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1 PROCESS FOR PRODUCI NG Sl LI CEQUS FI LM AND SUBSTRATE
W TH THE SI LI CEQUS FI LM PRODUCED BY THE PROCESS
TECHNI CAL FIELD 5 [0001] This invention relates to a
process for producing a siliceous filmfor use in

el ectronic devices, and a substrate with the
siliceous film produced by the I%EE(:)OCGSS The present

v EROGESE EOR AROBUCING SHKEODG FIOM; AN S BSTRATE
shal | rtieRaR SEOICEORS BLT MCDRODUREFBY $HE PROCESS

i nsul ating an ronic device using a polysilazane
conpound in the production of el ectronic devices such

semf?@wﬁf@Aquﬁmgpts 15 Background Art [0002]

In general, In electronic devices such as
sen1conductor devi ces, sem conductor elenents, for

E@r@ ”ansTﬁfsofrg\g? ?Q?Féﬂ%ﬁe?% &h r6%é‘ses ?6F producing a

on a su €Se shou
eI ectri caﬂlllgeOUSulfdned for Astssr dimglejectronégi sleviioes, and a

el ement ﬁﬁﬂn QL0 WRAUHE B géédé?%ﬁﬁﬁfﬁﬁhm%ﬂ Bgeﬁhoen_process.

el enent s. IS region 1s ca ron r
I n generalhet pureseebl mventioagialsohaslates hert 8 tmehhod for

brovi ded BYniflcs shslisd GrEhes bkl Mtathe kblied for
on a surface of a Sem conduc su rate ]
t he ot herinsahakingn ame eléetroni¢ eleadceonisingdedi pedysilazane

| ncr eased. ?ﬁ@%‘utryd Cih% Eb&@@&lthﬁvg{’ e?éctrbﬂ%ﬁ%lg\‘}iggé‘ such as

have recen been T orwa € progress

i ncr ease damuzrsdy gtaemeleameatsancement in | evel of
integration nmakes it difficult to forma fine

isolation structure suitable for a necessary |evel of

i nt egr at Baakgrahind Agads to a demand for the

devel opnent of a novel isolation structure which can

nmeet the need. A trench 35 isolation structure may be
me[@00Bd¢d as drstrgenaral, sintaklectroniceetdenmicashe such as

need. In dhheesidieeot Cdelids, 2 semiconductor elements, for
example, transistors, resistors and the like are disposed
on a substrate. These should be electrically insulated.
Accordingly, a region for element isolation should be
provided between the elements. This region is called an
isolation region. In general, this isolation region has
hitherto been provided by selectively forming an
insulating film on a surface of a semiconductor
substrate.

[0003] On the other hand, in the field of electronic
devices, increased density and a higher level of
integration have recently been forwarded. The progress
of an increase in density and an enhancement in level of
integration makes it difficult to form a fine isolation
structure suitable for a necessary level of integration.
This leads to a demand for the development of a novel
isolation structure which can meet the need. A trench
isolation structure may be mentioned as a structure
suitable for meeting the need. In this structure, fine
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grooves are fornmed on a surface of a sem conductor
substrate, and an insulating material is filled into

the grooves to electrically isolate elenments forned

on both sides of the groove. $n the elenent isolation
structure, 5 the isolation region may be narrower than

that in the prior art technique, and, thus, the above

el ement gro@vas cafestfpmmed eONs ausafrfiace oof r aalsermicgnauctor

L Sl P88 UL BT Yo e

be 10 nfngM&SdtaselathﬁtG@d)Wﬂmlalterﬁim“QGNS farenedl on both
| sol at i O%ﬂjékr&PEHéggr(osc‘?\f% t?u . neﬁéfjwerﬁ’@ﬁ%‘l‘atuon structure,

docunent Accor however
t he i nsi dbeofisolation gragivas mawr bexa@mr@wemat/hag ‘ehat in the

e o i BHiofPaR tBefniQle N Mat, ChINAS IARENEHY e Blement

demanded, sone dases,
f or med vwshlatlcmnestgucmjs usedek fet rraadlzireg dethégher level of

are Caus%'téﬁrééﬁoﬁ \ﬁﬂiéﬁ 'h%sﬂ%ﬁéht@%é’{:‘%féc{é%%‘ag@&@?gt h

and i nsul a roperties of On

t hEOBOAdr handCVDn @rdkr highi-dpnsity emdasmang C¥D may be
properti erﬁe‘ﬁfth&rﬂ@d tése%c%éfr?&er%r P&Hﬂﬁ:@ A V%ré’ﬁaﬁ‘ isolation
made on a et ch™a silicon h 'S

coated atracholeut |(seetofbﬁrmmmel,ngaauer‘rh wdocbhment 1).

then heat céc{@%a(ségtrﬁggﬁ?éttho?ﬁ: Q%%e\?éﬁdr&r’ﬂe‘i’me th% inside of

silicon OXI ent do
1). Thi s fimee hotoovas hdaevexam plali h@wagt agsis ofn not more

hat . LGNS0 i I Ras et déh ehslted, is filed,

di oxi de ume 's age occCurs
cracki ng.in[ 800%¢ ¢ases,deoids wleaseefmnmgdswlhhm ddia rgrooves.

studi es haygce %?Hcgﬁ%gﬁ?ﬁgggatﬁgga We‘:%f deterjoration

pol ysi | azane i s "usée Aredh hydrox
(for exaripl ghysiteht strengtbntand mﬁhlatlng nptopeeeties of the

met hods, ﬂni t to prevent cracking attributable
to vol une S&Fégé;pe Is made by using polysilazane

V\,h[@(hOSéuses aOsnrbhe @thevohand, shromdeagto upyprove embedding

conver si o[ﬂ, ;éerﬂéé ok tq{éjxfl%%ch%gpg‘c?vé?,t "t diBs W% been

a polysil containin
made on a method in which a silicon hydroxide is coated

as a solution to form a coating film which is then heat
treated to convert silicon hydroxide to silicon dioxide
(see, for example, patent document 1). This method,
however, is disadvantageous in that, in converting silicon
hydroxide to silicon dioxide, volume shrinkage occurs
resulting in cracking.

[0006] In order to preventing such cracking, studies have
been made on a method in which polysilazane is used
instead of silicon hydroxide (for example, patent
documents 1 and 2). In these methods, an attempt to
prevent cracking attributable to volume shrinkage is
made by using polysilazane which causes a smaller
volume shrinkage upon conversion to silicon dioxide.
The method in which a polysilazane-containing
composition is coated to fill the grooves followed by
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conposition is coated to fill the grooves foll owed by

3 treatnent in an oxidizing atnosphere to forma high
purity and dense silicon dioxide and thus to forma

trench isolation structure, isgadvantageous in that

voids are less likely to occur by virtue of excellent

5 perneability of the conposition. According to

studi es treatmadd ipy anhe>pjdezeat atnvesphere howefogm a high

It was W%tﬁﬁh’ déhé@i§ili'tb?lncd10ﬁ@éahhan thus to form a
structure, in the conversion of _p?@é/m | azane to _
si li con dirercbeisodationnstructurecdsuadvantageoes dni that voids
slight differ i@ cty,on ongli,ti of et ween

t he surfa{{ee p2§$§oflllt(%§/accntgti r?écgyﬁ;l mByanS{rﬂltsctleke\)_J [ \r@i dgxcellent
of the trpgreneadiity tafuthet hentpesition.of Adeerding to studies
siliceou ' iyt irRs| [ ;

di fferenfc cir{rdodr.ﬁtle{ar1er)]guz§ﬁi%t 3? %%%iﬂ;qsr];\/{eﬁiggg,usﬁ?yvle%egh 't was
the out sifoensf that, tmetbls tendhe igokatiop strucieire, in the

siliceou ' [ [ u eqi

i thin tRSrasIER' F oy SRRes o BRI SRR, to form 2
rate is wikdeeausThilm, ptberemsia slighitf diffarempenin reaction
| ow temeididi fdd SR IRMN o Shrfgce S BEAHHERiny film
restriction of device design and process designh, 1S

carri ed and the insidéecf the tualevlenamd,etmm,nidje quality of the
devel Ope%iF??eéHgWil% H'ﬂeﬂ??‘?ﬂgﬂjé %#ttmé Iﬂﬁeﬁéﬁnbn(?iffé}le%t from
is higher at a irench par aving a hig aspec

rati o. [ Réteemualdyurednthe] siteteants Mdm 3amgthe outside of the

Sopancsa rapshy Rx atpedudii Bk oEheS oot ERUsC fiim  varies
docunent d3pdngiangedepdatde depth GudhinNothe 8PEB/€0PpDsing a
30 DI SCL | OBLEM. T ED-BY._T

| NVENTI o%ﬁ%ﬁ%c tlhr%Y\%év 0 F'ﬁg E‘%Goevﬁe)s Sﬁb%%e’%s Jﬁﬁlfc’h blem

prior artis $ilge§1ifi_pa_Btemhehnlmmitemplea{atlh)mart_rerabmemtt which is
\é: F}’Vcégusr%?]itﬁﬁé’éf'vﬁfldg fo PLOCESS I Ao QFUU AR design and
process design, is carried out. In particular, uneven
etching rate is developed as such a phenomenon that
the etching rate is higher at a trench part having a high
aspect ratio.
[Patent document 1] Patent No. 3178412 (paragraphs
0005 to 0016)
[Patent document 2] Japanese Patent Laid-Open No.
308090/2001
[Patent document 3] Japanese Patent Laid-Open No.

88156/2002
DISCLOSURE OF INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0007] In view of the above problems of the prior art, the
present invention has been made with a view to
providing a process for producing a siliceous film, which
can form a siliceous film having a homogeneous quality



5

10

15

20

25

30

35

can forma siliceous filmhaving a honogeneous quality

4 over its entire part in the formation of a trench
isolation structure by formng a siliceous filmon a
surface of a silicon substratg having concavoconvexes
using a polysilazane conmpound, or in the covering of

the surface 5 with a honbgeneous siliceous film and

an el ect rorrcitsdentice parpin $hegferreatiodeofia tremnch isolation

formed by M;@ SR %"ﬁ\'fﬁ P
[ 0008] Acsc_tg{}giflﬂrgeot%gﬁffﬁé pr glgr_]tgml%nven i(')n, {ﬁefgg%gacé of a
10 provi dddcanpr sgbstrater hraydngi ngoacsvbcoBYEXESi | mMsing  a
char acterd : Lsing.qan .i: ti X

oo no. ADTUBERRTPE IO AZE PR SARARLTRL the surface
hydr ogen widht enthemageneéeys sHeeodslFAon, sand/ ems electronic

measur ed [y, i@eS ?éi-‘ﬁgisgpsi[Tgéﬁuéﬁ”il?ﬁ%'i'ﬁ?é@tbvtl‘?@ Frocess.

surface of a silicon su a avi ng
concavoconvexes; a coating step of coating a

conposi tM@AI@%'ﬁ@h%@Q\ﬂNC@@Q’@BEEWne compound on the
substrate; and a curing step o eating the coated
subB908ie to chowerding20te hehsol psebanandnyentoumd tbere s
asilico Loxkde fil c in pres :

i nventi o:hl%t\ﬁérég iés F OV %dogqu SEE)%@LH%@ Wit h?@fceous film,
si | i ceouschfaragterizaedaby examediing: conpri sing a

siliceou I Hap=ToP» v, - -
OF THE |%\/’LN#W@§OBF%TE€'§B?'€@W e?%%?e'?%&@ (%F{:Egsr“'at'”zﬂ
si | i ceoudilin | havisg @ diveyogen o nieaseat ratvéess dhaca®x10
pr oduce pat.e. W LT ceous, fi i n
heat trzaattn%rrgrﬁ%at %S r gf]g?lg\ygﬁj/ I@\% faerrpgee:agmrag{gﬁ [ :t:mgo mass
honogeneapedtnontatryuahi aysoffadee ofi & i sicos substrate having
i ndepend tr{éé\fgco"m?%t@' concavoconvexes are present

S an

on the su fate; I both the inside and outside
of the ¢grovaingpastepcwofacbatingledeademasition t¢entaining a

etoni ng. ol S8BT E Aoyl f Mg At sE) AP Cane

time, thias csiringedep of heating the coated substrate to convert
the polysilazane compound to a silicon dioxide film.
According to the present invention, there is provided a
substrate with a siliceous film, characterized by
comprising a siliceous film formed by the above process.

EFFECT OF THE INVENTION

[0009] The production process of a siliceous film
according to the present invention can produce a
substrate with a siliceous film which, upon heat
treatment at a relatively low temperature, is
homogeneous in the quality of the siliceous film
independently of whether concavoconvexes are present
on the substrate, and in both the inside and outside of
the grooves, particularly independently of the depth of
the groove part, and can realize an even etching rate in
the etching treatment. At the same time, this siliceous
film is free from voids and cracks within the grooves.
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filmis free fromvoids and cracks within the grooves.

5 That is, this siliceous film when used in a

sem conductor el enment, causes no deterioration in
properties and has excellent gechanical strength.

Further, in the siliceous film the heat treatnent

can be carried out at a 5 relatively | ow tenperature,

and, thuslhatis,sthiscsibiceousifihm; svhkeraisad iam senpiconductor
the produqii08y, chh‘%fe‘sr RG! Eleﬁ!@?‘i'o?ﬁfio'n”ianF&?értX?érénd has
i nvol ving a probl emor high tenperature treatnent,

for exangeellgntc madbveniealystiengdhs dewttber, in the siliceous

Dr oner ! Sngueehe, B! Landont CRARIon LN YR quil at
THE DRAWMRGHIVeD10pW kegipafateirg, ands thus, the siliceous film
Cross- Se%'aﬂgglsﬁigﬁmé)ffoﬁ.thée@%%&ﬁohsﬂ Ié&'?onic devices in
structure produced according to the present —

i ln?/enti orreceRitgyeaysFinvolzing a probsemedtfi tviah vemwperature
iIlustraty r eph on,,1Sit-kU :
wor ki ng et{grgr%ll%eerttbef or Sl"%g‘b@ﬁ'ngﬁafo%weg?bgj aqlfifgeg(.:t% device
i s a crogyopsstiamatiuei dw i OXidatieni oy aa hemge in crystal
isolatio t | p: [ anpl e (after

et chi ng) rétf%%l?ﬁéif)?él g'.lpcfv}?ébggg?%%éé- sectional view
illustrating a trench isolation structure in a

Ki I ' TI ON OF
ReFERENCER R TP TIGHT (F THEBRAVRREETT 0%,
silicon nitride film 30 3: insulating film 4:

. _ : i lm 5 :
BT e Bt i ng B 1 o o2 b FeGetq VWL EEp trench
MODE FOR iSARRYO INGSTWICUIHE IpPKNUENTIEON &ccdradng] to the present
Producti RVRHRGSSS of siliceous film

[Fig. 2] Fig. 2 is a cross-sectional view illustrating a
trench isolation structure in a working example (before
etching).
[Fig. 3] Fig. 3 is a cross-sectional view illustrating a
trench isolation structure in a working example (after
etching).
[Fig. 4] Fig. 4 is a cross-sectional view illustrating a
trench isolation structure in a working example (after
etching).

DESCRIPTION OF REFERENCE CHARACTERS
[0011] 1: silicon substrate
: silicon nitride film
: insulating film
: polysilazane coating film
: substrate with grooves including insulating film
: siliceous film

AU bhh WN

BEST MODE FOR CARRYING OUT THE INVENTION
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The production process of a siliceous film according
to the present invention can forma film which is
free fromvoids and has a honbgenous filmb5 quality,
on a silicon substrate having goncavoconvexes.
Accordingly, the siliceous filmcan be forned as a
flattening insulating film(a premetal insulating
f|[WlﬂérProaILtqtmmtO@esga@ﬁSdnceottsafibmtor part in an

el ectroni ¢ eﬂgée p%&ﬁ&ﬂ%‘h‘ Viiﬁb’ce"s@e ! | Seogﬁ{éédd?, film

may be forned g ooved ["I'con substrat
fill the apceodésgatd theupnesendr inentigichcasofatmora film,

S”“Ct“rgwgase r?rsé?é‘tfrohg‘é% IrE?IW:I' hal0y kP1eomo|9enous film

descri be on a ormng a trenc
i sol ati orfjyality;tanea §|(bmm] SUletth@temhidut\gl 6ANEAYOEONVEXES.

of a silig rea{]pny]t agq‘ﬁre%éﬁg ﬁn”kearﬁ’rf)%enl‘orm%d as a

|nvent|on IS carrie accordlng

fol | ow ng‘laﬁteoe@gn@suéaiﬂognﬂaﬂ (aemmm&tal ansolating film) for
structur Ia t of f rm

an i nsuleaattﬁ’%nsw p{?\}?n&a hy grgcgﬁ)ri etnt % G{lgctronlc
|l ess 20 dewne9x1/®IZGrlaatmet‘,nBtrae asousdfibyp may be formed

secondar y %05‘ gﬁfévé&?% Ifc%'??tsrl}’b§tJP§f§'I;E?fftul?r?r‘i@fﬁnfdc?\?es and

to as on surrtace
subst r at ethhes\/rtagformnaatﬂmmiwesetatlw csfauichgrest eg hef present

o 09 AnfRIREHL AL rfefl! By N 8gcriBEAbBELY bhraRfethod for

compound on the substrate; and
heatl ng tfbemjn@t actrenbhtnsa)ﬂ@tlon stzrumzere the

zan d | id i1 .
PobddE 38R ncll ot R AR, R ckels' 3 | 7' qliceous film
process aanmxrdulmg ta thleeppeeeehtlnwevnémn,ohreabmént isocarried

the | noul @ ngc LUTHEOTHH Nt Efliointd! bEGPeaRHEStEErm o

havi ng concavoconvexeés is prov
V\/nen a trteenhm|sollatt|onrslsfuctmte;re |s forrred a

b prow Sont e e, L RAETg0L SR Joting an
desired insulatiinga{ilive haweinhg eawdh‘yedm@elescohbenbfobrmot less
al so than 9x10%° atms/cm® as measured by a secondary ion
mass spectrometry (hereinafter referred to as "SIMS
analysis") on a surface of a silicon substrate having
concavoconvexes;
a coating step of coating a composition containing
a polysilazane compound on the substrate; and
a curing step of heating the coated substrate to
convert the polysilazane compound to a silicon dioxide
film.
[0014] (A) Insulating film forming step
In the process according to the present invention,
prior to the insulating film forming step, a silicon
substrate having concavoconvexes is provided. In
particular, when a trench isolation structure is formed, a
silicon substrate having a desired groove pattern is
provided. In the formation of the grooves, any desired
method may be used, and examples thereof are also



7 described in patent docunent 1 or 2. More specific

nmet hods are as follows. [0015] A silicon dioxide film

is first formed, for exanple, by a thermal oxidation

met hod, on a surface of a siligon 5 substrate. The

t hi ckness of the silicon dioxide filmis generally 5

to 30 nm [0016] If necessary, a silicon nitride film

i s fornmedegwibedximmppateny @docwmentessupe ZvD Mengogpecific

on the f%@'fﬂod?%lié:g? st de film This silicon

nitride fil'mcan Tunction 10 as a mask in an etching

st EPORAlch wi IA pEcassdioxide filar és firat torraeds dipr example,

| ayer in i shi i i ' ' o

a¥er Tniy REENERIRA SRR Shethbl, b AISBFHIEEYE o siicon
5 gener al | ysulxirate 400 hen tHiokness AopHdteorséécen dipxide film is

coat ed Oﬁ‘ﬁr‘%{éﬁl}z@ {&% ﬂinqxi de film 15 or silicon

nitride formed. If necessary, after the
php@0teégi st filfmniesedshey, @ siliced, nitred@hitror ésiformed, for
filmis expasedai desj r e | e
to forma pa?tqi%‘r %}ﬁ?hgﬁ’lé@%ssﬁ?lter%ngy%@qggﬁ?&bgﬂogﬁsgffrmed
any desi rdlicostdioxidediinas sk skiposunériste Sitaneangfunction
10 20 eXPOSYL o THBRIPNBRS ESENTRY Set0 Wi yPHd Hescribed
one, for exanpl'é, fromthe vi ol nt of Tesolutton.
[0018] A lster, comasi arstdp 1ayer anda padishiagnstkpwbiech will be
film un b t i degang i §or Flom ag g - .
successi \%écxé?%%é%%eﬁsi Iégt E@lckgre%gd%ﬁg‘teo%@gos nf'FrI'CrIne film
as a masks gererallynd @bto A @Birsmpr ocedure, a desired

pa is for ' i1 [ L4 fd:|: ngl. .

C T8 o oxi s o Rresiis. By ChAged it e liEb A Eide film
15 dry et chext Isylicsm ngitride fim tdwsedosimddonIhinedeksary, after
filmand gi]i Laxdsde: £l . S f .
trench i stz]léatpﬁg#ogreggévte?”% 'F]Og%b%j T‘EE évs\‘/l“{?t% gb@t %gotoregst
trench i fdmatisoexposedein @ ddstredripadéteny andas tdaveloped to

whi ch th t.oresi filgmLs d he,Lr ]
i sol ati oﬁogﬁgoé\i_ ‘?ﬁ%ﬁ'ﬂé @élﬁ‘n géﬁéggigr n?a %n%%t EQﬁj?ed out .by
gener al | yaragdesineditrnedhod. S2choas IT0apky expesarabdly scanning

20 0-05 to S0 @ arflePhRoPsrédlt tRay also be any desired one,
for example, from the viewpoint of resolution.

[0018] A silicon nitride film and a silicon dioxide film
underlying the silicon nitride film are successively etched
using the formed photoresist film as a mask. According

25 to this procedure, a desired pattern is formed in the
silicon nitride film and the silicon dioxide film.

[0019] The silicon substrate is dry etched by using the
patterned silicon nitride film and silicon dioxide film as a
mask to form a trench isolation groove.

30 [0020] The width of the trench isolation groove is
determined by a pattern in which the photoresist film is
exposed. The trench isolation groove in the

semiconductor element generally has a width of 0.02 to
10 um, preferably 0.05 to 5 um, and a depth of 200 to
35 1000 nm, preferably 300 to 700 nm, although the width
and depth may vary depending upon the contemplated
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35 1000 nm preferably 300 to 700 nm although the

width and depth may vary dependi ng upon the

contenplated 8 sem conductor el enment. As conpared

with the conventional nmethod gor forming a trench
isolation structure, the nmethod according to the

present invention can realize uniformenbedding in a
narrover seNiNduc®ra @deprenpart Hfl tenmpaged with the

PULL 01 ffyadiohl TRAONLAT g TOGEANEL AdneReizoaton

trench i so Fuct ur e.
is furthetrockney e meth@@mcrcmdengmd afae [WEISh?nt invention

grooves f r [

conti nuo gmggygrgsﬁbﬁgrsubsmrb;é?ew @g Qgc fg}‘?v#&r manner to

the inside petepgroaves thus lﬁheu;ta@skerfpr thﬂ/éﬁrm@t;on of a

t he cont g t Si

measur ed r@@ygﬁ% §§|e {stli)ﬁglf:ﬂl'g?zé an %Q%&O )

at pe02ad, pref%ﬂabllr'ysuiatlnlgesﬁilmhars 1Xwothierat figrmvegl. on the

Wien the é%jét?éif@ SQPEY w&hbe%r% é‘sg @Qvﬁ{ed' tAkte. The
i ne escri

15 the above range

hydr ogen maubastlngtflkmgcram'enuumlyr@wsytheambﬁrate surface
coating f nt.ky h t of.t

present |h\l§emqm n canﬁ@t%%lg blft{:hé 2586{@& ngﬂl I?Fllené)resent
fi | m haviinyeatiimghtihg dtoyent obrityshtogem |bethe3nnsdlaiy'/ng film

any desi rg0 rﬁ%ﬁ Bggelub '§I§F§ péﬁél‘ifsfi‘?'l% E%“c”Fe%sblfhan 9x10%°

pl asma chem cal “yapor I'n partic
silicon ditorsfemf | mef@rabby bnopl basm trtansnieao {aptms/cm?®.

CoPeSus peR 15" Pyl 8BREPI bFREnL SETBRISY, HENGHReE imit o
and a si Itiheo @ boivte-idedfi rfed mafngrayeds28ebgripleds ielow, hydrogen
part1 cul ST RS REGaI ot PfieidzahBrcoziing fiim and,
chenmi cal Gmmﬁqujemtiy; tthenetfect adhthe present |nvent|on cannot
nonet oot LRe, ' The RIARERIa ErRYing s high hydrogen
brought  twrtend. can tbimfou’maed Sbyhan(sv ctelseremsmne:hiacb but is
L) T TEkrsl 862 YRS oY pfA9A Refhical, venpr deposition.
aqueous dol yranticularmaarallibeat idigxides filoat fogmieds by plasma
chemical vapor deposition using an organosilane
compound such as tetraethoxysilane (hereinafter
referred to as "TEOS") and a silicon nitride film formed
by plasma chemical vapor deposition are preferred. In
particular, the insulating film formed by the plasma
chemical vapor deposition contains a nonstoichiometric,
i.e., excessive amount of hydrogen, and, thus, the
hydrogen content is not brought to zero. On the other
hand, the insulating film formed, for example, by coating
a silicon-containing composition or the like in an
aqueous solution form and heating the coating has a
very low hydrogen content due to high-temperature
treatment, and, thus, in this method, it is difficult to
provide an insulating film having a hydrogen content
specified in the present invention. When the insulating
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very | ow hydrogen content due to high-tenperature
treatnment, and, thus, in this nmethod, it is difficult

to 35 provide an insulating filmhaving a hydrogen

content specified in the presgnt invention. Wen the
insulating 9 filmin the present invention has a

hydrogen content in the above-defined range, the _
ef fect offilnhdnptleeepresamy ényeotiofanalseaabydraganagantent in
thus, th t Ol ~filRSUl At fj f [ FiSa N

parti cul gcrhlrés ???nvgeeg.eﬂb%éveﬁér_ﬁ g’n gjﬁénl negtﬁl% I;I??m?)tresent
havi ng a iBa€N$tact @@l Yehiajhairnsgdiragdn touserthe smethod for
for med, tiﬁ%uiaeéi S &ilRh %fﬁP&‘r‘é‘n hef & Cﬁéfﬁ@uﬁirﬁﬁr limited.
the formation of “a polysilazane coating frimon tne _

i nsul at i rfgvén Iwhenkes insulatogsfibnehavingita siatisfaetorily high
ef fect of S i ti t aj ks r epf

CT 1ot o OTfdguiseahie At S8l FndoE! this rdfledd” 6P hydrogen
di oxi de fhefereorawingy aftasmthehdoiromtioapaf a polysilazane
depositi %a”c?ﬁ@ﬂ’ilﬁ% !tﬁe.aﬂ{h‘?ﬂhﬁ%gaﬁlﬁpn”?él?é‘é‘tiﬁ‘i’mpossible to
tenperature, hydrogen i's’in nmany cases _ _ _
di sadvantatgebustlyer eiféectedof r tne t peesastl anveagtioin.m Details
15 Accordi - a t [ l.agijnhg

film be&ggbmew@rﬁgt pg%E§$te{EEQEE§{'yS!Fﬁ)gzggén?%!’f{]’i r\%hen a
filmis aihcanodabkicle Villen foeneadndy | pkpsnaachemiidad vapor
necessary, e it the a '

t enper at udreed(glslqybggngrsgwny Tl%@é a'%ovgﬂﬁﬁéll%}gnﬁgr a3 0r eelevated
at whi ch telmepepatunesul athydrddém i s isor ngd. [ 0ORR]Y Thecases
SI M5 anal ysi I, N n h .

"n the | arayPeRERRRlY cfelot i, he "fiiAdEhg film.
f ol | owi nAAcmoTdiingbys theedwati tpeamiend: ob6tive insulating film

on speci aror et RrifatiofoE ff (fly3fipzgle cORHRY Yiim is

Det ect i orunfegiosable20 pnWhe92 pne[ 0O8pBEalimg treatment is

oLt PN A TR SN RERRg Fniferature
is generally 100°C above the temperature at which the
insulating film is formed.

[0022] The SIMS analysis for measuring the content of
hydrogen in the insulating film are carried out under the
following conditions.

Measuring device: 6600 manufactured by Physical
Electronics, Inc.

Primary ion species: Cs

Primary acceleration voltage: 5.0 kV

Detection region: 120 ym x 192 ym

[0023] The insulating film may have any desired thickness
so far as the effect of the present invention is not
sacrificed. In general, the thickness of the insulating
filmis 1 to 100 nm, preferably 2 to 20 nm.

[0024] (B) Coating step

A coating film of a composition containing a
polysilazane compound, which is a material for a
siliceous film, is then formed on a silicon substrate in



sacrificed. In general, the thickness of the
insulating filmis 1 to 100 nm preferably 2 to 20
nm [0024] (B) Coating step A coating filmof a
conposi tion containing a 35 pg ysilazane conpound,
which is a material for a S|I|ceous film is then
formed on a silicon substrate in 10 which grooves
have beenthThTQcHODNetShléaVﬁsQﬁB%m|f@gm¢d rini the imgulasove film in
i nsul ating | PBVEO&E%HQU% eﬂl [ﬂg@ﬁ] @g poly5|lazane
co ound usa accor o th
@Ab]i nventThe pelwsotaq@are mmamuwd ESJSatHﬁt gt thendnethod

poI ysila ound
above- desz,ag‘f}?’b %@aygn?hgo Eﬁ%g 1 Oré@ﬁon |% not Bartlcularly
5 One exanﬂlmltﬁd,amcmb’sﬂlﬁzammmtm%bl@es¢ralzadem the

conposi ti h tio I
descri beﬁbl%é%ﬂg%é ﬁ?orosﬁ?}é:rﬁjerﬂ g]\rgi %gggvﬁpuﬁpla ybgf used.
not | ess @haneramp ies off na r poeess Wbt hpraducingg a modysilazane

dehydr at g%rﬂﬁus DR nth%lleatlﬁd ttﬁéa of v edki f,ﬂ will be

20C. [00 bseque t he terrpe a ure |s regul at ed
to -20 tdekOdHednd amoni a having a purity of not

10 'Ssg(?oﬁé‘]‘ 15 [9Pcﬁ|g§oé| {aﬁ@%&x‘ﬂ% 'gﬁgﬁ‘g%c%#nﬁ%@é? thi% 99%

Here a ['aza
chl ori de ias mtrQﬂum@dwntharsilmngudeuoi rdaetmed rateck | pyridine
sol uti on. e, roduced by the
reaction elbgﬂ‘r%géh%\;gd IH % 4%({)0029] The

fil00A¥e is heSubaequemly,otmﬁaemaenat_wm i® regehatédhdo -20
the resi %a'zan”Dé‘ha a{rﬂ*glo'ﬁgégﬁa}éﬁ{g%}’?%i%gof h3¢ less than

pol ysil azane i s'reg
15 nol ecul ar99% g$1t|nb|focm5¢m:| tvoi th 590N 0idR 0] thihsystgami cHere a
d0| vent g feat %%Iﬁ/gilggaﬁg SQﬁd a%%n?&n%ﬁﬁ““ﬁh{onde as a
istillationts‘carried out a pressure of no nor e
than 50 rinHprod ucéranees producedi inubihe pyaictiare soldigani c

L%@Qﬁisusablﬁég él’ﬁrﬂo'n ﬁwdc%lgh)d& D ﬁgh'c‘édl By.the reaction

for benzene
is removed by filtration.
20 [0029] The filtrate is heated to 30 to 150°C, and, while

removing the residual ammonia, the molecular weight of
the polysilazane is regulated to a weight average

molecular weight of 1500 to 15000.
[0030] The organic solvent is heated to 30 to 50°C, and
25 vacuum distillation is carried out at a pressure of not
more than 50 mmHg to remove the residual pyridine.
Organic solvents usable herein include (i) aromatic
compounds, for example, benzene, toluene, xylene,
ethylbenzene, diethylbenzene, trimethylbenzene,
30 triethylbenzene, and decahydronaphthalene, (ii) chain
saturated hydrocarbons, for example, n-pentane,
i-pentane, n-hexane, i-hexane, n-heptane, i-heptane,
n-octane, i-octane, n-nonane, i-nonane, n-decane, and
i-decane, (iii) cyclic saturated hydrocarbons, for example,
35 cyclohexane, ethylcyclohexane, methylcyclohexane, and
p-menthane, (iv) cyclic unsaturated hydrocarbons, for
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et hyl benzene, diethyl benzene, trinmethyl benzene, 30

triethyl benzene, and decahydronapht hal ene, (ii) chain
saturated hydrocarbons, for exanple, n-pentane,

i - pentane, n-hexane, i-hexane,qqn-heptane, i-heptane,

n- oct ane, i-octane, n-nonane, I-nonane, n-decane, and

i -decane, (iii) cyclic saturated hydrocarbons, for

exanpl e, S@EEWEEphexavhexans | andl ohgeamiene (limonene), (v)

met hyl cy a : ' CY&ili

unsat urageﬁl%ﬁ?d@{a%%@plﬁ:&@ﬁlﬁgk%tp eé", délbéjl(igheatehneer’ and
and di perargsel€, (vioneskors, (foy examals, ﬁ-@utyiaﬁﬁtéle, i-butyl
di propyl ik a ni e f .
esters, fagctré}glighgrll' e, &II bﬁ{:gﬁt’aeéeﬁgpe?r}%@%t?/Félyét)e’ and (vii)
acet at e, ketamgs, fostexampled metyl i-hedyhketoard (vii)

5 s, fo : l.e, bhs I e

>, [g8ags; [ ObyFUARRL S (A byt v EhpRSiskAEHn, anc,
at the sate thensamaetimganthe sorgamic is©lvenbvisd nepnoved to
regul ate y&ih L a : t j - rang

gener al | yk@?{lgeéoﬁ}j%yﬁ\?&%dm f%ggﬁtl{ﬂ%e& &9 Pénge of
pol ysi azagrenemiposi to GO %Ysbyiweightt.ed and filtered

th a filt Wi : Si e t-han

0. WOUILS © cauher HSNGigEITe T Enpbsib ey (Pillateg and
a parti clfdteredrgheough adilteesgithharpare2sine 06 nadt more than

for € thaﬂ‘.15g/n‘f°co. éléd[lggst"ﬂe HEnBRIVEs R:ro%crgésgéptricles having
g a one

produci n olysilazane ~conposition is
pr oduct i an pardicde sdiannstért ofi mot hess ghadetk. 2i poredoi nat more

and the ps i process is not |limted to this
producti g‘ﬁ%gfgpégg only. A nmethod may al so be adopted

i nN[MB3Hh a sol Thiepabypsid gracesiss fobt piraddcitg aad palysilazane

corvent Lo PoETe e BrOEPPalNcha FPalEssdoditibe in tne

solvent t©o a“concentra
wei ght . Thresemicénveatioom @nd htheopuedoatishoyprddess is not

P OB LY IV TEPBPGYof by BERER! R Hiinod may

finally a5ofe rasthpfead3d]whheh @ evlidepoydilazdrer és@btained

conposi tigy MY, B&se s dissolved or dispersed in the above
proper solvent to a concentration of generally 5 to 30%
by weight. The concentration of the solution should be
properly regulated depending, for example, upon the
thickness of the polysilazane coating film to be finally
formed.

[0034] The provided polysilazane composition may be
coated onto a substrate by any desired method, and
specific examples of such methods include spin coating,
curtain coating, dip coating, and other coating methods.
Among them, spin coating is particularly preferred, for
example, from the viewpoint of providing a
homogeneous coating film face.

[0035] The thickness of the polysilazane coating film is
generally 10 to 1000 nm, preferably 50 to 800 nm, from
the viewpoint of simultaneously realizing trench groove
embedding properties and flatness of the polysilazane
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coated onto a substrate by any desired nethod, and

speci fic exanples of such nethods include spin

coating, curtain coating, dip coating, and other

coating nethods. 30 Anmong themo spin coating is
particularly preferred, for exanple, fromthe

vi ewpoi nt of providing a honobgeneous coating film

face. [ooBsitimaefilm ckndaceonftere ¢gtjsol #fatbec palysigazane
filmis ¥-10 to 1000 nm preferably 50 to 800

nm from&gﬁﬁpﬁylépé oi nt of sinultaneously realizing

t r ER@B6Jr oove Eh®eri digiginofer coasinganay ataas dependisg, for

polysilazégpa% c (N | caf t ti b

the pol ysilaz ng’_ g@%o%r{él o@ﬁ%@%%%esiogﬁlét ido@“gggllazane
for coat icgmpegitiany stdpendiory conding erathod, pondithens for
concentr atj;gn the | ysi 5_€0QROSs|Li ;
sol vent ?l‘dlgo% %Hglanewﬁﬂo%é Jé%%g'iq?legnggf%ﬁ §%‘f"h&@§a€’f ncgoatlng
will be dedulitises as fallosxanpl e of coating conditions
."J‘fr{)(f)@gb ws. [ 037 laddhy Y Grder 9 qﬁfplloQ/et production
i nprove-production “yiel’d,” Th many cases, el'enents are
formed orvigld,aigemany scases,actemarts e formed om ¢ large
a honogergqﬁdgst ysi | e ti f onea Si|hj

substrate avirﬁgé'a é’?églﬁofﬁﬁ%t 'f{)’lgygltlc{;ﬂanﬂg ianchggpl cheous
cont enpl a1y silapane coatingg filigi oy @ sditomatibstrate daving a
plurality;of SFepsi fess‘Efth"Faq | ¥€indRed Oﬁséorﬁerpplqted, spin
pol ysi | azane conposition is dropped on e centra

part of tdoatémgi bsimguastomnation af fewlpiratitg of steps is
i ncl udi ngéﬁcg&i\ggntral part so as to forma uniform

coating filmover the whole surface of the substrate
i_n[Qaa8amDunt Af pdgeilakbne0. compazition pisr c_ilmsmne@f on the
silicon c?e%q?éffﬁ}a{ﬁt 5f thA03 cohes ST LEAL &r 'oh teﬂ‘?@w places
spun at atelati'vel'y | ow~ spinning speed for a short

period ofincluding othexeeptml petrta sopiasi by $pead af uniform

50 to 500cqracf?ﬂ1§°filrﬂ' 8v§?ult]r?e S\ﬁﬁolet%{h@BEgagf %R substrate in

dropped polysitazane™s on over
an amount of generally 0.5 to 20 cc per sheet of silicon
substrate.
[0039] The substrate is then spun at a relatively low

spinning speed for a short period of time, for example,
at a spinning speed of 50 to 500 rpm for 0.5 to 10 sec,
to spread the dropped polysilazane solution over the
whole surface of the silicon substrate (prespinning).

[0040] The substrate is then spun at a relatively high
spinning speed, for example, at a spinning speed of 500
to 4500 rpm for 0.5 to 800 sec, to bring the coating film
to a desired thickness (main spinning).

[0041] The substrate is further spun at a spinning speed
which is higher by at least 500 rpm than the main
spinning speed, for example, at a spinning speed of
1000 to 5000 rpm, for 5 to 300 sec to reduce
protuberance of the polysilazane coating film around the
silicon substrate and to remove the solvent in the
polysilazane coating film by drying as much as possible
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25 whol e surface of the silicon substrate

(prespinning). [0040] The substrate is then spun at a
relatively high spinning speed, for exanple, at a

spi nni ng speed of 500 to 4500 pmfor 0.5 to 800 sec,

to bring the coating film to a desired thickness

(main spinning). 30 [0041] The substrate is further

spun at dfyp@lrspingisgded which is higher by at |east

50 than t in i PNi N fo ample,

a E%(ir)ﬁ%}]ng spet@eg%l £8§8fr{tj; 5%%@8%‘?5‘%05“& gTB(?OO ﬁltoperly
sec to rgegtdated depending 6or tramelgsiupeade size of the
coating fédt@t?éf’é”lﬁjsécﬁ‘e%ﬁé ﬁﬁ%'&d’rﬁ‘teﬁﬂﬁ?‘féf@d epﬂgﬂ?ﬁtfbs of the
renmove the solvent 1n the polysilazane coatin ilm

by dryi ngeisicanduetorpeksnens. 13 (final spinning).

0 ' diti b |

o aP o] oot e tePor ‘canpl e, upon {he si ze of the
substrate usedAtied the coatiegpohitbe podpsilazase ofomtposition,
e ConfuRbPesaATEthe [0AEl (QpEHarad it el to 2

the coating of - S1 l'azane conpositr ¢
necessar yprebrakiogaseep siubictatwili desulssecibetl tlatar), and the

pr ebaki n (b il be ri t , &nﬂ

the 10 mq%ﬁé%ub%g?g%]és {{entwlf@gt ergée%oéogoﬁc\r/(%rt t eert the
pol ysi | azzlysdeaanegcobting filen diol Bcsdicedud filemanduddus to
to cure Lfie gpat 'c%%tiri(%. | SpCOMDILPRBA! 6 cEReN B! heat the
the whol€ substrate, r exanpl e, In a curing oven.

[ 0044] Thehole isndsiteater, effoer ekampay fineal conringisiven.a

cu 0@34%15 ."V.eﬁhQFCL?l—iﬁatispb?éPeHarblg L PL g out using a curing
vapor -cont ai ni ng i nert “gas’™ Or oxygenh at nosphere. The

wat er vaporen ©ri aguot phate fora vettiesHaaporidontaining inert gas

converti h A 0 ili us_fil t
is, sili %ntoa&%q{de#%%gﬂ%g%hca?éawagﬁqjo?abhgmv\%t'er ortant
vapor is fprefeatibfactosilyl esgngértingn B0ey polysilazane to a

e Peas ygRbubesTton BRRe, 5 LR PORBERY e

concent r atdrorerdfration lodsthe haat8wapor is preferably not less
than 30%, more preferably not less than 50%, still more
preferably not less than 70%. In particular, a water
vapor concentration of not Iless than 80% s
advantageous in that the conversion of the polysilazane
to the siliceous film easily proceeds and defects such as
voids are reduced resulting in improved properties of the
siliceous film. When the atmosphere gas is an inert gas,
for example, nitrogen, argon or helium is usable.

[0045] The temperature for curing varies depending upon
the type of the polysilazane compound used and a
combination of steps (which will be described later).
However, there is a tendency that the speed of
conversion of the polysilazane compound to the siliceous
film is increased with raising the temperature. Further,
there is a tendency that the adverse effect on device
properties by oxidation of the silicon substrate or a
change in crystal structure reduces with decreasing the



advant ageous in that the conversion of the

pol ysilazane to the siliceous filmeasily proceeds

and defects such as 25 voids are reduced resulting in

i nproved properties of the siqj4ceous film Wen the

at nosphere gas is an inert gas, for exanple,

nitrogen, argon or heliumis usable. [0045] The _

t enper at degnperating.ng nongs tdepeadiovg uptew pomets,ypé the

of the p hhaz ; ; ; ;

conbi nat ?bﬁ%gbast%gggwwwﬁ%@%ggcF?@%rc]itlpgt’ epfe?tmg 'S

However, qaieias] iguta inepdensiephat ehéespeeratofre of 400°C to

conver sSi ot h h\Az 0@E0APO th

ST cooua 290 C R el abl22500-C P ERH0ROLE | atn the present
5 t enper at upgentign hby, virtkerod the presadeacyf thatinshéating film

adver se SLARGH QBrflCYeREasld HMSIGAES e OXUSATHE" Ehn e

the silicon Substrate of a il cry _
st r uct ur esatisfaceerily tduregdcbyaBeat traatmentt engerataiieely low

From the t%*ﬁ?ﬁ@ré{ﬂ WO -5 1 {hd .*\ﬁewgﬁéi'h‘%dgi’cﬂﬁ’éfjfrﬁﬂ;éﬁce on
t he present nvention, heati ng Is arried out I n one
step at deweperpopertids, 400Cing at2@Cloweef seatpgrature is

500C to t as 5 .invent.i i
10 of the p?@%g%gééd;f ?ﬁeﬂflﬁsgﬁgﬁ %E%f f?ﬁ&ém]ﬁtgﬁecfgn?é'%ed to a
rel ease Hypdgeyerternperatine ngtcan temparatfract sisel yrate  of

db t t el at i | .
Cenper at Grarerally BBM108 CAnify Hrd Roe cBifing fime, after the
devi ce praswivali ef,thautiengperatareoatrthetaeget trempsrature is
pref et eberldrdily X ARF tol BB hETBELAy E5T AR ' hr. 1f

a target errperature at a ure rrse ra
15 gener al | ynacassargpthe aurisngd tehepernatung of rtheatoprpesigion of

arrival aqf I t t t et .t r :

IS gene%glq ﬁﬁﬁg‘ﬁgpﬁ#@nﬁ% pr z} eaﬁ}égl 9%?&%&% %epmse.
hr. If 13mthegyasgnttimyentiomgbyevivbuatafr thempresence of the
conposi ti; . 1h ug,| aLgns re _c be__..
changed s'ﬂgg\?éts',réb ﬁ|rﬁ @\Lﬁgggréé'ﬁnfé}?ﬁ\%gnﬁ&g%agy,V%artllaféactory
of the praséngecafi hdeeadlirad dy heati treathienht adna relatively

20 el Pase YA BERpeSBHUAL 7L LNind V5L B 1Bl shETh4ERtre s
Curing atprefeored frempdhat viewpsint of the influence on device
properties.

[0046] Upon heating, the polysilazane compound is
converted to silicon dioxide which constitutes a siliceous
25 film. In the process according to the present invention,
it has been found that hydrogen migrates from the
hydrogen-containing insulating film to the polysilazane
coating film. It is considered that, upon the migration
of hydrogen into the polysilazane coating film, the
30 reaction which converts the polysilazane compound to
silicon dioxide is rendered homogeneous. Accordingly,
when an insulating film having a hydrogen content of
zero or substantially zero is used, the effect of the

present invention cannot be attained.
35 [0047] The method for forming a trench isolation
structure according to the present invention should



preferred fromthe viewpoint of the influence on
device properties. [0046] Upon heating, the
pol ysi | azane conpound is converted to silicon dioxide
whi ch constitutes a siliceous 4825 film In the process
according to the present invention, it has been found
that hydrogen migrates fromthe hydrogen-containing
i nsul at i PMprise dheheapovesistapanéeA) coat (qy. fi Ifn necessary,
is consi ; t n No| ' f ; ;
into thed{(!)(ﬁglsc% ang}ngoQ@ﬁgﬂ?i Pﬁ?{/ﬁ;éed 3(51 ?Q@P?@%I?n Wlt_h
whi ch coriler tabovie Séepsi | abdepsconpuaimdmay bel ipervided in
di oxi de i : h . i AR
i nsul at i n%@?ﬂgﬂgﬁi Wg@gﬁggroggnéggg?gq@gw” bzero Oc?fbed.

5 sup3@48ti@) Rrefzakingsstepd, the effect of the present
i nventi on canngt: a [ 3 0 1 0 ;
formng a tre%‘ﬁolpgcgl g\'?léoﬁﬁqg?r gtce%é)!r gﬁéc%%?ﬁggtgo%% with
present itingepoiysilazinge solstiotonpay dxe prebabede sThiss step is
(A to ( : ecessaly, jdi le St :
provi dedcl:”l)rr?\)éérergi Egt ﬁgwyvmr?@%qﬁ]e a &?Z"gﬁgp‘gw@g‘ﬁg in the
whi ch maybdysjagangedoatingctibvi aadi th pxiech renih e pepgsilazane
(A to ( A deser i 4 ( repbaki :

10 step Pri g%oam)ﬁéh@ﬁ@mﬁﬁgbg?ggy %3%s§%§t@§t§o?og¢tggrm'ng a
wi th thdreochsisodatine styuatiuos usngbeo iysilaziaed athosding to
step is OV Ll e .
cont ai ne&%ienbtrgggn%)gP&ginlti’z;ozrfe{nEp%ggk(mn%stﬂa%ﬁﬁaenn& F%n 'mprove
precure tthe pdepsenasanefltheoailingotisl filmp and, thus, the
par ticul g, Haﬂdbge dpphad f efgpémfgaaditﬁéﬁgﬁﬂ provided in
i solation structdre uUsing polysiTaZzane according'to

15 t he pr esarambiwvatioinowthptlkezkh oge tsteasnment can i nprove
th eness e shl, f S, t
prg%gglgig st epch; sth%r géé&%@?@%&dpt%%gm strggé(/iaderﬂ%itn()d has
15 conbi Mxémnadiopietdhenabohéckt eatin@o#v] carrietle out at a
convent i r i as
adopt ed %ﬁﬁ%gﬁpﬂ&{&%@&?gtggpﬁ'ﬁéléﬁgjudé.atlrg?ﬁ& methed, the
subst ant icdtyng dilen sstirinkspepan wWuwringp and  sdisstchaahtageously,

20the the groove part in the trench isolation structure is
recessed, or voids occur within the grooves.
[0050] In the method according to the present invention,

when prebaking treatment is carried out, preferably, the

temperature in the prebaking step is regulated, and
25 prebaking is carried out while raising the temperature

over time. In this case, the temperature in the

prebaking step is generally 50°C to 400°C, preferably

100°C to 300°C. The time necessary for the prebaking

step is generally 10 sec to 30 min, preferably 30 sec to
30 10 min.

[0051] Methods for raising the temperature in the
prebaking step over time include a method in which the
temperature of an atmosphere in which the substrate is
placed, is raised stepwise or a method in which the

35 temperature is raised monotonously. The highest
prebaking temperature in the prebaking step is generally
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coating filmshrinks upon curing, and,

di sadvant ageously, 20 the groove part in the trench
isolation structure is recessed, or voids occur

within the grooves. [0050] In Qﬁe met hod according to

the present invention, when prebaklng treatnment is

carried out, preferabl the tenperature in the

pr ebaki nqba® tberégnrageopomtd of5 theebskiviedti sused in the
carried a r

i this CoyMMegEnEt S ok PIRE At Bl 8f rehfving the
| s genereﬂq|yeB©¢r®m %edllmr eferably 100C to 300C.

gerQ03PH, "To°E the Jheb IRMNITH tRstRebiperatus in the
10 min. [webgkingt e fisr nadsed ngtehmsenp’@rrataxmme the
the pre e il

wht o't et e ESRoRERAG TBE RETARE, T Berdture of the
subst r at substrptecat, ai speaifiegivespwieseperatuneetfhoda given
i n which rahyr I .
The hi ghed%}%pr eiibglkrmﬁ tHe ﬁ]eérrgtr{fﬁtejﬁgg t{@;g%pggﬁi&nat a given
step is gemparatgurma%@bm/éhehepeoifla 194V PO tﬁm@ferahere for a
sol vent pakyst a 0 h

Vi ewpoi ntLtﬁeg P%d?] Bh T ﬁﬁzvgﬁ;ﬁrsf%g‘rran e f é Erocedure
[0052] | rcqnsastmtghoﬂ olding ¢het ﬁlebsh*ra;terat Uemperathee T1 for
5 prebaki Jrshep S t S€eh

pI‘OCGdUI‘eJ]CO%LVI s'tﬁ'ﬁurté% Eéoh(g Eﬁwtnhe eqr aﬁq@e &btﬂﬁate at
substrat eteannparatps'@ fT2, gw}mnht dspen atem‘qaémtuaegualmve the

peri od of el FBraNKd HED BOL Al N NiRHRBLT 3Ke Bheted. The
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substrate at 't few mnut es and
t hen hol dvhich ttla&sabbstlzate s hetldrrpbrtditajgeve'a te/mD@rature is

5 2 LOMEIALUIE, 26y ecthe ool CHPELRNUE Tleo 0" BrfEiature,

m nut es S rep d| fference
bet ween tm’ebtaé«pgramd&r Sb@hdlcnglCBtlangSCBS] geahzal swnificant

30 to 15Qf., &RPDhBAt drEhd Rffect of the present invention.

[0053] For example, when prebaking is carried out at two
stage temperatures, the first-stage prebaking
temperature is preferably in the range of (1/4) A to
(3/4) A (°C) wherein A (°C) is the second-stage
prebaking temperature (highest prebaking temperature).

[0054] For example, when prebaking is carried out at
three stage temperatures, the first-stage prebaking
temperature and the second-stage prebaking
temperature are preferably in the range of (1/4) A to
(5/8) A (°C) and in the range of (5/8) A to (7/8) A (°C),
respectively, wherein A(°C) is the third-stage prebaking
temperature (highest prebaking temperature).

[0055] For example, when a solvent having a boiling point
of about 150°C such as xylene is used in the
polysilazane solution and, further, the highest prebaking
temperature is 200°C, (a) in the case where prebaking is



10

15

20

25

30

35

whi ch the substrate is held at the given tenperature

is generally 10 sec to 3 mn for each tenperature.

Prebaki ng under such conditions can realize

significant 20 devel opnment ofi#Ahe effect of the

present invention. [0053] For exanple, when prebaking

is carried out at two stage tenperatures, the
first-staggrigkeut mf twnpiegeurtempepaair@sabiiei first-stage
t he rang L 4) ) i [ hs

t he seco?ﬁqéﬁgé62gém€%%i%g {ﬁn%@fgﬁrsy(ﬁg)gﬁéng C, and
pr ebaki nd eipding gask. whHenesprebekirgaispcarrigdeaut at three
pr ebaki Ng.;L$ ~C i t t 1 r ;
Phe tirsctepsormiiiaftites! profiebiv; B9E TSRl HRebaking
second- sttegeperatatia nip g@n’p‘m atldrhe Gar angr ethee alsiegoingl-stage

th : k inth
ange-of N apay ) et ifn 25 Ko rgCe e
whEW@bA]A( C) iSpeaifiaaily, d-alsagdnprdakimgthe@nper awbich the
hi ghest ' .005 )

when o soRVIRE tateh S Ralsid sFepuirSy tenfivsR e Ging at a
such as »usabty sofustagen ish€argedpoutssbakhat as the whole

sol ution Iﬁ% Ut t hj akd :
tenperat ure |aslII%O%TEEPa)ﬂfen t%%c%gggﬂ? elﬁe"%?réggkir%sed and
is 17 caeaichésothe dargeb tenyperatemper at ures, the

fi age [ at,ul:eni r : :
|LB0S3150°  PHPIRE BREHEP ST, I GIRpRRN D olsed
out at thmeaotenagsly.eitper seonparatpref ehabllg, behat least 0°C

first-st i , e _ 1 _
t he secoﬁ%-?os éagag%pl)ﬁgbogklizlﬁggfﬁeﬁfbdé{ea{:Illljéte%l%s'hil)‘%%—t%o% Hifference
175C. [ oUstweSpecthechémperatsoei nft be podnhodf i timvhi @hd the

the | Cemmeraburenl s (@ S50 HARLLOP.RIMRAATY fay point of

setting at a rality of ages is carried out 's
that, as timme whayeba@gnoebakishyosktemott be negptivat urkn other

Sofor  RAECE A SFECTERRbAR A S SPRET e ot
rai sed ragainshdie yimehethegradaent efstivaltenbpesture curve
| east 0C ¢, 300%en 8t YU Akgtivd " HFE ! e Sl¥stPY temPrature

di fference
is raised so that the heating rate is generally 0 to

500°C/min, preferably 10 to 300°C /min. The higher
the heating rate, the higher the degree of shortening of
the process time. From the viewpoints of removing the
solvent present within the groove structure and
satisfactorily polymerizing polysilazane, the heating
rate is preferably low.

[0058] In the present invention, the expression "the
temperature is regulated so that the temperature in the
prebaking step is raised over time" excludes, for
example, the case where, a low-temperature substrate is
transferred to high-temperature conditions and the
temperature is rapidly raised to render the temperature
of the substrate identical to the temperature of the
atmosphere followed by prebaking of the substrate while
maintaining the temperature. In this case, the
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15 between the tenperature of a point of tinme and the
tenperature of any point of tine before that point of

time may be zero but should not be negative. In other
words, when the prebaking tenpgyature is plotted

against the tine, the gradient of the tenperature

curve 20 should not be negative. Here the substrate

t enper at degnpesatiesell the substnate isceaisad ovee time, but the

gener al | Crin, f bl; in.

The hi ghz\cre%t)ﬁgaﬁg%tiﬂr%@’r al?(é\fﬁ/eﬁqeg, h'?égh]n..é@rtt ?_@Qﬁg&é@e o;n the
short eni rapaye caise, gpheceffectiofethempreseng inventmmicannot be
of renovi;Agd %?5'%?'*?5‘” jesent within the groove
structure and ’satisfactorily polynerizing

pol@8bPdzane, The pueposg ofr aeguilatipgetbeateypesature in the
[ 0058] | s iavient h | ~1,h ca
temper at (7 S ALPE;ERR 4 E PRl S ELRU SRR fe rise in
the 30 pghebakphingifdpiin the Juebalkingt step axd|thdess to raise
for exanpl r gt

substr at s SRR A e RumtrafE R 8 I8ifer temperature
condi t i orrésanhtengéhanetipeat danupsebsakingi byyceamnenly oadopted

render t [ a . of i ti _
b e SREEThEefing! TS MBSHASURy JEP At voias
pr ebaki ngvidhin Hiesgheoveaserehireducedi by dihg ngetimed according

t enper at yre [ : t .
Substr at 405 the BresERtiRvendd? ik npERECT cllEidited Get, but
ri se, hovievdreligwedotor egsaide eth thatheupabove e, rise in

the effe esent . nv [ nn b I
cases at tcctglnﬁégl'zs@%oég] é; %gtrbgggaet%gf ﬁeeg;uleséicliif%%g?%f the
t enper at lwubdtnatds gisslsbddntg g slysexoessisnedyntcured before

rapid te i se. ] he.eogtin j [ .
pr ebaki ngrmg Zéﬁqéﬁéééiursérﬁgvtaz!\i gfe a{%eg?lfé)rép@r A’F%llrlﬁ%&thm the
t he substtranehaisclatiomergtenyes aand ethe i gapoat ef tithen solvent

Lot . AL RCVRD) Y goRL o 8 ETEFELARE nvention
t he groowsdvasehedboat pyobhenmbyhoegalkatonglithge temperature
t he presqﬂttH@Yﬁ@BE%naassceB?t been el uci dated yet, but
[0060] In the method according to the present invention,
when the prebaking step is provided in combination with
the above steps, the substrate of which the temperature
has been raised to an elevated temperature by
prebaking, is preferably subjected to a curing step
before the temperature of the substrate is lowered,
preferably at a substrate temperature of 50°C or above
and the highest prebaking temperature or below. When
the substrate is subjected to the curing step before the
temperature of the substrate is lowered, the energy and
time necessary for raising the temperature again can be
saved.
[0061] (b) Polishing step
After curing, preferably, the unnecessary part of
the cured silicon dioxide film is removed. To this end,
the polysilazane coating film present on the substrate
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IS believed to reside in that, upon a rapid rise in
tenperature of the substrate, the surface of the 15
substrate is di sadvant ageously excessively cured

before the conplete renoval gfgthe solvent from

within the trench isolation grooves and the vapor of

the solvent remains wthin the grooves. The present _

i nvent i orsurfaceeis tfirstapvenoyrdbbgnmpbyishégal at This t9tep is a
t enper at P20 e j 0 ;

nmet hod aéi%(g}scjﬁﬁg ?Eéphe%ﬁgigpgpﬁﬁﬁﬁe@n%QWEE tkﬁg”ed out
pr ebaki ngaféeepthe pusingletraatneenbi nadilgrnatively, havhen the
above st eR% S r Y of! t -@%er- t : :
has been ralbsatelﬂﬁtgolégﬁbefée\e?a@gﬁ%%p%rE_F%\?Ie y |g\5lé'b?nb|nat!on
pr ebaki ngvithstihe edlzowd| Stepshj b @dlishingcstemgnsyepe carried
before t ﬁ{mﬁ te is | owered,
preferablrtﬁjtta a é@t%%%%tég%épg?mg of 50C or above _
anp0962]hi ghesther elpakisigngenper acardedr below. byhechemical
t he subst [ uhj t ' b " "
the 30 t dnscrarica BeREhENa, fheinaMa Pefiirag e Rl cme).
ener gy anidhe tpatishiegelyg £cMPf aray diescarriedeowe byecanvestional

agai n Ca&@%&@@@?é{ﬁogﬁal gghghrﬁéi%@,ﬁ%‘) s?gs ngfically, a

curi ng, _ e unnécessar
cured sildaoomeaicgallgeavpilabie campued. CHMP tappakatds may be

t he pol ysj a coat| Alm n S r
19 surlecge&fsré?i r%t dr&eﬁsor{/'éb b@ﬁggfﬁ%?ngmﬁnl E@azfﬁeg'ts%' for
is a polédxxampdestap. afhequd | sdliutprst epnbaiyiibg an abrasive
carried eL:the Lhg_treatpent. :

Al t er nat i%l\]/{}eqhy?é%héewtcghegﬂmqéﬁgkPﬁgtcgf%p |asnCI optionally other
addi ti onadditiwasydikpersedctimdigiati on 5 with the above

ﬂrﬁr@@i?%g ﬁ%%ﬁ@ﬁbgﬁﬁaﬁfn?/[ 886;?lr rTlh:dpoloimshi ng is

carried out byImhd]ha:aIabompalmd)léalhirm)I istleippg most of the

e e L

agent andsylmtirate rgurdppar it rem®pedi f iloaldrderato remove the
remaining siliceous film, further etching treatment is
preferably carried out. An etching liquid is generally
used in the etching treatment. The etching liquid is not
particularly limited so far as the siliceous film can be
removed. In general, an aqueous hydrofluoric acid
solution containing ammonium  fluoride. The
concentration of ammonium fluoride in the aqueous
solution is preferably not less than 5%, more preferably
not less than 30%.

[0064] In the trench isolation structure formed by the
conventional method, in some cases, the quality of the
siliceous film within the grooves is different from the
quality of the siliceous film present outside the grooves.
Due to this drawback, in some cases, upon the
treatment of the substrate by the polishing or etching,
for example, the groove part is recessed resulting in a
deterioration in quality of the final product. By contrast,



commercially avail abl e common CVP apparatus may be

used as a polishing apparatus which can use, for

exanpl e, an aqueous sol ution containing an abrasive

such as silica, alumna or cerji@, and optionally other

15 additives dispersed therein. [0063] (c) Etching

step In the above polishing step, nost of the

pol ysi | azanthdekrienst $s0liatkpusstrurtn e dosmedby Hoe method
subst r at i ; (A I

20 remai %c?grg?'ﬁgcte%ugmpfn&?iﬂ:tlﬂgr%%é{(%:rﬁi %Q@?)ﬁ?ﬁl!}&ntof the
is pref dilanl ys cdamegemngousin anadhi bigusi gtihve iproduction of

general |l y [ j t; ; hi ng
liquidis rﬁoﬁﬁqﬁa@??ﬁfﬁ 2%%1,1 4 prbBer{iESis AOSSIBIE

5 si [0QebysSubstratarwlid sli@@owsdfilmn general, an aqueous
hydr of [ uori c j i cont:al-aj lmné]é :
fluori de. Theaﬂégn%gon%?ék% gﬁﬁgfgggrhargﬁ?grgnﬁl uor |cg{epdilrr]ig to the
t he aquedquresend! imvention gras dvednypnodureds biyhan magduction

more pref srably (pat o) ureJ$ﬁWn§§%giﬁq%2ﬂb§'@vé'ﬁ? connection

trench i solation struc or ne

convent i omdth biee hoethod femérenckssotdtdoqustiruciucs foneation

siliceou [ .1 hin, t he groqQv [ If nt £ -
10 t he qualsai{ )?Idgfe\%i'ﬁlpé?i i ggotlg%f ?F]r?isg'i%gen E@u% séiligggpﬁlg film,

grooves. sibae thet gualitly aobddle diliceous titweds hporogeneous

the tre f . i.shi: .
ol eh o BT @yt SHRELERL N, KhE ARARINRS) Stgenatn i
resul tincpalsa dhomegarienus.i on Furtijesl iewenf wienf ietahing or

pr oduct . . rast i h emﬁg [ i, 0
struct ure[ﬁ%/lé)sﬁﬂn@g’ gyg/ ??iég?r%tﬁgg’ ecggegor [ r?g?%tq{oéq%%egnd flatness
15 present icarenbeomatintainedl iand ofcamgeqdéenbhyj sexcellent final
horrogenej:}i%dlg&g,cérpibse 'i—BSicPé&’dUC“ on of products
Sire 8 ]

havi ng d properties Is possible. 5 [0065]
Substrate with siliceous film The substrate with a

el OBy AL L0t Pon prbcess of A s | ceous:
fil mdescri bedThdopeesantoimeention will be further described
20 with reference to the following Example which illustrate
a contemplated technique for embedding element
isolation grooves of STI (shallow trench isolation)
structures in conjunction with Fig. 1.
[0067] A grooved sample for the evaluation of a
25 construction as shown in Fig. 1 was first provided. This
grooved sample has been formed by depositing a silicon
nitride (SiN) film 2 on an upper surface of a silicon
substrate 1, for example, to a thickness of 150 nm and
then forming grooves by lithography and dry etching
30 (five grooves are shown in the drawing). In this case,
for all the five grooves, the width was, for example, 80
nm to 400 nm, and the depth was, for example, 450 nm
(the depth of the silicon substrate part was 300 nm).
[0068] A 20 nm-thick silicon dioxide film 3 was deposited
35 on the grooved sample having the above construction by
plasma chemical vapor deposition (plasma TEOS) using



5

10

15

20

25

30

35

with the nmethod for trench isolation structure
formation 10 as an exanple. In this substrate wth a
siliceous film since the quality of the siliceous
filmis honbgeneous over thegyhole siliceous film

t he nmechani cal strength is also honpbgeneous. Further,
even when etching or polishing is carried out, the
honngenefE@OSnaSﬁiaHHEHSSQEFCQn be mai ntai ned and,

tl t f
CoIOsEYE™ | oetfE Rk, 'qB%ide PR w8 ed using the
be furthe’crbme%cwhalsma ‘EEQ& tU&ChéﬂGuenU@dm the following film
fol I owi ng Fﬁﬁﬁgme\g@lﬁgdsl 'VEU§}§%O®§W6WE%e§nd source

t echni que el enen i on grooves
STI (shalpmer/tyashpomratﬂa@)s/&u Ru&AdD isecm, SRF/BRF =

conj unctig {?Wi@pﬁg\ﬂhﬁ?d [s%‘éﬂali%l te é’q‘éﬁﬁ"f‘&m% 85C

the eval uation o0 constru own in
1 RQ70irst prolMBed.armeysis graJ'WedT@ﬁrpII@eW@serGeent have

formed bycdehsh!! i fie! Masntd | Tedss Tfh [ddiidined an

on an upper surface of I cOn ~ subs
exanpl e, emeassu%ecanmnbfoﬂmmWam GmlflcaHyngaccordmg

grooves hy {H%wgpgw @/gds dflé(e‘:i;o‘m: (%Phglfd'r?ﬁgen n the film

grooves are S
all the fwas @b@ut/e%xl%eaﬁmﬁ/nmvasanﬁorammbng teothe TDS

nmto 40 e f e
(the dept%ﬁ]éws?%e ?%o(gé@dmﬁdattg § ﬁ?ﬁpmggegog\pan%meleased
[ 0068] Afmnhrthtehufmm shl veouo dabya dtennmeratklrmaround 350°C,

denost t e 0oL HEaohAgyEin AT B8 hodrddien 2bove

construction snma Chem ca depos
( pl @G ] TECS) Mspmlg/smazahmsohstlanswlauscb‘nelsqmretpared A gas

[0069] T ide fi f u h
above pl 25%@6%8{1 )réfeéme urhglg h(;alf %rtfﬁgr Séf?‘?l rgn Dewar
form ng cordlensers wamoangad ohow fcmrenmdat&do[ﬁllasdz( having

1400/ 2000 W TR ALEERITE.Of ibple SE SLrSeuo yBo) The

SI M5 analatsnesphdrdD8 teas@aeton Viessel was replaced with dry
nitrogen. Dry pyridine (1500 ml) was then placed in
the four-necked flask, and the flask was kept at 20°C on
an oil bath. Upon subsequent addition of dichlorosilane
(100 g), a white solid adduct (SiHCl;-2CsHsN) was
produced. The reaction mixture was cooled with ice,
and 70 g of ammonia was gradually blown into the
reaction mixture with stirring. Subsequently, dry
nitrogen was blown into the liquid phase for 30 min to
remove excess ammonia. The product thus obtained
filtered under reduced pressure in a dry nitrogen
atmosphere through a Buchner funnel to give 1200 ml of
a filtrate. Pyridine was removed by evaporation with an
evaporator to give 45 g of perhydropolysilazane.

[0072] This perhydropolysilazane was dissolved in dibutyl
ether, dried thoroughly over a molecular sieve, to give a
solution having a concentration of 20%. The solution
was then filtered through a PTFE filter, pore size of
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reveal ed that the plasma TECS fil m contained an
excessi ve anount of hydrogen. Specifically, according
10 to the SIMS analysis, the content of hydrogen in
the fil mwas about 2X1021 atnsfcnB, and, according to
the TDS analysis, it was confirnmed that hydrogen was
released fromthe filmin vacuo at a tenperature
around 350&nmi, @i gine Agpehysilazane splutiednt ai ned

hy . 15 [PQZ1 ' el i e _
prg%g?gz. A ga@qgi h?ﬁf}%ﬁéc |oéna%ﬂggl,(ﬁg ﬂr&éjcﬁgbn%zrl]éa Was spin
stirrer, coaded bevkarm canplelysélazame coadinedilon 4. The spin
four-nec S ai an jinterna I 0

e 2o e Hating At ol fled Bulth of & h%ééﬁh%'?‘é”i%p%%% of 2000
reaction npees30 ses replaced with dry 20 nitrogen. Dry

h @i 150 - | ¢ foure
P87 g he Tr LR GRSpl 12, BiYs JEFKR was
Upon subgBgaedt irnadimaten \vipaii-coindaosingoxidizing apmnoaphere

white sold t ] . 2Cs ; r ed.
reaction fggx?ﬁeée\/\/atg%g%l(ggﬁ' W t %@%&"gn% g)oéi@ﬁazane
anmmoni a watimadibml ¢ maswheai dreaked risaen dhOriadimoesphere
with stirmjng. Yendry [.it0 . o

U St TGH28 coRRAHRRIT Y00 coleroges. 1 Al i 400°c
ammoni a. fohe 30 odotn @ings viasai tleein fheater kreatederin an  N»

e BTG, 000 OSD gl IR T treotment

t hrough a unnel to give
filtratew®yricimedaoutenivedahy exidioing i furmacedr anF-1000

evapor at o 0 gLYe- 4D g, ROWSTTIERAS! SP5HEIaT0 , LTD.

[0072] Thi's pernydropol’y azane was sSolved i
di butyl Tsr a shingdet havigyldd gooseructionl & gshawn in Fig. 1

si eve, t ' 5 solution having a concentration
of 20% %gé\s‘cgfﬁ}?dgn was then filtered through a PTFE

fi[@@7V5]dotamgileel of 22 50-nm to give a polysilazane

oot v A PR BIECHEE, ARS8 ranner as in

coati ng fExamypleTheexgiept et &ng0wan-thiak sdicont matride film

mai N spi %39‘%%8£ité80|91stéaap&?‘ %ﬂes[?l%'sma TEOQOS film shown in
Fig. 1 by plasma chemical vapor deposition (PE-CVD).
The silicon nitride film 3 was formed by the above
PE-CVD under the following film forming conditions.
SiH4/NHs gas flow rate and source power/bias power:
SiH4/NH3 = 55/110 sccm, SRF/BRF = 4400/2600 W, and
substrate temperature = 400°C.

[0076] SIMS analysis and TDS measurement have
revealed that the plasma PE-CVD film contained an
excessive amount of hydrogen. Specifically, according
to the SIMS analysis, the content of hydrogen in the film
was about 1x10%!' atms/cm?®, and, according to the TDS
analysis, it was confirmed that hydrogen was released
from the film in vacuo at a temperature around 350°C,
indicating that this film contained hydrogen.

The film formation using the polysilazane solution and
the heat treatment were carried out in the same manner



[0074] The polysilazane coating film4 thus fornmed was
pl aced in a water vapor-containing oxidizing

at nrosphere for heat treatnment. Specifically, the

pol ysilazane coating film4 was heat treated in an
H20O at nosphere 10 (H20O concentration: 50% carrier
gas: oxygen) of 400C for 30 m n and was then heat
treated i35 ah EBNAM@l@dsphere of 700C for 30 min. The

he (TN j ut in an oxidizing
f or007 79 S tilarathe EXmite 3 by KOYO THERMO SYSTEMS _
CO, LTD. 15 Thwampleawpiseprepared dnctietsarmie omaser as in

shown in @%‘np*e wa%xfc%@'f%at[ Qqé]n#?@gglﬁsﬂic%ﬁ?ﬁﬂ]i&e film
was prepared I'n the sa manner as I n anpl e 1,
5 except t haas aepositedhinstesdl otthempkasinda TEOSH fikm shown in

deposi t ed;jnst 8ad Qf - l-aspg T EOS. ¢ oW .

P 1 by B s ot G Ret @ CTOLELR CVERAIRAT iyl de film).
ThEO@V8ilcon nithéedsilicom Biidef silmed3byinseladbwyefilm) was
PE- CVD u e oW N0 F fiey m L] ons,

Si H4/ quggéq¢¢owgﬁ{aq emaé]ndafs)gt/r@ce!'%?v\\@?/ E?Qghtdo‘%r?”?&r the
Si H4/ NH3 foll®syingo fikkomfosmrNBRRCGNdiABD12609IHA Nehad gas  flow

10 subst rat %a&@@eﬁg%ﬁkﬁ 400C. dgf@;@tﬁlg : nagyl iSC@.@strate

TDS neasurenent eveal e asma PE-
fil m contteimperatiureexcé8i°e anount of hydrogen.

Spegidieal |y, iAgn30: Ps
oorka0753; ' i e Lo iy AR BIAT WAt Gunt o have a
at ms/ cnB,gaodl, quatity dand to hlaweTEs loanahydiggent consent by

confirne d r n Sy I d m ¢ falmin
vacuo at %éhﬂgrcrrtf@ggt @?g Eﬁ@?ndﬁ[ég‘é,g -ll_% Scaﬁ'il?ﬁg Etohg‘lfm SIMS
15this fil mrayss naddydr ofeh. 3balysisfi | nTher naiMén analysis

o o HRAEH, PR SRL U RRLBE BE Rl in, she, fim was
i n Exanplabaut [loa20° ebmsiicanri,vengxihpl DS Aanalysis revealed
was prepapeq | B EBRtSPIF MRENFEIsd of adsorbed water, gas

release was not observed even in vacuo at a
20 temperature up to 700°C, indicating that the film did not
contain any releasable hydrogen.
The film formation using the polysilazane solution and
the heat treatment were carried out under the same
conditions as in Example 1.
25 [0080] Comparative Example 2
A 20 nm-thick silicon dioxide film 3 was deposited
by plasma TEOS in the same manner as in Example 1.
The sample thus obtained was once annealed in a
nitrogen atmosphere at 700°C. The annealed plasma
30 TEOS film was found to have a low hydrogen content by
subjecting the solid plasma TEOS film to an SIMS
analysis and a TDS analysis. The SIMS analysis
revealed that the content of hydrogen in the film was
about 8x10%° atms/cm?, and the TDS analysis revealed
35 that, except for the release of adsorbed water, gas
release was not observed even in vacuo at a




Exanpl e 1, except that a 20 nmthick silicon nitride
film 5 was deposited instead of the plasma TECS film
shown in Fig. 1 by | ow pressure CVD (LP-CVD silicon
nitride film. [0078] The sildgcon nitride film3
(insulating film was fornmed using the above LP-CVD

techni que under the following filmformng _ _
condi t i orf€MBEraluNIEBUgato AN CL0indicating HaatwBe=film did not
55/110 s ] a?ﬁ“? e e = 700C. [0079]

The LP- s_tl%llliqcon EH% ebl%i ﬁ?na\r;\gé%bund to have a

good quallitt yisarPnsidraed shadw aydacgen acoausist afy hydrogen

subj ecti %ﬁdﬂézné‘%indtﬁ{e%lﬁ J&@gfsi)l%ﬁﬁ% #03 YRt Formation

anal ysi s an anal'ysi s. V5 anal ysi's _
5 reveal ed waat releasasht byit tbe lyurerjéngi dreagnentm wdde film

about 1X . TR/ t | ¥si Srikgvealie
Chat, excontqugn R ptis Py anE 18| duibR 8fC the neat
rel ease Viaeabmerdbwereech e dut uades tite sapoe conditions as
t enper at ypegURnife’POC indicating that the filmdid

not contain any releasabl e hydrogen. The film

f of®@8ildn usi nphereafierysfomzahe saboavieonfaud gsareples, the

10 heat tre%‘f‘?&‘éti\‘?‘@@g‘r}eg{ é/\'/fg @EEEHEQQ{ tH& Pesults were as

conditions as in nparative
Exanpl e Zusnpoarizednbelovsi | i con dioxide film 3 was

deposite ma TECS in th manner as in
Exafiplet bt arned.

Exanpl e 1. sanple thus o was once anneal ed
in a nitooyewlatdrosphere at 70dC44the anneal ed pl asma

by subj SRR LA Bk pIEdr e 1 Po an Si vE
15 anal ysi s ReferanteSEgamiylsel . Thel .8UMS anal ysi s
oees oS8! abAgeopALSRL ShollUERC ALK LaniRfes, the
35 that, mdysjazaoe cortingl Biwed ovasdssilbzh waoxide Gias.
{ el 2 e 35 M cat i ng that the film did
not A sample was prepared in the same manner as in
20 Example 1, except that a 20 nm-thick silicon dioxide film
was deposited instead of the plasma TEOS film shown in
Example 1 by plasma chemical vapor deposition using
SiH4 and O3 as a source.
The silicon dioxide film 3 was formed under the
25 following film forming conditions. SiH4+/0O, gas flow rate
and source power/bias power: SiH4/0> = 50/100 sccm,
SRF/BRF = 4500/3000 W, and substrate temperature =
250°C.
[0083] SIMS analysis and TDS measurement have
30 revealed that the silicon dioxide film contained an
excessive amount of hydrogen. Specifically, according
to the SIMS analysis, the content of hydrogen in the film
was about 1.5x102! atms/cm?.
[0084] The film formation using the polysilazane solution
35 and the heat treatment were carried out in the same
manner as in Example 1.
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contain any rel easabl e hydrogen. It is considered that
a |l arge anmount of hydrogen contained in the film
during plasma TECS filmfornmation 5 was rel eased by
the annealing treatment. The f4d m formation using the
pol ysi | azane solution and the heat treatnment were
carried out under the sanme conditions as in Exanple

1.[0088] | Exarmapdatd er, for the above four sanples, the

10 f ti ' ;

2s | summari sed eTDRIERYERIPLE e Gl L SR LTQHAES as in

Conpar at iExamBpdapl eexcephidhats R4 ananlddclocilipbs dioxide film

1. 444 Th%ﬁ?%’%{){)ﬁ%é ti$ist 9% bf'ghe él%{sn‘?é'TEb% film shown in
the ~ po iTm4 was ™ a

sanples, T ysi''azane coating - _
silicon diigxi Hebyillow-presssre ekanprcal Iapaamsipsition using
prepar ed &y t in 20 Exanple 1,

except th%'?“agggsggw%}%g%ﬁ i'con dioxide film was

deposi ted i nstEae siliqome dibxsthe TEAS3f iwas stoswned nunder the
Exanpl e I : Wo : o0& Ly ' .
EXAPL e FgYbuBh Bivf REFGAL AMBIAREOSIL Y, 0w rate:
was for méiHuifer =t 8/108 $atmeviulstratenteonpenture = 700°C,
conditio ' ga rate and source

power / bi ;éiﬂ'dp v'\‘/e@r%égﬁ?l_ih;—%gw: 50/100 sccm SRF/ BRF =
450008600 W apEMSubstnalysis erped at TIPS = m2aG0.refoest] have

S| M5 analr%?)e%léadat-ﬁ%% ﬁ@r%ﬁm H?(‘f)‘aglesofihﬂve@&ﬁfjaiged an

that the silicon di oXi mcont ai ned an exceéssi Vv
amount ofextefsigenan8pert fafcdlyidrogarcor Siperifitallyheaccording

lusi _ . : _
ves about Ut USS e Ae thes in%é?ﬂ‘@?é?hﬂ She film
usi ng t hevaslautaiahel 86t atimsycrds and the heat

g:ﬁ;r‘:mfﬂ@rﬁlnqa?&irﬁgtﬁm ddng"Ehd2 PR 1y S e 2Solution and

the heat treatment were carried out in the same manner
as in Example 1.

[0087] Example 5

A sample was prepared in the same manner as in
Example 1, except that a 20 nm-thick silicon dioxide film
was deposited instead of the plasma TEOS film shown in
Example 1 by low-pressure chemical vapor deposition
using TEOS and O, as a source.

The silicon dioxide film 3 was formed under the
following film forming conditions. TEOS/0;, gas flow rate:
TEOS/O, = 50/100 sccm, substrate temperature = 700°C,
and pressure = 1 Torr.

[0088] SIMS analysis and TDS measurement have
revealed that the silicon dioxide film contained an
excessive amount of hydrogen. Specifically, according
to the SIMS analysis, the content of hydrogen in the film
was about 1.2x102! atms/cm”.

The film formation using the polysilazane solution and
the heat treatment were carried out in the same manner
as in Example 1.
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25 [0085] Exanple 4 A sanple was prepared in the sane
manner as in Exanple 1, except that a 20 nmthick
silicon dioxide film was deposited instead of the
plasma TECS filmshown in 5 Figgg 1 by |ow pressure
chem cal vapor deposition using SiH4 and 02 as a
source. The silicon dioxide film3 was fornmed under

thEOOBSI]IEN@_Im_QL@m form ng conditions. SiH4/02 gas

flow rate: b

tenper atur e = S0UETPIE0 asaPpe et SHEERE e mapper as in
SRS analli;»sampdaon,Tascemast@raérmrao manethickvalicen digatide film

the sili i t C
ot of VB SR EE. 3 PRE PsrfAoPEOS Ry shown in
SRYS anallibsamplehé bynreptd dmelfgnmabg@pcmtuplme ursmm Sid+ and
was abouty @%@5/ cnB. The filmformation using

t he pol ysﬁf azane SO i'on and the heat treatnment were

carried out inlTheesdimon rioxéde &bmi B Bx@splogmed under the

[0087] ExaNeAgy, A TR A RERAIES S REG 28BS flow

manner as in except 0 hm
silicon diadgt deSiHkMQas Hepdd/Red i nstaad ofindhe substrate

plasma T owng Exanple 1 by | ow pressure
chem cal I%gﬁjérl’%@elﬁ%m t Qp CUSI ng TECS and 02 as a

sol@@80] 25 TheSIdﬂS| ccanajysm deanid | ”T BShagnieasurénu@dtr have
the follay '/lolgﬁ‘afztor /éigaﬂ%q{ L P8idel 02-8R€ined an

flow rate: sccm “substrate
t enper at ucessroeGamainit mfesydrogent T&rpreufmmm according

SI M5 analys r r e
that the )él r|~?cg)grr1ﬁt/ld§OX|éolnégiy’l ﬁnqgcr)gnotr{;t{éne tSRyd%galn th the film
amount ofwagdrioyenl. Spkor lactms/y:m%.ccordl ng to the

oo 5 SRt VA8 b 0% LR solution
t he pol ysindzidre keduttireatenaent were carried out in the same
manner as in Example 1.

[0091] (Measurement of film quality in deep part of trench)

At the outset, a substrate was cut in a direction
perpendicular to the longitudinal direction of the grooves,
and the groove part in the cross section was observed
from a direction perpendicular to the cross section at a
magnification of 100,000 times under SEM (model
S-4600, manufactured by Hitachi, Ltd.) to measure the
length (a) from the grooved substrate 5 including an
insulating film to the surface of the siliceous film 6 as
shown in Fig. 2 (before etching).

[0092] Next, the substrate cut in a direction perpendicular
to the longitudinal direction of the grooves was
immersed in an aqueous solution containing 0.5% by
weight of hydrofluoric acid and 5% by weight of
ammonium fluoride at 20°C for one min, was thoroughly
washed with pure water, and was dried. The groove
part in the cross section was first observed under the
above SEM at a magnification of 100,000 times from a



35 the heat treatnment were carried out in the sane

manner as in Exanple 1. 26 [0089] Exanple 6 A sanple

was prepared in the sane manner as in Exanple 1,

except that a 20 nmthick siligon dioxide film was
deposited instead of the plasma TECS filmshown in 5
Exanple 1 by rapid thermal deposition using Si H4 and

N20 as a doeclien waépgnm@d@rdto)mh@ecr05$nsaec/t¢@nfm fpgasure
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filmcontaine excessi ve anount
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cont ent dr n i 5
at rrs/crrBoc'fr?Eé fé%&ﬂ%h ﬂ?@ofrqelu es]c tq@%pgﬁiy §¥68% was
sol ut i on okEarvVigte Uveder t treat a’eovemérEdVIcatr aecﬂnagnlflcation of
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out set, el rfaom vz eitthen sanaplee@ti an angle of elevation

10 Per pendi G %g) : eg‘ljé‘vaesI QY W?é Pﬁh9ﬁ6é?§ﬂﬁ8&' oef d e > Ltching

gr ooves, roove oss 56CtT on
obser ved lehgdm a(cah Meas i ﬁalqydapedldlbcyulia'ngonometryr <f$9m the

O g : 10 %
Crodel 22205n087thiel BABLO8rSin DU Rig, BE{afif g 2).
nmep30P4 ]t he I“_élngtetc(M)wgfiemgtrhe(cgrbmté\@ sleeqrasit past of the
|71 00 " A e BRldTHE b5 PHENRRICDL iR prooves

15[0092] I\Ie(ﬁs,petdheraatw@%trdtceeoafdmglry,athe retchii g Iength (c) was

perpens! GHeacurdl 3. bREOLBR LR, yEREI(AS rfh, D nm,
cont ai ni RPO. rﬁ%k@nd Wl @mmof hydrofl uoric acid and 5%
by weight of tha etching rate (A) regarding the inside of the
fine grooves and the etching rate (B) regarding the
20 outside of the grooves were determined by calculation
using the obtained data (a), (b), and (c¢) as follows.
(A) = (©)
(B) = (a) - (b)
[0095] Regarding the state of interface after etching,
25 whether or not the inside of the groove and an oblique
line part shown in Fig. 4 (after etching 2) are smooth
was evaluated using an SEM photograph. Since the
state of etching interface varies depending upon the
width of the groove (aspect ratio), the state of interface
30 was evaluated for each of grooves with four widths (80
nm, 100 nm, 200 nm, and 400 nm).
The results of measurement obtained by the above
method were as shown in Table 1.
[0096] Further, for the samples of Examples 1 and 2 and
35 Comparative Examples 1 and 2, the element profile in
the depth-wise direction was again examined by SIMS
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insulating filmis a silicon dioxide filmfornmed by

pl asma chem cal vapor deposition using
t §rjaet hoxysi ITéee. process according to claim 1, wherein the

insulating film is a silicon dioxide film formed by plasma
chemical vapor deposition using tetraethoxysilane.
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[3] The process according to claim 1, wherein the
insulating film is a silicon nitride film formed by plasma
chemical vapor deposition.

[4] The process according to any one of claims 1 to 3,
wherein the heating treatment is carried out in an inert gas or
oxygen atmosphere having a water vapor concentration of not
less than 1%.

[5] The process according to any one of claims 1 to 4,
wherein the heating temperature in the heating treatment is
400°C or above and 1200°C or below.

[6] The process according to any one of claims 1 to 5,
wherein the thickness of the insulating film is 1 to 100 nm.

[7] A method for forming a trench isolation structure,
comprising providing a silicon substrate with concavoconvexes



[3] The process according to claim1, wherein the
insulating filmis a silicon nitride filmfornmed by
pl asma chem cal vapor deposition. [4] The process
according to any one of clainpg 1 to 3, wherein the
heating treatnent is carried out in an inert gas or
oxygen at nosphere having a water vapor concentration
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as a subs rate grooves r trench isolation

structure fornatlon and the grooves are enbedded by

the process according to any one of clains 1 to 6.

[8] A substrate conprising a trench isolation

structure forned by the process according to claim?7.





