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
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deV|ces or 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



[Patent document 5] Japanese Patent Laid-Open No. 11(1999)-116815 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 tc?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(sgmated|y MaertatnRatemustdse oaemdd dutat3d) 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, v‘gm on%ﬁ@tﬁﬁé%mlgmgversion reaction of polysilazane
) . . ) A
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 35siliceous film is often

made to have ahydippbobir fritaca kiothensdina-cprivgisivsseaeiiwhaccsi@rapsrisrordingly, when 3
the coating compositi HQ§9§§ T_\Lrﬁsfgr providing semiconductor parts is applied on that siliceous film, the
surface of the film tends to répel the compaosition to cause coating ununiformity or failure. 5This is room

for improvement. MERRS ROROSHNGING P ROAETGIE The did<LREAVERtion resides in a siliceous

film formation method (@@8pNsgsBEpolysilazane-film formation step, in which a composition containing

a polysilazane comp Aedis allirrreERipa redelipa Rarelespicisapplisd on a substrate surface to
form a ponsHa(igne glgg'g_pr,?%oéer application step, in which a polysilazane 15film-treatment solution is

applied on said poly and a hardening step, in which said polysilazane compound is
converted into a silicERakefilintiica fregipe daluleRs BT Ratiess; hahdr&ln @04 polysilazane
film-treatment solutigy couansgsoivent, 0.5 to 10 wt% of hydrogen peroxide and 10 to 98 wt% of an

alcohol, based on th | wej ereof.t0 h sent.inventi I sides in a poly silazane
film-treatment soluti(frﬁI %g%wq\gi%%?sha eﬁef)dscﬁn%g %%ﬁ/es%goz&g%ee*ﬁ%q'éyn?&o yI§ Cz;'t\pl)’glying a composition
containing a polysila%&r(é%g% a silica-conversion reaction accelerator, so as to promote

conversion of th® po[ysilemane compeumtdoitag boes s @atertizeai dyOpen No.
2009-111029

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



30containing 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 4 example, at room temperature, as compared
with conventional siliceous film formation methods. Acco®dingly, the present invention can be adopted in
manufacture of electronic devices having semiconductor parts of poor heat resistivity. In a 5 conventional

method such as a lotee opetetg remmiras [lioce bs,ca SHao s Ifilnay isere $eomi pendtrbpolysilazane

and has a hydrOpholaar&grﬁgcgpmit@&towhma@me@b@@aﬂngm CoRWQsiFRItis apphedsihiareon, the film
surface often repels {g%ggrpgosmop.tﬁgwever since the present invaeptionLPrllrovi es a.JFOh drophilic

siliceous film, it becomes poss{ﬁgefo avoi%orrerﬁje?llsr'}'ﬂ%?] %ﬁecﬁ%sgu?%ce'nphe YREBLDivh Frmed

according to the pre§@Htiffrention, therefore, can be employed as an interlayer insulating film, a top
protective film, aprimeidasprotaatiterceapng\asrinerike in an electronic device.Further, the 15 siliceous
film of the present invention is not restricted to be used in an electronic device, but also usable as a
surface protective film on a substrate made of metal, glass, EllaStiCS or the like. 20BEST MODE FOR

CARRYING OUT THE INVENTION [004&ENB JditRentelof (NS JrELRt Vention are described below in
detail. [0010] Polysilf@atsiim-treathtrentscdstont Tinegrdiysiiazanedidm-neanséit solusiofilased in 25 the

present invention is ppied Ihameli@zans fimirgjore the film is hardened in the siliceous film
formation methaod described later. T%Cgﬂ@cr:g:%fh%heﬁ)m stazane film-treatment solutlo?? of the present
[ e fi

invention is cast'on a polys.ilaazal%P i S grrdgr?eﬂ,oa[hdstﬁgr%by'fﬂe\% d(%hsq‘ilm 30
formation method aceoriing & therpreSentannéntbramardy fipazable t6 prodendsiigrdugfiim at a

temperature lower thansgrammiensioneiaadsidA0dtdhe ralysirzaim it tieatmesnty setitiea of the
present invention cogéﬂjp I%féo e Sﬁ?ﬁ&i%%i@zgﬁg | and a 35solvent. Those components are
explained below in or er.ﬁﬁ) ]%Sr}ﬂoyd 0gen peroxide ’ I—_Iydfg;gen peroxide is generally well
known as an oxidizing agentAnRhe PRSENARRIMBH Me HifdboiR R FBimatieR ¥ PIeaah&d to be
achieved by thexomibinatioe atfirhgdinogeiupernxideappdi adsilica-<aicl @rsigpitaaatien fienelenatbr
Scontained in the polysilazang §jayJARIFESTRS,PU WRARZHNLTEI f2RRsHASARL Hait Jdepgen
peroxide is generally handled in the form of an agueous solution. In thé present invention, therefore,
normally is converted into a siliceous film at a tempelature of 300°C or
less;
wherein
20 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.
[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



an aqueous solution of hydrogen peroxide is used to prepare the 10 polysilazane film-treatment solution.
Preferably, the hydrogen peroxide agueous solution is mixed with the treatment solution to obtain the
aimed concentration of hydrogen peroxide. Instead of the aqueous solution, hydrogen peroxide freshly
formed, for example, by electrolysis of an ammonium 13thydrogen sulfate aqueous solution or by
hydrolysis of a peroxy acid may be directly added into the treatment solution. However, it is much easier
to use the aqueous sotatiopl§00AU rOhenpdysifee et fikm-ore atoenitas@ dtivri ttocamaydrogén peroxide
preferably in an amoginidaieseAANINFE AR M anSueadied et SHathe Rihankanpddiygver, in
consideration of ensmi\pgn ag)%tyccgnw Q}(er%jgapggn&thr% trg&@&r&r%olu ioe o tChe grqnguné ofch drogen
peroxide is preferably less than a par \CuRP OBIGE! From e points S VIEW, H%e c'ongen\f'o ﬁydrogen
peroxide is necessafil0iB %o I0PHRIYE Yirtedrab Rl 1o Wa% mbregdreferibii Bity 5 Wk, dased on the
total weight of the salditareididi (i édbekpkuch dbisgssent@ripe tagurelysilaranefibvdseatment
solution of the present | ON.tQ. in c I r A I | has a
preseq %ﬁ%@‘g‘% ?.ﬁ‘?ﬁ‘f'% rﬁ?@é P8 ’h?ﬁn&gr?)ﬁéﬁé@ﬂ%\é%m@”aﬁ%efﬁ%@

function of making the formed siliceous film has a hydrophilic surface. Because of t nction, the

present invention cal YRAVRRECRIG Y il dG6th mbPe AgGbphiie BRaradd&ridtie th&? édiidhtional
methods. Accordinglyomipersanather appipeditibe isapplibe dil thes guféace Gatheneseltsispessible to form

another film more Ur&@ﬁﬁ'ﬁ%éh@ﬁr@ﬁb&e&@@%@]lH6@%9@?‘?@%@%%9@%@4%%&@?%{" means a
substance whgse molecular sﬁ_uctulf_e IS cha,{I cterized in that at Ieas‘a%le hydrﬁ?gen inclyded in a
|

hydrocarbon isTepla & Wiﬂ#1 'ﬁy%l b%&f?ﬂ?o TP 8% W&ﬁﬁ%ﬁ’rﬁg ERtaKRY LR ”%qmproving
hydrophilicity of the sifictoad i surfase.-thel Alrsibcroprefbitabfosenasicackonsling datipeonsisting of
monools, diols and gxiesers ier@heiomrhiendiagdrio Eaarbencxtqimsyddeis are imesyagrgs of alcohols,
which can be catego] In.teymg,of, for mple. .the kind droc in he 10position of
hydroxyl group.Howé@Z(Sae%ﬁéqlls éesf?rle ’fo?_t%)é%algfﬁg g)t'e/(r)}ﬁsﬁ(jtlﬁlréb?y ﬁﬁ%ﬁ%&r@%ﬁﬁ%ﬁyg&he formed
siliceous film surface& G HaV@ £holiihg pUif 16 8fbR)IE ABEE HenffVdRahe forHMERRTicEBEs film, and to
hardly react witlsotheil coenpenéits sutf_ta_e hychsegen pgnmdtteorn idewatf 1b8wsetdtetalcblol is
preferably selected fiara dhe0raup SRISESER Of sdliphatic plephols sugh as dnathagol rikage.

n-propanol, iso-propanol, butanol, hexanol and octanol; aliphatic diols such as, ethylene glycol and
propylene glycol; oxJXAESEYSn i 1Qﬁé‘lh%%?-si-r&‘&ﬁ)éﬁé)%gﬁ-m%e%ﬁﬁal; g@aﬁbc iRfures thereof.
[0017]The polysilazainefildereatment 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 incorpgrated 25 in f %ﬁ'” 0N i r ' iQn, water of the
agueous solut%%{ restricts théE Ep%qé%% ofﬁt@:a'l"sa alcoho cékg er@ﬁéﬁgﬂnﬁ%@y%ﬁg of view, the content of
the alcohol is necesd&§ 2 to 98 vir9B Gp&tEraBIp ©9 18 fod W PheRehrEfdFaY R DY &9 &%, 30[0018]
(c) Solvent 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



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 35hence can generally serve as a solvent, the term "solvent" in the present invention
does not include alcohols.In other 7 words, the "solventSused 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 homogenidyubip drit prefaoedds5isvayem i is Jartiowdd Hykprefemea s adopt water of
high purity, such as Qiﬁﬂﬂﬁﬁ?tﬁb@hqeiomﬁeﬂw‘éfakﬁre%rﬂs [RERYEHH IMHKItias FosattRghiNg on the
substrate. If hydroge]n Peroxj e aran (g)tional guq%%ant isﬁnco(rgpdorgte%ri]n the form oftan aqﬁeous
solution, the solvent Rered '@grﬁselﬁ rvvgf'érr‘f%an STV AL e SolVEnt BF thd H(')W&%\Z'gr% iIm-treatment
solution according tdWare@eenpPrirEEh §0026] &l e rvaisipentsactionnagralprai®the
indispensable cempeoaents tedcitbedeabovgs ke aalydilanane film-treatment solution of the present

15i ti | i | ; iNg.to r ity. f] |
components include Siadiants, whh ara 1 f?ﬁﬁ&%‘é%jﬁiﬁﬁ%%ﬁﬁ"éﬁﬁ%&%% R o ethers,

ketones, aldehydes SYFEQDBRYIRAQHEIRhIcn GFRMRY M Yr §HpHAiLHRS ofWEcHhpdRents. 20
[0021] The above contpemdssarizitmed dmd temorgerertousie dissoly ¢t eogfiampgre trenadlysilazane

film-treatment soluti%ogg[?egﬁg@l{m@ntigph@&%g@@@%%&hgrgg%aq@aépgr;@féqﬂgction on the
order of additign.of the co onentsf_TheEFreQared tregﬁment So"‘E'O'tShob ld b eg} 25in a dark and cool
place because%corf?aﬂ%srﬁgﬁ%@%n Bg}‘é ige, Wseh éﬁ't%‘ly alt eorlgjyo F {856 siliceous
film The silice® & il e materePehosidithiopresenivestion iddmphsed tieadtesrir: (a)
applx;ing a C(ohmpqsit@m%&i @cpnt_ebwilmeMy&imaaem@qp@mdtaesiﬁgarcemva;@ﬁdga?ion
accelerator (hereinafter Si referr s_'accelerator’ S [at rface. jo form a
polysilazane film; (b %68 ;@g a ?&%stﬁégngegfﬁ%n%trggyr%%n SS(%It)TJo?# ﬁ’_er% r?irf?e(i,e%;tg% rg?r%'&?/ referred to
as "treatment solutiol'§ SHBSHAEREA sif s AmPLhd 7y) ERGEFBRGSIRe Holg5il FRRBAMPbUNd into a

siliceous film ai & terhperatgemos 3Fateoailesas[@3ti@) Rolyisilahgedlysitorofatiopetery
acid may be directly added into the treatment solution.
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.



There is no particular restriction on the material of the substrate. Examples of the substrate include a
prime 5silicon substrate and a silicon wafer optionally coated with a thermal oxide film or a silicon nitride
film. The substrate may be beforehand provided with trenches, holes and/or semiconductor parts formed
thereon. There is no particular restriction on the method for forming those trenches, holes 10 and/or
semiconductor parts, and hence any known method can be adopted. [0024]On the substrate, a
polysilazane compodi@0d 6¢rving ad miterigrotarstliveoestiiim igbppteumo @enkoiihmEaapolysilazane

composition can be grepasethPi disSAVYY mbhPQlyalagane eqrappying apsasliseqcpnvaiaipn reaction
accelerator in a solvent éOO%S{]Th 0 ¥silazane (forcrﬂ und uaed in theé)resent inventi%P is not
tl e U éd

particularly restrictea"’,l and hence cal be’ ﬁggly}%celec UhRd ifjlrr%%%frsqtﬂe' Seﬁggtl%??hew'th

invention.Further, it 20Wely®Me/bigkd W indri@iflc breorg@andediisoahdt rerd aplityo e irdrganic
polysilazane compounthinslidg: layerbydmealy siazaneitioepas il mhith fasea sta@ightahain structure
comprising structura] uni I t following for { : \ in2 Qi-N H (51-N
rn3 25(la)(Ib)(Ic) Wh!%%ﬁ%%qrfg&cﬁglr%g%%t%? %ﬁ(ﬁ%‘%% h%{%%? e 363E)#f10$gﬁ-?3égroups per

molecule thereof, andiRAScARDNEAINE e rfa o RINUNE Y MeSieindtaB rafso 8PSREYNS 61 wi%, N:
31 to 34 wt% and H:Thete AbewttranmgsRentisedf, basedala, 3 bidmicah apalyssegodiaésd amother

perhydropolysiIazan@é}(pﬁgoqﬁnq(whi&;gmRa§t@ﬁga[gmlbﬁtmwmwﬁngﬁ\é@:ﬁag@]mqlﬁgular weight
o 3000 to 20008 & R D 1y U 3y "G S ah A CHBRRE X Ss desired for the
alcohol to considerably improve hydrophilicity of the 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



compound which has a skeleton mainly comprising a structural unit represented by the following formula
(I R1 (1 R2 R 5(wherein each of RI, R2 and 1:13 is independently hydrogen, 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 containg a carbon atom directly connecting to the silicon
atom, provided 10 that at least one of R1, R2 and 1:13 is hydrogen) and which has a number average
molecular weight of saboutsl,00te 58000eatt uretified dhvepoessthdrectnTion oismeekepbdgsilazane
compounds can be ypgahiy GRIIRIARESN - {RRE AHAhS BEBRE!t invention, the polysilazane 15 composition
contains the polysilajgﬁig mpounq.ri]n an amount of %ref?rab O.llto ,ELO Wt%,I more gretferably 0.5to0 20
wt%, based on the tota We%ht of the ceorsn%c\fselﬁonqallhe Conten o?%%cpgﬁj/sﬁazgrrl‘eq c%m'pocuarl}r& is normally
adjusted to 0.5 to 20diase¥adtiir DY ReCRIMANE Ak baMRopRABeus!Makih Popfeféaddshickness,
which is, for exanplevafirto $009 patdiRzBhiiyemrelisiarane canpasiianctset Hidgheguiersnt invention
contains a solvent C%QPCtHe é)% dﬁgg,nigg t%?]gpv&p@g,gﬁ@gi%g%n It q:L(J)ld Ogmj that this
yt ove

solvent maybe not necessari e same as the solvent of the a po?ysnazan coat-treatment

solution. There is no' PaRitUEERstfetBn dH A 480 A hd RFgHEIBLEA EssolVe theHIRRR Romponents.
Preferred examples petiexsddvent amclogeéional fa)ytaotaticisdmpopuis et hnsheefeene abluene,
xylene, ethylbenzeng, figthythgnzengrimgthyienzane apa na sigthykenéepe (Bt sajuraigd
hydrocarbon cgmpounds, such as n-pentane, j-pentane, n- exane,g.— exane, n-h%ﬁtani, |-hed3tane,
n-octane, foctaie, rEROVERES (t0En S A ehrtl Bt HBharan e Ui HirdRarSartdH e hpounds,
such as ethylcyclohedet®,dimonietiipeeiesexdnngridbexane, cyclohexene, p-menthane,

decahydronaphthalepeo g tone aier lisaenpoerdidithers, such as dipropyl ether, dibutyl ether, diethyl
Iée(}ones, such

ether, methyl tertiary butyl ether r%ﬁdrﬁil%e & ﬁ%ﬂﬁgﬁﬁ%ﬁ%%g%@g%%%ﬁ 2nisole; ggg({?gp

as methyl isobutyl ketone (hereinatter, referred to as mon n, more preferred are (b)
saturated hydrocarb8® e¥fp&0RdROIYSHRZRNE MtFdaRHNSM peRittdo tb)odtHEe AE38 ketones.
[0029] Those sivenis cam b used éycem hiteitionogd tiwom 40 oo mgye sords t@_(:@l@trollitmg evaporation
rate, to reduce the hazardoupness bR IOt &ndde; 6RO LB pRIWRILYOf g Garponents.

[0030]In the present invzntion, the c(z\lolysilazane composition further contrfxilns a sili

ica-conversion reaction
15 accelerator. HereStH&3etELIE atd¥ACh 8RS 88hd MARVIRY 'S B F QA Bt ﬁYer%%ﬂrZBrwﬁH Polysilazane

compound to accelesibesionctiam¢h efiehsh&ptiyrtiaz atdaoyidesuadis canberstinasulsiliceous
substance. There arq,#l[efdy KBOYEY VARG OLBAS SR AS ther ageeleralerp o far example,

20 those descriped i t documents 4 o 6 can be employed in the present invention. Specifically,
examples of th&ccgéﬁ%ﬁs inclugﬁ?ﬁe %hé’v‘v’i%g%%%‘ﬁé’u%%)ée%? (ﬁfg (im.'xe_é (Sﬁlgt;ﬁ] Q& %xylates are
a kind of the acceler8®PErPHRIYUAAF PNSErEd] Ry aRAEE LBE I atgan@ifilig g@imen itanium,
platinum, rhodium, cebhltiganpfuthenipiresestminvanpriladiun, irdisinp esplvationn . tidren e metal

carboxylate is incorpﬁ@tﬁg?'fiHlﬂﬁ?c?@ﬁmhq@nc%er{tﬁ@ef&%' rg%r}e%)éptp& 10 2P W%, greferably

0.1 to 10 wt%, more preferably 0.5 to 5 wit%, based on the weight of the polysilazane compound. 30 If
the metal carboxylate 8RR an dMBuR FRGFESH A A58 Ve $aHYLOthe BOMISb S0k iy undergo
gelation. On th25othenhardh liktleendoatenit fdaoe draallises dfteonbapossihd togsrtapetexefiect of the

invention. Accordinglyhitds Ne¢essavEly RAYsaiismdion to the content thereof. 35[0031](ii) N-heterocyclic

ggrlj]r?é)sunds are anotﬂ% 5E]]d|9c§ rtrq]ea%%cr?lgi;agﬁggélglrjegefrﬁ%] is non-aromatic N-heterocyclic 11 corn

The siliceous 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



Examples of them includel,3-di-4-piperidylpropane, 4,4'-trimethylenebis(1-methyl piperidine),
diazabicyclo-[2.2.2]octane andcis-2,6-dim ethylpiperazine. 5When 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&ilica-conversion reaction is accelerated in
accordance with increase of the 10content. From that point of view, the N-heterocyclic compound is
preferably containedl@sa.large amount. On the other hand, however, if the content is too large, the

resultant siliceous fil[@g‘@y]h@é(y PORIHRRSINRARWR e RMSHazas)ys compound may become unstable to
lower treatability of the comp?ﬂtion. 15Accordin9 tis necessa?{ to pay a%ention tﬁ the cor)ftent thereof.
I |

ly, i
[0032](iil) Amine compounds are St 'gn&ﬁepﬁind% AL d&E AR ngampf:’ésrglat enfindlide an amine

compound representdtEby testdifRing fora® (RS o? (Bh AafieRs RAIR, tnatusi= RAD DR herein each
RA is independently d1yidmg e bs & atslracaraosi igcoupvohfel B3 proMdeskhed tWitiRAs connecting the
same nitrogen are n ydr ime; fi L] an IS | -CH2-, -0- or
-NR- in which RAI is(%l;B ﬁ];/n rogge(ﬁggqj’l ﬁiﬁéﬂ%gﬁﬁgﬁ %TI IthT;Iélt eqarb:ﬁ %ggg%%%%yndependently
an integer of 0 to 4; 25PN AR RCHI4aE Wy ULtrelfesinRIGF RBX Hdependently hydrogen or a
hydrocarbon group cfe®iitmat aeith eger tf §draneldyPhisrindepenteatly & miquertodddo 4). 5[0033]The

composition containg dRe-RINBA HRMIPRHASE Y ABOOHAiAENGTBYK RPMIALE Iansigyeferably 10 wi%
or less, based on the Wgﬁ%t of the polysilazane compound. Particularly in the case where a

perhydropolysi an&U ound"! icd{"%ﬂfaﬁ%rgﬁicgﬂ%t &R 0N @8% [H%ﬁl?ﬂdl‘ba&'roups, is used

as the polysilazane dgmpdantethe amine compound has an electronic or stereochemical advantage and

hence works so efficfesly4at the effectiefdhe preagritayveatipn Pasi heciained eMesdf thercontent
thereof is relatively small. Specifically, the, amine ¢ upd.is 15j rated in.an amopnt of generally 1
to 20 wt%, preferabl%@d%@ \%/%"jﬁl r#oer@%re er%b?_)'ﬁ? %(’)gga)%ﬁﬁ”é‘r%oé E?@Llﬁ%ﬁ%&%_ Ii(lr]hc'ontent of the
amine compound is %@e%M%ﬂ@?@ﬂ%ﬁﬁ%ﬂé!ﬂ&%rﬁ%ﬂnp% RECRASBRiIM S RaRIMIN &ects of
accelerating the5eagiiohyanthafampraving gedird densitya 20 IHoaveuen e osdentorieeseptcompatibility of
the composition and g aveid, ¢9ptiA%VeyRiEgsmity or failure in film-forming, the content is preferably less
than another particular amiunt. [0034] The polysilazane composition used in the present invention can

contain other additivE80# Récessary! EaiKsiIazane 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.



25 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. 30[0035]As the polysilazane composition
described above, it is also possible to employ those discthsed in Patent documents 4 to 6, for example.
13 [0036]The above polysilazane composition is applied on The substrate according to known methods,
such as spin coating[@2€dating, spraytteatingtptirdsansfer|cattidgaaret the k@l ysitaag treem, spin

coating is particularly. prefssta SIHNBAI (RIsSieR i appHCAlQm Rf RYWSPHRZANG fEMstiertteal solution
Subsequently, the polxsilazane film formed o trfle“substraLF surf cegrnsy be then subjected to preliminary
it re e fo Rt A

heating (pre-baking)Lfo rehiE ft%n(}rey g%ess orga%\f\é'ggl AHOR 10film, if necessary. After that,

the above-described polysilazang film-treatment solution is applied thereon. The preliminary heating does
not aim to harden the polysilazgne, and hence is carried out generally at a low temperature for a short
time, for example, at 70 to 150%,%@% ly 1@)65)[0 150C, and for 1 to 1510 minutes, preferably 3 to 5
minutes. [0038]There is no particRfarEstriction 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 20AfteritbesiteefctapdicitioR dfahd tRAtis eimcmhatiooe thiyfilny regisiactad to the

hardening step. In thegllicgeys §imfoumediay) agcayeiBaio/hg RIgpeHin%epigR oilis hardening
step is carried out at a tempe atlure of 300C or less. The gol silazane compgound is converted into 25
Fna 5L o

silica and accordingl Khr%@%lée’afigv% oW SRR bfmh I ﬁrg{i%%ctl%% of the
accelerator in the poBRiMib&ie @oPwosiisinansg My dilbtiP pékaride Pthevwd e RBAITIGN AThis means

that a curing procedgtgsBuhich is indisipensgbledn gevenfiapatietnise it HepRtE T @Vitee 30present
invention. Even whep t rngd e 1, the t atyre th f.is, for example, C.orless. Itis
particularly pre%greﬁogﬁa%géﬁ%z %ﬁprn a fr?)%rh %em%rgg% urell%%éla%rsgeg%@ r%]rgevﬁ/ﬁpcétﬁpg o%s not need
energy and facilities WeERREAA Y& BRECIRALE prOBENYRI 3RE, s 2Pl @R B8R ioRPfbcess can be
simplified.Further, evan d itfie gracesspociutes thieexsiof. procedurer enesgy for cly Bideanan 24 time for

heating and cooling arg FﬁdHQ?@r Gepseqpently, tpedresentinvention imgrayes ithe Prodyglivity.
[0040]The hardenin stﬂe%ﬁ preferably carried out in an atmosphere corﬁﬁiningoﬁteam, oxy'g.;en or mixed

gas thereof, snamelf IR ARl oxidativE bthbSpRdr8 ShAMhe FREN iEnthe Polysilazane
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

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,



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 10nitrogen and helium unless they impair the effect of the present invention.
[0041]If this step is carried out in a steam-containing atrh@sphere, 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 preferredte blaydeyc¢hehfdman &, miyetiojesamdspharbotmnainig pteamrdichoegen. [0042]
The present inventioaé%&wg}w&mfﬁhﬁ%mm/ QNP@ﬁt%fﬁ@eéﬂ@WiﬂQcﬁi@H&'eédbo%ﬂé?Eﬁparaﬂon of
polysilazane compositiorrl1 20The fo Iowip%atmee Pq i36siI<Etz(§ineti;|omp%lsitiﬂqsIwgzi:){?w%epareﬂ.1 | (X) Into
perhydropolysilazang,u {etrafiet )'/]ﬂ]reofa)ﬁe iamine wadHdded il ah amoti of Js BASEd' dn the weight
of perhydropolysilazAREt iRy ke fHehethagéaalia2sorieteehde teprépbiREa @nthosition in
which the concentratgr 6 Rerhydr@podysilRaaoe weas $0uH%as mefhyintispdrbygiopelysitazane,
4.4'-trimethylene bisgln- Péﬁ‘x'Biﬂ%rid"Ing‘g?? é&'dfg iggnl\ﬁw?t of W% a%‘?\de?ﬂ thﬁﬂgﬂght of
perhydropolysilazane. The mixture was 30then diluted with dibutyl ether, to prepare a composition in
which the concentraidi® 5f pefy dtbBokRlasafe iaketh A rocarpamp ARBINA Prsbtonated was added
into perhydro polysilatenyelit anyaimooat iobh wistripasedds) the)weidfdrst pertye)pkiysiagane, to
prepare a compositigp byiich the BReaaceBitALion of AsrBredinaly sHagansuiasichE 0 +{0844]

Preparation of 8Iysi azane film-treatment solutio Succe_ssive(lg,f §o| silazane film-treatment
0 dqu

5
solutions shown"in Tgbléqu&\?eres%a?\ﬁd{%lﬁ/o&gﬁgréﬁ%yelYé?eD&r Ui bU§ 4bititioh 6 hydrogen
peroxide, an alcoholRmepndesrsnesifoliRl beenbrethavat pedyxida i@ aepabsHotwrsoldbiléad 5in
Comparison Examplgs thangdmissivestively, to prepare treatment solutions. Further, organic solvents

were incorporated in f alcohgls to prepare treatment solutions in Comparison. les 6 to 8.
[0045] Formation of |i§§§tfs film 1 %n?g? énﬁ%k%s%%&?v‘v%gg#égﬁf eéléﬁgf;) !ésﬁ??aszlséeg %ﬁrr%position was
dropped and spin-coz®8 RORIHPA pbH/SiR8AnE Githi aiM thid spihleSafy MR EetR e FBR GHEPdt was rotated
at 500 rpm for 55ecandsg |andtibhen fitther, ratatechat 2000 fier 20 seocopdsinidheneafiagy each

polysilazane coat-tregiment AS&plmip@r%wF@q,\;rhﬁ ngpgvo[ygwfgﬁgg WRs W&yﬁ@%coaﬁng on

the formed polysilazane coat at room temperature and a relative humidity of 5%. In each of

Examples 1 to 19 andCEEHipat&ie ESARTHES NoMp! el tsatRPAY IHET RIE SRR s Finutes
under the same 20 eaviveniieshtiiltcoadiitinso0a thebsttmrdeand Tinexachist Bkeenaply KO avwh

Comparative Examplg tibbe-pahysdararediamraasuigg acéefe fatshsmintesoeiorahpiseatment
solution was aBBIied thereon,t?ﬁ\r(\)olS further the film,was glerl%cei ggaﬁw at 80C fO{ S30 4m'{n0ute6s %féenr the

: e described 'In ocumen
treatment, to harden the film.
be employed in the present invention. Specifically, examples of

the accelerators include the following compounds of (i) to (iii).
O] Metal carboxylates are a kind of the accelerators.

Particularly preferred is a metal 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



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 thé conversion generally exhibited an IR spectrum
having peaks at 1030 cm-I and 450 cm-I, which were attributed to absorption by Si-0 bond. On the other
hand, however, the Ifospeotimaisof the siliceous film had neither peaks at 3350 cm-1 and 1200 cm-1,

which were 35 attributed to abaRPEOY Nt R MEc RIS AN Al 23106 FBY N Rishawas attributed to
absorption by Si-H bgn ,_glthougf'l lihoseb.lalpea@ w re.obseéve in the spectrum before the conversion.
! ‘ideRE

It was therefore possible to CefMRERGW RucHTRE HimRRE M &hed into a siliceous film according to

the spectra. Based dh#7@bisy@daciiZrastéliretanst frdR b érd Bt YoRRer #finSwas evaluated on
the degree of silza-conversioniaed elasNfigk teiroheciall@wimg grattes: A: a fully silica-converted

film, in the spectrumigfiwgg%gpg% i 0 Pﬁé‘kﬁc%%ﬁié’}ﬁ?grﬁ élé ﬁltl}lhlé%%sf \yere hardly observed,;
C

10B: an insufficiently silica-converted film, in the spectrum of which an absorption peak attributed to Si-0

bond was observed BEE I 2tHButOd 36 B IAPIRISEI¥VdsdR ) aMEPe. base¢onscarcely
silica-converted film tivboseilgh1 Ssptee po wsdad mostdcbengarneds tidiofspkéchydopadysianane. [0047]

The results were shqu i3 530Ifs1 080 Hie pligepy SARSPIRRE & WARPARE SXaBplgwas
observed to have teardro -shaplgd stains on the sur¥ace. ipéodﬁ] 1}%valuatlon on contact angle of
I b st

siliceous film insEYHWwaYEr  FrOMyK &thaoé'?ﬁo%p(\-fbe%t ?ﬁ%@ﬁ}fﬁ!'f;o(fﬂg&gﬂ e contact
angle. The results wigePsebvia bl T @oatai (GolIN[Pabisdq anpable. 1 Polydiazatesohpadition

polysilazane 1 ilm-tregiient solgtigiesidicaeestiin t6t202ryleph®le 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 \9:3 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



degree of silica-conversion contact an against water kind content kind content  (wr/o) (wr/o) () Ex.1 X
10 Et50 A5 Ex.2 X 8.0 Et 50 A

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).

5 [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

10 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

15 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.

20 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

25 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.

30 [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.
[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
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
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

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
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
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
production process can be simplified. Further, even if the
process includes the curing procedure, energy for curing and



X50Me20 A8EX.8 X5.0Bu25A8EX9X50HXx75A8EXx.10X5.00c75A7Ex.11X5.0
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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




PG 10 A8 Ex.12 X5.0EG 75 A5 Ex.13 X 5.0 MPr 83 A5 Ex.14 X 4.0 EEI 25 A 9 Ex.15 X 3.0 PG/Me
20/40

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



A 7 Ex.16 X 2.0 MPr/ Et 25/25 A 8 Ex.17 X 1.0 EG/ EEI 10/88 A 8 Ex.18 X 0.5 Et/Oc 70/5 A 12 Ex.19 Y
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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
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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
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Remarks) Et:ethanol Me:methanol 5Bu:butanol Hx:hexanol Oc:octanol PG:propylene glycol
EG:ethylene glycol 10MPr: 1-methoxy-2-propanol EEt:2-(lat9hoxyethanoI

CLAIMS

[1] A siliceous film formation method comprising

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 claim 1,
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 claim 2,
wherein said alcohol is selected from the group consisting of
monools, diols and oxyethers each of which has 1 to 8 carbon
atoms.



DBE: dibutyl ether Xy:xylene D40: exxsol D40 ([trademark], manufactured by 15EXXON
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 Examdfes 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 fd€ilhe filthevadigeting fHimn&ormatiesuitetierd srasondinbable dads{Table 2]

Table 2 wet etching rtge FAiF 38X 318520534 Eea raAPaMRCorada RQ56sibRiIRGANS 11 A
siliceous film formation method can%j)rlsmg a(ﬁ)?%lg% azane-fllrﬁforpwhqnﬁtqﬁ) mwﬁugha omPosmon
containing a polysilazgh%nc(?&g?po K 2rfl's SHEREEORr§i8h Attt 'SCcE é?at ri a%p‘ﬁ%ob(?ﬁ'a
substrate surface to f@@MApolysilazane film; a promoter application step, in which a polysilazane
film-treatment solution is applied on said polysilazane film; and
[7] The siliceous film formation method according to claim 1,
wherein said solvent is water.

[8] The siliceous film formation method according to claim 2,
wherein said solvent is water.

[9] The siliceous film formation method according to claim 3,
wherein said solvent is water.

[10] The siliceous film formation method according to claim 4,
wherein said solvent is water.

[11] The siliceous film formation method according to claim 1,
wherein said hardening step is carried out at room temperature.

[12] The siliceous film formation method according to claim 2,
wherein said hardening step is carried out at room temperature.

[13] The siliceous film formation method according to claim 3,
wherein said hardening step is carried out at room temperature.

[14] The siliceous film formation method according to claim 4,
wherein said hardening step is carried out at room temperature.

[15] The siliceous film formation method according to claim 5,
wherein said hardening step is carried out at room temperature.

[16] A polysilazane film-treatment solution

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



a hardening step, in which said polysilazane compound is converted into a siliceous film at a
temperature of 300C 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 claiiL, wherein said polysilazane compound is a
perhydropolysilazane compound. [3] The siliceous film formation method according to claim 1 or 2,
wherein said silica-conversiositenctiof acteieratppiy dlmatalecaroxylptey adN-hétdmocydiicampound
or an amine compound. [4] Tg;sii sfiing, Jormation method according to claim 1, wherein said
alcohol is selected from the grou 7C‘ovn513t|n fmon yethers each of which has 1 to 8
carbon atoms. [5] The silicedts fifth’ 5‘@1% W?‘&Ffo'§ g Efgﬂ% Iﬁ% %Fﬁ&%ﬂm R&IP%IEShol is
selected from the gro@p@oSistifig ¥ mekol s dibls atep etiarsashehrof kickiatas Meightarbon
atoms. 20 [6] The silipeeusifilm formation method according to claim 3, wherein said alcohol is
selected from the group consisting of monools, diols and oxyethers each of which has 1 to 8 carbon
atoms. [7] The siliceous film formation method according to claim 1, wherein said solvent is water. [8]
The siliceous film formation method according to claim 2, wherein said solvent is water. [9] The
siliceous film formation method according to claim 3, wherein said solvent is water. [10] The siliceous
film formation method according to claim 4, wherein said solvent is water. [11] The siliceous film
formation method according to claim 1, wherein said hardening step is carried out at room
temperature. [12] The siliceous film formation method according to claim 2, wherein said hardening
step is carried out at room temperature. [13] The siliceous film formation method according to claim 3,
wherein said hardening step is carried out at room temperature. [14] The siliceous film formation
method according to claim 4, wherein said hardening step is carried out at room temperature. [15] The
siliceous film formation method according to claim 5, wherein said hardening step is carried out at
room temperature. [16] A polysilazane film-treatment solution 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 21 canversion of the polysilazane compoune into characterized
a solvent 0.5 to 10 wt% of hydrozdn pdfoxicd and 10: to 98 wt% of an alcohol, based on the total
welght thereof:






