1 METHOD FOR FORMING SILICON DIOXIDE FILM TECHNICAL FIELD [0001]The present invention
relates to a method for 5 forming silicon dioxide films in electronic devices. Specifically, this invention
relates to a method for forming silicon dioxide films used for providing insulating films in electronic
devices, for example, for providing shallow trench isolatidn structures, in manufacture of 10electronic
devices such as semiconductor elements. BACKGROUD ART [0002]In an electronic device such as a
semiconductor 15 element, séhti¢ot{dctdp RerSFSMEN &s IdriSiSidird) Fesidioks fladvthe like are generally
arranged on a substrate. Those parts must be electrically insulated from each other, and hence it is
necessary to provide isolatloﬂz[?%tﬁﬁ ? the parts so as to separate 20them. [0003]Meanwhile, in
the field of electronic device ensity ancl'lntegratlon degree have been increased in recent years.
According to the incrE¥28 %l the derdi§ aptriPREGrativretdifiBe eladepetoma diffietinad fdah 25
isolation structuges minute erfeugtinig Mefidba nefdsiiategiation degrefancbhencaliéhirebeen required

to develop new isolation strugﬂl{eﬁﬁ@g\lﬁ mqﬂﬁa‘ qﬁ% T@Rser%%‘\qﬁgolqgon strH%%%sdm (fle a trench

isolation structure, which is for by C vmg e tren es on e surface of a semiconductor

substrate and then filling the tREARHES FHSMEGIRHY SnEIERRIUSSESTRY REQYICHMY SESAHAE RS art
positioned on one side from dilotkeipael ecttios othdesitde of dach ¢reaoiplEhefsirupoeithimgseparating

the parts can reduce the '5°|%T|‘%ﬂ|BWat?éﬁFqgm%ﬁgﬁN'ﬁlﬁhﬁt‘Pﬂ%‘ée”m”ﬁh§HH‘F§H&%@”§f'S

accordingly effective in achieving the high integration 2
gy fB |e troni ngwc s such as semiconductor elements.

BACKGROUD ART

[0002] In an electronic device such as a semiconductor
15 element, semiconductor parts such as transistors,
resistors and the like are generally arranged on a
substrate. Those parts must be electrically insulated
from each other, and hence it is necessary to provide
isolation structures among the parts so as to separate
20 them.

[0003] Meanwhile, in the field of electronic devices, the
density and integration degree have been increased in
recent years. According to the increase of the density
and integration degree, it has become difficult to form

25 isolation structures minute enough to meet the needed
integration degree and hence it has been required to
develop new isolation structures satisfying the needs.
Those new isolation structures include a trench isolation
structure, which is formed by carving fine trenches on

30 the surface of a semiconductor substrate and then filling
the trenches with insulating material so as to electrically
separate a part positioned on one side from another part
on the other side of each trench. The structure thus
separating the parts can reduce the isolation area, as

35 compared with the conventional structures, and is
accordingly effective in achieving the high integration



degree required in these days. In addition, if the parts are layered three-dimensionally to increase the
density, it is also necessary to provide an insulating layer between layers of electro-conductive material.
As the 5insulatinglayer,a pre-metaldielectric (PMD)or inter-metal dielectric (IMD) film is usable. [0004]As a
method for forming the isolation structure, there is a kno#n process in which a substrate surface having a
trench structure is coated with a composition 10containing a polysilazane compound to fill the trenches in
and then fired to form an oxidiefinee[0@aH]iMesl fimghmreeedaysis narmaltlitanied dinanpgmater vapor

atmosphere. However, for thg,pgjrg?ﬁg@amgp@@i@g@@ﬁ%@%}%p@{gg@@g@n@@r&@g there 15is a

known technique of performintq the iriln% procedure in thte presencieof h}gjrorgerll%aroxi(:r.a}{ 006]For

example, Patent document 1'bistlo25 4 pPoecceesgésc‘ﬂi‘fr ?()rm(i)ngpar SeleRilli y'usseu 0 c'i%ﬂy Atioh

condensation of perhydrosilaRgtegeiynirygfishaf etestseesonte dévgdraasaréahdedsatibieis

conducted througih heat treatinentaniag atiageahera coptainingtapisiiel dids angbarone (@8), but it is

also disclosed that the heat t{ﬁ@&p_@,ﬂ%ﬁgp d&%@ag'{wﬁ ewggafnw%g&gar%ﬁgqxide atmosphere. The patent
rly describe the'firin

document, however, 25 does not clea C temperature but only gives examples in which

the firing procedure WASQtHormed A8 aBofR 284 TRE A EEHpLRGurEALRIGTESAIYIE I ERe process
disclosed in the patent docunleeteFistleerkaocvondipgacethe desariptibn af sdskBadecsmdatehe process

is intended to be applied to f@f&iﬁﬂ@ Lot sallrdhpterdaysh digieciiin e Srimssitedprmation of,
for example, si%on oxide films on plastic base]':, and the like. [rCT)]OO7]P%tent q%ument 2 also discloses a
process in containing a po pound to fill the trenches

in and then fired to form an oxide film.

ysilazane compou

[0005] The firing procedure is normally carried out in a
water vapor atmosphere. However, for the purpose of
promoting oxidation of the polysilazane compound, there

15 is a known technique of performing the firing procedure
in the presence of hydrogen peroxide.

[0006] For example, Patent document 1 discloses a
process of forming a SOG film by use of dehydration
condensation of perhydrosilazane polymer. In that

20 process, the dehydration condensation is conducted
through heat treatment in an atmosphere containing
moisture (H20) and ozone (O3), but it is also disclosed
that the heat treatment can be carried out in a hydrogen
peroxide atmosphere. The patent document, however,

25 does not clearly describe the firing temperature but only
gives examples in which the firing procedure was
performed at about 400°C. The firing temperature is
hence high in the process disclosed in the patent
document. Further, according to the description of the

30 document, the process is intended to be applied to
formation of, what is called, inter-layer dielectric films
but not to formation of, for example, silicon oxide films
on plastic bases and the like.

[0007] Patent document 2 also discloses a process in

35 which a coat of polysilazane is fired in hydrogen
peroxide vapor to obtain a ceramic film. The firing



35which a coat of polysilazane is fired in hydrogen peroxide vapor to obtain a ceramic film.The firing 3
temperature thereof ranges from 500 to 1800C. [0008] However, the present inventors have found that, if
the firing procedure is carried out at a high temperature, scattered objects in the atmosphere affect the
coat to 5make the resultant silicon dioxide film liable to s&ffer from increases of shrinkage and of film
stress. This means that, in view of the properties, there is room for improvement in silicon dioxide films
formed according to Patent dzompentdurandh2raofocotiesrfiomPa®éhtdcbBaXiE 3 discloses a process

in which a plastic filnpag)eegted WithWéWaqﬁ@qqg@ﬁprMﬂm@ W&Mﬁ@mminﬁ compound

and/or an acid compound so j%s t? ?%nver%geé)u{és]ygzc%n%le Sl 2 cehamlc Tglr%ﬁ)atent document
refers to 15 hydrogen peroxide as'an® € aci compoun ‘2 uéﬁrngays K the

polysilazane was dried at ZS@QQW%%@@W h?dﬁ@@erﬁﬁ@@&m‘ﬂap@i taed tHaf freatinta water vapor
atmosphere at $C/85%RH tmakiginizesiliegni@xite Bilcdiowryidacqaraingdblthet2Gpfesent inventors'

study, there is room for furthqew)rfq‘tl)J r?ggﬁlgg%ﬁo 8‘?@%@4&%@ d‘i%d%'ﬁmlﬁie #Qé];ees)écelleﬂt]gropertles

Specifically, the inventors ha that, when the ox m is formed un e conditions described

in Patent document 3, hydrodBR2PS &/ 'Scldé' VASYY I8 il RiRpHiess dhGifidr8PsRidion reaction
rather than as a promoter of thepneactiorearn dnositio® otltko ket filna D Xmlatied reacbodimgtself occurs in

the water vapor treatment, wbmﬁtcggtq Aot aftgr gpﬁjogntact with hydrogen peroxide 30 vapor.
Further,.the o;_crjge fil t(?@ﬁiormedl roc ss of Patent docung;:rziil r%Ffound to contain a .
nonnegligible nol gro EDH%FSUE)S OFHARE i 5’ 3?%)&)(&?@?&Sae‘rﬁbdratlon
condensation in the course oM firiagopretisdiilecspeataddveiibcoodkailnzarioramng stiwm dioxide film
after all.Even so, however, it i glsgHo UREbtsribgc & widHedhm aififes scianp s 0k agrizaKsas by
elimination of water in the deQXF&a%%%Cﬁ&SSHS%%O%s J)O %Rgr?(?ﬁ:émﬂ%‘\)llsﬁazane into
SiO, type ceramic. This patent document refers to
15 hydrogen peroxide as an example of the acid compound,
and actually says that the polysilazane was dried at
25°C in the presence of hydrogen peroxide vapor and
then fired in a water vapor atmosphere at 95°C/85%RH
to obtain a silicon oxide film. However, according to the
20 present inventors’ study, there is room for further
improvement to obtain a silicon dioxide film having
excellent properties. Specifically, the inventors have
found that, when the oxide film is formed under the
conditions described in Patent document 3, hydrogen
25 peroxide vapor by itself functions as an initiator of
oxidation reaction rather than as a promoter of the
reaction and, on the other hand, the oxidation reaction
in itself occurs in the water vapor treatment, which is
carried out after the contact with hydrogen peroxide
30 vapor. Further, the oxide film thus formed in the
process of Patent document 3 is found to contain a
nonnegligible amount of silanol groups (Si-OH groups).
Those silanol groups experience dehydration
condensation in the course of the firing procedure
35 performed successively, to form a silicon dioxide film
after all. Even so, however, it is also found that the



5 PATENT DOCUMENTS [0010] [Patent document 1] Japanese Patent Laid-Open No. 9(1997)-275135
[Patent document 2] U.S. Patent No. 5,055,431 10[Patent document 3] Japanese Patent Laid-Open No.
9(1997)-183663, paragraph [0067] DISCLOSURE OF INVENTION 15PROBLEM TO BE SOLVED BY
THE INVENTION [0011]In view of the prior arts describedl above, the present invention aims to provide a
method capable of forming an insulating film suffering less from both shrinkage and stress. 20 MEANS
FOR SOLVING PROBLEM [@XiQ¢T idrpresdifie nsvérnion sesidésgea cnetbed foy fetmmgatisilicon dioxide

film, comprising O{Mﬁgpqﬁng,g%mwﬂmmﬁ siene dgiepated 25with a polysilazane
composition to form a coat; and (B) an oxidation step, in which the coat is oxidized in a hydrogen

peroxide atmosphere at a temperature of 50 to 200C. [0013]The present invention also resides in a
method for 30 forming an isdt&I&HRsMCtUPL WHeMTthe above method is applied to form a silicon
dioxide film on gsubstrate having a trench structure on the surface, so as to fill in grooves of the

structure. 35 EFFECT OF TI—H%JIJ\Q(HJ\B%MENTS
[0010] [Patent document 1] Japanese Patent Laid-Open No.
9(1997)-275135
[Patent document 2] U.S. Patent No. 5,055,431
10 [Patent document 3] Japanese Patent Laid-Open No.
9(1997)-183663, paragraph [0067]

DISCLOSURE OF INVENTION

15 PROBLEM TO BE SOLVED BY THE INVENTION
[0011] In view of the prior arts described above, the
present invention aims to provide a method capable of
forming an insulating film suffering less from both
shrinkage and stress.
20
MEANS FOR SOLVING PROBLEM
[0012] The present invention resides in a method for
forming a silicon dioxide film, comprising
(A) a coating step, in which a substrate is coated
25 with a polysilazane composition to form a coat; and
(B) an oxidation step, in which the coat is oxidized
in a hydrogen peroxide atmosphere at a temperature of
50 to 200°C.
[0013] The present invention also resides in a method for
30 forming an isolation structure; wherein the above
method is applied to form a silicon dioxide film on a
substrate having a trench structure on the surface, so as
to fill in grooves of the structure.

35
EFFECT OF THE INVENTION



5 [0014]The present invention enables to form a silicon dioxide film having excellent properties in a short
time, as compared with conventional methods.Since containing fewer silanol groups, the silicon dioxide
film 5 formed according to the present invention is particularly characterized by suffering less from both
shrinkage and stress. BEST MODE FOR CARRYING OUT THE INVENTION 10[0015]
Formation process of silicon dioxide film The method of the present invention for forming a silicon
dioxide film is partly fE88iglerized bireonmresiagtanrosédeion ste@eghith afooat cantindog polysilazane
is heated under a hydrogen RREX{EE ATRPIPAGCGVERKLTed PHHSPIEFIRRRTIWA FRNEMeE,as 10
convert the poly- silazane into silicon dioxidg. As %scribed abc%ve itlis alre?ﬁgc!fnown t%atFFolysilazane is
oxidized in the presence of hf}arogceonmp%%%de ant therce%ryl/vgonn\'/gﬁgd intd Silicom dioxide oewever, if the
temperature is too 20 high, |6@YRIRESaf QERIhiStERPbERY RYigitfydhainedoxi g Edar and/or
formed during tige oxidation treatmeitatecicatigrad ahsuplieaied evesntitie Ragantiaitaing
polysilazane is heated under gyggqgﬁ}iggr%dgﬁ@ﬂﬁ%?égsﬁ;&ﬁeﬁg{htﬁgenﬁﬁ&g%g %Hi‘(a)n 25
dioxide film often suffers from large shrinkage.”On the other hand, however, if the temperature is too low,
the oxidation reaction in itselﬁﬁ%ﬁaﬁ/ proceeds and also the hydrogen peroxide vapor cannot penetrate
into the coat enough to promote the oxidation reaction. Accordingly, 30 in order to obtain a silicon dioxide
film having satisfying properfigss @ 6igk ¢dinng Arsk RS dycigseupdearariiemar preferred
conditions. Th(i§ilicrli:él io%id'gfilm-foratoceth of the present in¥|ntion, which comprises the above
oxidation step, IS ex betow 351 detait. [oo1e oatitg Step First, a substrate is
prepared on which a silicon dioxide Ting igigteedgedtdhe forasentnnive Mévinoost thempragedt invention
for forming a silicon dioxide fiificthe beakigtamperatyrththehexsletian2epd§ comprising

an oxidation step in which a coat containing polysilazane

is heated under a hydrogen peroxide atmosphere within
15 a particular temperature range so as to convert the poly-
silazane into silicon dioxide. As described above, it is
already known that polysilazane is oxidized in the
presence of hydrogen peroxide and thereby converted
into silicon dioxide. However, if the temperature is too
20 high, low molecular weight components originally
contained in the coat and/or formed during the oxidation
treatment are scattered or sublimated even in the case
where the polysilazane is heated under a hydrogen
peroxide atmosphere. As a result, the resultant silicon
25 dioxide film often suffers from large shrinkage. On the
other hand, however, if the temperature is too low, the
oxidation reaction in itself hardly proceeds and also the
hydrogen peroxide vapor cannot penetrate into the coat
enough to promote the oxidation reaction. Accordingly,
30 in order to obtain a silicon dioxide film having satisfying
properties, the step of firing must be conducted under
particular preferred conditions. The silicon dioxide
film-formation method of the present invention, which
comprises the above oxidation step, is explained below
35 in detail.
[0016] (A) Coating step




5 relatively low and hence materials of the substrate can be selected from a wider range than in normal
silicon dioxide film-formation methods. For example, it can be freely selected from semiconductor
substrates such as silicon substrates, inorganic substrates such as glass 10 substrates, organic
substrates such as plastic substrates, and so on. When formed on a surface of the substrate, the silicon
dioxide film can be made to have various functions. For example, it can be made to function as an
insulating film constituting a shallowFirstichasslalietrak® stsu¢ivee dredsaparatbschares artimoged on the

substrate surface, or otherwiggdlif@d BenSedi Aty bvetfdaper fistaetdc filrp sl ok slyatyes are

layered on the substrate. [OO%IZ‘lﬂln the ca e.whereta sh]allov¥ trench isolatilon 20 dstrucéuref.l intended to

: Rresert invention tor forming.a. silicon dioxide |fm :

be formed, a substrate having a trench structure, hamely, having rélief grooves on the surface is

prepared. Any method can b&iopteatis' rnie PGS onlthe Hibstttdatifite. SOACrdse

procedures thergof are, for exarapieeBs follovis d2h @RS hhateeifiist proceduseibs atheendchiaxide layer is

formed on the surface of, forl%a l?ct% Oﬁili ugs pyrgp‘r %xqwgg,iwe t% éﬂ‘]{’iﬂ %ﬁiggplon method.
gf nm % f 9

The silicon dioxide layer is generally made to have a thickness of 5 to . 19]According to
necessity, a silicon nitride Iaﬂ:‘roié'ﬁérﬁ'ﬂ@ﬁ&ﬁ%@ﬁﬁ%%FH%SSiIid:o?fo?&aﬂ'é%ﬁlel'tbﬁ?ﬁ)rt@(ample, the
low-pressure CVD method. Titeslijicoe isitridd |dyenwil dumicioormas somaskistiiaddellewitty etshing
procedure or as a stop layer 'gmggrpoga@ggrg@gpcpr%g%mgcrg@gglﬁ:@(elg farmad, the gjligeg nitride layer

is so deposited gs to have a thi%kness of generally 7 éO to 400 nm. %)Oﬁ%he silli[&%n loxide or silicon
nitride layer thdsformed is theh é&é?&&%viﬁf%'ﬁ' ore FsttraAtﬁér%Hfél?i P deq) éE@E‘%ﬁry, the
photoresist coat is subjected 285 ¢ sxpusureVdbesrdiagied desiredpdaem ahthhestdoieadged to form
the pattern. The exposure cafhlee areiea aioRiaBy Manneasuele agnaask BXpPRaVE V=5¢a0s8ing

exposure. The photoresist can, Rgt%iosfreer_lﬁ Iseelt)a(%tﬁ]c_i%ilg viletwcg A 8'“&%%’218”(?0“;\(%@%% Olrg[g921]8y use of

the formed photoresist film as a mask, the silicon nitride fayer and the silicon dioxide layer laid thereunder
are etched in order. As a res@PonBHFEKEJIFB, ARNGESHEN BartePh /M IRMEG BRRNS QIREHMitride layer

and the siliconioxide layer. 4500278 hé atlicep avbstajedstthansuigeciedtahe substrate
surface, or otherwise it can be used as an inter-layer
dielectric film if circuit structures are layered on the

substrate.
[0017] In the case where a shallow trench isolation
20 structure is intended to be formed, a substrate having a

trench structure, namely, having relief grooves on the
surface is prepared. Any method can be adopted to
form the grooves on the substrate surface. Concrete
procedures thereof are, for example, as follows.

25 [0018] In the first procedure, a silicon dioxide layer is
formed on the surface of, for example, a silicon
substrate by, for example, the thermal oxidation method.
The silicon dioxide layer is generally made to have a
thickness of 5 to 30 nm.

30 [0019] According to necessity, a silicon nitride layer is
then deposited on the formed silicon dioxide layer by, for
example, the low-pressure CVD method. The silicon
nitride layer will function as a mask in the following
etching procedure or as a stop layer in the polishing

35 procedure described later. If formed, the silicon nitride
layer is so deposited as to have a thickness of generally



dry-etching by use of the patterned silicon nitride and silicon dioxide layers as a mask, to form trench
isolation grooves. [0023]The widths of the formed trench isolation grooves 20depend on the pattern used
in the exposure of the photoresist coat. In general, the widths of trench isolation grooves in semiconductor
elements are properly selected according to the aimed efements. However, in the present invention, the
groove width is preferably 5 25 to 50 nm, more preferably 5 to 40 nm. The aspect ratio, which is a ratio of
the groove depth to the width] @Jptefd@BIyad to 100, more preferably 10 to 50. [0024]In the next

procedure, the silicopsypgirate thugpeepsitehis cCQRIRWItH A RlySHAZatierfgeRas/ten tRBserving as a
material of the silicon dioxide,film, to forrpha coat. The polysilazane,com oﬁtiogﬁan be.ggzpared by
d Is w{ St. er_dried or,

dissolving any known polysila%neecompouenrél e 'SvErt! [(?OQ ?’hoer%o'lysnazane compound used in the

present 35invention is not paRRiHame tb trieRGE THRT Yiehlde ditobenesis) selatidsl GHIzkeCkSfpairs the
effect of the 8 imvention.It may begithalian netaaniagr esganiciesmpaupdfteierrad @xanmes of the
polys_ilaz_a_ne compound incIugg\;\ep@%’s&a{gn]eogﬂmmging&p&pﬂ[owipﬂeurgt>§p(@L}pe(lcc)aiH ctg)gnbination:
IHHIN i irnA 1 m2m3 ] ]
carried out in any manner such as mask exposure or
scanning exposure. The photoresist can be also freely
selected in view of resolution and the like.
10 [0021] By use of the formed photoresist film as a mask,
the silicon nitride layer and the silicon dioxide layer laid
thereunder are etched in order. As a result of this
procedure, the desired pattern is formed on the silicon
nitride layer and the silicon dioxide layer.
15 [0022] The silicon substrate is then subjected to
dry-etching by use of the patterned silicon nitride and
silicon dioxide layers as a mask, to form trench isolation
grooves.
[0023] The widths of the formed trench isolation grooves
20 depend on the pattern used in the exposure of the
photoresist coat. In general, the widths of trench
isolation grooves in semiconductor elements are properly
selected according to the aimed elements. However, in
the present invention, the groove width is preferably 5
25 to 50 nm, more preferably 5 to 40 nm. The aspect ratio,
which is a ratio of the groove depth to the width, is
preferably 10 to 100, more preferably 10 to 50.
[0024] In the next procedure, the silicon substrate thus
prepared is coated with a polysilazane composition
30 serving as a material of the silicon dioxide film, to form
a coat. The polysilazane composition can be prepared
by dissolving any known polysilazane compound in a

solvent.
[0025] The polysilazane compound used in the present
35 invention is not particularly restricted, and hence can be

freely selected unless it impairs the effect of the



| -kS (la)(l) (wherein each of ml to m3 is a number indicating the polymerization degree). Itis
particularly preferred for the above polysilazane to have a polystyrene-reduced weight average
10molecular weight of 700 to 30000. [0026]Exam ples of the polysilazane compound also include: a
polysilazane which has a skeleton mainly represented bythe following formula (I1): RI / R2 R3 15(wherein
each of R1, R2 and R3 is independently a hydrogen atom, an alkyl group, an alkenyl group, a cycloalkyl

group, an aryl group, an alkylsiégtoup, anldlkyiayinoegreihean atkokyoygaupicoraanathgagroup, such as

a fluoroalkyl group, which coe@lﬁfmbon e direcly ¢BsClHP tnide shisaiakneprovided
that at least one of R1, R2 and R3 is a ydrrﬁi nd';\tom and 0 Sal number |nd|cat|ng|rt]he p?h/merlzatlon

degree) and which has a nuniBer aY average Moredtifar Welgrﬂ baGe 60 t&%Hb%'a odffied
compounds thereof. 25Two JPH@\PGWtH@'&ﬁd\lébéﬂ/illﬁidﬁeCﬁﬁ@mman be used in combination.
[0027]The polysilazane compositipn used in th §,present invention contains a solvent capable of dissolving

the above polysilazane compor€w 3isolv4gt|use ‘yereis 9;
i—N

(Ia) (Ib) (Ic)

(wherein each of m1 to m3 is a number indicating the
polymerization degree).
It is particularly preferred for the above poly-
silazane to have a polystyrene-reduced weight average
10 molecular weight of 700 to 30000.
[0026] Examples of the polysilazane compound also
include: a polysilazane which has a skeleton mainly
represented by the following formula (11):

R].

|
*(Si—Ngf (I1)
| | n

RZ R3

15 (wherein each of R!, R? and R® is independently a
hydrogen atom, an alkyl group, an alkenyl group, a
cycloalkyl group, an aryl group, an alkylsilyl group, an
alkylamino group, an alkoxy group, or another group,
such as a fluoroalkyl group, which contains a carbon

20 atom directly connecting to the silicon atom, provided
that at least one of R*, R? and R® is a hydrogen atom;
and n is a number indicating the polymerization degree)
and which has a number average molecular weight of
about 100 to 50000; and modified compounds thereof.

25 Two or more of the above polysilazane compounds can
be used in combination.

[0027] The polysilazane composition used in the present
invention contains a solvent capable of dissolving the
above polysilazane compound. The solvent used here is



different fromthatused in the aforementioned impregnatingsolution.There arenoparticular restrictions on
the solvent as long as it can dissolve the above components. Preferred examples of the solvent 5include:
(a) aromatic compounds, such as benzene, toluene, xylene, ethylbenzene, diethylbenzene,
trimethylbenzene and triethylbenzene; (b) saturated hydfbcarbon compounds, such as n-pentane,
i-pentane, n-hexane, 10 i-hexane, n-heptane, i-heptane, n-octane, i-octane, n-nonane, i-nonane,
n-decane and i-decane; (c) atichfelie hydrdcarbon toatpowses] suich astethylefolshaeanrtéoned
methylcyclohexane, cyclohexansy&yR2NRYENJIUTRIHhane, deealydrgpaphiwlens, [iegnene and
15limonene; (d) ethers, SUChrrae;%“PrP(g}q et ertﬁjibut || eth?radic?thr}/l ethert meth}g.tertif{r%( l’t)H'g/l ether
(hereinafter, referred to as M Egn' aniso e, 3 ?/ey%‘ ongs,qsu%haés’s'mg r)‘/I |s'8%%‘37 ketone
(hereinafter, referred to as MESIRVArhBAPPBEN toreRiefferred agxao plesatafalére h§ahseatbon
compounds, (c)®licyclic hydnegatkis: compounds, (d) ethers and (e) ketones. [0028] Those solvents can

be used in combination of tw?El I MoKt 3Q;aS E%ﬁ?é‘g%l%@se SRy '%n r@é%ztgr{gfju%?dgggﬁahe

hazardousness to the human'body and to control t solubility of the componenits.,

polysilazane composition usetYIf tfe [THEMGRFER N UstRYIRERZEREr JHIMREY IPRECE Y.
Examples of the optional addithes inolistéylosslrdarg acagdi@ratora tihed {@rd moteyttieocadstinking reaction

of 30 polysilazane, catalysts Qf{§/i§aQE0N GoEye RN FiligAR dixie, @l Viscosity mprdifiers for

controlling viscosity of the composition. Further, when used for producing a semiconductor devise, the

composition can’contain a pHo Sﬁm‘%’comﬂb%'ifgﬁch as'the 'ﬂ%thﬁ-‘?%&ﬁ{/]?pho%?&%?eni%r the sake of
Na-gettering effect. [0030]The-dti&s .of thedowe Bodgsahdkpepgcane; (c) alicyclic

hydrocarbon compounds, such as ethylcyclohexane,
methylcyclohexane, cyclohexane, cyclohexene,
p-menthane, decahydronaphthalene, dipentene and
15 limonene; (d) ethers, such as dipropyl ether, dibutyl
ether, diethyl ether, methyl tertiary butyl ether
(hereinafter, referred to as MTBE) and anisole; and (e)
ketones, such as methyl isobutyl ketone (hereinafter,
referred to as MIBK). Among them, more preferred are
20 (b) saturated hydrocarbon compounds, (c) alicyclic
hydrocarbon compounds, (d) ethers and (e) ketones.
[0028] Those solvents can be used in combination of two
or more, so as to control the evaporation rate, to reduce
the hazardousness to the human body and to control the
25 solubility of the components.
[0029] The polysilazane composition used in the present
invention can contain other additives, if necessary.
Examples of the optional additives include crosslinking
accelerators that promote the crosslinking reaction of
30 polysilazane, catalysts of the reaction converting into
silicon dioxide, and viscosity modifiers for controlling
viscosity of the composition. Further, when used for
producing a semiconductor devise, the composition can
contain a phosphorus compound such as tris(trimethyl-
35 sily)phosphate for the sake of Na-gettering effect.
[0030] The contents of the above components depend on



10 the coatingconditions and the firingconditions. However, the polysilazane composition contains the
polysilazane compound in an amount of preferably 1 to 40 wt%, more preferably 2 to 35 wt%, based on
the 5 total weight of the composition. Nevertheless, this by no means restricts the concentration of
polysilazane in the polysilazane composition, and the cdfiposition having any polysilazane concentration
can be adopted as long as it can form a trench isolation structure defined in 10 the present invention. The
amount of each of the variousiteom uaBnE otbenditiopslysiadandhariet raogordiog th tivies .additive is

used, but is preferably 0.001 i, g%, reREe RIBIGEARIY 05 (8PP VAol rtheyaiesably .01 to 20
wt%, based on the weight 150f }he.PoI%silazane coml[:l)ogund.ﬁl0031 he Pol¥silaz§ne B?mqto%ition can be
Q amoun ra - 10

cast on the substrate accordiPlg ?65!51%321 c%gti%%rﬂpe?l'lfo dle %s, spin 2oatin ,réaur ain"coating, dip coating

and the like. Among them, sph® cHéfiRg igedricRrgigaesrddtia 38 conshie@sphi@VeHM@ss of the
formed coat. Thg thickness ofdb&l caatiifhpreferedy bdmpaPtarm, masegrdierably, 2thie 99»0 nm. Here,

if the substrate has a surfacerﬁa;omg%%gvi%g{ﬂ%\fgst r(]_}d £%?1%%Tp&%g)8no'éi ﬂ%ﬁg%ﬂ; éhciencoat" means

the thickness in the area 25 where the grooves and the like are not provi ing too thick, the coat

is often oxidized so unevenlytiat tROWYIHAEEA FeaERENRASIFHRIENFProcdB8s M iPesitif&trate surface.
On the other hand, however, hiteshoglciby moibycstretarh ¢heaoee et tat dimn; arnisoefte @otepassible to form

a silicon dioxide film having g syffigient igkesan [Q0FEHEN SRUARIOA SERicture HEfiHECRRING Step,

the polysilazange coat is heated in a he}/drogepn%eroxide atm?ﬁphere to conve](t 35the w I(% cgat into a

silicon dioxide}iﬁ“n. In the colfde Presen ention. e amount of each of th
various components other than polysilazane varies

according to what additive is used, but is preferably

0.001 to 40 wt%, more preferably 0.005 to 30 wt%,

further preferably 0.01 to 20 wt%, based on the weight
15 of the polysilazane compound.

[0031] The polysilazane composition can be cast on the
substrate according to any coating method, such as, spin
coating, curtain coating, dip coating and the like.
Among them, spin coating is particularly preferred in

20 consideration of evenness of the formed coat. The
thickness of the coat is preferably 5 to 10000 nm, more
preferably 20 to 5000 nm. Here, if the substrate has a
surface provided with grooves and the like, the above
“thickness of the coat” means the thickness in the area

25 where the grooves and the like are not provided. If
being too thick, the coat is often oxidized so unevenly
that the oxidation reaction insufficiently proceeds near
the substrate surface. On the other hand, however, it
should be noted that, if the coat is too thin, it is often

30 impossible to form a silicon dioxide film having a
sufficient thickness.

[0032] (B) Oxidation step

After the coating step, the polysilazane coat is

heated in a hydrogen peroxide atmosphere to convert
35 the whole coat into a silicon dioxide film. In the course
of heating, the polysilazane is converted into silicon



of heating, the polysilazane is converted into silicon 11 dioxide to form an insulating film.The heating
procedure can be carried out by means of any apparatus, such as, a hardening furnace or a hot-plate, as
long as the temperature and the hydrogen peroxide atmosphere 5 can be controlled. It is particularly
preferred that the apparatus be a system in which hydrogkn peroxide water supplied therein can be
converted into a hydrogen peroxide atmosphere. For example, a hot-plate can be used to prepare an
apparatus for the oxidation s@iexidé@thtofolfowmg manngskilatjachofiptate is covereb¢eaform a closed
space above the plate. The coabed gubsttaif isdhearplaseddn 8‘,@ ﬁﬁ‘é’%ﬁ%SBfi%ﬁ%%Hbﬁ%mﬁmgen
peroxide water is dropped thereip]. The dr?Ps 8f h}/drogen r‘Eeromde Wﬁtetr_arle t\/aporlziad kE)]y heat of the 15
hot-plate, to produce a hydrosglé% pgr%xi%e ﬁansangre HERECISEe sp%c A %isa\?vafl),nl 3R be realized

to satisfy the conditions of thénskitRIPEsaiy e tRaPréBenhikadion. PEIY3JH ayatoRsPh&tXide is
supplied in the fgrm of 20 hyehipg e peseicts lwater, thecqnoantiatentherens ey hegenerlly in the

range of 5 to 90 wt%. Howev ?é:rsa%a%b%ng %ﬁg%ﬁdﬂm?&p%r g%;{t (?}% @J?&ee%é{‘f' }Yo

hydrogen peroxide water. [0034]Since the oxidation reaction Is ac ra improve the production

efficiency, the hydrogen peroXitRPAE bsHRer8 Bref@abi Borft2M¥e] High ¢BHRefrati¥A W98Arogen
peroxide. Accordingly, the copeeoxiateratsrpyefdrabs. 5 Fot/@ramapie, farthert goédealolyry beN/O or

more. However, if it is too highs dhere isad kel 39 eppiesion:s 8 ceReeElaR hheRes Rreferably so
selected as toﬁbg below the Iower&%)iplosive limit. Although. the Iow?]r exré osive limit depends on

temperature, the hydrogen pél?&i &W%tr’&%ﬁgrpre e'r%?&ly Aol I"E‘I’iﬁn'éo“r%f% ) ffther
preferably 35not more than 2®nalc¥o. OGBSI TIse Agerogen\serdkige BtAiespheldgarchRatiest 12 contain
water vapor. If the atmospherr,paifaiits vaigiarmneadee oxidatiendrrewrsphielyslagards expected to

e acclraed,ychogen bR R MR D el lggen e acr, an

apor-containing hydrogen peroxide atmosphere from Hydrogen
peroxide water. If the atmospheYEERGHTS BREFNEDRHAGRALIGH D ARRFi¢ESoPYt Rt EthECted to
inhibit formatiob=of silanol grdupis plarieg tte beating pracéduteogen peroxide atmosphere

in the closed space. In this way, it can be realized to
satisfy the conditions of the oxidation step in the present

invention.
[0033] If hydrogen peroxide is supplied in the form of
20 hydrogen peroxide water, the concentration thereof may

be generally in the range of 5 to 90 wt%. However, it is
easy and preferred to use commercially available 30
w/v% hydrogen peroxide water.
[0034] Since the oxidation reaction is accelerated to
25 improve the production efficiency, the hydrogen peroxide
atmosphere preferably contains a high concentration of
hydrogen peroxide. Accordingly, the concentration is
preferably 5 mol% or more, further preferably 7 mol%
or more. However, if it is too high, there is a risk of
30 explosion. The concentration is hence preferably so
selected as to be below the lower explosive limit.
Although the lower explosive Ilimit depends on
temperature, the hydrogen peroxide concentration is
preferably not more than 50 mol%, further preferably
35 not more than 28 mol%.
[0035] The hydrogen peroxide atmosphere can further



10 Accordingly, the concentration of water vapor is preferably 5 to 90 mol/0, more preferably 20 to 80
moN/0 in the atmosphere. The atmosphere may further contain an inert gas such as nitrogen or argon.
[0036]The temperature in the oxidation step depends on 15 various conditions such as the kind of the
used polysilazane composition and the combination of the steps. However, at a high temperature, the
polysilazane compound generally tends to be rapidly converted into silicon dioxide, to increase the
production efficiency. 20 Howentajiif thelteidatpo treatmting isitorah phedetcoo tagisavertgrerature, low

molecular weight componentggsiginatheceniaings i B8 adsh avdi96 Fosmeshiaing g keadent are
scattered or sublimated and,tas abréesulgcthfeeFe uléant silicon dioxide film ofitgn suffers from large 25

shrinkage. Further, if the sub&TratdSs Made ofa}siﬁcdn, th@ i e@ubgt%?exmgy u%der}ag%%deation and,

as a result, the properties of SHetdiRideehaly dbrrfordre. ah Dy egeiis PeEcK R tivAteepasdarried out at
a temperature ofnecessarily ZoR€eonless, peafprably psodSOE ar RegePnvhparthasmndidywever, the

temperature is necessarily SQ&&rdagrﬁ,é)é%ggg%? J{}ﬁo%fﬁfﬂgF% Wer@%gggw Jg%q, ¢ fjmore. If

necessary, the heating temperature can be ste -step changed in the n st e present

invention 35thus enables to AL silibr Ao B4E PR AE 5 VAP RVF AP et AU E NAFRHAB formed
silicon dioxide film 13 sufferofessfremvsipmkagd siadisstresp@beepréseithibit formation of

invention, therefore, iseffectiveiffgigingag-gptsabragivgifin. a gassivation:fihg. a iaesdilmeor the like on
the surface of a base made of plastics, such 5as,acrylic resin,pol%ethgl ne terephthalate,and

polycarbonate {0037]The hea '88 rtﬁlH%q thet&ﬁdaﬁ ﬁ’g?e(bt@gf)’ elé(}é?éﬁghayﬁ’{%%xid'gtion reaction
can proceed sufficiently, andisef@iaklyy ®.5t0 60mimatk . 10pierapigferaBy nitutés. [8038]In the

course of heating, the polysilaza/® in the atmosphere. The atmosphere may further
contain an inert gas such as nitrogen or argon.

[0036] The temperature in the oxidation step depends on

15 various conditions such as the kind of the used poly-

silazane composition and the combination of the steps.

However, at a high temperature, the polysilazane com-

pound generally tends to be rapidly converted into

silicon dioxide, to increase the production efficiency.

20 However, if the oxidation treatment is conducted at too

high a temperature, low molecular weight components

originally contained in the coat and/or formed during the

treatment are scattered or sublimated and, as a result,

the resultant silicon dioxide film often suffers from large

25 shrinkage. Further, if the substrate is made of silicon,

the silicon substrate may undergo oxidization and, as a

result, the properties of the device may deteriorate. In

view of this, the oxidation step is carried out at a

temperature of necessarily 200°C or less, preferably

30 180°C or less. On the other hand, however, the

temperature is necessarily 50°C or more, preferably

70°C or more, further preferably 100°C or more. |If

necessary, the heating temperature can be step-by-step

changed in the oxidation step. The present invention

35 thus enables to form a silicon dioxide film at a relatively

low temperature, and the formed silicon dioxide film



compound in the coat is converted into silicon dioxide to form a silicon dioxide film. The silicon dioxide film
thus formed undergoes small shrinkage and low film stress, 15and also has excellent properties such as
high etching durability. [0039]The method of the present invention for forming a
shallowtrenchisolationstructureindispensably compriseslBe above (A) and (B) steps, but may further
20comprises the following auxiliary steps in combination according to necessity. [0040] (a) Step of
removing the solvent Afteufifersod¢ing steprandioefdcaghe &ridg stepsshe slibstrateessaied with the
polysilazane composition 25538 kaskibieciestrpre-baking. dfisction is srIriad anifey thgpurpose of
removing the solvent at least apatrit_l%kf)rorg.g]e iﬁ% [%041 [Sn thg:-l t?(t)erp %fl rrﬁamovin% mgrS?|Yentbtrhe substrate
isnormaltheatedatanessentiafﬂycqnsfgnf %0 emperatﬂre.smls step Y8uId bR carried oUt under the
conditions that the polysilazaHedbks vt diisstanttageu nficrgbasedativde oo ardiicatioh CRccordingly,
the temperaturesn the step ohgsgmauinglibe selvamn} is ottty MRS otbeiphtinsgiaeablyisdC or below,
35more preferably 100C or bs@\%%g}%%her hand, however, in order to remove the solvent sufficiently,
the 14 ’
[0037] The heating time in the oxidation step is so
selected that the oxidation reaction can proceed
sufficiently, and is generally 0.5 to 60 minutes,
10 preferably 1 to 30 minutes.
[0038] In the course of heating, the polysilazane
compound in the coat is converted into silicon dioxide to
form a silicon dioxide film. The silicon dioxide film thus

formed undergoes small shrinkage and low film stress,

15 and also has excellent properties such as high etching
durability.
[0039] The method of the present invention for forming a

shallow trench isolation structure indispensably
comprises the above (A) and (B) steps, but may further
20 comprises the following auxiliary steps in combination
according to necessity.
[0040] (a) Step of removing the solvent
After the coating step and before the firing step,
the substrate coated with the polysilazane composition
25 can be subjected to pre-baking. This step is carried out
for the purpose of removing the solvent at least partly
from the coat.
[0041] In the step of removing the solvent, the substrate
is normally heated at an essentially constant
30 temperature. This step should be carried out under the
conditions that the polysilazane does not substantially
undergo oxidation or polymerization. Accordingly, the
temperature in the step of removing the solvent is
normally 200°C or below, preferably 150°C or below,
35 more preferably 100°C or below. On the other hand,
however, in order to remove the solvent sufficiently, the



temperature is normally 50C or more. The time for pre-baking is generally 0.5 to 10 minutes, preferably 1
to 5 minutes. The temperature in this step is generally so selected as not to be higher than the
temperature in 5the oxidation step performed successively. That is for the purpose of reducing scattered
objects to the utmost. [0042] (b) Step of oxidation with water vapor After subjected to the oxidation
step, the substrate can be further heated in a water vapor atmosphere so as 10 to further promote the
oxidation reaction. The oxidatem pdtratater ispoe isidierabRCapriethouein ai eertigas dooxygen

atmosphere containing water@ReaRYHF 9Ll RardgRNg _fyr@@cgcg)rrﬁim,ttggtg),xyfg%y@pqr is effective
in sufficiently converting the 5§ollxsila%gge cQ ound into filicon di%ide and the water Y'Sfor content

in the atmosphere is preferably I mo 67 more, urﬁ?erPBFé%rLa{[)‘?y 'To mgl/étcgerpm'grec’,%ﬁﬁ%r_ ore
preferably 20 mol/0 or more. $OisSeéeGEaRArRspRTErEedRRab tBB VatdayhbectRteREFRLA0E 20 mol/0 or
more. If so, the gxidation reagtien sxig@atihnpereefeafist cnnsequerdysieétots suahrsydiels are formed

less to improve the propertie licon: dioxide fi e [nett gas is
adopted as the atmospheric ?iiéfﬁﬁﬁ%#ﬁg%%ﬁﬁﬁﬁ %gﬁﬁwﬂ é@jﬁcﬂi[égg Igﬁ [t%%r‘sgt%% of oxidation
with water vapor, thd rgﬁ)rega%ﬁé?fdg)ﬂﬁl@ﬁ%‘uy%hﬂﬁéﬁé ¥@48P5s the kind of the used
polysilazane composition and the céftieinatidoj et ted stepbeAd s tagihoempepattine, the30@ddation

reaction tends to proceed raRidly gadrliensertihe Rfedusiion REicenYIs PR tRdapisaas gnthe other
hand, if the sugea[rate is made of silicon, the silicon subst%ate is a% suffer less.from OXidef]?tion and the

crystal structurethereof is apﬁo H&ﬁlagrlesg,r QNP8 act ?din8f§) 'BFbperrﬁggtb?%e devicFare
deteriorated less.Even if the Sutidatiensvitatadse b v i3 Pratp@htvreanried sub 6 @idation with

water vapor than in the prior pxégetigasstep, ke (eppeiitin® 9 Ha e saltaal hiryaedraidldppaired by
scattered objects. That is beqguisg e pidafion 4eachign AlIFALLPSRoSE 4SS -plate.  water
vapor is effective in sufficiently converting the
15 polysilazane compound into silicon dioxide, and the
water vapor content in the atmosphere is preferably 1
mol% or more, further preferably 10 mol% or more,
furthermore preferably 20 mol% or more. It is
particularly preferred that the water vapor content be 20
20 mol% or more. If so, the oxidation reaction smoothly
proceeds and consequently defects such as voids are
formed less to improve the properties of the resultant
silicon dioxide film. In the case where the inert gas is
adopted as the atmospheric gas, nitrogen, argon and
25 helium are usable.

[0043] In the step of oxidation with water vapor, the
temperature depends on various conditions such as the
kind of the used polysilazane composition and the
combination of the steps. At a high temperature, the

30 oxidation reaction tends to proceed rapidly and hence
the production efficiency tends to increase. On the
other hand, if the substrate is made of silicon, the silicon
substrate is apt to suffer less from oxidization and the
crystal structure thereof is apt to change less, and

35 accordingly the properties of the device are deteriorated
less. Even if the substrate is heated at a higher



5 at a low temperature in the prior oxidation step. In view of this, the temperature in the step of oxidation
with water vapor is preferably 300 to 1000C, further preferably 350 to 700C. According to necessity, the
heating temperature and the water vapor content can be 10step-by-step changed in the step of oxidation
with water vapor. [0044]In the present invention, the oxidlation reaction can be made to proceed
sufficiently without using water vapor. This means that the oxidation with water vapor 15 is needed only
when the oxidation with hydrbgerpesedxide muditse atsisted. Axudadinglyyiftthevoxtesitivapesiction

proceeds sufficiently with hyqipgeniRei@dderibis RralgaBemal ,artrIyé)Lﬂ,tgséxgggf@p(tigon with
water vapor in view of the productlign Etiff}cli%nca/rgnﬁegr%qost. 004 é c) Polishi Set:%pob' ter the

oxidation step, unnecessary E)%‘F’t% ot the'tormE4%ilIE0H diokidRH M %y yprsé?gra Iry remoYedtin the

polishing step, the silicon diokid@tfilfn iegaLG Dt hIReOZBIMIN FEEE BPhE@KERsha R RCREAGER by
polishing while that formed ingtheageoveteimiedr ditiseprocedise s ia palighiagisiepstidye polishing step

may be carried out after the K‘ﬁé%ng}g {thé%h%r%ﬁgﬁ%%qg .qnertlr.!%e%%g)r ogfe |\439i g;]e solvent if

that step is 30performed in combination gstepisgenera formed according to a CMP
process. The CMP process cAhtBe WalsEd R BY IReREhBFARIVant 9SvES iGsijerrther
apparatus.Examples of the aprasmesbilycl@d®sitica/BREIGmMin&dcoenaiagd taguestessuspens®n dispersing

those and, if necessary, othep, ahiasiy et A¥@eYVantP the water vapor content can be
10 step-by-step changed in the step of oxidation with water
vapor.

[0044] In the present invention, the oxidation reaction
can be made to proceed sufficiently without using water
vapor. This means that the oxidation with water vapor

15 is needed only when the oxidation with hydrogen
peroxide must be assisted. Accordingly, if the oxidation
reaction proceeds sufficiently with hydrogen peroxide, it
is preferred not to carry out the step of oxidation with
water vapor in view of the production efficiency and

20 cost.

[0045] (c) Polishing step

After the oxidation step, unnecessary parts of the
formed silicon dioxide film are preferably removed. In
the polishing step, the silicon dioxide film formed on the

25 flat surface of the substrate is removed by polishing
while that formed in the grooves is left. This procedure
is a polishing step. The polishing step may be carried
out after the hardening treatment or immediately after
the step of removing the solvent if that step is

30 performed in combination.

[0046] The polishing step is generally performed
according to a CMP process. The CMP process can be
carried out by use of normal abrasives and abrasive
apparatus. Examples of the abrasives include silica,

35 alumina, ceria, and aqueous suspension dispersing those
and, if necessary, other abrasives. The abrasive



apparatus is, for example, a commercially available normal CMP apparatus. [0047] (d) Etching step As a
result of the above polishing step, the silicon 5 dioxide film formed from the polysilazane composition is

almost removed from the flat surface of the substrate. However, for removing the residual silicon dioxide

film remaining on the flat surface, etching treatment is pt&erably performed. In the etching treatment, 10
etching solution is generally used. There are no particular restrictions on the etching solution as long as it
can remove the residual silicapdanatiedilrs, THe etawagrgoleation isarormadiycaeatlydrafitaitdeid aqueous
solution containing ammoniupLiHesdenm e spRlgtief, 15ammonium fluoride in the solution is preferably

5% or more, more pﬁﬁ%@ % ocrhmr%)res.{g 48]The present invention is further explained below by use

of the following examples. ]géxar'n[ﬁe Peffect of hydrogen peroxide) 20A silicon substrate was

spin-coated with a poly- silazane sof\fiiéh ([@8ulkoeTdithaypb@ee JOMtEEHNE: SBT0D rPe aFitieRBn subjected

to pre-baking at5’0C for 3 migibesd &0 Bhiaifoarnelysflaraneneopiady §082:M éhitkingsssitios ceated

substrate was placed ona 2 -nla d with a q = e Petri dish
%H%@H }%%%}rsg' %6@9@84@?%8?1’5&% 3§¥ Q}% H&H%%P?ﬁ ;

provided with a hole of about 3 mm diameter. rogenh%?romde_ water (30 wt%) was then dropped
through the hole at the rate dROW&EhirkRte. FESUONKRPHE Rof it ahestI6pPed R AdfHHRN peroxide
water was vaporized and diffusetbiioimggeneoubly irfldoe Retrfaksh. Eteltimgentedions ot higlrogen

peroxide and water vapor in {he-RatEifip gtemtrmé%yvere ¢atimaied toibfiARPUL Zo4Hpldhand 75 mol/0,

respectively. TE;EL)? oxidation treatment Wast hconducted for 1Q minutes, The % tained silicon dioxide film
I

was subjectedt0 IR spectros% iNHealldHRMt. 137 A8 l}ft, iﬁ%@'foun fisFalost APthe silazane
bonds in the polysilazane weR&tdavtatedaatsisliamhobote gialtire Reivditataidesidm@sips were

hardly left. 5[0050]After the IR spantreseApigeMepsURIBRNialNGsilicon dioxide film. The
etching solution is normally a hydrofluoric acid aqueous
solution containing ammonium fluoride. The content of
15 ammonium fluoride in the solution is preferably 5% or

more, more preferably 30% or more.
[0048] The present invention is further explained below

by use of the following examples.
[0049] Example 1 (effect of hydrogen peroxide)

20 A silicon substrate was spin-coated with a poly-
silazane solution (20 wt% dibutyl ether solution) at 1000
rom and then subjected to pre-baking at 70°C for 3
minutes, to obtain a polysilazane coat of 600 nm
thickness. The coated substrate was placed on a
25 hot-plate heated at 150°C and then covered with a
quartz-made Petri dish provided with a hole of about 3
mm diameter. Hydrogen peroxide water (30 wt%) was
then dropped through the hole at the rate of 0.2
cc/minute. Touching the hot-plate, the dropped
30 hydrogen peroxide water was vaporized and diffused
homogeneously in the Petri dish. The concentrations of
hydrogen peroxide and water vapor in the Petri dish at
that time were estimated to be about 25 mol% and 75
mol%, respectively. This oxidation treatment was
35 conducted for 10 minutes. The obtained silicon dioxide
film was subjected to IR spectroscopic measurement.



coated substrate was further heated at 850C for 30 minutes in a nitrogen atmosphere. Thereafter, the
shrinkage ratio, dielectric constant and breakdown voltage of the obtained silicon dioxide film were
10measured to obtain the results shown in Table 1. [0051] Comparative example 1 The procedures
of Example 1 were repeated except that pure water wastdropped in place of hydrogen peroxide water, to
heat the coated substrate. After the 15 heating treatment, the coat was subjected to IR spectroscopic
measurement. As a result, it dasdouaduHat thevoaddbomrbadtmn bimibspratedtied siadaerece that the

polysilazane was almost the pamga$Paieee Jeyegrimne. akiR02d{vemed aine cXroulae In the

same manner as in Examplebld a dssili(é)n dsuaK]stora%% Mvr?é Ct%aa{fdswgrrll 4 pollyostijlazar\}\(/aesrolu iOEéP form a
polysilazane coat. The obtaineonsamplré W38t iRE ot Water vapor agnosBﬁere or80%H2¥02 at 25
350C for 30 minutes, and thd&feated in a nitrogen atmosphere at 850C for 30 minutes. Thereafter, the

shrinkage ratio, Qi_elqlnoe;gqnstant m&fealk@wm/olam;gfdbecqhtaﬁnmbaggegrdi@pm,e ftihewere
measured to obtain the resul : %*E%“éﬂﬁ&%&- g\pagom]% gpw(@)ﬁ%rsgjyg eg&ar%lggst f%lré@e same

manner as in Example 1, a silicon substrate was coate ap azane solution to form a
polysilazane coat. Meanwhild"d885wod %qﬁ‘eoﬁ‘ﬁ%bn%ﬁ”ﬂ%ﬂ?@%’r?pero%ﬁ@r\ﬁﬁgfﬁépt theoc 35and
then placed in an airtight consdinerKBloe atmreaspherdieleberoonteoestans saodntrolied kidaviime 18
temperature and the relative pyrpigjly were 2RE apd 4K desRRRIYE!Y-diBRisRMAlEas Ripeed in the
container for 1%éninutes, and successié(el Ie&}in_a \{\éater vapor a ﬁ&s&h.ere{oé?S temperature and 80%
5 relative humidity for 5 minutB§ 2SHHS que e rﬁg%ﬁss? ABatBd'n ‘nitrogen atmosphere
at 850C for 30 minutEs0Phé SikknpaNakive fxamipedtained was subjected to IR spectroscopic
measurement. As a result, the film shewve@ @tERispestrusn Ekbavine a broagkpeakrapabeeti3300 cm*
That peak was attributed to sjlgngl.gr ~and he it indic e gxidatign, r iQn proceeded
insufficiently. The shrinkage réagtﬁ)%%?eﬂégﬁg 85%5%%€%n%%re§{<%%é%%tvm gggéltéﬁq:%)z@;%%%@ilicon
dioxide film were 15measureBe6VBEEN W EsiRsRPRWENR TasEed (B0BaI 7 e fiffabiEhe

15 heating treatment, the coat was subjected to IR spectro-
scopic measurement. As a result, it was found that the
oxidation reaction hardly proceeded and hence that the
polysilazane was almost the same as before the
treatment.

20 [0052] Comparative example 2

In the same manner as in Example 1, a silicon
substrate was coated with a polysilazane solution to
form a polysilazane coat. The obtained sample was left
in a hot water vapor atmosphere of 80%H,0/0, at

25 350°C for 30 minutes, and then heated in a nitrogen
atmosphere at 850°C for 30 minutes. Thereafter, the
shrinkage ratio, dielectric constant and breakdown
voltage of the obtained silicon dioxide film were
measured to obtain the results shown in Table 1.

30 [0053] Comparative example 3

In the same manner as in Example 1, a silicon
substrate was coated with a polysilazane solution to
form a polysilazane coat. Meanwhile, a 30 wt%
aqueous solution of hydrogen peroxide was kept at 40°C

35 and then placed in an airtight container. The
atmosphere in the container was so controlled that the



Properties Example 1 Comparative Example 2 Comparative Example 3 Shrinkage ratio (%) 12 19 25
Stress (MPa) -10 +20 +100 Dielectric constant 3.7 3.7 4.5 Breakdown voltage (MV/cm) 6.8

18

temperature and the relative humidity were 25°C and
60%, respectively. The sample was placed in the
container for 10 minutes, and successively left in a
water vapor atmosphere of 95°C temperature and 80%
5 relative humidity for 5 minutes. Subsequently, the
sample was further heated in a nitrogen atmosphere at
850°C for 30 minutes. The silicon dioxide film thus
obtained was subjected to IR spectroscopic measure-
ment. As a result, the film showed an IR spectrum
10 having a broad peak at about 3300 cm™. That peak
was attributed to silanol groups, and hence it indicated
that the oxidation reaction proceeded insufficiently. The
shrinkage ratio, dielectric constant and breakdown

voltage of the obtained silicon dioxide film were

15 measured to obtain the results shown in Table 1
[0054] [Table 1]
Table 1
Properties Example 1 ngz:;:i\zle Cg::;?;ﬁ:i;e
Shrinkage ratio (%) 12 19 25
Stress (MPa) -10 +20 +100
Dielectric constant 3.7 3.7 45
(B,\;‘\af/tdn‘:‘)”” voltage 6.3 6.5 32
In the table, the signs of “+” and “-* stand for

tensile stress and compressive stress, respectively.
20 [0055] The above results indicate that the silicon dioxide
film obtained in Example 1 achieved excellent shrinkage
ratio and breakdown voltage. Further, although a
silicon dioxide film is known to generally have a
dielectric constant of about 3.5 to 4.0, the film of
25 Comparative example 3 had a higher dielectric constant.
This suggests that the reaction proceeded insufficiently,
and accordingly the film is presumed to contain
remaining nitrogen atoms. As for the stress, the
favorable range thereof depends on what the silicon

30 dioxide film is used for. However, if intended to serve



6.53.2 In the table, the signs of "+" and "-" stand for tensile stress and compressive stress,
respectively. 20 [0055] The above results indicate that the silicon dioxide film obtained in Example 1
achieved excellent shrinkage ratio and breakdown voltage. Further, although a silicon dioxide film is
known to generally have a dielectric constant of about 31%to 4.0, the film of 25 Comparative example 3
had a higher dielectric constant. This suggests that the reaction proceeded insufficiently, and accordingly
the film is presumed to contaésramdimingatitngg énrataras dABfoathd sitats) thetiavchakge tdege thereof
depends on what the silicon 3{ichexdeyfmiieusgmiorp HaWRNBlyif IMRRIDE:Sep® @3 an insulating
film used for an isolation struTwregtrje silicon dié)xi q[film ferabl uEder%cies low stﬁess. The silicon
dioxide film of Example 1 is al<s exXCEIfthtINNIEW of thad xam'p e3 %0 F em:T'ﬁ]e procedures
of Example 1 were repeated ¥ tH&ahe concentration of hydrogen peroxide water was changed into

10 morY0 (Exargple &) @5 &]nExdsith frxa@mpignd) 3to heat the polysilazane coat. 10When heated for 10
minutes, the coats of Examples 2 ard3experi oxidation ionstill insyffici heating
I ‘fﬁﬁﬁ"ﬂﬁ%‘? R P L

procedure was, therefore, continued. As a result, the coats of | were found to experience
the oxidation reaction to the £3E5RE detibe B SOHGERIRAION wWHenMEHREGEr PEHINAES and 40

minutes, respectively. water was changed into 10 mol% (Example 2) or 5
mol% (Example 3), to heat the polysilazane coat.
10 When heated for 10 minutes, the coats of Examples 2
and 3 experienced the oxidation reaction still
insufficiently. The heating procedure was, therefore,
continued. As a result, the coats of Examples 2 and 3
were found to experience the oxidation reaction to the
15 same degree as that of Example 1 when heated for 15
minutes and 40 minutes, respectively.
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CLAIMS

[1] A method for forming a silicon dioxide film, comprising

(A) a coating step, in which a substrate is coated with a
polysilazane composition to form a coat; and

(B) an oxidation step, in which the coat is oxidized in a
hydrogen peroxide atmosphere at a temperature of 50 to 200°C,
wherein further comprising

A step of oxidation with water vapor, in which the coat is
heated in a water vapor atmosphere at a temperature of 300 to
1000°C after the oxidations step.

[2] The method according to claim 1 for forming a silicon
dioxide film, wherein the oxidation step is carried out at a
temperature of 100 to 200°C.

[3] The method according to claim 1 or 2 for forming a
silicon dioxide film, wherein the hydrogen peroxide atmosphere
contains 5 to 50 mol% of hydrogen peroxide in the oxidation
step.

[4] The method according to any of claims 1 to 3 for forming
a silicon dioxide film, wherein the hydrogen peroxide
atmosphere contains 5 to 50 mol% of water vapor in the
oxidation step.

[5] The method according to any of claims 1 to 4 for forming
a silicon dioxide film, wherein the heating time ranges from 0.5
to 60 minutes in the oxidation step.

[6] The method according to any of claims 1 to 5 for forming
a silicon dioxide film, further comprising

a step of removing the solvent after the coating step and
before the oxidation step.
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[7] The method according to any of claims 1 to 6 for forming
a silicon dioxide film, wherein the polysilazane composition
contains solid content in an amount of 1 to 40 wt% based on
the total weight of the composition.

[8] The method according to any of claims 1 to 7 for forming
a silicon dioxide film, wherein the coat formed in the coating
step has a thickness of 5 to 10000 nm.

[9] The method according to any of claims 1 to 8 for forming a
silicon dioxide film, wherein the substrate is made of plastics.

[10] A method for forming an isolation structure; wherein the
method according to any of claims 1 to 9 is applied to form a
silicon dioxide film on a substrate having grooves or holes on
the surface, so as to fill the grooves or holes in.

[11] The method according to claim 10 for forming an isolation
structure, wherein the silicon dioxide film serves as an
inter-metal dielectric film or as a pre-metal dielectric film.

[12] The method according to claim 10 for forming an isolation
structure, wherein the silicon dioxide film constitutes a shallow
trench isolation structure.

[13] The method according to claim 12 for forming an isolation
structure, wherein the grooves have widths of 5 to 50 nm and
aspect ratios of 10 to 100.





