen in ammonia -

free atmosphere.

60. The manufacturing process of a semiconductor
device as described in claim 59,
wherein the second insulating film is formed using

monosilane and nitrogen.

61. The manufacturing process of a semiconductor

device according to claim 59,
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etching the second insulating filmunder conditions permtting a |arger

et ching anount of the second etching filmrelative to the firstﬂhqﬁwbmning
film 62. The manufacturing process of a sem conductor device according to
claim59, wherein the silicide-layer formng step further conprises: (h)
depositing a refractory netal filmover the sem conductor |ayer and first
insulating film (i) heat treating the sem conductor substrate, thereby

() onowi ng.  RBCFE Padtry ekl TPFERTBOBP LA™ | To02 PRAICD ryrit m

(j) renoving tH _ iCAsulat i ng m 63.
The manuf@ctll | BAdPT PEES Sopdn Bh$ emoganduCt Of ep dedinger aeeOr di ngtep cbi m 59,
wherein the conductor piece contains a first conductor |ayer and a second
conduct oreticdyiergy andret hethirdt comileaong | afdd s PRfRRer IR EHENSecond

conduct of VI AN L1 85, qRe QUG SR COBEAUEHAT diAXel -1 Sy dien
manuf act uring process 0 d-Sem conductor evice according to claim®3,
wher ei n tiiellf | relatdnducbortHaysecosdainsndaiciamy rMiitln dendl agerstaphid® t he
second conductor layer is a tungsten |ayer. 104 0 8 JAN 2004 65.. A

manuf act FEFY -1 ocE88 of SL Y c&H&H&FBFHHevi%¥}m dnder 2Condftidns

permitting a larger etching amount of the second etching

film relative to the first insulating film.

62. The manufacturing process of a semiconductor
device according to claim 59,
wherein the silicide-layer forming step further comprises:
(h) depositing a refractory metal film over the
semiconductor layer and first insulating film;
(i} heat treating the semiconductor substrate, thereby
forming a silicide layer over a surface of the
semiconductor layer; and
(§) removing the refractory metal film over the first

insulating f£ilm.

63. The manufacturing process of a semiconductor
device according to claim 59,

wherein the conductor piece contains a first conductor
layer and a second conductor layer, and the first conductor
layer is thinner than the second conductor layer and lies

below the second conductor layer.

64. The manufacturing process of a semiconductor
device according to claim 63,

wherein the first conductor layer is a titanium
nitride layer, while the second conductor layer is a

tungsten layer.
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according to the present invention, which conprises: (a) selectively
formng elenent isolation regions on a surface of a sem conductor
substrate; (b) formng a gate el ectrode over the surface of the

seni conduct or substrate via a gate insulating film (c) form ng dduinelitind
drain regions in the sem conductor substrate by introducing inpurities;
(d) forming a first insulating filmto cover the gate electrode, source
and drain regions and el enent isolation regions; and (e) form ng a second
insulating filmover the first insulating film wherein the first

insulating filpyeis,forne ] D h LN .51l ane and
nitrogen gas iEg'a%nﬁﬁpgg§g¥Pgén§t§%§§ﬁ§¥é9gg%.g%ﬁgggaﬁé g??u?ﬁ%éégrocess
of a senigoighitiny tslemicpnooaidi Ngrdmor L Mibbch vdwned Tsddie first
|nsulat|n&1filn1is formed by usin nmono-si | ane, and nitrogen. 67. The

manuf act urd nFPraseiesee bf FoRwiRe o A O R HY D &1 ai m 66,

“herm'1tJHEfﬂéé‘ﬁfk%'éﬁﬁﬁcéééﬁéﬂgkfgﬁﬁ%gfﬁﬁ@ﬁr conprises; (f) depositing
er

a refractory netal filmin or to cover at |east the gate el ectrode,
source re(fonfodriaia a egpton;eXgnthmdt dveattihmg sumfaem ebrduet or substrat e,
thereby JQrMOfdold Shoe LS, ovel fled eattufaslid 3010 the
(c) forming source and drain regions in the semiconductor
substrate by introducing impurities;
(d) forming a first insulating film to cover the gate
electrode, source and drain regions and element isolation
regions; and
(e) forming a second insulating film over the first
insulating film;
wherein the first insulating film 1is formed by a
plasma CVD method and by using a silane and nitrogen gas in
ammonia - free atmosphere.
66. The manufacturing process of a semiconductor
device according to claim 65,
wherein the first insulating film is formed by using
mono-silane and nitrogen.
67. The manufacturing process of a semiconductor device
according to claim 66,
wherein the silicide-layer forming step further
comprises;
(f} depositing a refractory metal film in order to cover at
least the gate electrode, source region, drain region;
(g) heat treating the semiconductor substrate, thereby
forming a silicide layer over at least a surface of the
gate electrode, source and drain regions; and

(h) after the step (g), removing the refractory metal film

left.
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gate el ectrode, source and drain regions; and (h) after the step (9),
renmoving the refractory netal film left. 105 0 B JAN 2004 68. A
manuf act uri ng process of a sem conductor film according to the,pr ? E
i nvention, which conprises: (a) formng a first insulating filnggdgf @
sem conductor substrate; (b) formng a second insulating filmover the
first insulating film (c) formng an opening in the second and first
insulating filnms; and (d) form ng a conductor |ayer in the opening,
wherein the first insulating filmis a silicon nitride filmformed by

plasma VD and By wsing, gas0aylno 3.aklans s and fiiLbaas it Biagmoni a -

free. 69. The manufacturing proc sg of " "a seni conductor evice according to

cl ai m 68,a¢tereimg the Seeomte seastl atvegt forh mwisi@h scdmpeohsexi de film 70.

The manufacturin rocess, of a, se 'conducéggn devi ce accordiqgato cl ai m 68,
f

wherein ti ¢ 7 FobhF Ry SEp 2ot VFFH iy SEMFFPREUEHRBuct or

| ayer as g,lowesrdayer and a second conductor |ayer as an upper |ayer, the

second conductor |layer is nade of copper, and the first conductor |ayer
(b) forming a second insulating film over the first

insulating film;
(c) forming an opening in the second and first insulating
films; and
(d) forming a conductor layer in the opening,

wherein the first insulating film is a silicon nitride
film formed by plasma CVD and by using gas having a silane

and nitrogen with ammonia - free.

69. The manufacturing process of a semiconductor
device according to claim 68,
wherein the second insulating film is a silicon oxide

film.

70. The manufacturing process of a semiconductor
device according to claim 68,

wherein the conductor forming step comprises forming a
first conductor layer as a lower layer and a second
conductor layer as an upper layer, the second conductor
layer 1is made of copper, and the first conductor layer

serves to prevent diffusion of copper.

71. The manufacturing process of a semiconductor
device according to claim 68,
wherein the silicon nitride film is formed by using

mono-silane and nitrogen.
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serves to prevent diffusion of copper. 71. The manufacturing process of a
sem conduct or device according to claim68, wherein the silicon nitride
filmis formed by using nono-silane and nitrogen. 106 ~ 8 ] AN 2(6%4“]22[![]1(6‘
manuf act uri ng process of a sem conductor device according to the p\L esent

I nvention, which conprises formng first silicon nitride filmfor self

al i gnnent and form ng second silicon nitride filmfor passivation,
wherein the first silicon nitride filmis forned by plasma CVD usjng a raw
mat eri al gas ha¥ing SAaHaGhring tREREEEHN A amssHilgonducdeor LRIt

second siJ ]| TR [ ' (o] | a | r rial
gas haviﬁgéﬁﬁéﬁéﬁ éﬁéﬁﬁéaﬁgﬁggﬁﬁtEgggﬁéx9§f %ﬁgcﬁggﬁ g?%f%hdﬁﬁﬁggggs of a
sem conductfirrstdeyi tecae cot tdihget 6ithaifnr72eliheddignmemnd fardstfoiminpn

nitride filmis formed at a tenperature hi gher, than that of the second
silicon M (F9UEA 114 ACom et rﬁﬁiﬁ‘ttﬁﬂ rf%spsrlovc,ae °TYf a seni conduct or
devi ce accor di pget-a;ipl ainm 724 rwherain ddhe fi¢siasi lbigan 1% t rodameti 15y i s

formed at 400" C or greater. 75. The manufacturing process of a
seni condydtamma dé@Vilceugdogr dingraw dladienizd gas having silane and

nitrogen with ammonia - free, and the second silicon
nitride film is formed by plasma CVD using a raw material

gas having silane, ammonia and nitrogen.

73. The manufacturing process of a semiconductor
device according to claim 72,

wherein the first silicon nitride film is formed at a
temperature higher than that of the second silicon nitride

film.

74. The manufacturing process of a semiconductor
device according to claim 72,
wherein the first silicon nitride film is formed at

400°C or greater.

75. The manufacturing process of a semiconductor
device according to claim 72,

wherein the first silicon nitride film is formed by
using mono-silane and nitrogen, while the second silicon
nitride film is formed by using mono-silane, ammonia and

nitrogen.

76. A semiconductor device of the present invention,
which comprises a first nitride film for self alignment
processing and a second silicen nitride film for

passivation,
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wherein the first silicon nitride filmis formed by using nono-silane and
nitrogen, while the second silicon nitride filmis fornmed by using

mono-si |l ane, anmonia and nitrogen. 76. A semiconductor device dff 1ANeZID;
present invention, which conprises a first nitride filmfor self alignnent
processing and a second silicon nitride filmfor passivation, 107 0 8 JAN
1004 wherein between an Si-H Si-N bonding ratio R according to FT-1R
anal ysis of the first silicon nitride filmand an Si-H Si-N bondi nlg, ratio
R2 according tB8hETEER  HRIWRED ofNt heSkelRond & | ROSHIRA ri 88TEPI mRt here

is a rel ﬁras_] | b S e } fandk eyiegnaccordid to
claim 76,6?('Id ergﬁw) ?Ee%g TIHFBE)(%HélZHSIEy Q?Lﬁglclg'%’ ?%Cltasﬁgl gsi S 01EI the first
silicon riitlm dendli lam i%i-HASiI-OP1ben8ing Iressdc RIB according to FT-IR

analysis of the second silicon nitride film, there 1is a

relationship of Ri < RZ.
77. The semiconductor device according to claim 76,

wherein the Si-H bonding by the FT-IR analysis of the

first silicon nitride film is 2 x 10%' cm® or less.
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