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(57) ABSTRACT 

A method for producing a polymer includes hydrolyZing and 
condensing (B) a hydrolyZable-group-containing silane 
monomer in the presence of (A) a polycarbosilane, the 
polycarbosilane (A) being a polymer (1) obtained by reacting 
(a) a compound shoWn by the following general formula (1) 
and (b) at least one compound selected from the group 
consisting of a compound shoWn by the following general 
formula (2) and a compound shoWn by the folloWing general 
formula (3) in an organic solvent in the presence of at least 
one of an alkali metal and an alkaline earth metal, 

wherein R1 to R4 individually represent a monovalent 
organic group or a hydrogen atom, X represents a halogen 
atom, Y represents a halogen atom or an alkoxy group, k 
represents an integer from 0 to 3, and m and n individually 
represent integers from 0 to 2. 
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METHOD FOR PRODUCING POLYMER, 
POLYMER, COMPOSITION FOR FORMING 

INSULATING FILM, METHOD FOR PRODUCING 
INSULATING FILM, AND INSULATING FILM 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of International 
Patent Application No. PCT/JP2005/000372, having an 
international ?ling date of Jan. 14, 2005, Which designated 
the United States, the entirety of Which is incorporated 
herein by reference. Japanese Patent Application No. 2004 
009205, ?led on Jan. 16, 2004, is also incorporated herein by 
reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a method for 
producing a polymer, a polymer, an insulating-?lm-forming 
composition, a method for producing an insulating ?lm, and 
an insulating ?lm. 

[0003] A silica (SiO2) ?lm formed by a vacuum process 
such as chemical vapor deposition (CVD) has been Widely 
used as an interlayer dielectric for semiconductor devices or 
the like. In recent years, a coating-type insulating ?lm called 
a spin-on-glass (SOG) ?lm Which contains a tetraalkoxysi 
lane hydrolysate as the major component has also been used 
in order to form a more uniform interlayer dielectric. Along 
With an increase in the degree of integration of semicon 
ductor devices, a loW-relative-dielectric-constant interlayer 
dielectric called an organic SOG Which contains a polyor 
ganosiloxane as the major component has been developed. 

[0004] In particular, an improved electrical insulation 
betWeen conductors has been demanded accompanying a 
further increase in the degree of integration and the number 
of layers of semiconductor devices. Therefore, an interlayer 
dielectric material has been demanded Which exhibits a 
loWer relative dielectric constant and excellent crack resis 
tance, mechanical strength, and adhesion. 

[0005] A composition containing ?ne particles obtained 
by condensing an alkoxysilane in the presence of ammonia 
and a basic partial hydrolysate of an alkoxysilane (JP-A-5 
263045 and JP-A-5-3l53l9), and a coating liquid obtained 
by condensing a basic hydrolysate of a polyalkoxysilane in 
the presence of ammonia (JP-A-ll-3402l9 and JP-A-ll 
340220) have been proposed as loW-relative-dielectric-con 
stant materials. HoWever, the material obtained by the above 
method is not suitable for production on an industrial scale, 
since the reaction product exhibits unstable properties and 
the resulting coating varies to a large extent in relative 
dielectric constant, crack resistance, mechanical strength, 
adhesion, and the like. A method of forming a loW-dielec 
tric-constant insulating ?lm using a coating liquid prepared 
by mixing a polycarbosilane solution and a polysiloxane 
solution has also been proposed (JP-A-200l -l27l 52). HoW 
ever, this method has a problem in Which the carbosilane and 
the siloxane having nonuniform domains are dispersed in the 
coating. 
[0006] A method has also been proposed Which uses an 
organic silicate polymer obtained by preparing a carbon 
bridge-containing silane oligomer from an organometallic 
silane compound and hydrolyZing and condensing the car 
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bon-bridge-containing silane oligomer (WO2002-098955). 
HoWever, the material obtained by this method cannot be 
stored for a long time due to the poor stability of the reaction 
product. Moreover, this material exhibits poor adhesion to a 
substrate. 

SUMMARY 

[0007] An object of the invention is to provide a method 
for producing a polymer and a polymer capable of forming 
a ?lm Which is suitably used as an interlayer dielectric for 
semiconductor devices or the like and exhibits a loW relative 
dielectric constant, excellent mechanical strength and adhe 
sion, and uniform quality. 

[0008] Another object of the invention is to provide an 
insulating-?lm-forming composition using the polymer 
according to the invention, a method for producing an 
insulating ?lm, and an insulating ?lm. 

[0009] A method for producing a polymer according to 
one aspect of the invention comprises hydrolyZing and 
condensing (B) a hydrolyZable-group-containing silane 
monomer in the presence of (A) a polycarbosilane, the 
polycarbosilane (A) being a polymer (I) obtained by reacting 
(a) a compound shoWn by the folloWing general formula (1) 
and (b) at least one compound selected from the group 
consisting of a compound shoWn by the folloWing general 
formula (2) and a compound shoWn by the folloWing general 
formula (3) in an organic solvent in the presence of at least 
one of an alkali metal and an alkaline earth metal, 

wherein R1 to R4 individually represent a monovalent 
organic group or a hydrogen atom, X represents a halogen 
atom, Y represents a halogen atom or an alkoxy group, k 
represents an integer from 0 to 3, and m and n individually 
represent integers from 0 to 2. 

[0010] In this method for producing a polymer, the hydro 
lyZable-group-containing silane monomer (B) may be at 
least one silane compound selected from the group consist 
ing of a compound shoWn by the folloWing general formula 
(4), 

RZSiXM (4) 
Wherein R5 represents a hydrogen atom, a ?uorine atom, or 
a monovalent organic group, X represents a halogen atom or 
an alkoxy group, and a represents an integer from 0 to 3, and 
a compound shoWn by the folloWing general formula (5), 

R3bY3.b$i*(R8)disizhRl (5) 
Wherein R6 and R7 individually represent monovalent 
organic groups, b and c individually represent integers from 
0 to 2, R8 represents an oxygen atom, a phenylene group, or 
a group shoWn by i(CH2)ei (Wherein e represents an 
integer from 1 to 6), Y and Z individually represent a 
halogen atom or an alkoxy group, and d represents 0 or 1. 

[0011] A polymer according to one aspect of the invention 
is obtained by the above-described method for producing a 
polymer. 
[0012] An insulating-?lm-forming composition according 
to one aspect of the invention comprises the above-described 
polymer and an organic solvent. 
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[0013] A method for producing an insulating ?lm accord 
ing to one aspect of the invention comprises applying the 
above-described insulating-?lm-forming composition to a 
substrate, and heating the applied composition at 30 to 4500 
C. 

[0014] A silica-based insulating ?lm according to one 
aspect of the invention is obtained by the above-described 
method for producing an insulating ?lm. 

[0015] The above method for producing a polymer alloWs 
a polymer in Which the polysiloxane derived from the 
hydrolyZable-group-containing silane monomer (B) is 
reacted With the polycarbosilane (A) to be obtained by 
reacting the hydrolyZable-group-containing silane monomer 
(B) in the presence of the polycarbosilane (A). For example, 
a partially cocondensed polymer may be obtained by hydro 
lyZing and condensing the hydrolyZable-group-containing 
polymer (B) in the presence of the polycarbosilane (A). An 
insulating ?lm Which exhibits a loW relative dielectric 
constant and excellent mechanical strength and adhesion and 
does not shoW a phase separation in the ?lm can be obtained 
by forming a ?lm by using a ?lm-forming composition 
including such a speci?c polymer. 

DETAILED DESCRIPTION OF THE 
EMBODIMENT 

[0016] Some embodiments of the invention Will be 
described beloW in more detail. 

1 . Polymer 

[0017] The polymer according to one embodiment of the 
invention is obtained by hydrolyZing and condensing the 
hydrolyZable-group-containing silane monomer (B) in the 
presence of the polycarbosilane (A), Wherein the polycar 
bosilane (A) is the folloWing polymer (I). 

[0018] The polymer (I) is obtained by reacting (a) a 
compound shoWn by the folloWing general formula (1) and 
(b) at least one compound selected from the group consisting 
of a compound shoWn by the folloWing general formula (2) 
and a compound shoWn by the folloWing general formula (3) 
in an organic solvent in the presence of at least one of an 
alkali metal and an alkali earth metal, 

wherein R1 to R4 individually represent a monovalent 
organic group or a hydrogen atom, X represents a halogen 
atom, Y represents a halogen atom or an alkoxy group, k 
represents an integer from 0 to 3, and m and n individually 
represent integers from 0 to 2. 

1.1. Polycarbosilane (A) 

[0019] The polycarbosilane (A) may be the polymer (I). 
The polymer (I) is obtained by reacting (a) a compound 
shoWn by the folloWing general formula (1) and (b) at least 
one compound selected from the group consisting of com 
pounds shoWn by the folloWing general formula (2) and 
compounds shoWn by the folloWing general formula (3) in 
an organic solvent in the presence of at least one of an alkali 
metal and an alkaline earth metal. 

[0020] In the general formulas (1) to (3), R1 to R4 indi 
vidually represent a hydrogen atom or a monovalent organic 
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group. As speci?c examples of the monovalent organic 
group, a linear or branched aliphatic group having 1 to 10 
carbon atoms such as an alkyl group, alkenyl group, and 
alkynyl group; an alicyclic group having 3 to 20 carbon 
atoms such as a cycloalkyl group, cycloalkenyl group, and 
bicycloalkyl group; an aryl group having 6 to 20 carbon 
atoms; and an aralkyl group having 6 to 20 carbon atoms can 
be given. 

[0021] Examples of the alkyl group include a methyl 
group, ethyl group, n-propyl group, isopropyl group, n-butyl 
group, isobutyl group, t-butyl group, n-pentyl group, iso 
pentyl group, neopentyl group, and the like. 

[0022] Examples of the alkenyl group include a vinyl 
group, propenyl group, 3-butenyl group, 3-pentenyl group, 
3-hexenyl group, and the like. 

[0023] Examples of the alkynyl group include a propargyl 
group, 3-methylpropargyl group, 3-ethylpropargyl group, 
and the like. 

[0024] Examples of the cycloalkyl group include a cyclo 
propyl group, cyclobutyl group, cyclopentyl group, cyclo 
hexyl group, norbomyl group, and the like. 

[0025] Examples of the aryl group include a phenyl group, 
tolyl group, xylyl group, alpha-naphthyl group, beta-naph 
thyl group, alpha-thiophene group, beta-thiophene group, 
and the like. 

[0026] Examples of the aralkyl group include a benZyl 
group, phenethyl group, phenylpropyl group, phenylbutyl 
group, and the like. 

[0027] As examples of the halogen atom represented by X 
and Y, a ?uorine atom, chlorine atom, bromine atom, and 
iodine atom can be given. As R of the alkoxy group (iOR) 
represented by Y, the alkyl group and the aryl group given 
as examples for R1 to R4 can be given. 

[0028] The polystyrene-reduced number average molecu 
lar Weight of the polycarbosilane (A) is preferably 400 to 
50,000, more preferably 500 to 10,000, and particularly 
preferably 500 to 3,000. If the polystyrene-reduced number 
average molecular Weight of the component (B) exceeds 
50,000, the component (A) and the component (B) may 
undergo phase separation, Whereby a uniform ?lm may not 
be formed. 

1.1.1. Compound 1 

[0029] Examples of the compound shoWn by the general 
formula (1) (hereinafter called “compound 1”) include car 
bon compounds such as tetrachlorocarbon, tetrabromocar 
bon, tetraiodocarbon, chloroform, bromoform, iodoform, 
methyltrichlorocarbon, ethyltrichlorocarbon, n-propyl 
trichlorocarbon, isopropyltrichlorocarbon, n-butyltrichloro 
carbon, t-butyltrichlorocarbon, cyclohexyltrichlorocarbon, 
phenethyltrichlorocarbon, 2-norbomyltrichlorocarbon, 
vinyltrichlorocarbon, phenyltrichlorocarbon, methyltribro 
mocarbon, ethyltribromocarbon, n-propyltribromocarbon, 
isopropyltribromocarbon, n-butyltribromocarbon, t-butyltri 
bromocarbon, cyclohexyltribromocarbon, phenethyltribro 
mocarbon, 2-norbomyltribromocarbon, vinyltribromocar 
bon, phenyltribromocarbon, methyltriiodocarbon, 
ethyltriiodocarbon, n-propyltriiodocarbon, isopropyltri 
iodocarbon, n-butyltriiodocarbon, t-butyltriiodocarbon, 
cyclohexyltriiodocarbon, phenethyltriiodocarbon, 2-nor 
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bomyltriiodocarbon, Vinyltriiodocarbon, phenyltriiodocar 
bon, dimethyldichlorocarbon, diethyldichlorocarbon, di-n 
propyldichlorocarbon, diisopropyldichlorocarbon, di-n 
butyldichlorocarbon, di-t-butyldichlorocarbon, 
dicyclohexyldichlorocarbon, diphenethyldichlorocarbon, 
di-2-norbornyldichlorocarbon, divinyldichlorocarbon, 
diphenyldichlorocarbon, dimethyldibromocarbon, dieth 
yldibromocarbon, di-n-propyldibromocarbon, diisopropy 
ldibromocarbon, di-n-butyldibromocarbon, di-t-butyldibro 
mocarbon, dicyclohexyldibromocarbon, 
diphenethyldibromocarbon, di-2-norbornyldibromocarbon, 
divinyldibromocarbon, diphenyldibromocarbon, dimethyl 
diiodocarbon, diethyldiiodocarbon, di-n-propyldiiodocar 
bon, diisopropyldiiodocarbon, di-n-butyldiiodocarbon, di-t 
butyldiiodocarbon, dicyclohexyldiiodocarbon, 
diphenethyldiiodocarbon, di-2-norbornyldiiodocarbon, divi 
nyldiiodocarbon, diphenyldiiodocarbon, trimethylchlorocar 
bon, triethylchlorocarbon, tri-n-propylchlorocarbon, triiso 
propylchlorocarbon, tri-n-butylchlorocarbon, tri-t 
butylchlorocarbon, tricyclohexylchlorocarbon, 
triphenethylchlorocarbon, tri-2-norbornylchlorocarbon, 
trivinylchlorocarbon, triphenylchlorocarbon, trimethylbro 
mocarbon, triethylbromocarbon, tri-n-propylbromocarbon, 
triisopropylbromocarbon, tri-n-butylbromocarbon, tri-t-bu 
tylbromocarbon, tricyclohexylbromocarbon, triphenethyl 
bromocarbon, tri-2-norbomylbromocarbon, trivinylbro 
mocarbon, triphenylbromocarbon, trimethyliodocarbon, 
triethyliodocarbon, tri-n-propyliodocarbon, triisopropy 
liodocarbon, tri-n-butyliodocarbon, tri-t-butyliodocarbon, 
tricyclohexyliodocarbon, triphenethyliodocarbon, tri-2-nor 
bomyliodocarbon, trivinyliodocarbon, and triph 
enyliodocarbon. 

[0030] Of these compounds 1, tetrachlorocarbon, tetrabro 
mocarbon, chloroform, bromoform, methyltrichlorocarbon, 
ethyltrichlorocarbon, Vinyltrichlorocarbon, phenyltrichloro 
carbon, methyltribromocarbon, ethyltribromocarbon, Vinyl 
tribromocarbon, phenyltribromocarbon, dichloromethane, 
dibromoethane, diiodomethane, dimethyldichlorocarbon, 
diethyldichlorocarbon, divinyldichlorocarbon, dimeth 
yldibromocarbon, diethyldibromocarbon, divinyldibro 
mocarbon, and the like are preferable. 

[0031] The compound 1 may be used either individually or 
in combination of tWo or more. 

1.1.2. Compound 2 

[0032] Examples of the compound shoWn by the general 
formula (2) (hereinafter called “compound 2”) include sili 
con compounds such as tetrachlorosilane, tetrabromosilane, 
tetraiodosilane, trichlorosilane, tribromosilane, triiodosi 
lane, methyltrichlorosilane, ethyltrichlorosilane, n-propyl 
trichlorosilane, isopropyltrichlorosilane, n-butyltrichlorosi 
lane, t-butyltrichlorosilane, cyclohexyltrichlorosilane, 
phenethyltrichlorosilane, 2-norbornyltrichlorosilane, Vinyl 
trichlorosilane, phenyltrichlorosilane, methyltribromosi 
lane, ethyltribromosilane, n-propyltribromosilane, isopropy 
ltribromosilane, n-butyltribromosilane, 
t-butyltribromosilane, cyclohexyltribromosilane, phenethyl 
tribromosilane, 2-norbomyltribromosilane, Vinyltribromosi 
lane, phenyltribromosilane, methyltriiodosilane, ethyltriio 
dosilane, n-propyltriiodosilane, isopropyltriiodosilane, 
n-butyltriiodosilane, t-butyltriiodosilane, cyclohexyltriio 
dosilane, phenethyltriiodosilane, 2-norbomyltriiodosilane, 
Vinyltriiodosilane, phenyltriiodosilane, dimethyldichlorosi 
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lane, diethyldichlorosilane, di-n-propyldichlorosilane, diiso 
propyldichlorosilane, di-n-butyldichlorosilane, di-t-butyldi 
chlorosilane, dicyclohexyldichlorosilane, 
diphenethyldichlorosilane, di-2-norbomyldichlorosilane, 
divinyldichlorosilane, diphenyldichlorosilane, dimeth 
yldibromosilane, diethyldibromosilane, di-n-propyldibro 
mosilane, diisopropyldibromosilane, di-n-butyldibromosi 
lane, di-t-butyldibromosilane, dicyclohexyldibromosilane, 
diphenethyldibromosilane, di-2-norbornyldibromosilane, 
divinyldibromosilane, diphenyldibromosilane, dimethyldi 
iodosilane, diethyldiiodosilane, di-n-propyldiiodosilane, 
diisopropyldiiodosilane, di-n-butyldiiodosilane, di-t-butyl 
diiodosilane, dicyclohexyldiiodosilane, diphenethyldiio 
dosilane, di-2-norbomyldiiodosilane, divinyldiiodosilane, 
diphenyldiiodosilane, trimethylchlorosilane, triethylchlo 
rosilane, tri-n-propylchlorosilane, triisopropylchlorosilane, 
tri-n-butylchlorosilane, tri-t-butylchlorosilane, tricyclohexy 
lchlorosilane, triphenethylchlorosilane, tri-2-norbornylchlo 
rosilane, trivinylchlorosilane, triphenylchlorosilane, trim 
ethylbromosilane, triethylbromo silane, tri -n 
propylbromosilane, triisopropylbromosilane, tri-n 
butylbromosilane, tri-t-butylbromosilane, 
tricyclohexylbromosilane, triphenethylbromosilane, tri-2 
norbornylbromosilane, trivinylbromosilane, triphenylbro 
mosilane, trimethyliodosilane, triethyliodosilane, tri-n-pro 
pyliodosilane, triisopropyliodosilane, tri-n-butyliodosilane, 
tri-t-butyliodosilane, tricyclohexyliodosilane, tripheneth 
yliodosilane, tri-2-norbomyliodosilane, trivinyliodosilane, 
triphenyliodosilane, tetramethoxysilane, tetraethoxysilane, 
tetra-n-propoxysilane, tetra-iso-propoxysilane, tetra-n-bu 
toxysilane, tetra-sec-butoxysilane, tetra-t-butoxysilane, tet 
raphenoxysilane, trimethoxysilane, triethoxysilane, tri-n 
propoxysilane, tri-iso-propoxysilane, tri-n-butoxysilane, tri 
sec-butoxysilane, tri-tert-butoxysilane, triphenoxysilane, 
?uorotrimethoxysilane, ?uorotriethoxysilane, ?uorotri-n 
propoxysilane, ?uorotri-iso-propoxysilane, ?uorotri-n-bu 
toxysilane, ?uorotri-sec-butoxysilane, ?uorotri-t-butoxysi 
lane, ?uorotriphenoxysilane, methyltrimethoxysilane, 
methyltriethoxysilane, methyltri-n-propoxysilane, methyl 
tri-iso-propoxysilane, methyltri-n-butoxysilane, methyltri 
sec-butoxysilane, methyltri-tert-butoxysilane, methyltriph 
enoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane, 
ethyltri-n-propoxysilane, ethyltri-iso-propoxysilane, ethyl 
tri-n-butoxysilane, ethyltri-sec-butoxysilane, ethyltri-tert 
butoxysilane, ethyltriphenoxysilane, Vinyltrimethoxysilane, 
vinyltriethoxysilane, Vinyltri-n-propoxysilane, Vinyltri-iso 
propoxysilane, vinyltri-n-butoxysilane, vinyltri-sec-butox 
ysilane, Vinyltri-tert-butoxysilane, Vinyltriphenoxysilane, 
n-propyltrimethoxysilane, n-propyltriethoxysilane, n-propy 
ltri-n-propoxysilane, n-propyltri-iso-propoxysilane, n-pro 
pyltri-n-butoxysilane, n-propyltri-sec-butoxysilane, n-pro 
pyltri-tert-butoxysilane, n-propyltriphenoxysilane, 
i-propyltrimethoxysilane, i-propyltriethoxysilane, i-propyl 
tri-n-propoxysilane, i-propyltri-iso-propoxysilane, i-propyl 
tri-n-butoxysilane, i-propyltri-sec-butoxysilane, i-propyltri 
tert-butoxysilane, i-propyltriphenoxysilane, 
n-butyltrimethoxysilane, n-butyltriethoxysilane, n-butyltri 
n-propoxysilane, n-butyltri-iso-propoxysilane, n-butyltri-n 
butoxysilane, n-butyltri-sec-butoxysilane, n-butyltri-tert-bu 
toxysilane, n-butyltriphenoxysilane, sec 
butyltrimethoxysilane, sec-butyltriethoxysilane, sec 
butyltri-n-propoxysilane, sec-butyltri-iso-propoxysilane, 
sec-butyltri-n-butoxysilane, sec-butyltri-sec-butoxysilane, 
sec-butyltri-tert-butoxysilane, sec-butyl-triphenoxysilane, 
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t-butyltrimethoxysilane, t-butyltriethoxysilane, t-butyltri-n 
propoxysilane, t-butyltri-iso-propoxysilane, t-butyltri-n-bu 
toxysilane, t-butyltri-sec-butoxysilane, t-butyltri-tert-butox 
ysilane, t-butyltriphenoxysilane, phenyltrimethoxysilane, 
phenyltriethoxysilane, phenyltri-n-propoxysilane, phenyltri 
iso-propoxysilane, phenyltri-n-butoxysilane, phenyltri-sec 
butoxysilane, phenyltri-tert-butoxysilane, phenyltriphenox 
ysilane, vinyltrimethoxysilane, Vinyltriethoxysilane, 
gamma-aminopropyltrimethoxysilane, gamma-aminopropy 
ltriethoxysilane, gamma-glycidoxypropyltrimethoxysilane, 
gamma-glycidoxypropyltriethoxysilane, gamma-tri?uoro 
propyltrimethoxysilane, gamma-tri?uoropropyltriethoxysi 
lane, dimethyldimethoxysilane, dimethyldiethoxysilane, 
dimethyl-di-n-propoxysilane, dimethyl-di-iso-propoxysi 
lane, dimethyl-di-n-butoxysilane, dimethyl-di-sec-butoxysi 
lane, dimethyl-di-tert-butoxysilane, dimethyldiphenoxysi 
lane, diethyldimethoxysilane, diethyldiethoxysilane, 
diethyl-di-n-propoxysilane, diethyl-di-iso-propoxysilane, 
diethyl-di-n-butoxysilane, diethyl-di-sec-butoxysilane, 
diethyl-di-tert-butoxysilane, diethyl-di-phenoxysilane, di-n 
propyldimethoxysilane, di-n-propyldiethoxysilane, di-n 
propyl-di-n-propoxysilane, di-n-propyl-di-iso-propoxysi 
lane, di-n-propyl-di-n-butoxysilane, di-n-propyl-di-sec 
butoxysilane, di-n-propyl-di-tert-butoxysilane, di-n-propyl 
di-phenoxysilane, di-iso-propyldimethoxysilane, di-iso 
propyldiethoxysilane, di-iso-propyl-di-n-propoxysilane, 
di-iso-propyl-di-iso-propoxysilane, di-iso-propyl-di-n-bu 
toxysilane, di-iso-propyl-di-sec-butoxysilane, di-iso-propyl 
di-tert-butoxysilane, di-iso-propyl-di-phenoxysilane, di-n 
butyldimethoxysilane, di-n-butyldiethoxysilane, di-n-butyl 
di-n-propoxysilane, di-n-butyl-di-iso-propoxysilane, di-n 
butyl-di-n-butoxysilane, di-n-butyl-di-sec-butoxysilane, 
di-n-butyl-di-tert-butoxysilane, di-n-butyl-di-phenoxysi 
lane, di-sec-butyldimethoxysilane, di-sec-butyldiethoxysi 
lane, di-sec-butyl-di-n-propoxysilane, di-sec-butyl-di-iso 
propoxysilane, di-sec-butyl-di-n-butoxysilane, di-sec-butyl 
di-sec-butoxysilane, di-sec-butyl-di-tert-butoxysilane, 
di-sec-butyl-di-phenoxysilane, di-tert-butyldimethoxysi 
lane, di-tert-butyldiethoxysilane, di-tert-butyl-di-n-pro 
poxysilane, di-tert-butyl-di-iso-propoxysilane, di-tert-butyl 
di-n-butoxysilane, di-t-butyl-di-sec-butoxysilane, di-tert 
butyl-di-tert-butoxysilane, di-tert-butyl-di-phenoxysilane, 
diphenyldimethoxysilane, diphenyl-di-ethoxysilane, diphe 
nyl-di-n-propoxysilane, diphenyl-di-iso-propoxysilane, 
diphenyl-di-n-butoxysilane, diphenyl-di-sec-butoxysilane, 
diphenyl-di-tert-butoxysilane, diphenyldiphenoxysilane, 
and divinyltrimethoxysilane. 

[0033] Of these compounds 2, tetrachlorosilane, tetrabro 
mosilane, trichlorosilane, tribromosilane, methyltrichlorosi 
lane, ethyltrichlorosilane, Vinyltrichlorosilane, phenyl 
trichlorosilane, methyltribromosilane, ethyltribromosilane, 
Vinyltribromosilane, phenyltribromosilane, dichlorosilane, 
dibromosilane, diiodosilane, dimethyldichlorosilane, dieth 
yldichlorosilane, divinyldichlorosilane, dimethyldibromosi 
lane, diethyldibromosilane, divinyldibromosilane, diphenyl 
dichlorosilane, diphenyldibromosilane, tetramethoxysilane, 
tetraethoxysilane, trimethoxysilane, triethoxysilane, methyl 
trimethoxysilane, methyltriethoxysilane, ethyltrimethoxysi 
lane, ethyltriethoxysilane, vinyltrimethoxysilane, Viyltri 
ethoxysilane, dimethyldimethoxysilane, 
dimethyldiethoxysilane, and the like are preferable. 

[0034] The compound 2 may be used either individually or 
in combination of tWo or more. 
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1.1.3. Compound 3 

[0035] Examples of the compound shoWn by the general 
formula (3) (hereinafter called “compound 3”) include sili 
con compounds such as chloromethyltrichlorosilane, bro 
momethyltrichlorosilane, iodomethyltrichlorosilane, chlo 
romethylmethyldichlorosilane, 
chloromethylethyldichlorosilane, chloromethyl-n-propyldi 
chlorosilane, chloromethylisopropyldichlorosilane, chlo 
romethyl-n-butyldichlorosilane, chloromethyl-t-butyldi 
chlorosilane, chloromethylcyclohexyldichlorosilane, 
chloromethylphenethyldichlorosilane, chloromethylvinyldi 
chlorosilane, chloromethylphenyldichlorosilane, bromom 
ethylmethyldichlorosilane, bromomethylethyldichlorosi 
lane, bromomethyl-n-propyldichlorosilane, 
bromomethylisopropyldichlorosilane, bromomethyl-n-bu 
tyldichlorosilane, bromomethyl-t-butyldichlorosilane, bro 
momethylcyclohexyldichlorosilane, bromomethylpheneth 
yldichlorosilane, bromomethylvinyldichlorosilane, 
bromomethylphenyldichlorosilane, iodomethylmethyldi 
chlorosilane, iodomethylethyldichlorosilane, iodomethyl-n 
propyldichlorosilane, iodomethylisopropyldichlorosilane, 
iodomethyl-n-butyldichlorosilane, iodomethyl-t-butyldi 
chlorosilane, iodomethylcyclohexyldichlorosilane, iodom 
ethylphenethyldichlorosilane, iodomethylvinyldichlorosi 
lane, iodomethylphenyldichlorosilane, 
chloromethyldimethylchlorosilane, chloromethyldiethyl 
chlorosilane, chloromethyldi-n-propylchlorosilane, chlo 
romethyldiisopropylchlorosilane, chloromethyl-n-dibutyl 
chlorosilane, chloromethyldi-t-butylchlorosilane, 
chloromethyldicyclohexylchlorosilane, chloromethyl 
diphenethylchlorosilane, chloromethyldivinylchlorosilane, 
chloromethyldiphenylchlorosilane, bromomethyldimethyl 
chlorosilane, bromomethyldiethylchlorosilane, bromometh 
yldi-n-propylchlorosilane, bromomethyldiisopropylchloro 
silane, bromomethyldi-n-butylchlorosilane, 
bromomethyldi-t-butylchlorosilane, bromomethyldicyclo 
hexylchlorosilane, bromomethyldiphenethylchlorosilane, 
bromomethyldivinylchlorosilane, bromomethyldiphenyl 
chlorosilane, iodomethyldimethylchlorosilane, iodometh 
yldiethylchlorosilane, iodomethyldi-n-propylchlorosilane, 
iodomethyldiisopropylchlorosilane, iodomethyldi-n-butyl 
chlorosilane, iodomethyldi-t-butylchlorosilane, iodomethyl 
dicyclohexylchlorosilane, iodomethyldiphenethylchlo 
rosilane, iodomethyldivinylchlorosilane, 
iodomethyldiphenylchlorosilane, (l -chloroethyl)trichloro si 
lane, (l-chloropropyl)trichlorosilane, (2-chloro-2-propyl 
)trichlorosilane, (l-chlorobutyl)trichlorosilane, (2-chloro-2 
butyl)trichlorosilane, (3-chloro-3-pentyl)trichlorosilane, 
(l-chloro-2-propenyl)trichlorosilane, (alpha-chlorobenZyl 
)trichlorosilane, dichloromethyltrichlorosilane, trichlorom 
ethyltrichloro silane, (l -chloroethyl)methyldichloro silane, 
(l-chloropropyl)methyldichlorosilane, (2-chloro-2-propyl 
)methyldichlorosilane, (l -chlorobutyl)methyldichloro si 
lane, (2-chloro-2-butyl)methyldichlorosilane, (3-chloro-3 
pentyl)methyldichloro silane, (l-chloro -2 
propenyl)methyldichlorosilane, (alpha 
chlorobenZyl)methyldichlorosilane, 
dichloromethylmethyldichlorosilane, trichloromethylmeth 
yldichloro silane, (l -chloroethyl)dimethylchloro silane, 
(l-chloropropyl)dimethylchlorosilane, (2-chloro-2-propy 
l)dimethylchlorosilane, (l -chlorobutyl)dimethylchloro si 
lane, (2-chloro-2-butyl)dimethylchlorosilane, (3-chloro-3 
pentyl)dimethylchloro silane, (l-chloro -2 
propenyl)dimethylchlorosilane, (alpha 
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-chlorobenzy1)dimethy1ch10r0silane, dichloromethyldimeth 
ylchlorosilane, trichloromethyldimethylchlorosilane, ch10 
romethyltrimethoxysilane, bromomethyltrimethoxysilane, 
i0domethyltrimethoxysilane, chloromethylmethyldimethox 
ysilane, chloromethylethyldimethoxysilane, chloromethyl 
n-propyldimethoxysilane, chloromethylisopropy 
ldimethoxysilane, chloromethyl-n-buty1dimeth0xysi1ane, 
chloromethyl-t-buty1dimeth0xysi1ane, chloromethylcyclo 
hexyldimethoxysilane, chloromethylpheneth 
yldimethoxysilane, chloromethylvinyldimethoxysilane, 
chloromethylphenyldimethoxysilane, bromomethylmeth 
yldimethoxysilane, bromomethylethyldimethoxysilane, bro 
momethyl-n-pr0py1dimeth0xysi1ane, bromomethylisopro 
pyldimethoxysilane, bromomethyl-n-buty1dimeth0xysi1ane, 
bromomethyl-t-buty1dimeth0xysi1ane, bromomethylcyclo 
hexyldimethoxysilane, bromomethylpheneth 
yldimethoxysilane, bromomethylvinyldimethoxysilane, 
bromomethylphenyldimethoxysilane, iodomethylmeth 
yldimethoxysilane, iodomethylethyldimethoxysilane, 
iodomethyl-n-pr0py1dimeth0xysilane, iodomethylisopropy 
ldimethoxysilane, iodomethyl-n-buty1dimeth0xysi1ane, 
iodomethyl-t-buty1dimeth0xysi1ane, iodomethylcyclohexy 
ldimethoxysilane, i0domethylphenethyldimethoxysilane, 
iodomethylvinyldimethoxysilane, iodomethylphe 
nyldimethoxysilane, chloromethyldimethylmethoxysilane, 
chloromethyldiethylmethoxysilane, chloromethyldi-n-pro 
pylmethoxysilane, chloromethyldiisopropylmethoxysilane, 
chloromethyl-n-dibuty1meth0xysi1ane, chloromethyldi-t-bu 
tylmethoxysilane, chloromethyldicyclohexylmethoxysilane, 
chloromethyldiphenethylmethoxysilane, chloromethyldivi 
nylmethoxysilane, chloromethyldiphenylmethoxysilane, 
bromomethyldimethylmethoxysilane, bromomethyldiethyl 
methoxysilane, bromomethyldi-n-pr0py1meth0xysi1ane, 
bromomethyldiisopropylmethoxysilane, bromomethyldi-n 
butylmethoxysilane, bromomethyldi-t-buty1meth0xysilane, 
bromomethyldicyclohexylmethoxysilane, bromomethyl 
diphenethylmethoxysilane, bromomethyldivinylmethoxysi 
lane, bromomethyldiphenylmethoxysilane, iodomethyldim 
ethylmethoxysilane, iodomethyldiethylmethoxysilane, 
iodomethyldi-n-pr0py1meth0xysi1ane, iodomethyldiisopro 
pylmethoxysilane, iodomethyldi-n-buty1meth0xysi1ane, 
iodomethyldi-t-buty1meth0xysi1ane, iodomethyldicyclo 
hexylmethoxysilane, i0d0methyldiphenethylmethoxysilane, 
iodomethyldivinylmethoxysilane, iodomethyldiphenyl 
methoxysilane, chloromethyltriethoxysilane, bromomethyl 
triethoxysilane, i0domethyltriethoxysilane, chloromethylm 
ethyldiethoxysilane, chloromethylethyldiethoxysilane, 
chloromethyl-n-pr0py1dieth0xysi1ane, chloromethylisopro 
pyldiethoxysilane, chloromethyl-n-buty1dieth0xysi1ane, 
chloromethyl-t-buty1dieth0xysi1ane, chloromethylcyclo 
hexyldiethoxysilane, chloromethylphenethyldiethoxysilane, 
chloromethylvinyldiethoxysilane, chloromethylphenyldi 
ethoxysilane, bromomethylmethyldiethoxysilane, bromom 
ethylethyldiethoxysilane, bromomethyl-n-pr0py1dieth0xysi 
lane, bromomethylisopropyldiethoxysilane, bromomethyl 
n-butyldiethoxysilane, bromomethyl-t-buty1dieth0xysi1ane, 
bromomethylcyclohexyldiethoxysilane, bromomethylphen 
ethyldiethoxysilane, bromomethylvinyldiethoxysilane, bro 
momethylphenyldiethoxysilane, iodomethylmethyldiethox 
ysilane, iodomethylethyldiethoxysilane, iodomethyl-n 
propyldiethoxysilane, iodomethylisopropyldiethoxysilane, 
iodomethyl-n-buty1dieth0xysi1ane, iodomethyl-t-butyldi 
ethoxysilane, iodomethylcyclohexyldiethoxysilane, iodom 
ethylphenethyldiethoxysilane, i0domethylvinyldiethoxysi 
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lane, iodomethylphenyldiethoxysilane, 
chloromethyldimethylethoxysilane, chloromethyldiethyl 
ethoxysilane, chloromethyldi-n-propylethoxysilane, ch10 
romethyldiisopropylethoxysilane, chloromethyl-n-dibu 
tylethoxysilane, chloromethyldi-t-butylethoxysilane, 
chloromethyldicyclohexylethoxysilane, chloromethyl 
diphenethylethoxysilane, chloromethyldivinylethoxysilane, 
chloromethyldiphenylethoxysi1ane, bromomethyldimethyl 
ethoxysilane, bromomethyldiethylethoxysilane, bromom 
ethyldi-n-pr0py1eth0xysi1ane, bromomethyldiisopropy 
lethoxysilane, bromomethyldi-n-butylethoxysilane, 
bromomethyldi-t-buty1eth0xysi1ane, bromomethyldicyclo 
hexylethoxysilane, bromomethyldiphenethylethoxysilane, 
bromomethyldivinylethoxysilane, bromomethyldiphe 
nylethoxysilane, iodomethyldimethylethoxysilane, iodom 
ethyldiethylethoxysilane, iodomethyldi-n-pr0py1eth0xysi 
lane, iodomethyldiisopropylethoxysilane, iodomethyldi-n 
butylethoxysilane, i0domethyldi-t-butylethoxysilane, 
iodomethyldicyclohexylethoxysilane, iodomethyldiphen 
ethylethoxysilane, iodomethyldivinylethoxysilane, iodom 
ethyldiphenylethoxysilane, chloromethyltri-n-pr0p0xysi 
lane, bromomethyltri-n-pr0p0xysi1ane, iodomethyltri-n 
propoxysilane, chloromethylmethyldi-n-pr0p0xysi1ane, 
chloromethylethyldi-n-pr0p0xysilane, chloromethyl-n-pro 
pyldi-n-propoxysilane, chloromethylisopropyldi-n-pro 
poxysilane, chloromethyl-n-buty1di-n-pr0poxysilane, ch10 
romethyl-t-buty1di-n-pr0poxysilane, 
chloromethylcyclohexyldi-n-pr0p0xysi1ane, chlorometh 
ylphenethyldi-n-pr0p0xysi1ane, chloromethylvinyldi-n-pr0 
poxysilane, chloromethylphenyldi-n-pr0p0xysi1ane, bro 
momethylmethyldi-n-pr0p0xysi1ane, bromomethylethyldi 
n-propoxysilane, bromomethyl-n-pr0py1di-n-pr0p0xysi1ane, 
bromomethylisopropyldi-n-pr0p0xysi1ane, bromomethyl-n 
butyldi-n-propoxysilane, bromomethyl-t-buty1di-n-pr0 
poxysilane, bromomethylcyclohexyldi-n-pr0p0xysi1ane, 
bromomethylphenethyldi-n-pr0p0xysilane, bromomethylvi 
nyldi-n-propoxysilane, bromomethylphenyldi-n-pr0poxysi 
lane, iodomethylmethyldi-n-pr0p0xysi1ane, iodomethyleth 
yldi-n-propoxysilane, iodomethyl-n-propyldi-n 
propoxysilane, iodomethylisopropyldi-n-propoxysilane, 
iodomethyl-n-butyldi-n-pr0p0xysi1ane, iodomethyl-t-bu 
tyldi-n-propoxysilane, i0domethylcyclohexyldi-n-pro 
poxysilane, i0domethylphenethyldi-n-pr0p0xysi1ane, 
i0domethylvinyldi-n-propoxysilane, iodomethylphenyldi-n 
propoxysilane, chloromethyldimethyl-n-pr0p0xysi1ane, 
chloromethyldiethyl-n-propoxysilane, chloromethyldi-n 
propyl-n-propoxysilane, chloromethyldiisopropyl-n-pro 
poxysilane, chloromethyl-n-dibuty1-n-pr0poxysilane, ch10 
romethyldi-t-buty1-n-pr0p0xysi1ane, 
chloromethyldicyclohexyl-n-pr0p0xysi1ane, chloromethyl 
diphenethyl-n-pr0p0xysi1ane, chloromethyldivinyl-n-pr0 
poxysilane, chloromethyldiphenyl-n-pr0p0xysi1ane, bro 
momethyldimethyl-n-pr0p0xysi1ane, bromomethyldiethyl 
n-propoxysilane, bromomethyldi-n-pr0py1-n-pr0p0xysi1ane, 
bromomethyldiisopropyl-n-propoxysilane, bromomethyldi 
n-butyl-n-propoxysilane, bromomethyldi-t-butyl-n-pro 
poxysilane, bromomethyldicyclohexyl-n-pr0p0xysi1ane, 
bromomethyldiphenethyl-n-propoxysilane, bromometh 
yldivinyl-n-propoxysilane, bromomethyldiphenyl-n-pr0 
poxysilane, i0domethyldimethyl-n-pr0p0xysi1ane, iodom 
ethyldiethyl-n-pr0p0xysi1ane, iodomethyldi-n-propyl-n 
propoxysilane, iodomethyldiisopropyl-n-propoxysilane, 
iodomethyldi-n-buty1-n-pr0p0xysi1ane, iodomethyldi-t-bu 
tyl-n-propoxysilane, i0domethyldicyclohexyl-n-propoxysi 
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lane, iodomethyldiphenethyl-n-propoxysilane, iodometh 
yldivinyl-n-propoxysilane, iodomethyldiphenyl-n 
propoxysilane, chloromethyltriisopropoxysilane, 
bromomethyltriisopropoxysilane, iodomethyltriisopro 
poxysilane, chloromethylmethyldiisopropoxysilane, chlo 
romethylethyldiisopropoxysilane, chloromethyl-n-propyldi 
isopropoxysilane, 
chloromethylisopropyldiisopropoxysilane, chloromethyl-n 
butyldiisopropoxysilane, chloromethyl-t-butyldiisopro 
poxysilane, chloromethylcyclohexyldiisopropoxysilane, 
chloromethylphenethyldiisopropoxysilane, chloromethylvi 
nyldiisopropoxysilane, chloromethylphenyldiisopro 
poxysilane, bromomethylmethyldiisopropoxysilane, bro 
momethylethyldiisopropoxysilane, bromomethyl-n 
propyldiisopropoxysilane, 
bromomethylisopropyldiisopropoxysilane, bromomethyl-n 
butyldiisopropoxysilane, bromomethyl-t-butyldiisopro 
poxysilane, bromomethylcyclohexyldiisopropoxysilane, 
bromomethylphenethyldiisopropoxysilane, bromomethylvi 
nyldiisopropoxysilane, bromomethylphenyldiisopro 
poxysilane, iodomethylmethyldiisopropoxysilane, iodom 
ethylethyldiisopropoxysilane, iodomethyl-n 
propyldiisopropoxysilane, 
iodomethylisopropyldiisopropoxysilane, iodomethyl-n-bu 
tyldiisopropoxysilane, iodomethyl-t-butyldiisopropoxysi 
lane, iodomethylcyclohexyldiisopropoxysilane, iodometh 
ylphenethyldiisopropoxysilane, 
iodomethylvinyldiisopropoxysilane, iodomethylphenyldi 
isopropoxysilane, chloromethyldimethylisopropoxysilane, 
chloromethyldiethylisopropoxysilane, chloromethyldi-n 
propylisopropoxysilane, chloromethyldiisopropyliso 
propoxysilane, chloromethyl-n-dibutylisopropoxysilane, 
chloromethyldi-t-butylisopropoxysilane, chloromethyldicy 
clohexylisopropoxysilane, chloromethyldiphenethyliso 
propoxysilane, chloromethyldivinylisopropoxysilane, chlo 
romethyldiphenylisopropoxysilane, 
bromomethyldimethylisopropoxysilane, bromomethyldieth 
ylisopropoxysilane, bromomethyldi-n-propylisopropoxysi 
lane, bromomethyldiisopropylisopropoxysilane, bromom 
ethyldi-n-butylisopropoxysilane, bromomethyldi-t 
butylisopropoxysilane, 
bromomethyldicyclohexylisopropoxysilane, bromomethyl 
diphenethylisopropoxysilane, bromomethyldivinylisopro 
poxysilane, bromomethyldiphenylisopropoxysilane, iodom 
ethyldimethylisopropoxysilane, 
iodomethyldiethylisopropoxysilane, iodomethyldi-n-propy 
lisopropoxysilane, iodomethyldiisopropylisopropoxysilane, 
iodomethyldi-n-butylisopropoxysilane, iodomethyldi-t-bu 
tylisopropoxysilane, iodomethyldicyclohexylisopro 
poxysilane, iodomethyldiphenethylisopropoxysilane, 
iodomethyldivinylisopropoxysilane, and iodomethyldiphe 
nylisopropoxysilane. 

[0036] Of these compounds 3, chloromethyltrichlorosi 
lane, bromomethyltrichlorosilane, chloromethylmethyldi 
chlorosilane, chloromethylethyldichlorosilane, chlorometh 
ylvinyldichlorosilane, chloromethylphenyldichlorosilane, 
bromomethylmethyldichlorosilane, bromomethylvinyldi 
chlorosilane, chloromethyldimethylchlorosilane, chlorom 
ethyldivinylchlorosilane, bromomethyldimethylchlorosi 
lane, (1-chloroethyl)trichloro silane, 
(1 -chloropropyl)trichlorosilane, chloromethyltrimethoxysi 
lane, bromomethyltrimethoxysilane, chloromethylmeth 
yldimethoxysilane, chloromethylvinyldimethoxysilane, 
chloromethylphenyldimethoxysilane, bromomethylmeth 
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yldimethoxysilane, bromomethylvinyldimethoxysilane, 
bromomethylphenyldimethoxysilane, chloromethyldimeth 
ylmethoxysilane, chloromethyldivinylmethoxysilane, chlo 
romethyldiphenylmethoxysilane, bromomethyldimethyl 
methoxysilane, bromomethyldiisopropylmethoxysilane, 
chloromethyltriethoxysilane, bromomethyltriethoxysilane, 
chloromethylmethyldiethoxysilane, chloromethylethyldi 
ethoxysilane, chloromethylvinyldiethoxysilane, chlorom 
ethylphenyldiethoxysilane, bromomethylmethyldiethoxysi 
lane, bromomethylvinyldiethoxysilane, 
bromomethylphenyldiethoxysilane, chloromethyldimethyl 
ethoxysilane, chloromethyldiethylethoxysilane, bromom 
ethyldivinylethoxysilane, chloromethyltriisopropoxysilane, 
bromomethyltriisopropoxysilane, and the like are prefer 
able. 

[0037] The compound 3 may be used either individually or 
in combination of tWo or more. 

1.2. Production of Polycarbosilane (A) 

[0038] The polycarbosilane (A) is the following polymer 
(I), as described above. 

[0039] (I) The polymer obtained by reacting (a) the com 
pound 1 With (b) at least one compound selected from the 
compound 2 and the compound 3 in an organic solvent in the 
presence of at least one of an alkali metal and an alkaline 
earth metal (polymer (1)). 

[0040] In the polymer (I), the molar ratio of the compound 
1 to the compound 2 and/or the compound 3 (compound 
1/(compound 2 and/or compound 3)) is preferably 0.01 to 
100, still more preferably 0.1 to 10, and particularly pref 
erably 0.5 to 5. If the molar ratio is Within this range, the 
degree of polymeriZation of the resulting polymer can be 
increased. 

[0041] As the alkali metal Which may be used in this 
embodiment, lithium, potassium, and sodium can be given. 
As the alkaline earth metal Which may be used in this 
embodiment, magnesium can be given. In this embodiment, 
it is preferable to use magnesium. 

[0042] The alkali metal and the alkaline earth metal are 
used to reductively eliminate the halogen atom or the alkoxy 
group from the compound 1 and the compound 2 and/or the 
compound 3 to form a carbon-silicon bond. The alkali metal 
and the alkaline earth metal are preferably used in an amount 
of 1.0 to 1.5 molar equivalents for the total amount of 
carbon-halogen bond and carbon-alkoxy group bond of the 
compound 1 and the compound 2 and/or the compound 3. 

[0043] In the method for producing the polymer (I), the 
reaction may be promoted by applying ultrasonic Waves to 
the reaction liquid from outside, as required. The frequency 
of the ultrasonic Waves used to promote the reaction is 
preferably about 10 to 70 kHZ. 

[0044] As the organic solvent used in the production of the 
polymer (I), an ether solvent may be preferably used. When 
using a hydrocarbon solvent generally used for a Kipping 
reaction, the yield of the objective soluble silicon oligomer 
tends to be decreased. 

[0045] Examples of the ether solvent include diethyl ether, 
di-n-propyl ether, diisopropyl ether, dibutyl ether, ethyl 
propyl ether, anisole, phenetole, diphenyl ether, diethylene 
glycol dimethyl ether, diethylene glycol diethyl ether, dieth 



US 2007/0015892 A1 

ylene glycol dibutyl ether, diethylene glycol methyl ethyl 
ether, dipropylene glycol dimethyl ether, dipropylene glycol 
diethyl ether, dipropylene glycol dibutyl ether, dipropylene 
glycol methyl ethyl ether, ethylene glycol dimethyl ether, 
ethylene glycol diethyl ether, ethylene glycol dibutyl ether, 
ethylene glycol methyl ethyl ether, propylene glycol dim 
ethyl ether, propylene glycol diethyl ether, propylene glycol 
dibutyl ether, propylene glycol methyl ethyl ether, tetrahy 
drofuran, dioxane, and the like. Of these ether solvents, 
diethyl ether, tetrahydrofuran, ethylene glycol dimethyl 
ether, ethylene glycol diethyl ether, and the like are prefer 
able in vieW of the solubility of the resulting polymer. 

[0046] It is preferable to remove Water from the ether 
solvent in advance. For example, Water is preferably 
removed from the ether solvent by degassing/distillation in 
the presence of sodium-benZophenone ketyl. The amount of 
the solvent to be used is not particularly limited. The solvent 
is used in an amount of preferably 1 to 30 parts by Weight, 
and still more preferably 2 to 20 parts by Weight for the total 
amount of the compound 1 and the compound 2 and/or the 
compound 3. 

[0047] The reaction temperature of the polymer (I) is 
preferably 0 to 150° C., and still more preferably 30 to 100° 
C. If the reaction temperature is loWer than 0° C., the 
productivity may be decreased due to loW reaction rate. If 
the reaction temperature is higher than 150° C., the reaction 
becomes complicated, Whereby the solubility of the result 
ing polymer tends to be decreased. The reaction is preferably 
carried out in an inert gas such as argon or nitrogen. 

[0048] In this embodiment, (i) the polymer (I) obtained by 
the above method may be reacted With an alcohol or an 
organic acid in an organic solvent When Y in the polymer (I) 
includes a halogen atom, or (ii) the polymer (I) obtained by 
the above method may be reacted With a reducing agent in 
an organic solvent. According to the method (i), a halogen 
atom may be replaced With a stable alkoxy group or ester 
group by reacting the polymer (I) including an unreacted 
hydrolyZable halogen atom at the molecular terminal or in 
the side chain With an alcohol or an organic acid. 

[0049] Examples of the alcohol include monohydric alco 
hols such as methanol, ethanol, n-propanol, i-propanol, 
n-butanol, i-butanol, sec-butanol, t-butanol, n-pentanol, 
i-pentanol, 2-methylbutanol, sec-pentanol, t-pentanol, 
3-methoxybutanol, n-hexanol, 2-methylpentanol, sec-hex 
anol, 2-ethylbutanol, sec-heptanol, 3-heptanol, n-octanol, 
2-ethylhexanol, sec-octanol, n-nonyl alcohol, 2,6-dimethyl 
4-heptanol, n-decanol, sec-undecyl alcohol, trimethylnonyl 
alcohol, sec-tetradecyl alcohol, sec-heptadecyl alcohol, phe 
nol, cyclohexanol, methylcyclohexanol, 3,3,5-trimethylcy 
clohexanol, benZyl alcohol, and diacetone alcohol; polyhy 
dric alcohols such as ethylene glycol, 1,2-polyethylene 
glycol, 1,3-butylene glycol, 2,4-pentanediol, 2-methyl-2,4 
pentanediol, 2,5-hexanediol, 2,4-heptanediol, 2-ethyl-1,3 
hexanediol, diethylene glycol, dipropylene glycol, triethyl 
ene glycol, and tripropylene glycol; polyhydric alcohol 
partial ethers such as ethylene glycol monomethyl ether, 
ethylene glycol monoethyl ether, ethylene glycol monopro 
pyl ether, ethylene glycol monobutyl ether, ethylene glycol 
monohexyl ether, ethylene glycol monophenyl ether, ethyl 
ene glycol mono-2-ethylbutyl ether, diethylene glycol 
monomethyl ether, diethylene glycol monoethyl ether, dieth 
ylene glycol monopropyl ether, diethylene glycol monobutyl 
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ether, diethylene glycol monohexyl ether, propylene glycol 
monomethyl ether, propylene glycol monoethyl ether, pro 
pylene glycol monopropyl ether, propylene glycol monobu 
tyl ether, dipropylene glycol monomethyl ether, dipropylene 
glycol monoethyl ether, dipropylene glycol monopropyl 
ether; and the like. 

[0050] Examples of the organic acid include acetic acid, 
propionic acid, butanoic acid, pentanoic acid, hexanoic acid, 
heptanoic acid, octanoic acid, nonanoic acid, decanoic acid, 
oxalic acid, maleic acid, methylmalonic acid, adipic acid, 
sebacic acid, gallic acid, butyric acid, mellitic acid, arachi 
donic acid, shikimic acid, 2-ethylhexanoic acid, oleic acid, 
stearic acid, linolic acid, linoleic acid, salicylic acid, benZoic 
acid, p-aminobenZoic acid, p-toluenesulfonic acid, benZene 
sulfonic acid, monochloroacetic acid, dichloroacetic acid, 
trichloroacetic acid, tri?uoroacetic acid, formic acid, mal 
onic acid, sulfonic acid, phthalic acid, fumaric acid, citric 
acid, tartaric acid, succinic acid, fumaric acid, itaconic acid, 
mesaconic acid, citraconic acid, malic acid, glutaric acid, 
and the like. 

[0051] The alcohol or the acid may be used either indi 
vidually or in combination of tWo or more. 

[0052] The alcohol or the acid is used so that the amount 
of hydroxyl groups contained in the alcohol or the acid is at 
least 1.0 equivalent, and preferably 1.0 to 4.0 equivalents for 
1.0 equivalent of residual halogen atoms contained in the 
polymer. The solvent used in the method (i) is not particu 
larly limited insofar as the solvent does not react With the 
alcohol or the acid used. The solvent is preferably an 
aromatic solvent such as benZene, toluene, xylene, or mesi 
tylene. These solvents may be used either individually or in 
combination of tWo or more. In order to capture a hydrogen 
halide produced during the above reaction, it is preferable to 
add an organic amine Which makes a pair With the hydrogen 
halide to generate a salt and does not contain active hydro 
gen. As speci?c examples of the organic amine, pyridine, 
pyrrole, picoline, diaZabicyclooctane, diaZabicyclononane, 
diaZabicycloundecene, trimethylamine, triethylamine, 
tripropylamine, tributylamine, and the like can be given. 
These alkali catalysts may be used either individually or in 
combination of tWo or more. 

[0053] In the method (ii), a substituent on a silicon atom 
can be replaced With a stable hydrogen atom by reducing the 
polymer (I) including an unreacted hydrolyZable halogen 
atom at the molecular terminal or the polymer obtained by 
the method (i) using a reducing agent. 

[0054] As examples of the reducing agent, LiAlH4, NaH, 
LiBu3BH, (C5Hn)2BH, B2H6, NaBH4, Zn(BH4)2, 
NaBH3CN, Bu2AlH, Li(OBu)3AlH, and the like can be 
given. Of these, LiAlH4, NaH, B2H6, and NaBH4 are pref 
erable. 

[0055] The reducing agent is used so that the amount of 
hydrogen atoms contained in the reducing agent is at least 
1.0 equivalent, and preferably 1.0 to 4.0 equivalents for 1.0 
equivalent of halogen atoms contained in the polymer. The 
solvent used in the method (ii) is not particularly limited 
insofar as the solvent does not react With the reducing agent. 
The solvent is preferably ether solvent. The ether solvent 
given above may be used. The solvent may be used either 
individually or in combination of tWo or more. 

[0056] The reaction temperature is preferably —78 to 60° 
C. If the reaction temperature is loWer than —78° C., the 
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productivity may be decreased due to loW reaction rate. If 
the reaction temperature is higher than 60° C., the solubility 
of the reaction product may be decreased, Whereby the yield 
of the polymer may be decreased. The reaction is preferably 
carried out in an inert gas such as argon or nitrogen. 

1.3. Production of Polymer 

[0057] The polymer is obtained by hydrolyZing and con 
densing the hydrolyZable-group-containing polymer (B) in 
the presence of the polycarbosilane (A), as described above. 
The term “hydrolyZable group” used herein refers to a group 
Which may be hydrolyZed during the production of the 
polymer in this embodiment. Speci?c examples of the 
hydrolyZable group include a hydrogen atom bonded to a 
silicon atom, a halogen atom, a hydroxyl group, alkoxy 
group, acyloxy group, sulfone group, methanesulfone group, 
and tri?uoromethanesulfone group. Note that the hydrolyZ 
able group is not limited thereto. 

[0058] The hydrolyZable-group-containing polymer (B) 
may be at least one silane compound selected from the group 
consisting of a compound shoWn by the folloWing general 
formula (4), 

RZSiXM (4) 
Wherein R5 represents a hydrogen atom, a ?uorine atom, or 
a monovalent organic group, X represents a halogen atom or 
an alkoxy group, and a represents an integer from 0 to 3, and 
a compound shoWn by the folloWing general formula (5), 

wherein R6 and R7 individually represent monovalent 
organic groups, b and c individually represent integers from 
0 to 2, R8 represents an oxygen atom, a phenylene group, or 
a group shoWn by i(CH2)ei (Wherein e represents an 
integer from 1 to 6), Y and Z individually represent a 
halogen atom or an alkoxy group, and d represents 0 or 1. 

1.3.1. Compound ShoWn by General Formula (4) 

[0059] In the general formula (4), R5 represents a hydro 
gen atom, a ?uorine atom, or a monovalent organic group. 
As examples of the monovalent organic group, an alkyl 
group, aryl group, allyl group, glycidyl group, vinyl group, 
and the like can be given. In the general formula (4), R5 
preferably represents the monovalent organic group, and 
particularly preferably an alkyl group or a phenyl group. 

[0060] As examples of the alkyl group, a methyl group, 
ethyl group, propyl group, butyl group, and the like can be 
given. The alkyl group preferably has 1 to 5 carbon atoms. 
These alkyl groups may be either linear or branched, and 
may be replaced With a hydrogen atom, ?uorine atom, amino 
group, or the like. 

[0061] As examples of the aryl group, a phenyl group, 
naphthyl group, methylphenyl group, ethylphenyl group, 
chlorophenyl group, bromophenyl group, ?uorophenyl 
group, and the like can be given. 

[0062] As the hydrocarbon portion of the alkoxy group 
represented by X, the groups given as examples of the 
monovalent organic group represented by R5 may be 
applied. 

[0063] Examples of the compound shoWn by the general 
formula (4) (hereinafter called “compound 4”) include sili 
con compounds such as tetramethoxysilane, tetraethoxysi 
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lane, tetra-n-propoxysilane, tetra-iso-propoxysilane, tetra-n 
butoxysilane, tetra-sec-butoxysilane, tetra-tert-butoxysilane, 
tetraphenoxysilane, trimethoxysilane, triethoxysilane, tri-n 
propoxysilane, tri-iso-propoxysilane, tri-n-butoxysilane, tri 
sec-butoxysilane, tri-tert-butoxysilane, triphenoxysilane, 
?uorotrimethoxysilane, ?uorotriethoxysilane, ?uorotri-n 
propoxysilane, ?uorotri-iso-propoxysilane, ?uorotri-n-bu 
toxysilane, ?uorotri-sec-butoxysilane, ?uorotri-tert-butox 
ysilane, ?uorotriphenoxysilane, methyltrimethoxysilane, 
methyltriethoxysilane, methyltri-n-propoxysilane, methyl 
tri-iso-propoxysilane, methyltri-n-butoxysilane, methyltri 
sec-butoxysilane, methyltri-tert-butoxysilane, methyltriph 
enoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane, 
ethyltri-n-propoxysilane, ethyltri-iso-propoxysilane, ethyl 
tri-n-butoxysilane, ethyltri-sec-butoxysilane, ethyltri-tert 
butoxysilane, ethyltriphenoxysilane, vinyltrimethoxysilane, 
vinyltriethoxysilane, vinyltri-n-propoxysilane, vinyltri-iso 
propoxysilane, vinyltri-n-butoxysilane, vinyltri-sec-butox 
ysilane, vinyltri-tert-butoxysilane, vinyltriphenoxysilane, 
n-propyltrimethoxysilane, n-propyltriethoxysilane, n-propy 
ltri-n-propoxysilane, n-propyltri-iso-propoxysilane, n-pro 
pyltri-n-butoxysilane, n-propyltri-sec-butoxysilane, n-pro 
pyltri-tert-butoxysilane, n-propyltriphenoxysilane, 
i-propyltrimethoxysilane, i-propyltriethoxysilane, i-propyl 
tri-n-propoxysilane, i-propyltri-iso-propoxysilane, i-propyl 
tri-n-butoxysilane, i-propyltri-sec-butoxysilane, i-propyltri 
tert-butoxysilane, i-propyltriphenoxysilane, 
n-butyltrimethoxysilane, n-butyltriethoxysilane, n-butyltri 
n-propoxysilane, n-butyltri-iso-propoxysilane, n-butyltri-n 
butoxysilane, n-butyltri-sec-butoxysilane, n-butyltri-tert-bu 
toxysilane, n-butyltriphenoxysilane, sec 
butyltrimethoxysilane, sec-butyltriethoxysilane, sec 
butyltri-n-propoxysilane, sec-butyltri-iso-propoxysilane, 
sec-butyltri-n-butoxysilane, sec-butyltri-sec-butoxysilane, 
sec-butyltri-tert-butoxysilane, sec-butyl-triphenoxysilane, 
t-butyltrimethoxysilane, t-butyltriethoxysilane, t-butyltri-n 
propoxysilane, t-butyltri-iso-propoxysilane, t-butyltri-n-bu 
toxysilane, t-butyltri-sec-butoxysilane, t-butyltri-t-butoxysi 
lane, t-butyltriphenoxysilane, phenyltrimethoxysilane, 
phenyltriethoxysilane, phenyltri-n-propoxysilane, phenyltri 
iso-propoxysilane, phenyltri-n-butoxysilane, phenyltri-sec 
butoxysilane, phenyltri-tert-butoxysilane, phenyltriphenox 
ysilane, vinyltrimethoxysilane, vinyltriethoxysilane, 
gamma-aminopropyltrimethoxysilane, gamma-aminopropy 
ltriethoxysilane, gamma-glycidoxypropyltrimethoxysilane, 
gamma-glycidoxypropyltriethoxysilane, gamma-tri?uoro 
propyltrimethoxysilane, gamma-tri?uoropropyltriethoxysi 
lane, dimethyldimethoxysilane, dimethyldiethoxysilane, 
dimethyl-di-n-propoxysilane, dimethyl-di-iso-propoxysi 
lane, dimethyl-di-n-butoxysilane, dimethyl-di-sec-butoxysi 
lane, dimethyl-di-tert-butoxysilane, dimethyldiphenoxysi 
lane, diethyldimethoxysilane, diethyldiethoxysilane, 
diethyl-di-n-propoxysilane, diethyl-di-iso-propoxysilane, 
diethyl-di-n-butoxysilane, diethyl-di-sec-butoxysilane, 
diethyl-di-tert-butoxysilane, diethyl-di-phenoxysilane, di-n 
propyldimethoxysilane, di-n-propyldiethoxysilane, di-n 
propyl-di-n-propoxysilane, di-n-propyl-di-iso-propoxysi 
lane, di-n-propyl-di-n-butoxysilane, di-n-propyl-di-sec 
butoxysilane, di-n-propyl-di-tert-butoxysilane, di-n-propyl 
di-phenoxysilane, di-iso-propyldimethoxysilane, di-iso 
propyldiethoxysilane, di-iso-propyl-di-n-propoxysilane, 
di-iso-propyl-di-iso-propoxysilane, di-iso-propyl-di-n-bu 
toxysilane, di-iso-propyl-di-sec-butoxysilane, di-iso-propyl 
di-tert-butoxysilane, di-iso-propyl-di-phenoxysilane, di-n 
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butyldimethoxysilane, di-n-butyldiethoxysilane, di-n-butyl 
di-n-propoxysilane, di-n-butyl-di-iso-propoxysilane, di-n 
butyl-di-n-butoxysilane, di-n-butyl-di-sec-butoxysilane, 
di-n-butyl-di-ter‘t-butoxysilane, di-n-butyl-di-phenoxysi 
lane, di-sec-butyldimethoxysilane, di-sec-butyldiethoxysi 
lane, di-sec-butyl-di-n-propoxysilane, di-sec-butyl-di-iso 
propoxysilane, di-sec-butyl-di-n-butoxysilane, di-sec-butyl 
di-sec-butoxysilane, di-sec-butyl-di-tert-butoxysilane, 
di-sec-butyl-di-phenoxysilane, di-ter‘t-butyldimethoxysi 
lane, di-tert-butyldiethoxysilane, di-tert-butyl-di-n-pro 
poxysilane, di-ter‘t-butyl-di-iso-propoxysilane, di-ter‘t-butyl 
di-n-butoxysilane, di-ter‘t-butyl-di-sec-butoxysilane, di-tert 
butyl-di-tert-butoxysilane, di-ter‘t-butyl-di-phenoxysilane, 
diphenyldimethoxysilane, diphenyl-di-ethoxysilane, diphe 
nyl-di-n-propoxysilane, diphenyl-di-iso-propoxysilane, 
diphenyl-di-n-butoxysilane, diphenyl-di-sec-butoxysilane, 
diphenyl-di-tert-butoxysilane, diphenyldiphenoxysilane, 
divinyltrimethoxysilane, tetrachlorosilane, tetrabromosi 
lane, tetraiodosilane, trichlorosilane, tribromosilane, triio 
dosilane, methyltrichlorosilane, ethyltrichlorosilane, n-pro 
pyltrichlorosilane, isopropyltrichlorosilane, 
n-butyltrichlorosilane, t-butyltrichlorosilane, cyclohexyl 
trichlorosilane, phenethyltrichlorosilane, 2-norbomyl 
trichlorosilane, vinyltrichlorosilane, phenyltrichlorosilane, 
methyltribromosilane, ethyltribromosilane, n-propyltribro 
mosilane, isopropyltribromosilane, n-butyltribromosilane, 
t-butyltribromosilane, cyclohexyltribromosilane, phenethyl 
tribromosilane, 2-norbomyltribromosilane, vinyltribromosi 
lane, phenyltribromosilane, methyltriiodosilane, ethyltriio 
dosilane, n-propyltriiodosilane, isopropyltriiodosilane, 
n-butyltriiodosilane, t-butyltriiodosilane, cyclohexyltriio 
dosilane, phenethyltriiodosilane, 2-norbomyltriiodosilane, 
vinyltriiodosilane, phenyltriiodosilane, dimethyldichlorosi 
lane, diethyldichlorosilane, di-n-propyldichlorosilane, diiso 
propyldichlorosilane, di-n-butyldichlorosilane, di-t-butyldi 
chlorosilane, dicyclohexyldichlorosilane, 
diphenethyldichlorosilane, di-2-norbomyldichlorosilane, 
divinyldichlorosilane, diphenyldichlorosilane, dimeth 
yldibromosilane, diethyldibromosilane, di-n-propyldibro 
mosilane, diisopropyldibromosilane, di-n-butyldibromosi 
lane, di-t-butyldibromosilane, dicyclohexyldibromosilane, 
diphenethyldibromosilane, di-2-norbomyldibromosilane, 
divinyldibromosilane, diphenyldibromosilane, dimethyldi 
iodosilane, diethyldiiodosilane, di-n-propyldiiodosilane, 
diisopropyldiiodosilane, di-n-butyldiiodosilane, di-t-butyl 
diiodosilane, dicyclohexyldiiodosilane, diphenethyldiio 
dosilane, di-2-norbomyldiiodosilane, divinyldiiodosilane, 
diphenyldiiodosilane, trimethylchlorosilane, triethylchlo 
rosilane, tri-n-propylchlorosilane, triisopropylchlorosilane, 
tri-n-butylchlorosilane, tri-t-butylchlorosilane, tricyclohexy 
lchlorosilane, triphenethylchlorosilane, tri-2-norbornylchlo 
rosilane, trivinylchlorosilane, triphenylchlorosilane, trim 
ethylbromosilane, triethylbromosilane, tri-n 
propylbromosilane, triisopropylbromosilane, tri-n 
butylbromosilane, tri-t-butylbromosilane, 
tricyclohexylbromosilane, triphenethylbromosilane, tri-2 
norbornylbromosilane, trivinylbromosilane, triphenylbro 
mosilane, trimethyliodosilane, triethyliodosilane, tri-n-pro 
pyliodosilane, triisopropyliodosilane, tri-n-butyliodosilane, 
tri-t-butyliodosilane, tricyclohexyliodosilane, tripheneth 
yliodosilane, tri-2-norbornyliodosilane, trivinyliodosilane, 
and triphenyliodosilane. These compounds may be used 
either individually or in combination of tWo or more. 
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[0064] As the compound 4, methyltrimethoxysilane, 
methyltriethoxysilane, methyltri-n-propoxysilane, methyl 
tri-iso-propoxysilane, ethyltrimethoxysilane, ethyltriethox 
ysilane, vinyltrimethoxysilane, vinyltriethoxysilane, phe 
nyltrimethoxysilane, phenyltriethoxysilane, 
dimethyldimethoxysilane, dimethyldiethoxysilane, dieth 
yldimethoxysilane, diethyldiethoxysilane, diphe 
nyldimethoxysilane, diphenyldiethoxysilane, and the like 
are preferable. 

[0065] These compounds may be used either individually 
or in combination of tWo or more. 

1.3.2. Compound ShoWn by General Formula (5) (Herein 
after Also Called “Compound 5”) 

[0066] As examples of the monovalent organic groups 
represented by R6 and R7 in the general formula (5), the 
organic groups given as examples for the general formula (4) 
can be given. 

[0067] As examples of the compound 5 in Which R8 in the 
general formula (5) is an oxygen atom, hexachlorodisilox 
ane, hexabromodisiloxane, hexaiodedisiloxane, hexam 
ethoxydisiloxane, hexaethoxydisiloxane, hexaphenoxydisi 
loxane, 
[0068] 1,1,1,3 ,3 -pentamethoxy-3 -methyldisiloxane, 

[0069] 1,1,1,3 ,3 -pentaethoxy-3 -methyldisiloxane, 
[0070] 1,1,1,3 ,3 -pentaphenoxy-3 -methyldisiloxane, 

[0071] 1,1,1,3 ,3 -pentamethoxy-3 -ethyldisiloxane, 

[0072] 1,1,1,3 ,3 -pentaethoxy-3 -ethyldisiloxane, 
[0073] 1,1,1,3 ,3 -pentaphenoxy-3 -ethyldisiloxane, 
[0074] 1,1,1,3 ,3 -pentamethoxy-3 -phenyldisiloxane, 

[0075] 1,1,1,3 ,3 -pentaethoxy-3 -phenyldisiloxane, 
[0076] 1,1,1,3 ,3 -pentaphenoxy-3 -phenyldisiloxane, 
[0077] 1,1,3 ,3 -tetramethoxy-1,3 -dimethyldisiloxane, 

[0078] 1,1,3 ,3 -tetraethoxy-1,3 -dimethyldisiloxane, 
[0079] 1,1,3 ,3 -tetraphenoxy-1,3 -dimethyldisiloxane, 

[0080] 1,1,3 ,3 -tetramethoxy-1,3 -diethyldisiloxane, 

[0081] 1,1,3 ,3 -tetraethoxy-1,3 -diethyldisiloxane, 1,1,3 ,3 - 
tetraphenoxy- 1 ,3 -diethyldisiloxane, 

[0082] 1,1,3 ,3 -tetramethoxy-1,3 -diphenyldisiloxane, 

[0083] 1,1,3 ,3 -tetraethoxy-1,3 -diphenyldisiloxane, 

[0084] 1,1,3 ,3 -tetraphenoxy-1,3 -diphenyldisiloxane, 

[0085] 1,1,3 -trimethoxy-1 ,3 ,3 -trimethyldisiloxane, 

[0086] 1,1,3 -triethoxy-1 ,3 ,3 -trimethyldisiloxane, 

[0087] 1,1,3 -triphenoxy-1 ,3 ,3 -trimethyldisiloxane, 

[0088] 1,1,3 -trimethoxy-1 ,3 ,3 -triethyldisiloxane, 

[0089] 1,1,3 -triethoxy-1 ,3 ,3 -triethyldisiloxane, 

[0090] 1,1,3 -triphenoxy-1 ,3 ,3 -triethyldisiloxane, 

[0091] 1,1,3 -trimethoxy-1 ,3 ,3 -triphenyldisiloxane, 

[0092] 1,1,3 -triethoxy-1 ,3 ,3 -triphenyldisiloxane, 

[0093] 1,1,3 -triphenoxy-1 ,3 ,3 -triphenyldisiloxane, 
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[0094] 
[0095] 
[0096] 
[0097] 
[0098] 
[0099] 
[0100] 
[0101] 
[01 02] 1,3 -diphenoXy-1,1,3,3 -tetraphenyldisiloxane, 

the like can be given. 

1,3 -dimethoXy-1,1,3,3 -tetramethyldisiloxane, 
1,3 -diethoXy-1,1,3,3 -tetramethyldisiloxane, 

1 ,3 -diphenoxy- 1 ,1 ,3 ,3 -tetramethyldisiloxane, 

1,3 -dimethoXy-1,1,3,3 -tetraethyldisiloxane, 
1,3 -diethoXy-1,1,3,3 -tetraethyldisiloxane, 
1,3 -diphenoXy-1,1,3,3 -tetraethyldisiloxane, 

1,3 -dimethoXy-1,1,3,3 -tetraphenyldisiloxane, 
1,3 -diethoXy-1,1,3,3 -tetraphenyldisiloxane, 

and 

[0103] Of these compounds, hexamethoxydisiloxane, 
hexaethoxydisiloxane, 

[0104] 
[0105] 
[0106] 
[0107] 
[0108] 
[0109] 
[0110] 1,3-diethoXy-1,1,3,3-tetraphenyldisiloxane, 

the like are preferable. 

1,1,3 ,3 -tetramethoXy-1,3-dimethyldisiloxane, 

1,1,3 ,3 -tetraethoXy-1,3 -dimethyldisiloxane, 

1,1,3 ,3 -tetramethoxy-1,3-diphenyldisiloxane, 

1,3 -dimethoXy-1,1,3,3 -tetramethyldisiloxane, 

1,3 -diethoXy-1,1,3,3 -tetramethyldisiloxane, 

1,3 -dimethoXy-1,1,3,3 -tetraphenyldisiloxane, 

and 

[0111] As examples of the compound 5 in Which d is Zero 
in the general formula (5), hexachlorodisilane, hexabromo 
disilane, hexaiodedisilane, hexamethoxydisilane, hexa 
ethoxydisilane, hexaphenoxydisilane, 1 ,1 ,1 ,2,2-pentam 
ethoXy-2-methyldisilane, 

[0112] 1,1,1,2,2-pentaethoXy-2-methyldisilane, 1,1,1,2,2 
pentaphenoxy-2-methyldisilane, 

[0113] 1,1,1,2,2-pentamethoxy-2-ethyldisilane, 1,1,1,2,2 
pentaethoXy-2-ethyldisilane, 

[0114] 1,1,1,2,2-pentaphenoXy-2-ethyldisilane, 1,1,1,2,2 
pentamethoxy-2-phenyldisilane, 

[0115] 1,1,1,2,2-pentaethoXy-2-phenyldisilane, 1,1,1,2,2 
pentaphenoXy-2-phenyldisilane, 

[0116] 1,1,2,2-tetramethoxy-1,2-dimethyldisilane, 1,1,2, 
2-tetraethoxy-1 ,2-dimethyldi silane, 

[0117] 1,1,2,2-tetraphenoXy-1,2-dimethyldisilane, 1,1,2, 
2-tetramethoxy- 1 ,2-diethyldi silane, 

[0118] 1,1,2,2-tetraethoXy-1,2-diethyldisilane, 1,1,2,2-tet 
raphenoxy- 1 ,2-diethyldisilane, 

[0119] 1,1,2,2-tetramethoXy-1,2-diphenyldisilane, 1,1,2, 
2-tetraethoxy-1 ,2-diphenyldisilane, 

[0120] 1,1,2,2-tetraphenoxy-1,2-diphenyldisilane, 1,1,2 
trimethoxy- 1 ,2 ,2 -trimethyldi silane, 

[0121] 1,1,2-triethoXy-1,2,2-trimethyldisilane, 1,1,2 
triphenoxy-l ,2,2-trimethyldisilane, 

[0122] 1,1,2-trimethoXy-1,2,2-triethyldisilane, 1,1,2-tri 
ethoxy- 1 ,2,2-triethyldisilane, 

[0123] 1,1,2-triphenoxy-1,2,2-triethyldisilane, 1,1,2-tri 
methoxy- 1 ,2,2-triphenyldisilane, 
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[0124] 1,1,2-triethoXy-1,2,2-triphenyldisilane, 1,1,2-triph 
enoxy-l ,2,2-triphenyldisilane, 

[0125] 1,2-dimethoXy-1,1,2,2-tetramethyldisilane, 1,2-di 
ethoxy- 1 , 1 ,2,2-tetramethyldisilane, 

[0126] 1,2-diphenoXy-1,1,2,2-tetramethyldisilane, 1,2 
dimethoxy- 1 ,1 ,2,2-tetraethyldisilane, 

[0127] 1,2-diethoXy-1,1,2,2-tetraethyldisilane, 1,2-diphe 
noxy- 1 , 1 ,2,2-tetraethyldisilane, 

[0128] 1,2-dimethoxy-1,1,2,2-tetraphenyldisilane, 1,2-di 
ethoxy- 1 , 1 ,2,2-tetraphenyldisilane, 

[0129] 1,2-diphenoXy-1,1,2,2-tetraphenyldisilane, and the 
like can be given. 

[0130] Of these compounds, hexamethoxydisilane, hexa 
ethoxydisilane, 
[013 1] 1,1,2,2-tetramethoxy-1,2-dimethyldisilane, 1,1,2, 

2 -tetraethoxy-1 ,2 -dimethyldi silane, 

[0132] 1,1,2,2-tetramethoXy-1,2-diphenyldisilane, 1,2 
dimethoxy- 1 ,1 ,2,2-tetramethyldisilane, 

[0133] 1,2-diethoxy-1,1,2,2-tetramethyldisilane, 1,2 
dimethoxy- 1 ,1 ,2,2-tetraphenyldisilane, 

[0134] 1,2-diethoXy-1,1,2,2-tetraphenyldisilane, and the 
like are preferable. 

[0135] As examples of the compound 5 in Which Rsin the 
general formula (5) is the group shoWn by i(CH2)ei, 
bis(trichlorosilyl)methane, bis(tribromosilyl)methane, 
[0136] bis(triiodosilyl)methane, bis(trichlorosilyl)ethane, 

bis(tribromosilyl)ethane, 
[0137] bis(triiodosilyl)ethane, 

)methane, bis(triethoxysilyl)methane, 
bis(trimethoxysilyl 

[0138] bis(tri-n-propoxysilyl)methane, bis(tri-i-pro 
poxysilyl)methane, 

[0139] bis(tri -n-butoxysilyl)methane, bis(tri-sec-butoxysi 
lyl)methane, 

[0140] bis(tri -t-butoxysilyl)methane, 1,2-bis(trimethox 
ysilyl)ethane, 

[0141] 1,2-bis(triethoxysilyl)ethane, 1,2-bis(tri-n-pro 
poxysilyl)ethane, 

[0142] 1,2-bis(tri-i-propoxysilyl)ethane, 1,2-bis(tri-n-bu 
toxysilyl)ethane, 

[0143] 1,2-bis(tri-sec-butoxysilyl)ethane, 1,1,2,2-bis(tri-t 
butoxysilyl)ethane, 

[0 1 44] 1 -(dimethoxymethyl silyl) -1 -(trimethoxysilyl 
)methane, 

[0 1 45] 1 -(diethoxymethyl silyl) -1 -(triethoxysilyl)methane, 

[0146] 1-(di-n-propoxymethylsilyl)- 1 -(tri-n-propoxysilyl 
)methane, 

[0147] 1-(di-i-propoxymethylsilyl)-1-(tri-i-propoxysilyl 
)methane, 

[0148] 1-(di-n-butoxymethylsilyl)- 1 -(tri -n-butoxysilyl 
)methane, 

[0149] 1-(di-sec-butoxymethylsilyl)-1-(tri-sec-butoxysi 
lyl)methane, 
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[0150] 1-(di-t-butoxymethylsilyl)- 1 -(tri -t-butoxysilyl 
)methane, 

[0151] 1 -(dimethoxymethylsilyl) -2-(trimethoxysilyl)e 
thane, 

[0152] 1 -(diethoxymethylsilyl) -2-(triethoxysilyl)ethane, 

[0153] 1-(di-n-propoxymethylsilyl)-2-(tri -n-propoxysi 
lyl)ethane, 

[0154] 1-(di-i-propoxymethylsilyl) -2-(tri-i-propoxysi 
lyl)ethane, 

[0155] 1-(di-n-butoxymethylsilyl)-2-(tri -n-butoxysilyl)e 
thane, 

[0156] 1-(di-sec-butoxymethylsilyl) -2-(tri-sec-butoxysi 
lyl)ethane, 

[0157] 1-(di-t-butoxymethylsilyl)-2-(tri -t-butoxysilyl)e 
thane, 

[0158] bis(dimethoxymethylsilyl)methane, 
ethoxymethylsilyl)methane, 

bis(di 

[0159] bis(di-n-propoxymethylsilyl)methane,bis(di-i-pro 
poxymethylsilyl)methane, 

[01 60] bis(di-n-butoxymethylsilyl)methane, bis(di-sec 
butoxymethylsilyl)methane, 

[01 61] bis(di-t-butoxymethylsilyl)methane, 1 ,2-bis 
(dimethoxymethylsilyl)ethane, 

[01 62] 1,2-bis(diethoxymethylsilyl)ethane, 1,2-bis(di-n 
propoxymethylsilyl)ethane, 

[0163] 1,2-bis(di-i-propoxymethylsilyl)ethane, 1,2-bis(di 
n-butoxymethylsilyl)ethane, 

[0164] 1,2-bis(di-sec-butoxymethylsilyl)ethane, 1,2 
bis(di-t-butoxymethylsilyl)ethane, 

[0165] 1,2-bis(trimethoxysilyl)benZene, 1,2-bis(triethox 
ysilyl)benZene, 

[01 66] 1,2-bis(tri-n-propoxysilyl)benZene, 1,2-bis(tri-i 
propoxysilyl)benZene, 

[01 67] 1,2-bis(tri -n-butoxysilyl)benZene, 1,2-bis(tri-sec 
butoxysilyl)benZene, 

[0168] 1,2-bis(tri-t-butoxysilyl)benZene, 1,3-bis(tri 
methoxysilyl)benZene, 

[01 69] 1,3 -bis(triethoxysilyl)benZene, 1,3 -bis(tri-n-pro 
poxysilyl)benZene, 

[0170] 1,3 -bis(tri -i-propoxysilyl)benZene, 1,3 -bis(tri -n 
butoxysilyl)benZene, 

[0171] 1,3 -bis(tri-sec-butoxysilyl)benZene, 1,3-bis(tri-t 
butoxysilyl)benZene, 

[0172] 1,4-bis(trimethoxysilyl)benZene, 1,4-bis(triethox 
ysilyl)benZene, 

[0173] 1,4-bis(tri-n-propoxysilyl)benZene, 
propoxysilyl)benZene, 

[0174] 1,4-bis(tri-n-butoxysilyl)benZene, 
butoxysilyl)benZene, 

[0175] 1,4-bis(tri-t-butoxysilyl)benZene, and the like can 
be given. 

1,4-bis(tri-i 

1,4-bis(tri-sec 
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[0176] Of these compounds, bis(trimethoxysilyl)methane, 
bis(triethoxysilyl)methane, 

[0177] 1,2-bis(trimethoxysilyl)ethane, 1,2-bis(triethoxysi 
lyl)ethane, 

[0178] 1 -(dimethoxymethylsilyl)-1 -(trimethoxysilyl 
)methane, 

[0179] 1 -(diethoxymethylsilyl)-1 -(triethoxysilyl)methane, 

[0180] 1 -(dimethoxymethylsilyl) -2-(trimethoxysilyl)e 
thane, 

[0181] 1 -(diethoxymethylsilyl) -2-(triethoxysilyl)ethane, 
bis(dimethoxymethylsilyl)methane, 

[0182] bis(diethoxymethylsilyl)methane, 1 ,2-bis 
(dimethoxymethylsilyl)ethane, 

[0183] 1,2-bis(diethoxymethylsilyl)ethane, 1,2-bis(tri 
methoxysilyl)benZene, 

[0184] 1,2-bis(triethoxysilyl)benZene, 1,3 -bis(trimethox 
ysilyl)benZene, 

[0185] 1,3-bis(triethoxysilyl)benZene, 1,4-bis(trimethox 
ysilyl)benZene, 

[0186] 1,4-bis(triethoxysilyl)benZene, and the like are 
preferable. 

[0187] The compounds 4 and 5 may be used individually 
or in combination of tWo or more. 

[0188] When hydrolyZing and condensing at least one 
silane compound selected from the group consisting of the 
compounds 4 and 5 in the presence of the polymer (1), it is 
preferably to use Water in an amount of more than 0.5 mol 
and 150 mol or less, and particularly preferably more than 
0.5 mol and 130 mol or less for 0.5 mol of the compounds 
4 and 5. 

[0189] When producing the polymer in this embodiment, 
a speci?c catalyst may be used When hydrolyZing and 
condensing at least one silane compound selected from the 
group consisting of the compounds 4 and 5 in the presence 
of the polycarbosilane (A) (polymer (1)). As the catalyst, at 
least one catalyst selected from the group consisting of an 
alkali catalyst, metal chelate catalyst, and acid catalyst may 
be used. 

[0190] As examples of the alkali catalyst, sodium hydrox 
ide, potassium hydroxide, lithium hydroxide, pyridine, pyr 
role, piperaZine, pyrrolidine, piperidine, picoline, monoet 
hanolamine, diethanolamine, dimethyl monoethanolamine, 
monomethyldiethanolamine, triethanolamine, diaZabicy 
clooctane, diaZabicyclononane, diaZabicycloundecene, tet 
ramethylammonium hydroxide, tetraethylammonium 
hydroxide, tetrapropylammonium hydroxide, tetrabutylam 
monium hydroxide, ammonia, methylamine, ethylamine, 
propylamine, butylamine, pentylamine, hexylamine, penty 
lamine, octylamine, nonylamine, decylamine, N,N-dimethy 
lamine, N,N-diethylamine, N,N-dipropylamine, N,N-dibu 
tylamine, trimethylamine, triethylamine, tripropylamine, 
tributylamine, cyclohexylamine, trimetylimidine, 1-amino 
3 -methylbutane, dimethylglycine, 3 -amino -3 -methylamine, 
and the like can be given. Of these, the amine or the amine 
salt is preferable. The organic amine or the organic amine 
salt is particularly preferable, With the alkylamine and the 
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tetraalkylammonium hydroxide being most preferable. 
These alkali catalysts may be used either individually or in 
combination of tWo or more. 

[0191] As examples of the metal chelate catalyst, titanium 
chelate compounds such as 

[0192] triethoxy.mono(acetylacetonato)titanium, 
[0193] tri-n-propoxy.mono(acetylacetonato)titanium, 
[0194] tri-i-propoxymono(acetylacetonato)titanium, 
[0195] tri-n-butoxy.mono(acetylacetonato)titanium, 
[0196] tri-sec-butoxy.mono(acetylacetonato)titanium, 
[0197] tri-t-butoxy.mono(acetylacetonato)titanium, 

[0198] diethoxy.bis(acetylacetonato)titanium, 
[0199] di-n-propoxybis(acetylacetonato)titanium, 

[0200] di-i-propoxybis(acetylacetonato)titanium, 
[0201] di-n-butoxybis(acetylacetonato)titanium, 
[0202] di-sec-butoxybis(acetylacetonato)titanium, 
[0203] di-t-butoxybis(acetylacetonato)titanium, 
[0204] monoethoxy.tris(acetylacetonato)titanium, 
[0205] mono-n-propoxy.tris(acetylacetonato)titanium, 
[0206] mono-i-propoxy.tris(acetylacetonato)titanium, 

[0207] mono-n-butoxy.tris(acetylacetonato)titanium, 
[0208] mono-sec-butoxy.tris(acetylacetonato)titanium, 

[0209] mono-t-butoxy.tris(acetylacetonato)titanium, 
[0210] tetrakis(acetylacetonato)titanium, 

[0211] triethoxy.mono(ethyl acetoacetate)titanium, 
[0212] tri-n-propoxy.mono(ethyl acetoacetate)titanium, 
[0213] tri-i-propoxy.mono(ethyl acetoacetate)titanium, 

[0214] tri-n-butoxy.mono(ethyl acetoacetate)titanium, 
[0215] tri-sec-butoxy.mono(ethyl acetoacetate)titanium, 

[0216] tri -t-butoxy.mono (ethyl acetoacetate)titanium, 

[0217] diethoxy.bis(ethyl acetoacetate)titanium, 
[0218] di-n-propoxy.bis(ethyl acetoacetate)titanium, 
[0219] di-i-propoxy.bis(ethyl acetoacetate)titanium, 
[0220] di-n-butoxy.bis(ethyl acetoacetate)titanium, 

[0221] di-sec-butoxy.bis(ethyl acetoacetate)titanium, 
[0222] di-t-butoxy.bis(ethyl acetoacetate)titanium, 

[0223] monoethoxy.tris(ethyl acetoacetate)titanium, 

[0224] 
[0225] 

[0226] 

[0227] 

[0228] 

[0229] 

mono-n-propoxy.tris(ethyl acetoacetate)titanium, 

mono-i-propoxy.tris(ethyl acetoacetate)titanium, 

mono-n-butoxy.tris(ethyl acetoacetate)titanium, 

mono-sec-butoxy.tris(ethyl acetoacetate)titanium, 

mono-t-butoxy.tris(ethyl acetoacetate)titanium, 

tetrakis(ethyl acetoacetate)titanium, 
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[0230] mono(acetylacetonato)tris(ethyl acetoacetate)tita 
nium, 

[0231] bis(acetylacetonato)bis(ethyl acetoacetate)tita 
nium, and 

[0232] tris(acetylacetonato)mono(ethyl acetoacetate)tita 
nium; 

[0233] Zirconium chelate compounds such as triethoxy 
.mono (acetylacetonato)Zirconium, 

[0234] tri-n-propoxymono(acetylacetonato)Zirconium, 
[0235] tri-i-propoxymono(acetylacetonato) Zirconium, 
[0236] tri-n-butoxymono(acetylacetonato)Zirconium, 
[0237] tri-sec-butoxy.mono(acetylacetonato)Zirconium, 
[0238] tri-t-butoxymono(acetylacetonato)Zirconium, 
[0239] diethoxy.bis(acetylacetonato)Zirconium, 
[0240] di-n-propoxybis(acetylacetonato)Zirconium, 
[0241] di-i-propoxybis(acetylacetonato)Zirconium, 

[0242] di-n-butoxybis(acetylacetonato)Zirconium, 
[0243] di-sec-butoxy.bis(acetylacetonato)Zirconium, 

[0244] di-t-butoxybis(acetylacetonato)Zirconium, 
[0245] monoethoxy.tris(acetylacetonato)Zirconium, 
[0246] mono-n-propoxytris(acetylacetonato)Zirconium, 
[0247] mono-i-propoxy.tris(acetylacetonato)Zirconium, 
[0248] mono-n-butoxytris(acetylacetonato)Zirconium, 
[0249] mono-sec-butoxy.tris(acetylacetonato)Zirconium, 
[0250] mono-t-butoxytris(acetylacetonato)Zirconium, 

[0251] tetrakis(acetylacetonato)Zirconium, 

[0252] triethoxy.mono(ethyl acetoacetate)Zirconium, 
[0253] tri-n-propoxy.mono(ethyl acetoacetate)Zirconium, 
[0254] tri-i-propoxy.mono(ethyl acetoacetate)Zirconium, 
[0255] tri-n-butoxy.mono(ethyl acetoacetate)Zirconium, 

[0256] tri-sec-butoxy.mono(ethyl acetoacetate)Zirconium, 
[0257] tri-t-butoxy.mono(ethyl acetoacetate)Zirconium, 

[0258] diethoxy.bis(ethyl acetoacetate)Zirconium, 
[0259] di-n-propoxy.bis(ethyl acetoacetate)Zirconium, 

[0260] di-i-propoxy.bis(ethyl acetoacetate)Zirconium, 
[0261] di-n-butoxy.bis(ethyl acetoacetate)Zirconium, 

[0262] di-sec-butoxy.bis(ethyl acetoacetate)Zirconium, 
[0263] di-t-butoxy.bis(ethyl acetoacetate)Zirconium, 
[0264] monoethoxy.tris(ethyl acetoacetate)Zirconium, 

[0265] mono-n-propoxy.tris(ethyl acetoacetate)Zirconium, 
[0266] mono-i-propoxy.tris(ethyl acetoacetate)Zirconium, 

[0267] mono-n-butoxy.tris(ethyl acetoacetate)Zirconium, 
[0268] mono-sec-butoxy.tris(ethyl acetoacetate)Zirco 
mum, 
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[0269] mono-t-butoxy.tris(ethyl acetoacetate)Zirconium, 

[0270] tetrakis(ethyl acetoacetate)Zirconium, 

[0271] mono(acetylacetonato)tris(ethyl acetoacetate)Zir 
conium, 

[0272] bis(acetylacetonato)bis(ethyl acetoacetate)Zirco 
nium, and 

[0273] tris(acetylacetonato)mono(ethyl acetoacetate)Zir 
conium; 

[0274] aluminum chelate compounds such as tris(acety 
lacetonato)aluminum, 

[0275] tris(ethyl acetoacetate)aluminum, and the like can 
be given. 

[0276] Of these, the titanium or aluminum chelate com 
pounds are preferable, With the titanium chelate compounds 
being particularly preferable. These metal chelate catalysts 
may be used either individually or in combination of tWo or 
more. 

[0277] As examples of the acid catalyst, inorganic acids 
such as hydrochloric acid, nitric acid, sulfuric acid, hydrof 
luoric acid, phosphoric acid, and boric acid; and organic 
acids such as acetic acid, propionic acid, butanoic acid, 
pentanoic acid, hexanoic acid, heptanoic acid, octanoic acid, 
nonanoic acid, decanoic acid, oxalic acid, maleic acid, 
methylmalonic acid, adipic acid, sebacic acid, gallic acid, 
butyric acid, mellitic acid, arachidonic acid, shikimic acid, 
2-ethylhexanoic acid, oleic acid, stearic acid, linolic acid, 
linoleic acid, salicylic acid, benZoic acid, p-aminobenZoic 
acid, p-toluenesulfonic acid, benZenesulfonic acid, 
monochloroacetic acid, dichloroacetic acid, trichloroacetic 
acid, tri?uoroacetic acid, formic acid, oxalic acid, malonic 
acid, sulfonic acid, phthalic acid, fumaric acid, citric acid, 
tartaric acid, succinic acid, fumaric acid, itaconic acid, 
mesaconic acid, citraconic acid, malic acid, hydrolysate of 
glutaric acid, hydrolysate of maleic anhydride, and hydroly 
sate of phthalic anhydride can be given. Of these, the organic 
carboxylic acids are preferable. These acid catalysts may be 
used either individually or in combination of tWo or more. 

[0278] The above catalyst is used in an amount of usually 
0.00001 to 10 mol, and preferably 0.00005 to 5 mol for one 
mol of the total amount of the groups represented by X, Y, 
and Z in the compounds 4 and 5. If the amount of the catalyst 
is in the above range, precipitation or gelation of the 
polymer occurs to only a small extent during the reaction. In 
this embodiment, the temperature When hydrolyZing the 
compounds 4 and 5 is usually 0 to 1000 C., and preferably 
15 to 80° C. 

[0279] In this embodiment, the term “complete hydroly 
sis-condensation product” refers to a product in Which the 
hydrolyZable groups in the polycarbosilane (A) and the 
compounds 4 and 5 are completely hydrolyZed into SiOH 
groups and are completely condensed to form a siloxane 
structure. 

[0280] The condensation product is preferably a hydroly 
sis-condensation product of the polycarbosilane (A) and the 
compound 4 since the resulting composition exhibits excel 
lent storage stability. In this embodiment, the compounds 4 
and 5 are used so that the total amount of the compounds 4 

Jan. 18, 2007 

and 5 is 500 to 4,000 parts by Weight, and preferably 1,000 
to 3,000 parts by Weight for 100 parts by Weight of the 
polycarbosilane (A). 

[0281] In this embodiment, the polystyrene-reduced 
Weight average molecular Weight of the polymer is prefer 
ably 1,500 to 500,000, more preferably 2,000 to 200,000, 
and still more preferably 2,000 to 100,000. If the polysty 
rene-reduced Weight average molecular Weight of the poly 
mer is less than 1,500, the target relative dielectric constant 
may not be obtained. If the polystyrene-reduced Weight 
average molecular Weight of the polymer exceeds 500,000, 
the resulting coating may exhibit inferior inplane uniformity. 

2. Insulating-Film-Forming Composition 

[0282] The insulating-?lm-forming composition (herein 
after called “?lm-forming composition”) according to one 
embodiment of the invention may include the above-de 
scribed polymer and components such as an organic poly 
mer or a surfactant. 

[0283] As examples of the organic polymer, a (meth 
)acrylic polymer, a compound having a polyalkylene oxide 
structure, and the like can be given. 

[0284] As examples of the compound having a polyalky 
lene oxide structure, compounds having a polymethylene 
oxide structure, polyethylene oxide structure, polypropylene 
oxide structure, polytetramethylene oxide structure, polybu 
tylene oxide structure, and the like can be given. 

[0285] As speci?c examples of the compound having the 
polyalkylene oxide structure, ether compounds such as a 
polyoxymethylene alkyl ether, polyoxyethylene alkyl ether, 
polyoxyethylene alkylphenyl ether, polyoxyethylene sterol 
ether, polyoxyethylene lanolin derivatives, ethylene oxide 
derivatives of alkylphenol formalin condensate, polyoxyeth 
ylene polyoxypropylene block copolymers, and polyoxyeth 
ylene polyoxypropylene alkyl ethers; ether-ester compounds 
such as polyoxyethylene glyceride, polyoxyethylene sorbi 
tan fatty acid ester, polyoxyethylene sorbitol fatty acid ester, 
and polyoxyethylene fatty acid alkanolamide sulfate; and 
ester compounds such as polyethylene glycol fatty acid 
ester, ethylene glycol fatty acid ester, fatty acid monoglyc 
eride, polyglycerol fatty acid ester, sorbitan fatty acid ester, 
propylene glycol fatty acid ester, and sucrose fatty acid ester, 
and the like can be given. 

[0286] As a polyoxyethylene-polyoxypropylene block 
copolymer, a compound having the folloWing block struc 
ture can be given. 

*(X')j*(Y')k*(X')1* 

Wherein X‘ represents a group shoWn by 4CH2CH2Oi, Y' 
represents a group shoWn by iCH2CH(CH3)Oi, j repre 
sents an integer from 1 to 90, k represents an integer from 
10 to 99, and 1 represents an integer from 0 to 90. 

[0287] Of these compounds, the ether compounds such as 
the polyoxyethylene alkyl ether, polyoxyethylene-polyox 
ypropylene block copolymer, polyoxyethylene polyoxypro 
pylene alkyl ether, polyoxyethylene glyceride, polyoxyeth 
ylene sorbitan fatty acid ester, and polyoxyethylene sorbitol 
fatty acid ester are preferable. These compounds may be 
used either individually or in combination of tWo or more. 
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[0288] As examples of the surfactant, a nonionic surfac 
tant, anionic surfactant, cationic surfactant, amphoteric sur 
factant, and the like can be given. The surfactant may be a 
?uorine-containing surfactant, silicone surfactant, polyalky 
lene oxide surfactant, poly(meth)acrylate surfactant, or the 
like. Of these, the ?uorine-containing surfactant and the 
silicone surfactant are preferable. 

[0289] As examples of the ?uorine-containing surfactant, 
compounds having a ?uoroalkyl or ?uoroalkylene group in 
at least one of the molecular terminal, main chain, and side 
chain, such as l,l,2,2-tetra?uorooctyl (l,l,2,2-tetra?uoro 
propyl) ether, l,l,2,2-tetra?uorooctyl hexyl ether, octaeth 
ylene glycol di(l,l,2,2-tetra?uorobutyl) ether, hexaethylene 
glycol (1,1,2,2,3,3-hexa?uoropentyl) ether, octapropylene 
glycol di(l,l,2,2-tetra?uorobutyl) ether, hexapropylene gly 
col di(l,l,2,2,3,3-hexa?uoropentyl) ether, sodium per?uo 
rododecylsulfonate, l,l,2,2,8,8,9,9, l 0, l 0-deca?uorodode 
cane, l,l,2,2,3,3-hexa?uorodecane, N-[3 
(per?uorooctanesulfonamide)-propyl]-N,N'-dimethyl-N 
carboxymethylene ammonium betaine, 
per?uoroalkylsulfonamide propyltrimethyl ammonium salt, 
per?uoroalkyl-N-ethylsulfonyl glycine salt, bis(N-per?uo 
rooctylsulfonyl-N-ethylaminoethyl) phosphate, and monop 
er?uoroalkylethyl phosphate can be given. 

[0290] As examples of commercially available products of 
the ?uorine-containing surfactant, Megafac F142D, F172, 
F173, F183 (manufactured by Dainippon Ink and Chemi 
cals, lnc.), Eftop EF301, EF303, EF352 (manufactured by 
Sin-Akita Kasei Co., Ltd.). Fluorad FC-430, FC-43l (manu 
factured by Sumitomo 3M Ltd.), Asahi Guard AG710, 
Sur?on 8-382, SC-l0l, SC-l02, SC-l03, SC-l04, SC-105, 
SC-l06 (manufactured by Asahi Glass Co., Ltd.), BM-l000, 
BM-ll00 (manufactured by BM Chemie), NBX-lS (manu 
factured by NEOS Co., Ltd.), and the like can be given. Of 
these, Megafac F172, BM-l000, BM-l 100, and NBX- l 5 are 
particularly preferable. 

[0291] As the silicone surfactant, SH7PA, SH21PA, 
SH30PA, ST94PA (manufactured by DoW Corning Toray 
Silicone Co., Ltd.), and the like may be used. Of these, 
SH28PA and SH30PA are preferable. 

[0292] The surfactant is usually used in an amount of 
0.0001 to 10 parts by Weight for 100 parts by Weight of the 
polymer (complete hydrolysis-condensation product). The 
surfactant may be used either individually or in combination 
of tWo or more. 

[0293] In the ?lm-forming composition, the above-de 
scribed polymer (hydrolysis-condensation product) may be 
dissolved or dispersed in an organic solvent together With an 
optional additive. 

[0294] As examples of the organic solvent, at least one 
solvent selected from the group consisting of an alcohol 
solvent, ketone solvent, amide solvent, ester solvent, and 
nonprotic solvent can be given. 

[0295] Examples of the alcohol solvent include monohy 
dric alcohols such as methanol, ethanol, n-propanol, i-pro 
panol, n-butanol, i-butanol, sec-butanol, t-butanol, n-pen 
tanol, i-pentanol, 2-methylbutanol, sec-pentanol, t-pentanol, 
3-methoxybutanol, n-hexanol, 2-methylpentanol, sec-hex 
anol, 2-ethylbutanol, sec-heptanol, 3-heptanol, n-octanol, 
2-ethylhexanol, sec-octanol, n-nonyl alcohol, 2,6-dimethyl 
4-heptanol, n-decanol, sec-undecyl alcohol, trimethylnonyl 
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alcohol, sec-tetradecyl alcohol, sec-heptadecyl alcohol, phe 
nol, cyclohexanol, methylcyclohexanol, 3,3,5-trimethylcy 
clohexanol, benZyl alcohol, and diacetone alcohol; polyhy 
dric alcohols such as ethylene glycol, 1,2-polyethylene 
glycol, 1,3-butylene glycol, 2,4-pentanediol, 2-methyl-2,4 
pentanediol, 2,5-hexanediol, 2,4-heptanediol, 2-ethyl-l,3 
hexanediol, diethylene glycol, dipropylene glycol, triethyl 
ene glycol, and tripropylene glycol; polyhydric alcohol 
partial ether solvents such as ethylene glycol monomethyl 
ether, ethylene glycol monoethyl ether, ethylene glycol 
monopropyl ether, ethylene glycol monobutyl ether, ethyl 
ene glycol monohexyl ether, ethylene glycol monophenyl 
ether, ethylene glycol mono-2-ethylbutyl ether, diethylene 
glycol monomethyl ether, diethylene glycol monoethyl 
ether, diethylene glycol monopropyl ether, diethylene glycol 
monobutyl ether, diethylene glycol monohexyl ether, pro 
pylene glycol monomethyl ether, propylene glycol monoet 
hyl ether, propylene glycol monopropyl ether, propylene 
glycol monobutyl ether, dipropylene glycol monomethyl 
ether, dipropylene glycol monoethyl ether, and dipropylene 
glycol monopropyl ether. 

[0296] These alcohol solvents may be used either indi 
vidually or in combination of tWo or more. 

[0297] Examples of the ketone solvent include acetone, 
methyl ethyl ketone, methyl n-propyl ketone, methyl n-butyl 
ketone, diethyl ketone, methyl i-butyl ketone, methyl n-pen 
tyl ketone, ethyl n-butyl ketone, methyl n-hexyl ketone, 
di-i-butyl ketone, trimethylnonane, cyclohexanone, 2-hex 
anone, methylcyclohexanone, 2,4-pentanedione, acetony 
lacetone, acetophenone, and fenchone; beta-diketones such 
as acetylacetone, 2,4-hexanedione, 2,4-heptanedione, 3,5 
heptanedione, 2,4-octanedione, 3,5-octanedione, 2,4 
nonanedione, 3,5-nonanedione, 5-methyl-2,4-hexanedione, 
2,2,6,6-tetramethyl-3,5-heptanedione, and l,l,l,5,5,5 
hexa?uoro-2,4-heptanedione; and the like. These ketone 
solvents may be used either individually or in combination 
of tWo or more. 

[0298] Examples of the amide solvent include formamide, 
N-methylformamide, N,N-dimethylformamide, N-ethylfor 
mamide, N,N-diethylformamide, acetamide, N-methylac 
etamide, N,N-dimethylacetamnide, N-ethylacetamide, N,N 
diethylacetamide, N-methylpropioneamide, 
N-methylpyrrolidone, N-formylmorpholine, N-formylpip 
eridine, N-formylpyrrolidine, N-acetylmorpholine, 
N-acetylpiperidine, N-acetylpyrrolidine, and the like. These 
amide solvents may be used either individually or in com 
bination of tWo or more. 

[0299] Examples of the ester solvent include diethyl car 
bonate, ethylene carbonate, propylene carbonate, diethyl 
carbonate, methyl acetate, ethyl acetate, gamma-butyrolac 
tone, gamma-valerolactone, n-propyl acetate, i-propyl 
acetate, n-butyl acetate, i-butyl acetate, sec-butyl acetate, 
n-pentyl acetate, sec-pentyl acetate, 3-methoxybutyl acetate, 
methylpentyl acetate, 2-ethylbutyl acetate, 2-ethylhexyl 
acetate, benZyl acetate, cyclohexyl acetate, methylcyclo 
hexyl acetate, n-nonyl acetate, methyl acetoacetate, ethyl 
acetoacetate, ethylene glycol monomethyl ether acetate, 
ethylene glycol monoethyl ether acetate, diethylene glycol 
monomethyl ether acetate, diethylene glycol monoethyl 
ether acetate, diethylene glycol mono-n-butyl ether acetate, 
propylene glycol monomethyl ether acetate, propylene gly 
col monoethyl ether acetate, propylene glycol monopropyl 
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ether acetate, propylene glycol monobutyl ether acetate, 
dipropylene glycol monomethyl ether acetate, dipropylene 
glycol monoethyl ether acetate, glycol diacetate, methoxy 
triglycol acetate, ethyl propionate, n-butyl propionate, 
i-amyl propionate, diethyl oxalate, di-n-butyl oxalate, 
methyl lactate, ethyl lactate, n-butyl lactate, n-amyl lactate, 
diethyl malonate, dimethyl phthalate, diethyl phthalate, and 
the like. These ester solvents may be used either individually 
or in combination of tWo or more. 

[0300] Examples of the nonprotic solvent include aceto 
nitrile, dimethylsulfoxide, N,N,N',N'-tetraethylsulfonamide, 
hexamethylphosphoric acid triamide, N-methylmorphorone, 
N-methylpyrrole, N-ethylpyrrole, N-methyl-delta3-pyrro 
line, N-methylpiperidine, N-ethylpiperidine, N,N-dimeth 
ylpiperaZine, N-methylimidaZole, N-methyl-4-piperidone, 
N-methyl-2-piperidone, N-methyl-2-pyrrolidone, 1,3-dim 
ethyl-2-imidaZolidinone, 1 ,3 -dimethyltetrahydro-2(1H)-py 
rimidinone, and the like. These nonprotic solvents may be 
used either individually or in combination of tWo or more. 

[0301] The total solid content of the ?lm-forming com 
position thus obtained may be appropriately adjusted 
according to the target application. The total solid content is 
preferably 2 to 30 Wt %. If the total solid content of the 
?lm-forming composition is 2 to 30 Wt %, the resulting 
coating has an appropriate thickness, and the composition 
exhibits excellent storage stability. The total solid content 
may be adjusted by concentration or dilution With the above 
organic solvent, as required. 

3. Insulating Film 

[0302] The insulating ?lm according to one embodiment 
of the invention is obtained by applying the above-described 
?lm-forming composition to a substrate to form a coating, 
and heating the resulting coating. 

[0303] When applying the above-described ?lm-forming 
composition to a substrate such as a silicon Wafer, SiO2 
Wafer, or SiN Wafer, the ?lm-forming composition is applied 
by spin coating, dip coating, roll coating, spraying, or the 
like. 

[0304] A coating With a dry thickness of about 0.05 to 2.5 
micrometers may be obtained by single application, and a 
coating With a dry thickness of about 0.1 to 5.0 micrometers 
may be obtained by double application. The coating is then 
dried at an ordinary temperature or dried by heating at about 
80 to 600° C. for 5 to 240 minutes to form a glass-like or 
high-molecular-Weight polymer coating. 

[0305] As the heating method, a hot plate, oven, fumace, 
or the like may be used. The coating may be heated in air, 
nitrogen, or argon, under vacuum, or under reduced pressure 
in Which the oxygen concentration is controlled. 

[0306] In order to control the curing speed of the coating, 
the coating may be heated stepWise, or the atmosphere such 
as nitrogen, air, oxygen, and reduced pressure may be 
selected, if necessary. 

[0307] In this embodiment, the ?lm-forming composition 
may be applied to a substrate and heated at 30 to 4500 C. 
While applying high-energy rays. 

[0308] The silica-based insulating ?lm according to this 
embodiment of the invention thus obtained has a density of 
usually 0.35 to 1.2 g/cm3, preferably 0.4 to 1.1 g/cm3, and 
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still more preferably 0.5 to 1.0 g/cm3. If the density of the 
?lm is less than 0.35 g/cm3, the coating may exhibit insuf 
?cient mechanical strength. If the density of the ?lm is more 
than 1.2 g/cm3, a loW relative dielectric constant may not be 
obtained. The relative dielectric constant of the insulating 
?lm in this embodiment is usually 3.2 to 1.2, preferably 3.0 
to 1.5, and still more preferably 2.7 to 1.8. 

[0309] The insulating ?lm according to this embodiment 
of the invention includes a number of silicon-carbon bonds 
in the ?lm structure. This ensures excellent insulating prop 
erties, excellent coating uniformity, excellent dielectric con 
stant properties, excellent modulus of elasticity, and adhe 
sion of the coating. 

[0310] Since the insulating ?lm in this embodiment exhib 
its a loW relative dielectric constant and excellent crack 
resistance, mechanical strength, and adhesion, the insulating 
?lm according to this embodiment is useful for applications 
such as an interlayer dielectric or an etching stopper ?lm for 
semiconductor devices such as an LSI, system LSI, DRAM, 
SDRAM, RDRAM, and D-RDRAM, a protective ?lm such 
as a surface coating ?lm for semiconductor devices, an 
intermediate layer used in the semiconductor manufacture 
using a multilayer resist, an interlayer dielectric for multi 
layer Wiring boards, and a protective ?lm or an insulating 
?lm for liquid crystal display devices. 

4. EXAMPLES 

[0311] The invention is described beloW in more detail by 
Way of examples. Note that the invention is not limited to the 
folloWing examples. In the examples and comparative 
examples, “part” and “%” respectively refer to “part by 
Weight” and “Wt %” unless otherWise indicated. 

4.1. Evaluation Method 

[0312] Each item Was evaluated as folloWs. 

4.1.1. Weight Average Molecular Weight (MW) of Polymer 

[0313] The Weight average molecular Weight (MW) of the 
polymer Was measured by gel permeation chromatography 
(GPC) under the folloWing conditions. 

[0314] Sample: A sample Was prepared by dissolving 1 g 
of the polymer (hydrolysis-condensation product) in 100 
cc of tetrahydrofuran (solvent). 

[0315] Standard polystyrene: standard polystyrene manu 
factured by Pressure Chemical Company 

[0316] Instrument: high-temperature high-speed gel per 
meation chromatogram (Model 150-C ALC/GPC) manu 
factured by Waters Corporation 

[0317] Column: SHODEX A-80M (length: 50 cm) manu 
factured by ShoWa Denko K. K. 

[0318] Measurement temperature: 400 C. 

[0319] FloW rate: 1 cc/min 

4.1.2. Relative Dielectric Constant 

[0320] A relative dielectric constant measurement sample 
Was prepared by forming an aluminum electrode pattern on 
the resulting insulating ?lm by deposition. The relative 
dielectric constant of the sample Was measured at room 
temperature by a CV method at a frequency of 100 kHZ 
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using an electrode “HP16451B” and a precision LCR meter 
“HP4284A” manufactured by YokogaWa-HeWlett-Packard, 
Ltd. 

4.1.3. Mechanical Strength (Modulus of Elasticity and Hard 
ness) 
[0321] The modulus of elasticity and the hardness of the 
resulting insulating ?lm Were measured by a continuous 
sti?fness measurement method using a Nano Indenter XP 

(manufactured by Nano Instruments). 
4.1.4. Adhesion 

[0322] An SiO2 ?lm Was formed on the resulting insulat 
ing ?lm by sputtering to a thickness of 400 nm. The SiO2 
?lm Was cut to an appropriate siZe. A blank silicon Wafer of 
the same siZe Was bonded to the Wafer using an epoxy resin, 
and heated at 135° C. for tWo hours in an oven. The resulting 
product Was cut into small pieces using a dicing machine. 
Each piece Was then subjected to a peeling test using a 
four-point bend adhesion measurement method. The results 
Were classi?ed as folloWs. 

[0323] A: The adhesion energy Was 3.0 J/m2 or more. 

[0324] B: The adhesion energy Was less than 3.0 J/m2. 

4.1.5. Phase Separation in Film 

[0325] The cross section of the insulating ?lm Was pro 
cessed for observation by a focused ion beam method, and 
the appearance of the cross section Was observed using a 
transmission electron microscope (TEM) at a magni?cation 
of 18,000. The observation results Were classi?ed as folloWs. 

[0326] A: A uniform coating Was obtained by cross 
sectional shape observation. 

[0327] B: An island-like domain phase separation Was 
observed in the coating. 

4.2. Synthesis Example of Polycarbosilane (A) 

4.2.1 Synthesis Example 1 

[0328] A 3-liter four-neck ?ask equipped With a thermom 
eter, a condenser, a dripping funnel, and a stirrer, of Which 
the atmosphere Was replaced With argon gas, Was charged 
With 1 liter of dry tetrahydrofuran and 60.8 g of magnesium. 
Argon gas Was then bubbled into the mixture. A mixture of 
189.1 g of dichlorodiethoxysilane and 173.8 g of dibro 
momethane Was sloWly added to the mixture through the 
dripping funnel While stirring the mixture at 20° C. 

[0329] After the addition, the mixture Was stirred at 45° C. 
for 24 hours. After cooling the mixture, magnesium salts 
produced Were ?ltered out from the reaction liquid. The 
?ltrate Was then heated under reduced pressure to remove 
tetrahydrofuran to obtain 119 g of a viscous broWn liquid 
polymer. The Weight average molecular Weight of the result 
ing polymer (1) Was 1,200. 

4.2.2. Synthesis Example 2 

[0330] A 4-liter four-neck ?ask equipped With a thermom 
eter, a condenser, a dripping funnel, and a stirrer, of Which 
the atmosphere Was replaced With argon gas, Was charged 
With 1.5 liters of dry tetrahydrofuran and 71 g of magne 
sium. Argon gas Was then bubbled into the mixture. 500 g of 
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chloromethyltriethoxysilane Was sloWly added to the mix 
ture through the dripping funnel While stirring the mixture at 
0° C. 

[0331] After the addition, the mixture Was stirred at 0° C. 
for 12 hours. After the addition of hexane to the reaction 
liquid, the mixture Was ?ltered through celite. The organic 
solvent Was completely removed using a vacuum oven to 
obtain 414 g of a broWn liquid polymer (2). 

[0332] The Weight average molecular Weight of the result 
ing polymer (2) Was 420. 

4.2.3. Synthesis Example 3 

[0333] A 3-liter four-neck ?ask equipped With a thermom 
eter, a condenser, a dripping funnel, and a stirrer, of Which 
the atmosphere Was replaced With argon gas, Was charged 
With 1 liter of dry tetrahydrofuran and 60.8 g of magnesium. 
Argon gas Was then bubbled into the mixture. A mixture of 
74.8 g of methyltrichlorosilane, 86.9 g of dibromomethane, 
and 92.0 g of chloromethyltrichlorosilane Was sloWly added 
to the mixture through the dripping funnel While stirring the 
mixture at 20° C. 

[0334] After the addition, the mixture Was stirred at 45° C. 
for 24 hours. After cooling the mixture, magnesium salts 
produced Were ?ltered out from the reaction liquid. The 
?ltrate Was then heated under reduced pressure to remove 
tetrahydrofuran to obtain 46 g of a broWn liquid polymer. 

[0335] The Weight average molecular Weight of the result 
ing polymer (3) Was 860. 

4.3. Example and Comparative Example 

4.3.1. Example 1 

[0336] In a separable ?ask made of quartZ, 5.1 g of the 
polymer (1) obtained in Synthesis Example 1, 50 g of 
methyltrimethoxysilane, and 0.0031 g of triethylamine Were 
dissolved in 250 g of methanol. The mixture Was stirred 
using a three-one motor, and the solution temperature Was 
stabiliZed at 55° C. A mixed solution of 50.4 g of ion 
exchanged Water and 203 g of propylene glycol monoethyl 
ether Was then added to the solution in one hour. 

[0337] After alloWing the mixture to react at 55° C. for 
four hours, 10 g of a 10% propylene glycol monopropyl 
ether solution of acetic acid Was added to the mixture. After 
alloWing the mixture to react for 30 minutes, the reaction 
liquid Was cooled to room temperature. 298 g of a solution 
containing methanol and Water Was evaporated from the 
reaction liquid at 50° C. to obtain a reaction liquid A. The 
Weight average molecular Weight of the polymer (hereinafter 
called “condensate”) thus obtained Was 27,000. 

4.3.2. Example 2 

[0338] In a separable ?ask made of quartZ, 5 g of the 
polymer (1) obtained in Synthesis Example 1, 49 g of 
tetraethoxysilane, and 0.003 g of triethylamine Were dis 
solved in 253 g of methanol. The mixture Was stirred using 
a three-one motor, and the solution temperature Was stabi 
liZed at 55° C. Amixed solution of 50.2 g of ion-exchanged 
Water and 200 g of propylene glycol monoethyl ether Was 
then added to the solution in one hour. 
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[0339] After allowing the mixture to react at 55° C. for 
four hours, 10 g of a 10% propylene glycol monopropyl 
ether solution of acetic acid was added to the mixture. After 
allowing the mixture to react for 30 minutes, the reaction 
liquid was cooled to room temperature. 299 g of a solution 
containing methanol and water was evaporated from the 
reaction liquid at 50° C. to obtain a reaction liquid B. The 
weight average molecular weight of the condensate thus 
obtained was 31,000. 

4.3.3. Example 3 

[0340] In a separable ?ask made of quartz, 5.1 g of the 
polymer (1) obtained in Synthesis Example 1, 50 g of 
methyltrimethoxysilane, and 248 g of methanol were dis 
solved in 201 g of a propylene glycol monopropyl ether 
solution. The mixture was stirred using a three-one motor, 
and the solution temperature was stabilized at 55° C. 24 g of 
ion-exchanged water in which 0.12 g of succinic acid was 
dissolved was then added to the solution in one hour. After 
allowing the mixture to react at 50° C. for three hours, the 
reaction liquid was cooled to room temperature. 272 g of a 
solution containing water was evaporated from the reaction 
liquid at 50° C. to obtain a reaction liquid C. The weight 
average molecular weight of the condensate thus obtained 
was 3,200. 

4.3.4. Example 4 

[0341] The reaction liquid A obtained in Example 1 was 
?ltered through a Te?on (registered trademark) ?lter with a 
pore size of 0.2 micrometers to obtain the above-described 
?lm-forming composition. 
[0342] The resulting composition was applied to a silicon 
wafer by spin coating. The substrate was dried on a hot plate 
at 90° C. for three minutes and at 200° C. for three minutes 
in a nitrogen atmosphere, and sintered on a hot plate at 400° 
C. for 60 minutes in a nitrogen atmosphere. The resulting 
insulating ?lm (hereinafter called “silica-based ?lm”) was 
evaluated according to the evaluation methods described in 
5.1. The evaluation results are shown in Table 1. 

4.3.5. Examples 5 and 6 

[0343] Silica-based ?lms were respectively formed in the 
same manner as in Example 4 except for using the reaction 
liquids B and C instead of the reaction liquid A. The 
evaluation results are shown in Table 1. 

4.3.6. Example 7 

[0344] In a separable ?ask made of quartz, 6.2 g of the 
polymer (3) obtained in Synthesis Example 3 was dissolved 
in 50 g of toluene. Then, 50 g of methyltrimethoxysilane was 
slowly added dropwise to the mixture. After the dropwise 
addition of a mixed solution of 0.12 g of succinic acid, 24 
g of ion-exchanged water, and 201 g of a tetrahydrofuran 
solution in one hour, the mixture was allowed to react at 50° 
C. for three hours. The reaction liquid was then cooled to 
room temperature. After the addition of 300 g of diethyl 
ether to the solution, the mixture was washed with ultrapure 
water until the pH of the mixture became neutral. After the 
addition of 300 g of propylene glycol monoethyl ether to the 
organic phase, the mixture was concentrated until the solid 
content became 20% to obtain a reaction liquid D. The 
weight average molecular weight of the condensate thus 
obtained was 2,640. A silica-based ?lm was formed in the 
same manner as in Example 4 except for using the reaction 
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liquid D instead of the reaction liquid A. The resulting 
silica-based ?lm was evaluated. The evaluation results are 
shown in Table 1. 

4.3.7. Comparative Example 1 

[0345] A silica-based ?lm was formed in the same manner 
as in Example 4 except for using a reaction liquid E prepared 
by dissolving 1.0 g of the polymer (1) obtained in Synthesis 
Example 1 in 4.0 g of propylene glycol monopropyl ether as 
the coating solution. The resulting silica-based ?lm was 
evaluated. The evaluation results are shown in Table 1. 

4.3.8. Comparative Example 2 

[0346] A separable ?ask made of quartz was charged with 
430 g of distilled ethanol, 211 g of ion-exchanged water, and 
15.2 g of a 25% tetramethylammonium hydroxide aqueous 
solution. The mixture was uniformly stirred. Amixture of 40 
g of methyltrimethoxysilane and 61.1 g of tetraethoxysilane 
was added to the solution. The mixture was allowed to react 
for two hours while maintaining the solution at 60° C. After 
the addition of 300 g of propylene glycol monopropyl ether 
to the solution, the mixture was concentrated at 50° C. using 
an evaporator until the solid content was 20% (as complete 
hydrolysis-condensation product). Then, 20 g of a 10% 
propylene glycol monopropyl ether solution of maleic acid 
was added to the concentrate to obtain a reaction liquid F. A 
silica-based ?lm was formed in the same manner as in 
Example 4 except for using the reaction liquid F instead of 
the reaction liquid A. The resulting silica-based ?lm was 
evaluated. The evaluation results are shown in Table 1. 

4.3.9. Comparative Example 3 

[0347] A 25% propylene glycol monopropyl ether solution 
of polycarbosilane (weight average molecular weight: 
20,000) containing a repeating unit shown by the formula 
“4[Si(CH3)(H)4CH2]i” (hereinafter called “reaction liq 
uid l”) and the reaction liquid F obtained in Comparative 
Example 2 were mixed at a weight ratio of I:F=2:8 to obtain 
a reaction liquid G. A silica-based ?lm was formed in the 
same manner as in Example 4 except for using the reaction 
liquid G instead of the reaction liquid A. The resulting 
silica-based ?lm was evaluated. The evaluation results are 
shown in Table 1. 

4.3.10. Comparative Example 4 

[0348] 9 g of the polymer (2) obtained in Synthesis 
Example 2, 30 g of methyltrimethoxysilane, and 3.4 g of 
tetramethoxysilane were mixed with 60 ml of tetrahydrofu 
ran. After cooling the mixed solution to 0° C., 37 ml of 
0.01N nitric acid was slowly added to the mixed solution. 
The mixture was allowed to react for 30 minutes. After 
heating the mixture to 70° C., the mixture was allowed to 
react for 16 hours under re?ux. The reaction liquid was 
allowed to cool and then diluted with 250 ml of diethyl ether. 
The resulting solution was washed with distilled water three 
or four times until the pH of the solution became neutral. 
After the addition of 200 g of propylene glycol monopropyl 
ether to the solution, the mixture was concentrated at 50° C. 
using an evaporator until the solid content was 20% (as 
complete hydrolysis-condensation product). Then, 20 g of a 
10% propylene glycol monopropyl ether solution of maleic 
acid was added to the concentrate to obtain a reaction liquid 
H. A silica-based ?lm was formed in the same manner as in 
Example 4 except for using the reaction liquid H instead of 
the reaction liquid A. The resulting silica-based ?lm was 
evaluated. The evaluation results are shown in Table 1. 
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TABLE 1 

Coating Thick- Relative Modulus of 
Reaction treatment ness dielectric elasticity Hardness TEM ob 
liquid condition (pm) constant (GPa) (GPa) Adhesion servation 

Example 4 A Heating/ 0.50 2.53 9.1 0.9 A A 
sintering 

Example 5 B Heating/ 0.50 2.47 9.3 0.9 A A 
sintering 

Example 6 C Heating/ 0.50 2.91 9.6 1.0 A A 
sintering 

Example 7 D Heating/ 0.50 2.85 9.3 1.0 A A 
sintering 

Comparative E Heating/ 0.50 3.50 7.4 0.6 A A 
Example 1 sintering 
Comparative F Heating/ 0.50 2.86 7.2 0.7 B A 
Example 2 sintering 
Comparative G Heating/ 0.50 2.90 8.1 0. 6 A B 
Example 3 sintering 
Comparative H Heating/ 0.50 3.10 9.1 0.9 B A 
Example 4 sintering 

What is claimed is: RsbYabsiims)disizhRl (5) 
1. A method for producing a polymer, comprising hydro 

lyZing and condensing (B) a hydrolyZable-group-containing 
silane monomer in the presence of (A) a polycarbosilane, the 
polycarbosilane (A) being a polymer (1) obtained by reacting 
(a) a compound shoWn by the following general formula (1) 
and (b) at least one compound selected from the group 
consisting of a compound shoWn by the following general 
formula (2) and a compound shoWn by the folloWing general 
formula (3) in an organic solvent in the presence of at least 
one of an alkali metal and an alkaline earth metal, 

wherein R1 to R4 individually represent a monovalent 
organic group or a hydrogen atom, X represents a 
halogen atom, Y represents a halogen atom or an 
alkoxy group, k represents an integer from 0 to 3, and 
m and n individually represent integers from 0to 2. 

2. The method according to claim 1, 

Wherein the hydrolyZable-group-containing silane mono 
mer (B) is at least one silane compound selected from 
the group consisting of a compound shoWn by the 
folloWing general formula (4), 

R5asix4,a (4) 
Wherein R5 represents a hydrogen atom, a ?uorine atom, 

or a monovalent organic group, X represents a halogen 
atom or an alkoxy group, and a represents an integer 
from 0 to 3, and a compound shoWn by the folloWing 
general formula (5), 

Wherein R6 and R7 individually represent monovalent 
organic groups, b and c individually represent integers 
from 0 to 2, R8 represents an oxygen atom, a phenylene 
group, or a group shoWn by i(CH2)ei (Wherein e 
represents an integer from 1 to 6), Y and Z individually 
represent a halogen atom or an alkoxy group, and d 
represents 0 or 1. 

3. A polymer obtained by the method according to claim 
1. 

4. A polymer obtained by the method according to claim 
2. 

5. An insulating-?lm-forming composition, comprising 
the polymer according to claim 3 and an organic solvent. 

6. An insulating-?lm-forming composition, comprising 
the polymer according to claim 4 and an organic solvent. 

7. A method for producing an insulating ?lm, comprising 
applying the insulating-?lm-forming composition according 
to claim 5 to a substrate, and heating the applied composi 
tion at 30 to 4500 C. 

8. A method for producing an insulating ?lm, comprising 
applying the insulating-?lm-forming composition according 
to claim 6 to a substrate, and heating the applied composi 
tion at 30 to 4500 C. 

9. A silica-based insulating ?lm obtained by the method 
according to claim 7. 

10. A silica-based insulating ?lm obtained by the method 
according to claim 8. 


