1 METHOD FOR PRODUCING SILICEOUS FILM AND POLYSILAZANE COATING TREATMENT
LIQUID USED THEREFOR 5 [0001]This invention relates to a siliceous film formation method adopted in
manufacture of electronic devices or the like, and also to a polysilazane film-treatment solution used
therein. Specifically, the present invention relates to a sileeous film 10 formation method according to
which a siliceous film is made from a perhydropolysilazane compound at a low temperature for the
purpose of providing an insulatinigl &l QDI dt(eReeRD WO dEsivatiidC BUS & lhddtective film in
manufacture of electronic devices or the like; and also Mpolysilazane film-treatment 15solution by use

of which it becomes é 1%% |£n Az}ggg {%en § f ﬁt'ﬁfﬂ,@lgmfe_ %aEB\Af' g&re

BACKGROUD ART 2 V|ce stich’'as'a sem ctor element, semiconductor
parts such as transistors, resistors and the like are arranged on a substrate. Those parts must be
electrically isolagd from each other, and hence have been two-dimensionally placed apart from each

other on the 25 sub Iiowever.rﬂe OMﬁ%rpeépeCI er&t ﬂEQB&?GﬁW ?Fﬁ%@ tion, they

are nowadays beco ced three-dimensionall ally, |t IS_getting popular to a tan

electronic device marrﬁl"ff %Hﬁ%ﬁgﬁﬁ%@s?ép% BF NG S¥HRDIUtSr
two-dimensionally oraB@ alsubsttnaae Potyrsiig za gy efii loh Hiseetim g riitns the témm; Lmeijotdmdmg other parts

on the layer, to prodefﬁemetttlﬁyetﬁeuettgeet@mﬁlfeﬁmﬁtwateééoweg g ahoys ipgHiating film,
there is known_g progess comprising the steps of: applyin coatln com o? llon containing
polysilazane, ahd th ﬂ(q]ﬁﬁboﬁt 83&#188%. ctgrgdﬂgf)%qh%( cﬁ?)sf?azc‘ 8qﬂf‘£) il t%é*tﬁtﬂez (see, for
example, Patent dodii@ehg Reshs)d FARoRSARZaD© COMBNITSISAI084P iR demuriatwen el Japanese
Patent Laid-Open NQh@(tﬁ%o%b?%’.i [B.aiemud@tﬁnemsiﬂléa esmPatefldaisHeenNg. a

9(1997)-275135 3] Jap g:i 0 0 -4 Patent
document 4] Japanese %g rﬁ% @pérﬁj %08 é? %9(9)& ggﬁ r[Flﬁten%"\kd‘of‘)c%urrrtéensé f% %p:)ia('?r?[gs%e Patent
Laid-Open No. 11(159@519?188(15 the like; and also to a polysilazane film-treatment

15 solution by use of which it becomes possible to realize the

above siliceous film formation at a low temperature.
BACKGROUD ART

20 [0002] In an electronic device such as a semiconductor
element, semiconductor parts such as transistors, resistors and
the like are arranged on a substrate. Those parts must be
electrically isolated from each other, and hence have been
two-dimensionally placed apart from each other on the

25 substrate. However, according as the requirement of
high-density interconnection, they are nowadays becoming
placed three-dimensionally. Specifically, it is getting popular to

adopt an electronic device manufacturing process comprising
the steps of: placing semiconductor parts two-dimensionally on

30 a substrate; forming a layer of insulating film thereon; and
providing other parts on the layer, to produce a multilayer
structure.

[0003] As a method for forming the above insulating film,
there is known a process comprising the steps of: applying a

35 coating composition containing polysilazane, and then curing

the formed film to convert the polysilazane into a siliceous film



15[Patent document 6] Japanese Patent Laid-Open No. 2009-111029 DISCLOSURE OF INVENTION
20PROBLEM TO BE SOLVED BY THE INVENTION [0005] The composition containing polysilazane is
generally required to be applied and then cured at a high temperature. However, according to the present
inventors' study, the treatment at a high temperature oftéh lowers the 25 production efficiency. Further,
the more layers the device comprises, the more repeatedly the treatment must be carried out at a high
temperature. Consedaentlyfotheyaodpbtivifate tieddeviceas tauciond)e impaired. In view of this problem,
it is studied to employ a silica-conversion reaction 30 accelerator, which contributes to the conversion

reaction of polysilazane into a siliceous film t id t r%ﬁ nt at a high temperature (see, for
example, Patent documents 4 to 6). Howg\ée(?r%egrg?ﬁeﬁ%dota@v&én otrﬂghave found that the resultant

35siliceous film is often made to have a hydrophobic surface by the silica-conversion reaction accelerator.

Accordingly, whgn J enagafirgtesmpesitioneracedsiip doraye \ndinghsanicPmiistonearts is applied on
that siliceous film, thggﬁ@;ﬁ_g&@géilm tends to repel the composition to cause coating ununiformity or
failure. 5This is room for iImptovement. MEANS FOR SOLVING PROBLEM [0006]The present invention
resides in a siliceoud IRESBINIRISHMSEhSd JORBRSHY TBLENI RIS Ryrmation step, in which a

composition containia@l®palysA@zzdriibcompound and a silica-conversion reaction accelerator is applied

on a substrate surfa¢piQJRiyaRAMEIRZaNS JfarR SE0RRIE, APRIGaE AlRR, IN Which a polysilazane
15fiIm-treatme%sol%és%gﬁd on said polysilazane film; and a hardening step, in which said
i5°C

polysilazane compo ed into a siliceous film at a temperature of 300C or less; wherein 20said
polysilazane film-tredfta¢ansslggormentafdslapanese B8 entd ados@pandsyen peroxide and 10 to 98
wt% of an alcohol, baged9n)hedoted weight thereof. [0007] The present invention also resides in a poly

silazane fiIm-treatmei\[:ﬁas[%Iqudw %EW{B?H |§£§§§%q] ap ea&c%gﬁi{aﬁg%_ggygjwed by applying a

composition containing a po éSI azane co and a silica-conversi reac(%l'on accelerator, so as to
promote conversion LS8N sHdEFEcompound into silica; characterized by 30containing a solvent, 0.5
to 10 wt% of hydrog¢Rqenokide cunth &0t P ayisnesanralceholl hatedpentiNototal weight thereof.
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DISCLOSURE OF INVENTION

20 PROBLEM TO BE SOLVED BY THE INVENTION
[0005] The composition containing polysilazane is
generally required to be applied and then cured at a high
temperature. However, according to the present inventors’
study, the treatment at a high temperature often lowers the
25 production efficiency. Further, the more layers the device
comprises, the more repeatedly the treatment must be carried
out at a high temperature. Consequently, the productivity
of the device is much more impaired. In view of this
problem, it is studied to employ a silica-conversion reaction
30 accelerator, which contributes to the conversion reaction of
polysilazane into a siliceous film, so as to avoid the treatment at
a high temperature (see, for example, Patent documents 4 to
6).
However, the present inventors have found that the resultant
35 siliceous film is often made to have a hydrophobic surface by
the silica-conversion reaction accelerator. Accordingly, when



EFFECT OF THE INVENTION 35[0008]The present invention enables to easily form a dense siliceous
film at a relatively low temperature, for 4 example, at room temperature, as compared with conventional
siliceous film formation methods. Accordingly, the present invention can be adopted in manufacture of
electronic devices having semiconductor parts of poor h&at resistivity. In a 5 conventional method such
as a low-temperature curing process, a siliceous film is made from perhydropolysilazane and has a
hydrophobic surfacet e faogtivig cangiositioatingassapogifion [y apjglied therecen tiskufilmrsurface often

repels the compositigR,rHOeNBhIFRES N EnRFE SATE O RNFRM Pvedes @ vwArepdikg siliceous film, it
becomes possible tota ?jid {epel ineq on the film su.rtface.tThe siliceoustf.ilm formedfaccoidir%g,to the
present invention, there o?e,océﬁ%e em%lgyc}g(]ipaosshﬁolﬂte%é:yae?Slr?sﬁ?a%ir'189i|umr,]lér}'of)) rpnrqoI detive film, a
primer for protective i@ty or the like in an electronic device.Further, the 15 siliceous film of the present
invention is not eestrickgd 19 bedisetbinipnpeieetatda eevice, but also usable as a surface protective film
on a substrate made of metal, glass, plastics or the like. 20BEST MODE FOR CARRYING OUT THE

INVENTION [0009]Embodiments of the present invention are described below in detail. [0010]
Polysilazane film-treatment solution T %%ilﬁ%@ﬂ#n\lﬂ@&rﬁm%b%n used in 25 the present
invention is applied go@q®)ysilazariehinp besaetthie fikem tsdrardesietb s ihe silgidiceofilsn fdrmation

method described lafgrREEHCRI ARSI RYIYS7aRg film-treatment solution of the present invention is
cast on a polysilazane film before the film is harde]n d, apd therehy the siliceous film 30 formation

method accordmg to the pre%n?fﬁ\llgﬁt'ibﬁzrﬁa{k%é it JOss @5%%%%005 5esﬁit:ebrﬁs\ﬁ'ln1'8 a ?emperature
lower than conventigh@nmidisdti? 0o e pbnsilazdnel MATegamencsonnerucfdhé n reésent

invention contains hygliegesdirexisienanceeii asstalspsedent. Appsr B0BWCREN:S sfFag¥plained

below in order. [001 H dr[r e oxhqe ogen peroxide is generally well known as an
oxidizing agent. In th%(]eu(gfg(s:gn ?r?vgeprﬁﬁo%,q eyssﬁllgégﬂ]s?l;%{rﬂ Ormation is presumed to be achieved by the

combination of hydrogen per8xiBECARA te§iliRRRUAPEISIBNTERR IR avdeiehatBr BEOYEIRE& ethe
polysilazane filbs [OGlaiStneafpuenit 202uni dreils iapp lisdtaloleskqdighdydikgempefiridedasdenerally

hand_led in the form of an ‘?{Q%EQ%EQHH?@- é'E‘etB? memkiqvg&t@prbc;?gﬁgggngoggﬁ{lp;&lnn%queous
solution of hydrogen_peroxide is used to prepare the %ﬁ{go%:lazane IIm-treatment solution. Preferably,
h

the hydrogen peroxid® SONSHLEhIHSh & mllesPi FnlATRRIAIH D ShtadRthE fhed

concentration of hydtegen peroxide. Instead of the aqueous solution, hydrogen peroxide freshly formed,
for example, by electrolysis af,aegpnonium 15 hydrogen sulfate aqueous solution or by hydrolysis of a
peroxy acid m%be directly adadl%d int? thq treatmeftlsrﬁ)h{t#%n. However .much eatsi% to use the

y

it
aqueous solution. [0014] Thespo Haz¥Re fifR-treatment sol%ﬁrc])qne@c}nt%?r!g E}(l) roagﬁ] paéro>s<ic1ae preferably

in an amount large e¥RIY§Hte 0-5 to 10 wt% of hydrogen peroxide and 10 to 98 wt%

of an alcohol, based on the total weight thereof.
[0007] The present invention also resides in a poly
silazane film-treatment solution

25 which is applied on a polysilazane film formed by
applying a composition containing a polysilazane compound and
a silica-conversion reaction accelerator, so as to promote
conversion of the polysilazane compound into silica;

characterized by

30 containing a solvent, 0.5 to 10 wt% of hydrogen
peroxide and 10 to 98 wt% of an alcohol, based on the total
weight thereof.

EFFECT OF THE INVENTION
35 [0008] The present invention enables to easily form a
dense siliceous film at a relatively low temperature, for



20 form an even fired film. On the other hand, however, in consideration of ensuring safety of workers
handling the treatment solution, the amount of hydrogen peroxide is preferably less than a particular
value. From those points of view, the content of hydrogen peroxide is necessarily 0.5 to 10 25 wt%,
preferably 1 to 8 wt%, more preferably 3 to 5 wt%, basedon the total weight of the solution. [0015] (b)
Alcohol It is essential for the polysilazane film-treatment solution of the present invention to contain
an alcohol. In the 3@pegv@ieina¢ntionnthteaiudiE tae a & cionEdredking the dovesdisiicdous film has
a hydrophilic surfacesjBee@ps ¢fi HiisrineianoMeRERSRIY IVeRibs ANy RYiderR SiFegrs film with
more hydrophilic character{'stic than Qt())nvecr%ional methods. Afcc%rdingg/f whe ano.theé co.mgosition is
applied on the surfaég\f'ﬁﬂh'eorgof:,all{1 is peosag qgtt%c*o'rrr‘n ROt PR ore Sn‘ﬁ%rﬁ%%aneg\'/%r.s 6 [0016]In
the present inventior) YéN&rms CANNGIROTTIAEERE & alibStacdRRHsB eadletaris§tMidure i characterized
in that at least ope hydrogattibeladeddrn bysietadRom isoRptreap svith @ byciokyygpeopebsom the
viewpoints of treatabjlity: f Sdmprqyi rophilicity of (i | rface, alcohol is
preferably selected féor%ﬂ?eg @gusngﬁncsilgsﬂﬁgg %gnﬁﬁgﬁlgeigﬁaaﬁg)@&%e%@%cﬁqg v}\?r%?:h aslto8
carbon atoms. Therd & PN kvt sraldéHors, wHith £a6 be YaRgBriAAGH fefstd? &bteRample, the
kind of hydrocarbon cohmipasidithe iK0ppgitied ahkydmxy g fihrhl cwefareitft desnegueisr the alcohol to

considerably improve dwsephilisity abie Jermem sligerus fbtesttriakr 1RiBAVE B PiRillagspoint low
enough not to r?gnalw\ﬁ the f(firme_ _S|I|ce0Lf film, agd to hardl rea.%t W|;[h othergomég)o I_ents such as
hydrogen perokile. MXVSARSHUEHUGEIHS AEBhL 0 BrorRIabI) SRRIE R B EFb Mihsisting of:
aliphatic alcohols sueh dfienfétimaaurfegrnoll heprdlie@ot sstilprdisuinoe b aeeoidirsditothad octanol;
ali%hgtichdiols srt]Jch @%@W@W@M@mﬁpﬂwﬁwe@?@w@é@w Ir@yé_lét@@ aB. ilrtaempé_y-Z-prOpanolh
and 2-ethoxyethanol; .mixtures thereof. olysilazane film-treatme n_contains the
alcohol preferably inrgzrsl Qr%%'l? Iﬁrlﬁi’eﬁog(gé t@?%{%?@%yﬁrophiﬁc%y;b t Ee?fs‘hlrcé%}lﬁsp#ﬁ%en the other

hand, however,sinceeRalBtenPertXkRid i Polthal ifdGpbraRtr 8N ke formbiteaquidtis solution in
the present inveBtiorsilvatenst filaquieahe sphdsnesticentieugpenbmivebthectdubha domtent. From

those points of view, jhg goent pidne-AIoRR! 1 BeFESSaP LA 1908 WEE: Oreferaply 20 188 wi%, more
preferably 25 to 98 wt%. 30

001\% ﬁ) Solvent The polysilazane coat-treatment solution of the
present invention coRfARRAYEVEHT \IRich ﬁé('?ﬁtﬁ?rjf&i&aé%%dagﬁ@bugffi‘a?ssBI'\ﬂﬁH(iﬁeoébove alcohol
and hydrogen peroxidee Akleough the alcohol described above is a liquid and 35hence can generally
serve as a solvent, the term "solvent” in the present invention does not include alcohols.In other

20 BEST MODE FOR CARRYING OUT THE INVENTION
[0009] Embodiments of the present invention are
described below in detail.
[0010] Polysilazane film-treatment solution

The polysilazane film-treatment solution used in
25 the present invention is applied on a polysilazane film before
the film is hardened in the siliceous film formation method
described later. Specifically, the polysilazane film-treatment
solution of the present invention is cast on a polysilazane film
before the film is hardened, and thereby the siliceous film
30 formation method according to the present invention makes it
possible to produce a siliceous film at a temperature lower than
conventional methods.
[0011] The polysilazane film-treatment solution of the
present invention contains hydrogen peroxide, an alcohol and a
35 solvent. Those components are explained below in order.
[0012] (a) Hydrogen peroxide



7 words, the "solvent" used in the present invention is selected from substances other than alcohols.
[0019]The solvent can be freely selected as long as it can dissolve the above components
homogeneously, but preferred is 5 water. It is particularly preferred to adopt water of high purity, such as
distilled water or deionized water, so as to prevent impufties from attaching on the substrate. If hydrogen
peroxide or an optional surfactant is incorporated in the form of an aqueous solution, the solvent thereof
(namely, water) can 10serve ldy theogmven ef the gelysiaganesfilaHyeatraéntisotution ascarding to the

present invention. [08ZfiBShgtheySRMPONENiRe preledAdiiRitioiba iInginpesisride ¢ompanents
described above, th‘? g%wsi%azane fiIm-treatm%nttsolll)Jtion %the eporegeniﬁSinvent'on rr}rlag cor;ftain optional
components accordingr 0 %e'genss'ﬁy.%rx%srﬁjﬁpe% of fhe gpt"f‘ocna{fs(\:/ompop{en Eingige oy ac?ar?ts, which are
for improving coatabli{f Ep@fst MsIEidenasignaaptietrenkershes, shrieBsatie RIideylic acids,
which are for improvisigheameatibilith ef gagyenrmpanentinz0 [0021] The above components are mixed and

homo generously dii?é\iﬁg'to p_rep%rﬁqt&g [E)qwgileﬁgag filﬂ;—f{ggﬁm .Q.t ggluﬂﬁgpgmg REeARE invention. In

this preparation, the particular restriction on the order of addition of the componehts. The prepared

| _ .
treatment solution sHB(HH BE KBpPESiIRd A&rK rRiEcdsl Bla¥ehRRALSE it Bottdnd RYBRo§EnHRroxide,
which is relatively urstp#e 22l Eomatibm thsilossentinmventiofhetdicetnrs filmoiormadliyon method

of the present inventign caMpEiSeSsHEBISRDP I (RIrdRRINNEASAIRSiR 3G FRRIGIAIAY AqRolysilazane
compound and a silica-conyversion r. Iactlon acce eratorgierelnaftsr, ften simply referred to as
“accelerator’) Y a sUBLGHIBSAE U T5RA LTI ORI im: Bs Ay 4 o ¥dRge"

film-treatment solutidre(fexditafté bfeansimp® vdfidred fo B3ixetmdithsdligort)enatyagatpolysilazane
film; and (c) convertigg thei pely tinzapempaendintteisijertssritiaai anedperatdicoefe30C or 8

less. [0023] (a) Polysilazane-film formatian ste There.i rticylar restricti material of
the substrate. Exam I‘g]sz(%?%% su %s ragt%eam(c%fugre]ea %r rlﬁé;gggili%(?rﬁj gﬂ%étrﬁ%%ﬁocégﬁiﬁ%%gv%h gr optionally
coated with a thermdf BRIk fifr P ackilitdh ANATRRIR. PHeRiGSiHAkESisaP bePe MM YBvided with

trenches, holed and/hydecverndudfat pasitfiotnedsiblerdon. dharg ibyndrpdytics|af rasp@tmayon the

method for forming thesg tenhesNAesld RN FEMITRRBUTIOE PRFSa RRFLIAN AN kNPWN method

can be adopted. o . .
However, it is much easier to use the aqueous solution.

[0014] The polysilazane film-treatment solution contains
hydrogen peroxide preferably in an amount large enough to
20 form an even fired film. On the other hand, however, in
consideration of ensuring safety of workers handling the
treatment solution, the amount of hydrogen peroxide is
preferably less than a particular value. From those points of
view, the content of hydrogen peroxide is necessarily 0.5 to 10
25 wt%, preferably 1 to 8 wt%, more preferably 3 to 5 wt%, based
on the total weight of the solution.
[0015] (b) Alcohol
It is essential for the polysilazane film-treatment
solution of the present invention to contain an alcohol. In the
30 present invention, the alcohol has a function of making the
formed siliceous film has a hydrophilic surface. Because of
this function, the present invention can provide a siliceous film
with more hydrophilic characteristic than conventional methods.
Accordingly, when another composition is applied on the surface
35 thereof, it is possible to form another film more uniformly than
ever.



[0024]0n the substrate, a polysilazane composition serving as material of a siliceous film is applied to
form a film. The polysilazane composition can be prepared by dissolving a 15polysilazane compound and
a silica-conversion reaction accelerator in a solvent. [0025]The polysilazane compound used in the
present invention is not particularly restricted, and henceébcan be freely selected unless it impairs the
effect of the invention.Further, it 20 may be either an inorganic or organic compound. Examples of the
inorganic polysilazai®@d®pound inkdlutiee ppesieydropesngilrandedapoubalediici haseasaight-chain

structure ComprisingUBATRHISIRBISIAISL e dolauiagsigunisian dbichibod i tas! ) n? SN
H (51-N rn3 25(la)(l %(,C%Whlch h s molecular gegcpt of 690 200 which inc udes 3 to 10 SiH3

groups per moleculethe&Fes ﬁo&%rt‘aiﬂs? Sementsd 8%5 Th'RIEHERGT ra\{vos of Si: 59 to

61 wt%, N: 31 to 34 wt%/@kﬁawlﬁg?wns vﬁwmest,b@cnvéw/,mgéa &f JventahidHyamdgsiof and also
another perhydmepolysilazanie gampnranpthimMait basthstemdiclpolysiyrenergaevehenhiustiage molecular

weight of 3000 to 20%0 rgf@r%ﬁ Fugg]g lJJI qWQﬁ%ﬁtﬁJ%||@&W§ qﬁq eoqowggl hich has a

skeleton mainly compri ng a structural un|t represente owing formula (I

5(wherein each of RYI®8 ARFRPIY HAIEG&HY RY diraikd Hrodp C&’f%%r@?%%ﬁp,
cycloalkyl group, an ahdigroae anmhwldnlyi@amb&crﬂib%anmmncgrom)n anealkakggpouzedoimnother

group such as a fluogagafid QJPUFbeB%ﬁ?BFém%r?eCWRW SHORYHiFSEBYISORNERURY tQriBe§ilkcon atom,
provided 10 thaéat least one of R]'PryR(irand 3ish drogﬁ8 and which has a numbef average molecular

weight of about 100 BY §(')68(5] achfd it ogrﬂ? 8?’%(/\/0'&'?’?10?8%5@/ ?e{nyz: mpounds
can be used in comtiheian! [E027Fidesalbsdntimoretiby dimopoligiinzehehe formed

siliceous film surface, to have a boiling point low enough not to
remain on the formed siliceous film, and to hardly react with
other components such as hydrogen peroxide. In view of

15 those, the alcohol is preferably selected from the group
consisting of: aliphatic alcohols such as, methanol, ethanol,
n-propanol, iso-propanol, butanol, hexanol and octanol;
aliphatic diols such as, ethylene glycol and propylene glycol;
oxyethers such as, 1-methoxy-2-propanol and 2-ethoxyethanol;

20 and mixtures thereof.
[0017] The polysilazane film-treatment solution contains
the alcohol preferably in an amount large enough to improve
hydrophilicity of the siliceous film. On the other
hand, however,since hydrogen peroxide is normally incorporated

25 in the form of an aqueous solution in the present invention,
water of the aqueous solution restricts the upper limit of the
alcohol content. From those points of view, the content of the
alcohol is necessarily 10 to 98 wt%, preferably 20 to 98 wt%,
more preferably 25 to 98 wt%.

30 [0018] (c) Solvent

The polysilazane coat-treatment solution of the

present invention contains a solvent, which has a function of
homogeneously dissolving the above alcohol and hydrogen
peroxide. Although the alcohol described above is a liquid and

35 hence can generally serve as a solvent, the term “solvent” in
the present invention does not include alcohols. In other



15 composition contains the polysilazane compound in an amount of preferably 0.1 to 40 wt%, more
preferably 0.5 to 20 wt%, based on the total weight of the composition. The content of the polysilazane
compound is normally adjusted to 0.5 to 20 wt%, and thereby the resultant film can be made to have a
20preferred thickness, which is, for example, 500 to 8008 A. [0028] The polysilazane composition used in
the present invention contains a solvent capable of dissolving the above polysilazane compound. It
should be noted thatviteiscsolveire Miagbendt nesedsanilytiee geeseat inysolkiont of thelabted 25

polysilazane coat-treghpe i AdpR e ENsIBds PRAHEIRYRLI§Striction on the solvent as long as it can
dissolve the above c&&ogfnts. Preferred Iexan,;nples %‘ th{_a SO venti'ncltud s | ﬁ) aro;(natic compounds,
such as benzene, tofuene; xylene, etn)‘/elbseon\z/grﬁ]e,%‘?&hy?be?%%?(e,s ranCeﬁ'lylgéQ'nzoen And" 56"
triethylbenzene; (b) shasleéel Byara@avercesipIRaLs Hiumasensantabe, MpeREeiereskitne,
i-hexane, n-hep@newdeptane; NsqQsianieUtaeianssdfdleanto iahenovardecsnrighdpienane; (c)
alicyclic hydrocarbo poun cyclohe; e kO lcyelo e, cyclohexane,
%%%ﬁ;%gcgﬁy@ﬂé@aﬁ%% YFHORE MG e & \Hr%ﬁIQX 46 ? Xe?tnﬂ o FYGIORE

cyclohexene, p-ment ne, dipentene and limonene; ers, such as dipropyl

ether, dibutyl ether, diBIRYIrEtHes H&RY @&Hiar bigI efhetife2itfEidierrdd 1948 MESE) and 5
anisole; and (e) ketopespxinhh as metbyltisoialtydkdtrta feieimaften oetaieddi to teMBK). dimong them,

more preferred are (B} saiyalsdNssAsARION A RAHDERC(Shakxsli huskeagrbaR EopyPEaRds, ()

ethers and (e) §tones. 0029] Those ?olvents can be used in comt¥nation of two 10 or more, so as to

control the evaporatioh rate? otr]%au%% W@ﬁa%faF HR¥s '!8%@@%%%%’&?@%?0%%'%@'?% solubility
of the components. [@OGVIR tite tordBenpifaaNib ) VeO PONsilazane composition further contains a

silica-conversion reaptiop 03 agceleraiotonasenbataccelerator is a compound having a function of
interacting with the polysilazal QMR d[éo {;H:gell rcﬁt%) ﬁ%%&)tign éla W igﬂ g?ﬁ @%%ssjlcarzi%%(a compound

e
is converted into a siliceous sms%ance. There are_aﬁrea y%mown various compounds usable as the
accelerators, and, foRBufpiE 20 ehysHarARALEN T PRI 8FELARHE U6 LR Hr8RfIIdyed in the
present inventibs. Speruiéiceliy rexarayles oh thd mcogeratoad indudp dmeiotiowdty coaipognts of (i) to (iii).

(DMetal carboxylate, e kifg of ig A665|eateis A isWarbnRIFTEBRTYS ARG vt hoyyate

containing nickel, 25 titanium, platinum, rhodium, cobalt, irgn, ruthenium, osumlum,\falhaéj%%n, iridium or
t

aluminum. When theoHidaF @S deeca iALErBFat AR O B A Lo L A0GHR is generally
0.01 to 20 wt%, prefacings®n toar@inedharsrkpiofieeshlyalis iy dastdwndasadomxHie vagiighs .of the

polysilazane compoypdic#0 Htberdetahtarerxyigteds Risied b 1af/aBp U dnesrHiseriba adove range,
the compositiogdnay qggiriﬁo gelat'LPH. On tt)fg)e %thggt%?n%,ni%tﬁ? cog;%nt isi toeodsr%allditri]soorﬁ%n impossible
to obtain the effect og he invention. Accor%hng}ﬁl, itis ne%essary fo pa amarﬁlo_n t8 the content thereof.
35[0031](ii) N-heterd2§ By ebaipodifge irachAstiteranco ik @@bﬁéﬁ%ﬁéﬁ‘? HibTertERAEMBATaromatic

N-hetgrocyclic 11 C@cbmﬂunds'xf the Em&meq@a‘/m&mmclmllﬁsﬂipélr@mﬁdmpmaeee_ is
4.4-trimethylenebis(f eyl pinariding). dipzabisyclg 2 pralogipne Andeisig iy ethyinipgrazine.
5When the N-heterocyclic compound_is incorporated as the accelerator, the content thereof is generally
0.01 to 50 wt%, prefSRIBRYIE L0 WiBE BUSRRERANE GREGHEBF tRR!HBIPSISAM doRfp dRRE The
silica-conversi@b reaiction s e cahatated irpéacerbacce sathtirmyn s mef ttyel tOgentgrer &xone that point of

view, the N-heterocyglis amppepdivdNetaiabhpsontained in a large amount. On the other hand,
however, if the contﬁg}é olggrgeE ikilg resfultﬂlnt sillijcse?lirsn film may have poor density and/or the
polysilazane compo = 1 atability of the composition. 15Accordingly, it is
necessary to pay attention toth€ cdHiegous film formation method of the present
invention comprises the steps of: (a) applying a composition
30 containing a polysilazane compound and a silica-conversion
reaction accelerator (hereinafter, often simply referred to as
“accelerator”) on a substrate surface, to form a polysilazane
film; (b) applying a polysilazane film-treatment solution
(hereinafter, often simply referred to as “treatment solution”) on
35 the polysilazane film; and (c) converting the polysilazane
compound into a siliceous film at a temperature of 300°C or



thereof. [0032](iiil) Amine compounds are still another kind of the accelerators. Examples of them include
an amine compound represented by the following formula (A) or (B), namely: RA N, 2 '1:-)P2 RA' 20
(wherein each RA is independently hydrogen or a hydrocarbon group of C1 to C3 provided that two RAs
connecting the same nitrogen are not both hydrogens at&he same time; each of L1 and L2 is
independently -CH2-, -0- or -NR- in which RAI is 25 hydrogen or a hydrocarbon group of C1 to C4; each
of p1 and p3 is indepeagently an integer of 0 to 4; and p2 is an integer of 1to 4) 12 (wherein each RB

is independently hydrggenpr@ N wigeuRea @ aupPiSrhiatich ardeach of gl and g2 is independently
an integer of 1 to 4). 5[0033]The composition co?taiqs the amine compoHnghirel an amoun‘ ocff:f;enerally 50

wt% or less, preferably 10 wt% 8rr%s'§, B3R e \?v'éiéﬁtsé %ﬁte'%glycs’llazane cr;?)?ntr%ﬁ%d. articularly in

the case where a pethgirdgbistiatane Eompoahes wihickintaiRs birden EiehfotcdnriBtng to alkyl
10 groups, is used asithspodyfileaaite eorapawilctie walse 6pepatny kasesdeleniroaic or

stereochemical advamg%gpg)l&%c%mrgﬁ glosﬁggglfﬁrélwr@é ﬁﬁgffe%(g. m%g@gggtriﬁ%{gntion can be

obtained even if the content thereof is relative pecifically, the amine compoun

sma
15incorporated in anb&rﬁﬁfﬂrgfﬁ’é}%l%ﬁ@vi%%dvm%?rﬁ@?&%ﬂ t8S18VWHIR more preferably 4 to 8%,
further preferably 4 teeg®cdhd wordemparftthécamied ¢beeoumd i9 pesfereblyonmaetibakaa particular

amount so as to obtainthe-FexiPHRrRITes s RbACRSaiGiRgHE e FRARNIR:ATgh 5 impyrdNng the film density.
20 However, in grder to keep compatihility of the composition and to ayoid coating ununiformity or failure
i fim-forming e BRI STV ABAERR! (RE SR, RERRR APY B OB PHesEysilazane
composition used in ifegiiesdatinvention can contain other additives, if necessary. Examples 25 of the
optional additives inqigde g10sslinkiagragerieratas ara ¥iscspy yediberankuréan pdiert wsed for

producing a semi conductor deyi % osition can coptain.a pho r oun ch as
tris(trimethylsiIyI)phoSsgﬁ\(Qt%gfo%_h%éﬁgg eg oir%?a-ée%?gﬁ%%%%fe@t%é%o%gﬁ,&%%h@ Jégiﬁlagzaﬁlleﬁyc’omposition
described above, it id BRPPHELSIHE &5 BniNFYRASHE IS BBl tn IPRBA! BHc M ehzsSP IR example.
13 [0036]The dlove polysildzareconuositaruis dpplied an ik sabstate ecsosdingda &nawn methods,
such as spin coating, dip. LAY SPLAY SRALNG. print-transfer coating and

[0025] The polysilazane compound used in the present

invention is not particularly restricted, and hence can be freely

selected unless it impairs the effect of the invention. Further, it

20 may be either an inorganic or organic compound. Examples of

the inorganic polysilazane compound include: a perhydropoly

silazane compound which has a straight-chain structure

comprising structural units represented by the following

formulas (1)

H H ,l—\
A1 e

Ib (Ic)
oe (Ia) (Ib)

which has a molecular weight of 690 to 2000, which includes 3
to 10 SiHsz groups per molecule thereof, and which contains
elements of Si, N and H in elemental ratios of Si: 59 to 61 wt%,
N: 31 to 34 wt% and H: 6.5 to 7.5 wt%, respectively, based on

30 chemical analysis; and also another perhydropolysilazane
compound which has a standard polystyrene equivalent average
molecular weight of 3000 to 20000.



the like. Among them, spin coating is particularly preferred. 5[0037] (b) Step for application of
polysilazane film-treatment solution Subsequently, the polysilazane film formed on the substrate
surface may be then subjected to preliminary heating (pre-baking) to remove (to dry) excess organic
solvent from the 10film, if necessary. After that, the abov@-described polysilazane film-treatment solution
is applied thereon. The preliminary heating does not aim to harden the polysilazane, and hence is carried
out generally at a loQ8@p¢rature fBuatstrrt tihd| fal example) de A0 ao el 50C, présidblait® to 150C,

and for 1 to 1510 migdiepdlipieraitych thasmindiesdISaH ARG i ompRIbHiaarastiriQran the
method for applying the treatment solutipn, Whiq'h ﬁnz&vbe qgtplied by spray coating, spin coating, bar
Tob¥ate

coating, flow coatinguonrlharﬁ& 'ou .%e. an e'rﬂﬁg S erBLﬁ'GA ef the step for application of the

treatment solution, the film is subjacted to the hardening step. In the siliceous film formation method
according to the present inventipn, the hardening step is carried out at a temperature of 300C or less. The
polysilazane compound is convgﬁb_d'}'n Q,25 éﬁ a and accordingly the film is hardened at a very low
temperature by the cooperative aRfioR’of the accelerator in the polysilazane composition and hydrogen
peroxide in the treatment solution. This means that a curing procedure, which is indispensable in
conventional mé&hodsyfseuritecesshnoin Rie FoparsenRivernitiote fmedenibn thedcogenis @arried out, the

temperature thereof ig, {ar example, PWePhiess ollijs RARIRIBEMDIERBEE [RaEIeN Hisdiln at room
temperature because thatl g3{1{(%{1%21;‘ng)step does n?ét%r/léeed _ener§ and amhui%necessar for the curing
; P

procedure and, as a8 rdﬂé'ﬂoﬁiﬁro% LAHHR e PurthE?*&v&I FRe [9|rocess
includes the curing procENEE, @fergy fdtduriag andluareatkior Beatiny At caofing tarenedced.

Con_s%quen_tly, the p@ﬁmmmmﬁndm@mw%ﬁrm@ﬁw@iww1{984Qin;lb@ma;rﬂﬂminqwmﬁarefzrably
carried out in afjatm re | m, Xy, am e n : n_oxidative
atmosphere. Izipwe p{r?ié)gr%ﬁnl\%gi%ﬁ)?\fpf?iéﬁsrticﬁlarﬁ/ﬁgtger'rgg] gcl)%ggéi%ﬁrptr%ehélr\nﬁ ﬁ%ﬁ Q%rgo%phere
containing oxygen. TH&BRRIURVET8LREA Nasierarani§ gtk ahart A ARPE prefGably not less
than 10 volume%. Theadiifospherermay aonigintimertegaises Suoh asr 1omdnagencyd Heliwamm enless they
impair the effect of tt&eoorﬁs&rg inyertion. [0041]If this stersis ¢arripd out ig g StEpm-$qntyning
atmosphere, the amount of steam is E)referabl not less than 0.1 volume%, morekgre_ferably not less than

1 volume%. In 15 thE982&nt inveddbnt it§s PARCHLYy HPMERI4QL hatlsh B8 Wi iHRZ Afd&d gas

atmosphere cdkbainiagrsieasitépnl orydennf00ne] Phbypikestan énvemieoe igid rine asxglaieetbelow by use

of the following exangplgs-d@x Iprenaraiiom of palysilazasie CoPREsHIy 0.5 to 20 wt%,

based on the total weight of the composition. The content of

the polysilazane compound is normally adjusted to 0.5 to 20

wt%, and thereby the resultant film can be made to have a

20 preferred thickness, which is, for example, 500 to 8000 A.

[0028] The polysilazane composition used in the present

invention contains a solvent capable of dissolving the above

polysilazane compound. It should be noted that this solvent

maybe not necessarily the same as the solvent of the above

25 polysilazane coat-treatment solution. There is no particular

restriction on the solvent as long as it can dissolve the above

components. Preferred examples of the solvent include:

(a) aromatic compounds, such as benzene, toluene,

xylene, ethylbenzene, diethylbenzene, trimethylbenzene and

30 triethylbenzene; (b) saturated hydrocarbon compounds, such as

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;

(c) alicyclic hydrocarbon compounds, such as ethylcyclohexane,



20The following three polysilazane compositions were prepared. (X) Into perhydropolysilazane,
tetramethylhexanediamine was added in an amount of 5 wt% based on the weight of
perhydropolysilazane. The mixture was then diluted with 25dibutyl ether, to prepare a composition in
which the concentration of perhydropolysilazane was 13-@1t%. (Y) Into perhydropolysilazane,
4.4'-trimethylene bis(1-methylpiperidine) was added in an amount of 5 wt% based on the weight of
perhydropolysilazanen & Heythiyttieheas Béthaery dilateeiaitte diloyty] @lttesx etoepraparesa tbampesition in
which the concentra@bghwmqmmg WareHi¥A®.and (A diRdadiundyopigrats, was added
into perhydro polysilazar%e in an amountI of hWt% gaéeq gn thﬁ Wei%rlt %%rr&wopolx%g? ane, to
prepare a compositiosr%J h Wﬁﬁ:hqlrperggé/ongent%tion' H pgrh%ro%rolysh%za e Wasso Widh. |%@(544]
Preparation of polys#@¥air Hinkurbaknediteiol (he e irmfter, Sietesepmly op@§siMZ &R fimmteatment
solutions showrsn Tahlig d lwere individyalkepeapased ydrsesdf arddtwih aspibous satetiemef hydrogen

peroxide, an alcoholgpg \agr?éeéf{tewopgfgf'J}eo&eq(gh%we,w%q%)and ,Qpn%%%omvgm ’n%gsf%d 5in

: r :
Comparison Examples 4 respectively, to prepare treatment solutions.”Further, ‘organic solvents

were incorporated infiS£6 'JieflcHs (B présHrd Pd&thdhy S5RE8RE ANCEAPRISHT ERandfies 6 to 8.
[0045] Formation of ailicgolis firydt6Car achirabrstioomdsfefd) atbéeachrpblysi)akatememposition was

dropped and spin-cogig@ ) form a pelysiazanedilie thiiseriiseaaiineBrAstdsifotheValRs was rotated
at 500 rpm for(f seconds, and then further rotate 000 rpm for 20 seconds. Thergeafter, each

at1l
polysilazane c S-trAriBRY €5 1o ALY iﬁr};\engP{ BILRYNI A& até)plrg H)?%amcoating on
the formed polysilazha@2td@ usness temifreahnenan badiatrchiimignpuidothessobubiléach of
Examples 1 to 19 angfGaepaiipeexagples 1 to 10, the coat was then left to harden for 5 minutes

under the same 20 ' ental ditions, ther.h in each of |

Comparative Exam p@?%_ p_olysqltl?apzaiﬁlaeé}il%(Pvgég %Sreﬁ{a&%%%i ‘L‘po? BSt qrﬁ%w L?é@%f@é%éﬁ %eatment
solution was appliedXAERES hARUAHEE AR fiff® WeRI Bifred SJHifan BOTRF P Mif@as Hidt the
treatment, to haglengbedilar.ad{0046]dresudiienaat dbgratoof $iica-comagrsiondn Isdicaoysdilm

The degree of silica-ﬁgﬁgqrgiﬂn(y\zaﬁﬁ\éqlgeﬁq&y\m@ﬁnﬂgg FJGI@@%%%@@BHWQWdSpgcifically, IR

spectra of the composition were measured befgre and after the conversion, to estimate how much the

composition was cortferfl§ TAES sMicEBAS TS s s THIESHOLYEL A UBISARPAHINE dBnversion
generally exhibited atpIR/epttiuntdadingiceaks asulostoeel| ahdess0ara-alvesidy wevevatributed to

absorption by Si-O bgaf o8 Bshaermirndisaone vy . the IR corGEsrSf HivasiliepasRdiaphad neither
peaks at 3350 ¢gip-1 and 1209hcms-1, \ggicg were 5 rqttgt%{tgd ﬁo (%gorﬁgigp] fg Iﬂ-»—hgo%d,cngr a peak at
2200 cm* which was attributed'to aepsorpstlon y ||-I bond, although Hu_)s_e peaks were Observed in
the spectrum before Rfe@IBRIEMSE6hI Nt WEsRAEEEBES PURBHRt0 e3RABKBAT Y nRr@ MR vas

converted into a silicgaistitelacatodingriol threstestraliIBasad cothp@oue ciarpcterigiios of the IR
spectra, each formed film 5\/?“9 evajyates og/ 9{ge afsillcq- AN YR $ion Qgqun}%ﬁjg?g_ into the

following grades: A;afu ﬁésilica-converted tfilm, in the spectrum of which absorption peaks
attributed to Si-H anE&LGWETHE REFLGTERSly ISh8eMsdal carboxylate containing nickel,

25 titanium, platinum, rhodium, cobalt, iron, ruthenium, osumium,
palladium, iridium or aluminum. When the metal carboxylate is
incorporated as the accelerator, the content thereof is generally
0.01 to 20 wt%, preferably 0.1 to 10 wt%, more preferably 0.5
to 5 wt%, based on the weight of the polysilazane compound.

30 If the metal carboxylate is added in an amount more than the
above range, the composition may undergo gelation. On the
other hand, if the content is too small, it is often impossible to
obtain the effect of the invention. Accordingly, it is necessary
to pay attention to the content thereof.

35 [0031] (ii) N-heterocyclic compounds are another kind of
the accelerators. Preferred is non-aromatic N-heterocyclic



10B: an insufficiently silica-converted film, in the spectrum of which an absorption peak attributed to Si-O
bond was observed but a peak attributed to Si- H bond was also observed; and C: a scarcely
silica-converted film, whose IR 15spectrum was almost the same as that of perhydropolysilazane. [0047]
The results were shown in Table 1. Only the siliceous fifhkdformed in Comparative Example 5 was
observed to have teardrop-shaped stains on the surface.  [0048] Evaluation on contact angle of
siliceous film againsc@dwatends. Water was dropped onto each formed film, to measure the contact

angle. The results were shovgy i sle &1 49 [haRiaidl, B diaklg il PSlypizhereomposition
polysilazane fiIm-treglt eqt squHg')n silic%ou film thlgpz.alco.réohgsgree of silica-conversion contact an

against water kind content Kind Syiediors(L-me pipend
diazabicyclo-[2.2.2]octane andcis-2,6-dimethylpiperazine.

5 When the N-heterocyclic compound
IS incorporated as the accelerator, the content thereof is
generally 0.01 to 50 wt%, preferably 0.1 to 10 wt%, based on
the weight of the polysilazane compound. The silica-conversion
reaction is accelerated in accordance with increase of the

10 content. From that point of view, the N-heterocyclic compound
is preferably contained in a large amount. On the other hand,
however, if the content is too large, the resultant siliceous film
may have poor density and/or the polysilazane compound may
become unstable to lower treatability of the composition.

15 Accordingly, it is necessary to pay attention to the content
thereof.
[0032] (iii) Amine compounds are still another kind of the
accelerators. Examples of them include an amine compound
represented by the following formula (A) or (B), namely:

RA RA
|

[
Ny L, L2 NG (A)
RA \8;1 \ng \8:3 RA

20

(wherein each R” is independently hydrogen or a hydrocarbon

group of C; to Cs provided that two R*s connecting the same

nitrogen are not both hydrogens at the same time; each of L'

and L? is independently —CH,-, -O- or -NR*'- in which R* is
25 hydrogen or a hydrocarbon group of C; to C4; each of pl and p3

is independently an integer of O to 4; and p2 is an integer of 1

to 4)

or



(wr/o) (wr/o) () Ex.1 X 10 Et50 A5 Ex.2 X 8.0 Et 50 A5 Ex.3 X 5.0 Et 50 A 5 Ex.4 X 3.0 Et

10

15

20

25

30

12
RE rlzB
| B
N N, (B)
R® qi 2 R

(wherein each R® is independently hydrogen or a hydrocarbon
group of C; to C4; and each of g1 and g2 is independently an
integer of 1 to 4).

[0033] The composition contains the amine compound in
an amount of generally 50 wt% or less, preferably 10 wt% or
less, based on the weight of the polysilazane compound.
Particularly in the case where a perhydropolysilazane
compound, which contains silicon atoms not connecting to alkyl
groups, is used as the polysilazane compound, the amine
compound has an electronic or stereochemical advantage and
hence works so efficiently that the effect of the present
invention can be obtained even if the content thereof is
relatively small. Specifically, the amine compound is
incorporated in an amount of generally 1 to 20 wt%, preferably
3 to 10 wt%, more preferably 4 to 8%, further preferably 4 to
6%. The content of the amine compound is preferably more
than a particular amount so as to obtain the maximum effects of
accelerating the reaction and of improving the film density.
However, in order to keep compatibility of the composition and
to avoid coating ununiformity or failure in film-forming, the
content is preferably less than another particular amount.
[0034] The polysilazane composition used in the present
invention can contain other additives, if necessary. Examples
of the optional additives include crosslinking accelerators and
viscosity modifiers. Further, when used for producing a semi
conductor devise, the composition can contain a phosphorus
compound such as tris(trimethylsilyl)phosphate for the sake of
Na-gettering effect.

[0035] As the polysilazane composition described above,

it is also possible to employ those disclosed in Patent documents
4 to 6, for example.
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[0036] The above polysilazane composition is applied on
The substrate according to known methods, such as spin
coating, dip coating, spray coating, print-transfer coating and
the like. Among them, spin coating is particularly preferred.
5 [0037] (b) Step for application of polysilazane film-treatment
solution
Subsequently, the polysilazane film formed on the

substrate surface may be then subjected to preliminary heating
(pre-baking) to remove (to dry) excess organic solvent from the

10 film, if necessary. After that, the above-described polysilazane
film-treatment solution is applied thereon. The preliminary
heating does not aim to harden the polysilazane, and hence is
carried out generally at a low temperature for a short time, for
example, at 70 to 150°C, preferably 100 to 150°C, and for 1 to

15 10 minutes, preferably 3 to 5 minutes.
[0038] There is no particular restriction on the method for
applying the treatment solution, which may be applied by spray
coating, spin coating, bar coating, flow coating or hand coating.
[0039] (c) Hardening step

20 After the step for application of the treatment
solution, the film is subjected to the hardening step. In the
siliceous film formation method according to the present
invention, the hardening step is carried out at a temperature of
300°C or less. The polysilazane compound is converted into

25 silica and accordingly the film is hardened at a very low
temperature by the cooperative action of the accelerator in the
polysilazane composition and hydrogen peroxide in the
treatment solution. This means that a curing procedure, which
is indispensable in conventional methods, is unnecessary in the

30 present invention. Even when the curing is carried out, the
temperature thereof is, for example, 300°C or less. It is
particularly preferred to harden the film at room temperature
because that hardening step does not need energy and facilities
necessary for the curing procedure and, as a result, the

35 production process can be simplified. Further, even if the
process includes the curing procedure, energy for curing and
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time for heating and cooling are reduced. Consequently, the
present invention improves the productivity.

[0040] The hardening step is preferably carried out in an
atmosphere containing steam, oxygen or mixed gas thereof,

5 namely, in an oxidative atmosphere. In the present invention,
it is particularly preferred to harden the film in an atmosphere
containing oxygen. The amount of oxygen is preferably not
less than 1 volume%, more preferably not less than 10
volume%. The atmosphere may contain inert gases such as

10 nitrogen and helium unless they impair the effect of the present
invention.
[0041] If this step is carried out in a steam-containing
atmosphere, the amount of steam is preferably not less than
0.1 volume%, more preferably not less than 1 volume%. In
15 the present invention, it is particularly preferred to harden the
film in a mixed gas atmosphere containing steam and oxygen.
[0042] The present invention is further explained below
by use of the following examples.
[0043] Preparation of polysilazane composition

20 The following three polysilazane compositions were
prepared.

(X) Into perhydropolysilazane, tetramethylhexanediamine
was added in an amount of 5 wt% based on the weight of
perhydropolysilazane. The mixture was then diluted with

25 dibutyl ether, to prepare a composition in which the
concentration of perhydropolysilazane was 10 wt%.

(Y) Into perhydropolysilazane, 4,4’-trimethylene
bis(1-methylpiperidine) was added in an amount of 5 wt%
based on the weight of perhydropolysilazane. The mixture was

30 then diluted with dibutyl ether, to prepare a composition in
which the concentration of perhydropolysilazane was 10 wt%.

(2Z) Palladium propionate was added into perhydro
polysilazane in an amount of 1 wt% based on the weight of
perhydropolysilazane, to prepare a composition in which the

35 concentration of perhydropolysilazane was 10 wt%.
[0044] Preparation of polysilazane film-treatment solution




MPr 83 A5 Ex.14 X 4.0 EEI 25 A 9 Ex.15 X 3.0 PG/Me 20/40 A 7 Ex.16 X 2.0 MPr/ Et 25/25 A 8 Ex.17 X
1.0 EG/ EEI 10/88 A

15

Successively, polysilazane film-treatment solutions
shown in Table 1 were individually prepared by use of a 30 wt%
aqueous solution of hydrogen peroxide, an alcohol and water.
It should be noted that peroxide and an alcohol were not used

5 in Comparison Examples 4 and 5, respectively, to prepare
treatment solutions. Further, organic solvents were
incorporated in place of alcohols to prepare treatment solutions
in Comparison Examples 6 to 8.

[0045] Formation of siliceous film

10 On a 4-inch silicon wafer, 1 cc of each polysilazane
composition was dropped and spin-coated to form a polysilazane
film. In this spin-coating procedure, the wafer was rotated at
500 rpm for 5 seconds, and then further rotated at 1000 rpm
for 20 seconds. Thereafter, each polysilazane coat-treatment

15 solution absorbed in a nonwoven fabric was applied by
hand-coating on the formed polysilazane coat at room
temperature and a relative humidity of 40 to 55%. In each of
Examples 1 to 19 and Comparative Examples 1 to 10, the coat
was then left to harden for 5 minutes under the same

20 environmental conditions. On the other hand, in each of
Example 20 and Comparative Example 11, the polysilazane film
was cured at 80°C for 30 minutes before the treatment solution
was applied thereon, and further the film was cured again at
80°C for 30 minutes after the treatment, to harden the film.

25 [0046] Evaluation on degree of silica-conversion in siliceous film

The degree of silica-conversion was evaluated by means
of FT-IR measurement system. Specifically, IR spectra of the
composition were measured before and after the conversion, to
estimate how much the composition was converted into siliceous

30 substance. The siliceous film obtained by the conversion
generally exhibited an IR spectrum having peaks at 1030 cm™
and 450 cm™, which were attributed to absorption by Si-O bond.
On the other hand, however, the IR spectrum of the siliceous
film had neither peaks at 3350 cm™ and 1200 cm™, which were

35 attributed to absorption by N-H bond, nor a peak at 2200 cm™,
which was attributed to absorption by Si-H bond, although those
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peaks were observed in the spectrum before the conversion. It
was therefore possible to estimate how much the film was
converted into a siliceous film according to the spectra. Based
on the above characteristics of the IR spectra, each formed film

5 was evaluated on the degree of silica-conversion and classified
into the following grades:

A: a fully silica-converted film, in the spectrum of which
absorption peaks attributed to Si-H and Si-N bonds were hardly
observed;

10 B: an insufficiently silica-converted film, in the
spectrum of which an absorption peak attributed to Si-O bond
was observed but a peak attributed to Si-H bond was also
observed; and

C: a scarcely silica-converted film, whose IR

15 spectrum was almost the same as that of perhydropolysilazane.
[0047] The results were shown in Table 1. Only the
siliceous film formed in Comparative Example 5 was observed to
have teardrop-shaped stains on the surface.

[0048] Evaluation on contact angle of siliceous film against

20 water
Water was dropped onto each formed film, to measure
the contact angle. The results were shown in Table 1.
[0049] [Table 1]
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Table 1
polysilazane film-treatment solution siliceous film
polysilazane
composition
H,0, alcohol contact
angle
degree of against
content content | sjjica-conversion water
kind kind

(Wt%) (Wt%) ©)
Ex.1 X 10 Et 50 A 5
Ex.2 X 8.0 Et 50 A 5
Ex.3 X 5.0 Et 50 A 5
Ex.4 X 3.0 Et 50 A 8
Ex.5 X 1.0 Et 50 A 7
Ex.6 X 0.5 Et 50 A 10
Ex.7 X 5.0 Me 20 A 8
Ex.8 X 5.0 Bu 25 A 8
Ex.9 X 5.0 Hx 75 A 8
Ex.10 X 5.0 Oc 75 A 7
Ex.11 X 5.0 PG 10 A 8
Ex.12 X 5.0 EG 75 A 5
Ex.13 X 5.0 MPr 83 A 5
Ex.14 X 4.0 EEt 25 A 9
Ex.15 X 3.0 PG/Me 20/40 A 7
Ex.16 X 2.0 MPr/Et 25/25 A 8
Ex.17 X 1.0 EG/EEt 10/88 A 8
Ex.18 X 0.5 Et/Oc 70/5 A 12
Ex.19 Y 3.0 Et 30 A 10
Ex.20 z 5.0 Et 70 A 7
Com.1 X 0.4 Et 50 B 45
Com.2 X 0.3 Et 50 B 52
Com.3 X 0.05 Et 50 B 68
Com.4 X - Et 50 B 82
Com.5 X 5.0 - - C 65
Com.6 X 5.0 DBE 50 C 80
Com.7 X 5.0 Xy 50 C 86
Com.8 X 5.0 D40 50 C 88
Com.9 X not treated C 85
Com.10 Y not treated C 88
Com.11 z not treated C 79




C 80 Com .7 X 5.0 Xy 50 C 86 Com .8 X 5.0 D40 50 C 88 Corn .9 X not treated C 85 CombO0 Y not
treated C 88 Com .11 Z not treated C 79
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Remarks)
Et: ethanol
Me: methanol
5 Bu: butanol
Hx: hexanol
Oc: octanol
PG: propylene glycol
EG: ethylene glycol
10 MPr: 1-methoxy-2-propanol
EEt: 2-ethoxyethanol
DBE: dibutyl ether
Xy: xylene
D40: exxsol D40 ([trademark], manufactured by
15 EXXON Mobil Corporation), a petroleum solvent whose main
components are saturated hydrocarbons having 9 to 11
carbon atoms
[0050] Evaluation on wet etching rate of siliceous film

With respect to the films formed in Examples 3

20 and 20 and Comparative Examples 9 and 11, the wet etching
rates were evaluated. Specifically, each film was immersed in a
0.5% hydrogen fluoride aqueous solution, and it was measured

how fast the film was getting thinner. The results were shown

in Table 2.
25 [Table 2]
Table 2
wet etching rate
(A/min)
Ex.3 859
Ex.20 324
Com.9 >10000
_ Com.11 5066




18 Remarks) Et:ethanol Me:methanol 5Bu:butanol Hx:hexanol Oc:octanol PG:propylene glycol
EG:ethylene glycol 10MPr: 1-methoxy-2-propanol EEt:2-ethoxyethanol DBE: dibutyl ether Xy:xylene
D40: exxsol D40 ([trademark], manufactured by 15SEXXON Mobil Corporation), a petroleum solvent
whose main components are saturated hydrocarbons ha®dng 9 to 11 carbon atoms [0050] Evaluation on
wet etching rate of siliceous film With respect to the films formed in Examples 3 20 and 20 and
Comparative Examples 9 and 11, the wet etching rate AdiS evaluated. Specifically, each film was
immersed in a 0.5% hydrogen fluoride agueous solution, and it was measured how fast the film was

ggglré?( tzhcl)ng;};f The r[eﬁults I%fé%wun [ Ta l)errzna 5 Eam%ﬁlgc?kélgr%pvr\‘%tl%chmg rate (A/min) Ex.3

a polysilazane-film formation step, in which a
composition containing a polysilazane compound and a
silica-conversion reaction accelerator is applied on a substrate
surface to form a polysilazane film;

a promoter application step, in which a polysilazane
film-treatment solution is applied on said polysilazane film; and

a hardening step, in which said polysilazane compound is
converted into a siliceous film at a temperature of 300°C or
less;

wherein

said polysilazane film-treatment solution contains a
solvent, 0.5 to 10 wt% of hydrogen peroxide and 10 to 98 wt%
of an alcohol, based on the total weight thereof.

[2] The siliceous film formation method according to claim 1,
wherein said polysilazane compound is a perhydropolysilazane
compound.

[3] The siliceous film formation method according to claim 1
or 2, wherein said silica-conversion reaction accelerator is a
metal carboxylate, a N-heterocyclic compound or an amine
compound.

[4] The siliceous film formation method according to any of
claims 1 to 3, wherein said alcohol is selected from the group
consisting of monools, diols and oxyethers each of which has 1
to 8 carbon atoms.

[5] The siliceous film formation method according to any of
claims 1 to 4, wherein said solvent is water.

[6] The siliceous film formation method according to any of
claims 1 to 5, wherein said hardening step is carried out at



Com.9 >10000 Com.11 5066 19 CLAIMS [1] A siliceous film formation method comprising
apolysilazane-filmformationstep,inwhicha composition containing a polysilazane compound and a
silica-conversion reaction accelerator is applied on a substrate surface to form a polysilazane film; a
promoter application step, in which a polysilazane film-tf€atment solution is applied on said polysilazane
film; and a hardening step, in which said polysilazane compound is converted into a siliceous film at
a temperature of 300C@nldssnpdeEdire.  said polysilazane film-treatment solution contains a solvent,
0.5 to 10 wt% of hydrogen peroxide and 10 to 98 wt% of an alcohol, based on the total weight thereof. [2]
The siliceous film forlg tion H1et2]od ccordinﬁlto _ctlaimtl Whtereip §aid polysilazane compound is a
perhydropolysilazan m pOLR’]O .ygf ﬁé‘%illcé?)usr%?mrﬂ)errr‘naﬁ%nurﬁ%ﬂﬁod according to claim 1 or 2,
wherein said silica-conversidfhighctith skepléeskords a ek bthazgnree, HINhdererselickompound or
an amine com pounéppl}/img ailiceatisoivi dormetieaimated ponasHingiteany wipdaints arid 3, wherein
said alcohol is selectid grmri}’htj‘&eog %C}psiﬁéiggtpémo ggéqegg)ggr?nggxygylleﬁ e?)(;%ﬁ]fd/{{%ich has 1 to

8 carbon atoms. [5] The siliceous film formation method according to any of claims 1 to 4, wherein said
solvent is water. [6] GHRV&iEEIUs fifth forti&tiorPRMPYRZErdicG BREN B clafH® 1 t&8!SRherein said

hardening step is carried outhbar2@reometrngerature. [7]A polysilazane film-treatment solution

which is applied on a polysilaggapg; Himd %4nagih/anaPBhE A1 MRS HNHRINEER0 Seeiri@zane

compound and a silica-conversion_reactign acceleratgr, so as {o promote canversion of the polysilazane
compound into siIica?Eéat%&e‘i%e%%)yv o 9 n%ﬁhiﬁ%cgﬁgﬁ\’/ehﬁ%fg t& To%f%/oliﬂtﬁrld%%'egrﬁ eroxide and
10 to 98 wt% of an albétieRbased on the total weight thereof.





