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COMPOUND AND COMPOSITION COMPRISING THE SAME

BACKGROUND OF THE INVENTION

TECHNICAL FIELD
[0001] The present invention relates to a compound having a specific
structure. Further, the present invention relates to a composition
comprising a compound having a specific structure and a solvent.
Furthermore, the present invention relates to a polymer having a specific
structure, a composition comprising the same, and a method for
manufacturing a cured film.

BACKGROUND ART
[0002] In the manufacture of electronic devices, especially
semiconductor devices, interlayer insulating films are formed between
transistor elements and bit lines, between bit lines and capacitors,
between capacitors and metal wiring, between multiple metal wirings,
and the like. Further, insulating materials are sometimes embedded in
isolation trenches formed on the surface of a substrate, etc. Furthermore,
after semiconductor devices are formed on the surface of a substrate, a
coating layer is formed using a sealing material, and packaging is
performed. Interlayer insulating films and coating layers are often
formed from silicon-containing materials.
[0003] In order to form silicon-containing films such as silicon-based
films, silicon nitride films, silicon carbide films and silicon carbonitride
films, chemical vapor deposition method (CVD method), sol-gel method,
and a method for applying a composition comprising a silicon-containing
polymer and then heating it are used. Among these methods, the
method for applying a composition, heating it and curing it to form a
silicon-containing film, which is a cured film, is often used because it is a
relatively simple method and has excellent embedding properties for
narrow trenches. Examples of the silicon-containing polymer include
polysilazane, polysiloxane, polycarbosilane, polysilane, and the like.
[0004] Using a composition comprising an organoamino-polysiloxane
compound has been proposed to form a silicon-containing film (Patent
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PRIOR ART DOCUMENTS

PATENT DOCUMENTS
[0005] [Patent document 1] WO 2018/148201 A

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION
[0006] The present inventors thought that there are one or more
problems that still need improvement with respect to compounds and
compositions for forming cured fiims. Examples of these include the
followings:
The film shrinks when heated for curing; film thickness of the cured film
is thin; time required for curing is long; peeling occurs due to film
shrinkage; generation of cracks cannot be suppressed; there is room for
improvement in the yield of the cured film; the composition cannot be
uniformly applied; insulation properties of the cured film are insufficient;
electrical properties of the cured film are insufficient; heat resistance of
the cured film is insufficient; adhesion to wiring materials, silica films, etc.
is insufficient; and acid resistance of the cured film is insufficient.

MEANS FOR SOLVING THE PROBLEMS
[0007] The compound according to the present invention is represented

by the following formula (I):
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wherein
n1is1or2;

n2 and n3 are each independently 1 or O;

L' to L8 are each independently a single bond or C1-10 alkylene;

when L' to L8 are alkylene, one or more of non-adjacent
methylene (-CHz2-) of L' to L8 can each independently be replaced with -
O-, -S-, -CO-, -C0-0-, -0-CO-, -0-C0O-0O-, -CH=CH- or -C=C-; and

R' to R'? are each independently -CH=CHz or -C=CH.
[0008] The composition according to the present invention comprises
the compound represented by the above-mentioned formula (1); and
a polymer Y comprising a repeating unit A represented by the formula (A)
or a repeating unit B represented by the formula (B):

Ral
I
N ®)
RaZ Ra3
wherein

R2" to R23 are each independently a single bond, H, C1-10 alkyl or
C1-10 alkoxy, and

U?bl)nbl
Si“‘éoo.s -~ (B)
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wherein

R®' is each independently H, a C1-30 saturated aliphatic
hydrocarbon group, aromatic hydrocarbon group, or (meth)acryloyloxy,
and any -CH2- of the saturated aliphatic hydrocarbon group and the
aromatic hydrocarbon group can each independently be replaced with -
O-, -S-, -CO-, -C0O-0-, -0-CO-, -O-CO-0-, -CH=CH- or -C=C-;
one or more of H of the saturated aliphatic hydrocarbon group and the
aromatic hydrocarbon group can each independently be replaced with -
NH2z, -N=C=0, -OH or epoxy;

nb2 is 2, 3or4; and

nb1 is 4-nb2.
[0009] The polymer X according to the present invention comprises a
structural unit I' represented by the formula (I'):

X4
" H, | H !
X9-C"-9i—C X1
\ O | 2
; | :
)I( L4 )l(U
Lt | L&
|
')_ 2 _ - _ s 7_ 7 II
X2-L2-5i—|0 Sﬁ?o Si—L7-X (1)
3 3
ol LS o
X3 | X8
f ]
H, ©
X1-c"-gi-C -x12
| |
T n3
XS
wherein
n1is 1 or2;

n2 and n3 are each independently 1 or O;

L' to L8 are each independently a single bond or C1-10 alkylene;
when L' to L8 are alkylene, one or more of non-adjacent
methylene (-CHz2-) of L' to L8 can each independently be replaced with -

O-, -S-, -CO-, -C0-0-, -0-CO-, -0-CO-0O-, -CH=CH- or -C=C-,

X' to X'2 are each independently -CH=CHz2, -C=CH, a linking
group derived from the structure -CH=CH: or a linking group derived
from the structure -C=CH;

provided that at least one of X' to X'2 is a linking group derived
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from the structure -CH=CHpz, or a linking group derived from the structure
-C=CH, and the linking group bonds to another structural unit.
[0010] The composition according to the present invention comprises

the above-mentioned polymer X; and

a solvent.
[0011] The method for manufacturing a cured film according to the
present invention comprises the following steps:

applying the above-mentioned composition above a substrate to
form a coating film; and

heating the coating film.
[0012] The cured film according to the present invention is one that is
obtained by the above-mentioned method.
[0013] The electronic device according to the present invention
comprises the above-mentioned cured film.

The method for manufacturing an electronic device according to
the present invention comprises the above-mentioned method.
[0014] The present invention relates to the use of the above-mentioned
composition for forming a cured film above a substrate.

EFFECTS OF THE INVENTION
[0015] The present invention may provide one or more of the following
effects:

Film shrinkage when heated for curing is suppressed; film
thickness of the cured film is sufficient; time required for curing is
suppressed; occurrence of peeling due to film shrinkage is suppressed;
occurrence of cracks is suppressed; yield of the cured film is improved,
the composition can be sufficiently uniformly applied; insulation
properties of the cured film are sufficient; electrical properties of the
cured film are sufficient; heat resistance of the cured film is sufficient;
adhesion to wiring materials, silica films, etc. is sufficient; and acid
resistance of the cured film is sufficient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] [Figure 1] '"H NMR measurement result for octaallyltrisiloxane
[Figure 2] '3C NMR measurement result for octaallyltrisiloxane
[Figure 3] "H NMR measurement result for octaallyloxy-
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trisiloxane.
[Figure 4] '3C NMR measurement result for octaallyloxy-
trisiloxane.

DETAILED DESCRIPTION OF THE INVENTION

MODE FOR CARRYING OUT THE INVENTION

[0017] [Definitions]

Unless otherwise specified in the present specification, the terms
have the following meanings.
[0018] Unless otherwise specified in the present specification, the
singular form includes the plural form and “one” or “that” means “at least
one”. Unless otherwise specified in the present specification, an
element of a concept can be expressed by a plurality of species, and
when the amount (for example, mass % or mol %) is described, it means
sum of the plurality of species. “And/or” includes a combination of all
elements and also includes single use of the element.
[0019] In the present specification, when a numerical range is indicated
using “to” or “-*, it includes both endpoints, and units thereof are
common. For example, 5 to 25 mol % means 5 mol % or more and 25
mol % or less.
[0020] In the present specification, the descriptions such as “Cxy”, “Cx-
Cy” and “Cx” mean the number of carbons in a molecule or substituent.
For example, C1.6 alkyl means an alkyl chain having 1 or more and 6 or
less carbons (methyl, ethyl, propyl, butyl, pentyl, hexyl etc.). In
addition, in the present specification, fluoroalkyl refers to an alkyl group
in which one or more hydrogen atoms have been replaced with fluorine,
and fluoroaryl refers to an aryl group in which one or more hydrogen
atoms have been replaced with fluorine.
[0021] In the present specification, when polymer has plural types of
repeating units, these repeating units copolymerize. These
copolymerization can be any of alternating copolymerization, random
copolymerization, block copolymerization, graft copolymerization, or a
mixture thereof.

In the present specification, % represents mass % and ratio

represents mass ratio.
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[0022] In the present specification, Celsius is used as the temperature
unit. For example, 20 degrees means 20 degrees Celsius.
[0023] Embodiments of the present invention are described below in
detail.
[0024] <Compound>

The compound according to the present invention is represented
by the formula (I):

R4
I ' |
H, | H,
R%-C -sla—c —R10
| 0 | no
R? ‘ R®
I‘_l 1|_4 |@
\ |
2.y 2. —Cj _gj—] 7-Rp7 I
R2-L s‘u—[o SﬂFD Slao L7-R (I)
L L5 L
Rfj

wherein

n1is 1 or 2, preferably 1.

n2 and n3 are each independently 1 or O, preferably both are 0.

L' to L8 are each independently a single bond or C1-10 alkylene,
preferably a single bond, C1-10 linear alkylene, Cs-10 branched alkylene,
or Cs-10 cyclic alkylene, more preferably a single bond, methylene (-
CHz2-), ethylene (-CH2-CH2-) or propylene (-CH2-CH2-CH2-), further
preferably a single bond or methylene, and furthermore preferably
methylene. Alkylene means a group obtained by removing any two
hydrogen from a linear, branched or cyclic saturated hydrocarbon.

When L' to L8 are alkylene, one or more of non-adjacent
methylene (-CH2-) of L' to L® can each independently be replaced with -
O-, -S-, -CO-, -C0O-0-, -0-CO-, -0-CO-0O-, -CH=CH- or -C=C-, but
preferably are not replaced.

R' to R'? are each independently -CH=CHz or -C=CH, preferably
-CH=CH..
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[0025] Examples of the compound represented by the formula (1) include

the following:
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5 [0026] As an example, how to read the formula (I) for the compound
represented by the formula (Il) is described in detail below.

CH, CH, CH,
i i i

CH CH  CH
CH, CH, CH;

H c~cw32ms§xw0ms§i~wow§umg C=CH
! ; ; ; H 2 )

M CH CHy
CH CH  CH
i it it

CH, CH; CH;

15 In the case of the compound represented by the formula (ll), n1 is

1, n2 and n3 are 0 in the formula (1),
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L' to L8 are C1 alkylene, i.e., methylene; and
R' to R® are -CH=CH..
[0027] <Composition a>

The composition according to the present invention (hereinafter
sometimes referred to as composition a) comprises

the compound represented by the formula (1); and

a polymer Y comprising a repeating unit A represented by the
formula (A) or a repeating unit B represented by the formula (B).

The preferable embodiment of the compound represented by the
formula (1) is the same as mentioned above.

The mole ratio of the compound represented by the formula (1) to
the polymer Y is preferably 0.195 or less, more preferably 0.030 to 0.170,
and further preferably 0.05 to 0.150.

In the present invention, the number of moles of the polymer Y
refers to the value obtained by dividing the mass of the polymer Y by the
number average molecular weight (Mn) of the polymer Y.

[0028] [Polymer Y]
The polymer Y comprises a repeating unit A represented by the
formula (A) (hereinafter, sometimes referred to as repeating unit A) or a
repeating unit B represented by the formula (B) (hereinafter, sometimes
referred to as repeating unit B), and preferably comprises repeating unit
A.
Ral
SlimN (A)
|:|<a2 ||Qa3

wherein

R2" to R23 are each independently a single bond, H, C1-10 alkyl or
C1-10 alkoxy, preferably a single bond, H or C1.4 alkyl, and more
preferably a single bond or H.

(?bl}nbl
55“%00.5 s (B)

wherein
RP' is each independently H, a C1-30 unsubstituted or fluorine-
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substituted saturated aliphatic hydrocarbon group, unsubstituted or
fluorine-substituted aromatic hydrocarbon group, or (meth)acryloyloxy.

One or more of non-adjacent -CHz- of the saturated aliphatic
hydrocarbon group and the aromatic hydrocarbon group can each
independently be replaced with -O-, -S-, -CO-, -CO-0O-, -O-CO-, -O-CO-
O-, -CH=CH- or -C=C-.

One or more of H of the saturated aliphatic hydrocarbon group
and the aromatic hydrocarbon group can each independently be replaced
with -NHz2, -N=C=0, -OH or epoxy.

nb2 is 2, 3 or 4, preferably 3 or 4.

nb1 is 4-nb2.

When RP' is a saturated aliphatic hydrocarbon group, RP' can be
any structure containing a straight chain, a branched chain or a ring
containing structure.

[0029] Exemplified embodiments of the unsubstituted saturated aliphatic
hydrocarbon group include alkyl, such as methyl, ethyl, propyl, butyl,
pentyl, hexyl, heptyl, octyl, decyl and cyclohexyl.

Exemplified embodiments of the fluorine-substituted saturated
aliphatic hydrocarbon group include fluoroalkyl, such as trifluoromethyl,
2,2,2-trifluoroethyl and 3,3,3-trifluoropropy!.

Exemplified embodiments of the unsubstituted aromatic
hydrocarbon group include aryl, such as phenyl, tolyl and benzyl.

Exemplified embodiments of the fluorine-substituted aromatic
hydrocarbon group include fluoroaryl, etc.

RP" is preferably methyl, ethyl, propyl, butyl, pentyl, hexyl or
phenyl. When RP' is methyl, it is preferable because the raw material is
easily available, the film hardness after curing is sufficiently high, and the
film has sufficiently high chemical resistance. Furthermore, when R is
phenyl, it is preferable because it increases solubility of the polymer in a
solvent and makes the cured film less likely to crack.

[0030] The meaning of Oos in the formula (B) is described in detail.
The structure of polysiloxane comprises a basic skeleton of a network in
which Si and O are continuously bonded. An example of such a
network is shown below.

PCT/EP2024/078518
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In the above network, when expressing the repeating unit

surrounded by the dashed line, the expression Oos is used for

convenience, and it is expressed as the following formula.

A

?&s
GO o I
“{"Oe}.ﬁ 5’{* ngs"}‘ (Ic)
Oo.s

Therefore, since polysiloxane comprises a network composed of
continuous bonds between Si and O as its basic skeleton, it is not

appropriate to express a structure containing Si-O bonds as a repeating

unit. Therefore, the expression Oos is used for convenience to express

10 the repeating unit of polysiloxane.

[0031] The polymer Y comprising repeating unit A may be polysilazane.

Polysilazane has Si-N bonds as the main skeleton, can be either an

inorganic or organic compound, and can be any structure containing a

straight chain, a branched chain or a ring containing structure.

15 In a preferable embodiment, the polymer Y is polysilazane and
contains 20 or more, preferably 20 to 350, repeating units selected from
the group consisting of the following formulae (1-i) to (1-vi). In this
case, it is preferable that each repeating unit is directly bonded without

intervening any repeating unit other than (1-i) to (1-vi).
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(1-1) (1-ii) (1-iii) (1-iv)

s,_N7\ J(sl_NJ,

(1-v) (1-vi)

Here, R'@ to R'" are each independently H, C1-10 alkyl or C1-10

alkoxy, preferably H or C1-4 alkyl, and more preferably H.
[0032] More preferably, the polymer Y is perhydropolysilazane

5 (hereinafter referred to as PHPS). PHPS is a silicon-containing polymer
containing Si-N bonds as repeating units and consisting only of Si, N and
H. Inthis PHPS, all elements bonded to Si and N, except for the Si-N
bonds, are H, and it is substantially free of other elements such as
carbon and oxygen. The simplest structure of perhydropolysilazane is a

10 chain structure having the following repeating units.

va}_ﬁ

[0033] The structure of PHPS is not limited as long as it is a silicon-
containing polymer containing Si-N bonds as repeating units and
consisting only of Si, N and H, and PHPS can have various structures

15 other than those exemplified above. PHPS is preferably one having a
cyclic structure or a crosslinked structure, more preferably a crosslinked
structure. The end group of perhydropolysilazane is preferably -SiHs.
[0034] The polymer Y comprising the repeating unit B may be
polysiloxane.

20 Depending on the number of oxygen atoms bonded to a silicon
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atom, the skeleton structure of polysiloxane can be classified into a
silicone skeleton (the number of oxygen atoms bonded to a silicon atom
is 2), a silsesquioxane skeleton (the number of oxygen atoms bonded to
a silicon atom is 3) or a silica skeleton (the number of oxygen atoms
bonded to a silicon atom is 4). In the present invention, the
polysiloxane may comprise any of these skeleton structure. The
polysiloxane molecule can contain a plurality of combinations of any of
these skeleton structures.

[0035] In a preferable embodiment, the polymer Y is polysiloxane,
preferably comprising repeating units represented by the formula (la)
(the case where nb2 = 3 in the formula (B)).

Ria
I ‘
oy Sy Ia
_{‘C‘as 5;“ 00.5’}“ (Ia)
Ogp.5

[0036] The polysiloxane can further comprise a repeating unit
represented by the following formula (Ic) (the case where nb2 = 4 in the
formula (B)).

A

?0.5

G Ic
"{’0&5 S Q&E"}" (Ic)

Oo.5

[0037] When the blending ratio of the repeating units represented by the
formula (Ib) and formula (Ic) is high, it causes a decrease in sensitivity of
the composition, a decrease in compatibility with solvents or additives,
and an increase in film stress, which can lead to the occurrence of
cracks; therefore, it is preferably 40 mol % or less, more preferably 20
mol % or less, based on the total number of repeating units of the
polysiloxane.

[0038] The polysiloxane can contain two or more types of repeating
units. For example, it can contain three types of repeating units,
including the repeating units represented by the formula (la) in which
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each R'2 is methyl or phenyl, and the repeating unit represented by the
formula (Ic).

[0039] The polysiloxane preferably comprises silanol. Here, silanol
means one in which an OH group is directly bonded to a Si skeleton, and
it is one in which hydroxy is directly bonded to a silicon atom in a
polysiloxane comprising repeating units such as those represented by
the formulae (la) to (Ic). That is, silanol is composed by bonding -Oo.sH
to -Oo5- in the formulae (la) to (Ic). The content of silanol in the
polysiloxane varies depending on the synthesis conditions of the
polysiloxane, such as the blending ratio of monomers or the type of
reaction catalyst.

[0040] The polymer Y can be polysiloxazane comprising both the
repeating unit A and repeating unit B, or polycarbosilazane comprising
the repeating unit A, and the like.

[0041] The number average molecular weight of the polymer Y is
preferably 100 to 8,000, more preferably 200 to 5,000, and further
preferably 300 to 3,000. Here, the number average molecular weight is
the number average molecular weight in terms of polystyrene, and can
be measured by the gel permeation chromatography based on
polystyrene.

[0042] [Polymerization initiator]

The composition a according to the present invention can further
comprise a polymerization initiator. The polymerization initiator includes
a polymerization initiator that generates an acid, base or radical by
radiation, and a polymerization initiator that generates an acid, base or
radical by heat. In the present invention, the former is preferable and
the photo radical generator is more preferable, in terms of process
shortening and cost since the reaction is initiated immediately after the
irradiation of radiation and the reheating process performed after the
irradiation of radiation and before the development process can be
eliminated.

[0043] The photo radical generator can improve the resolution by
strengthening the shaped pattern or increasing the contrast of
development. The photo radical generator used in the present invention
emits a radical when irradiated with radiation. Examples of the radiation
include visible light, ultraviolet light, infrared light, X-ray, electron beam,
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a-ray, y-ray, and the like.

[0044] Examples of the photo radical generator include azo-based,
peroxide-based, acylphosphine oxide-based, alkylphenone-based, oxime
ester-based and titanocene-based initiators. Among them,
alkylphenone-based, acylphosphine oxide-based and oxime ester-based
initiators are preferable, and 2,2-dimethoxy-1,2-diphenylethan-1-one, 1-
hydroxy-cyclohexylphenyl ketone, 2-hydroxy-2-methyl-1-phenylpropan-1-
one, 1-[4-(2-hydroxyethoxy)phenyl]-2-hydroxy-2-methyl-1-propan-1-one,
2-hydroxy-1-{4-[4-(2-hydroxy-2-methylpropionyl)-benzyllphenyl}-2-
methylpropan-1-one, 2-methyl-1-(4-methylthiophenyl)-2-
morpholinopropan-1-one, 2-benzyl-2-dimethylamino-1-(4-
morpholinophenyl)-1-butanone, 2-(dimethylamino)-2-[(4-
methylphenyl)methyl]-1-[4-(4-morpholinyl)- phenyl]-1-butanone, 2,4,6-
trimethylbenzoyldiphenyl-phosphine oxide, bis(2,4,6-trimethylbenzoyl)-
phenylphosphine oxide, 1,2-octanedione, 1-[4-(phenylthio)-, 2-(O-
benzoyloxime)], ethanone,1-[9-ethyl-6-(2-methylbenzoyl)-9H-carbazol-3-
yl]-, 1-(O-acetyloxime), etc. are included.

[0045] The polymerization initiator can be one or more types. The
content of the polymerization initiator is preferably 0.50 to 10.0 mass %,
more preferably 1.0 to 8.0 mass %, based on the total mass of the
composition excluding the solvent.

[0046] [Solvent]

The composition a according to the present invention can further
comprise a solvent. The solvent is preferably at least one selected from
the group consisting of aromatic compounds, saturated hydrocarbon
compounds, unsaturated hydrocarbon compounds, ether compounds,
ester compounds and ketone compounds. Exemplified embodiments
include the following. Aromatic compounds (such as benzene, toluene,
xylene, ethylbenzene, diethylbenzene, trimethylbenzene and
triethyloenzene); saturated hydrocarbon compounds (such as
cyclohexane, decahydronaphthalene, dipentene, n-pentane, i-pentane, n-
hexane, i-hexane, n-heptane, i-heptane, n-octane, i-octane, n-nonane, i-
nonane, n-decane, ethylcyclohexane, methylcyclohexane, cyclohexane
and p-menthane); unsaturated hydrocarbons (such as cyclohexene);
ether compounds (such as dipropyl ether, dibutyl ether and anisole);
ester compounds (such as n-butyl acetate, i-butyl acetate, n-amy!|
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acetate and i-amyl acetate); and ketone compounds (such as methyl
isobutyl ketone (MIBK)).

These can be used alone or in combination.
[0047] The composition a according to the present invention can be
combined with further components as necessary. The content of the
components other than the compound represented by the formula (1), the
polymer Y and the solvent in the entire composition are preferably 10
mass % or less, more preferably 5 mass % or less, further preferably 1
mass % or less, and further more preferably 0 mass % (an embodiment
in which none is included), based on the total mass of the composition.
[0048] <Polymer X>

The polymer X according to the present invention comprises a
structural unit I' represented by the formula (I') (hereinafter sometimes
referred to as structural unit I').

wherein

n1is 1 or 2, preferably 1.

n2 and n3 are each independently 1 or O, preferably both are 0.

L' to L® are each independently a single bond or C1-10 alkylene,
preferably a single bond, C1-10 linear alkylene, Cs-10 branched alkylene or
Cs-10 cyclic alkylene, more preferably a single bond, methylene (-CHz2-),
ethylene (-CH2-CHz-) or propylene (-CH2-CH2-CHz-), further preferably a
single bond or methylene, and furthermore preferably methylene.

When L' to L8 are alkylene, one or more of non-adjacent
methylene (-CHz2-) of L' to L8 can each independently be replaced with -
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O-, -S-, -CO-, -C0-0-, -0-CO-, -0-CO-0O-, -CH=CH- or -C=C-, but
preferably are not replaced.

X' to X'? are each independently -CH=CH2, -C=CH, a linking
group derived from the structure -CH=CHz or a linking group derived
from the structure -C=CH, preferably -CH=CH: or a linking group
derived from the structure -CH=CHo..

Provided that at least one of X' to X'? is a linking group derived
from the structure -CH=CHz2, or a linking group derived from the structure
-C=CH, and the linking group bonds to another structural unit.
Preferably at least one, more preferably at least two of X! to X'2, are
linking groups derived from the -CH=CH2 structure.

An example of the linking group derived from -CH=CH: structure
includes -CH2-CH2-. An example of the linking group derived from -C=
CH structure includes -CH=CH-.

[0049] Examples of the structural unit I' include the following.

CH, CH, CH, L

i I
CH CH«) CH ¢H,  CH
CH, CH, CH, D
HaHoHe | | e Hothd, 9 9 F
—C'-C —sia—o—sie—o—s‘s—c “C=CH, —C-C’'C—0-5i—0— s;—o s| O~ c “G=CHs
H. GH CR; O(':H Cé)H EZ)H
CH  CH, i & o on
CH, CH, CH, i [ 2 i
| CH, CH, CH,
F
| E {‘ZH l[:H ci:H
cH,  CH,  CH, N NS
CH, CH,  CH, ¢, CH,  CH
CH, CH, CH, ¢z CHa CH:

Hy HoH, | | | H, Hy H, Hy Ho H Q © K, HyH,
—C -C C —Si *O*STE*O*‘E‘:!*C -cc - ¢t —O~S|fOfS|fOfS|fO——C -C-C -
S S (éJH gH EH
CH, CH, CH, [T T

I CH

2 CI:H’ (‘:Hz
| |- Eo {‘:Hz ?Hz %Hz

[0050] The polymer X preferably further comprises a repeating unit A
represented by the formula (A) or a repeating unit B represented by the
formula (B), and more preferably further comprises a repeating unit A

represented by the formula (A).
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Ral
|
Si—N (A)
|_-I\;\a2 FL\aB
wherein
R2' to R23 are each independently a single bond, H, C1.10 alkyl or

C1-10 alkoxy, preferably a single bond, H or C1.4 alkyl, and more
preferably a single bond or H.

<Rb:L)nbl

I
53—600,5an (B)

wherein

R®" each independently represents H, a C1-30 saturated aliphatic
hydrocarbon group, aromatic hydrocarbon group or (meth)acryloyloxy;
and

one or more of non-adjacent -CHaz- of the aliphatic hydrocarbon
group and the aromatic hydrocarbon group can each independently be
replaced with -O-, -S-, -CO-, -CO-0-, -O-CO-, -O-C0O-0O-, -CH=CH-or -C
=C-.

One or more of H of the aliphatic hydrocarbon group and the aromatic
hydrocarbon group can each independently be replaced with -NHz2, -
N=C=0, -OH or epoxy.

nb2 is 2, 3 or 4, preferably 3 or 4.

nb1 is 4-nb2.

When RP' is a saturated aliphatic hydrocarbon group, R®' can be
any structure containing a straight chain, a branched chain or a ring
containing structure.

[0051] Exemplified embodiments of the unsubstituted saturated aliphatic
hydrocarbon group include alkyl, such as methyl, ethyl, propyl, butyl,
pentyl, hexyl, heptyl, octyl, decyl and cyclohexyl.

Exemplified embodiments of the fluorine-substituted saturated
aliphatic hydrocarbon group include fluoroalkyl, such as trifluoromethyl,
2,2, 2-trifluoroethyl and 3,3,3-trifluoropropyl.

Exemplified embodiments of the unsubstituted aromatic
hydrocarbon group include aryl, such as phenyl, tolyl and benzyl.
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Exemplified embodiments of the fluorine-substituted aromatic
hydrocarbon group include fluoroaryl, etc.

It is preferably methyl, ethyl, propyl, butyl, pentyl, hexyl or phenyl.

When RP' is methyl, it is preferable because the raw material is
easily available, the film hardness after curing is sufficiently high, and the
film has sufficiently high chemical resistance. In addition, when R*! is
phenyl, it is preferable because it increases solubility of the polymer in a
solvent and makes the cured film less likely to crack.
[0052] In a preferable embodiment, the polymer X comprises 40 or more,
preferably 40 to 70, repeating units selected from the group consisting of
the formulae (1-i) to (1-vi). Further preferably, the polymer X comprises
two or more polysilazane blocks consisting of repeating units selected
from the group consisting of the formulae (1-i) to (1-vi). The
polysilazane block preferably comprises 20 or more, preferably 20 to 35,
repeating units selected from the group consisting of the formulae (1-i) to
(1-vi).
[0053] The ratio of the number of the repeating unit I' to the number of
repeating unit A or B is preferably 0.0095 or less, more preferably 0.0005
to 0.008, and further preferably 0.001 to 0.006. The ratio of the number
of repeating unit I' to the number of repeating unit A or B can be
obtained, for example, by confirming the peaks derived from each
repeating unit in '"H NMR and calculating the ratio of the heights of these
peaks.
[0054] An example of a partial structure of the polymer X is given below.

PCT/EP2024/078518
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H HbH H H HoH H
—N—5i -N—_T|—N—S| -N—5I —
SiH, | [ |
h CH, CH, CH,
I HaHy Hy | | | H,
HS}*C -C C —Si—0—5i—0—5—C -C=CH,
" 1 ]
I CH, CH, CH,
SiH- | | |
P2 CH CH, CH
NH It | i
| HH;H‘,HH,HHz
—N—Sj -N—a|—N—|S|—N—S| -
NH

I
?iHZ

[0055] With respect to the above structure, how to read the formula (I')
and formula (A) is described in detail.
In the above partial structure, n1 of the formula (I') is 1, and n2

5 andn3are0;
L' to L8 are C1 alkylene, i.e., methylene;
X' X3 X8 X7 and X8 are -CH=CHz;
X2, X* and X5 are linking groups derived from -CH=CHz2 structure,
i.e., -CH2-CHz2-; and
10 the formula (A) can be read as a repeating unit in which R2" is H,
R22 is a single bond and R?3 is H, and a repeating unit in which R2! is H,
R22 is H and R23 is H are mixed.
[0056] The weight average molecular weight of the polymer X is
preferably 3,000 to 30,000, more preferably 5,000 to 20,000, and further
15 preferably 8,000 to 17,000. The weight average molecular weight is a
weight average molecular weight in terms of polystyrene, and can be
measured by the gel permeation chromatography based on polystyrene.
[0057] <Method for manufacturing the polymer X>
There is no particular limitation on the method for manufacturing
20 the polymer X. For example, polymer X can be manufactured by

reacting the compound represented by the formula (1) with the polymer,
if necessary, in the presence of a polymerization initiator.
In a preferable embodiment, the compound represented by the
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formula (I) functions as a crosslinking agent that links multiple molecules
of the polymer Y.
[0058] <Composition B>

The composition according to the present invention (hereinafter
sometimes referred to as composition ) comprises

the above polymer X; and

a solvent.

[0059] The preferable solvent is the same as that described for the
composition a. The content of the solvent is preferably 10 to 95

mass %, more preferably 20 to 90 mass %, further preferably 40 to 90
mass %, and further more preferably 60 to 90 mass %, based on the total
mass of the composition B.

Although not to be bound by theory, when the content of the
solvent is in the above range, it is possible to further suppress the
occurrence of cracks of the cured film.

[0060] The composition B according to the present invention can
optionally be combined with further components. These components
are described below. In addition, the content of the components other
than the polymer Y and the solvent in the entire composition are
preferably 10 mass % or less, more preferably 5 mass % or less, further
preferably 1 mass % or less, and further more preferably 0 mass % (an
embodiment in which none is included), based on the total mass of the
composition.

[0061] <Optional components>

As the optional components, for example, surfactants are
included.

Since surfactants can improve coatability, use thereof is
preferable. Examples of the surfactant that can be used in the
composition according to the present invention include nonionic
surfactants, anionic surfactants, amphoteric surfactants, etc.

[0062] Examples of the nonionic surfactant include, polyoxyethylene
alkyl ethers, such as polyoxyethylene lauryl ether, polyoxyethylene oleyl
ether and polyoxyethylene cetyl ether; polyoxyethylene fatty acid diester,;
polyoxyethylene fatty acid monoester; polyoxyethylene polyoxypropylene
block polymer; acetylene alcohol; acetylene glycol; acetylene alcohol
derivatives, such as polyethoxylate of acetylene alcohol; acetylene glycol

PCT/EP2024/078518
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derivatives, such as polyethoxylate of acetylene glycol; fluorine-
containing surfactants, such as FLUORAD (3M Japan), MEGAFACE
(DIC), SURFLON (AGCQC); or organosiloxane surfactants, such as KP341
(Shin-Etsu Chemical). Examples of the above-mentioned acetylene
glycol include 3-methyl-1-butyne-3-ol, 3-methyl-1-pentyn-3-ol, 3,6-
dimethyl-4-octyne-3,6-diol, 2,4,7,9-tetramethyl-5-decyne-4,7-diol, 3,5-
dimethyl-1-hexyne-3-ol, 2,5-dimethyl-3-hexyne-2,5-diol, 2,5-dimethyl-2,5-
hexanediol, and the like.

[0063] Examples of the anionic surfactant include ammonium salt or
organic amine salt of alkyl diphenyl ether disulfonic acid, ammonium salt
or organic amine salt of alkyl diphenyl ether sulfonic acid, ammonium salt
or organic amine salt of alkyl benzene sulfonic acid, ammonium salt or
organic amine salt of polyoxyethylene alkyl ether sulfuric acid,
ammonium salt or organic amine salt of alkyl sulfuric acid, and the like.
[0064] Examples of the amphoteric surfactant include 2-alkyl-N-
carboxymethyl-N-hydroxyethyl imidazolium betaine, lauric acid amide
propyl hydroxysulfone betaine, and the like

[0065] These surfactants can be used alone or in combination of two or
more types. The compounding ratio is usually 50 to 10,000 ppm,
preferably 100 to 5,000 ppm, based on the total mass of the composition.
[0066] <Method for manufacturing a cured film>

The method for manufacturing a cured film according to the
present invention comprises the following steps:

applying the above-mentioned composition a or B above a
substrate to form a coating film; and

heating the coating film.

In the present invention, "above a substrate" includes the case
where the composition is applied in contact with and above a substrate
and the case where the composition is applied above a substrate via one
or more interlayers.

The present invention relates to the use of the composition a or B
for forming a cured film above a substrate.

[0067] The method for applying a composition above the surface of a
substrate can be freely selected from conventional methods, such as
spin coating, dipping, spraying, transfer coating, roll coating, bar coating,
brush coating, doctor coating, flow coating, and slit coating. The
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substrate above which the composition is applied can be a suitable
substrate, such as a silicon substrate, a glass substrate or a resin film.
These substrates can have various semiconductor elements formed
thereon, if necessary. When the substrate is a film, gravure coating can
also be used. If desired, a separate drying step can be provided after
the coating. Further, if necessary, the coating step can be repeated two
or more times to obtain a coating film having a desired thickness.
[0068] After forming a coating film of the composition according to the
present invention, the coating film can be subjected to prebaking (heat
treatment) to dry the coating film and reduce the amount of remaining
solvent. The prebaking step can be performed in an oxidizing or non-
oxidizing atmosphere, preferably at a temperature of 80 to 300°C, for 10
to 300 seconds using a hot plate, or for 1 to 30 minutes using a clean
oven.
[0069] Then, the coating film, which has been prebaked as necessary, is
heated to form a cured film. This heating is preferably performed in an
oxidizing atmosphere.

The heating is preferably performed in a temperature range of
200 to 700°C, more preferably 300 to 600°C.

An oxidizing atmosphere means that when the total pressure is
101 kPa, the oxygen partial pressure is 20 to 101 kPa, preferably 40 to
101 kPa, and more preferably, the water vapor partial pressure of 1.5 to
80 kPa is included.
[0070] When heating at high temperature (for example, temperature
exceeding 600°C) in an atmosphere containing water vapor, there may
be concerns about adverse effects on other elements, such as electronic
devices, that are exposed to the heat treatment at the same time. In
such cases, this heating process can be divided into two or more stages
(more preferably three or more stages). For example, heating can be
first performed at a low temperature (for example, temperature range of
200 to 400°C) in an atmosphere containing water vapor, then heating is
performed at a relatively low temperature (for example, temperature
range of 300 to 600°C) in an atmosphere containing water vapor, and
then heating is performed at a higher temperature (for example,
temperature range of 400 to 1000°C) in an atmosphere containing no
water vapor.
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[0071] Any gas can be used as the component other than water vapor in
the atmosphere containing water vapor (hereinafter, sometimes referred
to as dilution gas), and examples of such gas include air, oxygen,
nitrogen, nitrogen oxide, ozone, helium and argon. Considering the film
quality of the silicon-containing film, it is preferable to use oxygen as the
dilution gas.

[0072] The temperature-raising rate to the target temperature and the
temperature-lowering rate during heating are not particularly limited, but
can generally be in the range of 1 to 100°C/min. There is also no
particular limit to the heating retention time after the target temperature is
reached, and can generally be in the range of 1 minute to 10 hours.
[0073] The thickness of the cured film is preferably 1.0 to 4.0 um, and
more preferably 1.0 to 3.5 um.

[0074] The method for manufacturing an electronic device according to
the present invention comprises the above manufacturing method.
Preferably, the electronic device according to the present invention is a
semiconductor device, a solar cell chip, an organic light-emitting diode or
an inorganic light-emitting diode. One preferable embodiment of the
electronic device of the present invention is a semiconductor device.
[0075] [Examples]

The present invention is described below with reference to
Examples. These Examples are for the purpose of explanation and are
not intended to limit the scope of the present invention.

[0076] In the following Examples, "H NMR and '3C NMR are measured
using JNM-ECS400 (JEOL). Number average molecular weight (Mn)
and weight average molecular weight (Mw) are measured by the gel
permeation chromatography (GPC) based on polystyrene. GPC
measurement is performed using Alliance (trademark) e2695 high-speed
GPC system (Nihon Waters) and a Super Multipore HZ-N GPC column
(Tosoh). The measurement is performed using monodisperse
polystyrene as the standard sample, THF as the eluent, at a flow rate of
0.6 mL/min and a column temperature of 40°C, and then Mn and Mw are
calculated as the relative molecular weight to the standard sample.
[0077] <Synthesis of octaallyltrisiloxane>

Into a 1L three-neck flask equipped with a magnetic stirrer bar, a
nitrogen inlet, a thermocouple and a dropping funnel, allyimagnesium
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chloride in THF (1M, 400mL) is added. After blowing in dry nitrogen
(100mL/min), the solution is cooled to -50°C or below. While stirring the
solution, 19.1g of octachlorotrisiloxane in 178g of THF is slowly added
through the dropping funnel so that the liquid temperature is kept at -
50°C or below. After the dropping is completed, the flask is returned to
room temperature and the liquid is stirred at room temperature for 2
hours. Thereafter, saturated aqueous ammonium chloride solution is
added while stirring the liquid, and the organic layer is separated and
dried over molecular sieves 4A.  After removing the solvent by
distillation, the resulting crude product is purified by column
chromatography using silica gel to obtain the target colorless transparent
liquid (8.3g, 38% yield). 'H NMR (400 MHz, CDCl3) d: 5.78 (m, 8H),
4.92 (m, 16H), 1.66 (d, J = 8.0 Hz, 12H), 1.58 (d, J = 8.0 Hz, 4H); '3C
NMR (100 MHz, CDCls) d: 133.23, 133.09, 114.59, 114.45, 23.62, 22.46.
[0078] <Synthesis of octaallyloxytrisiloxane>

Into a 1 L three-neck flask equipped with a magnetic stirrer bar, a
nitrogen inlet, a thermocouple and a dropping funnel, 24.7 g of allyl
alcohol, 33.6 g of pyridine and 266 g of THF are added. After blowing in
dry nitrogen (100 mL/min), the solution is cooled to 5°C or below. While
stirring the solution, 20.1 g of octachlorotrisiloxane in 88.8 g of THF is
slowly added through the dropping funnel so that the liquid temperature
is kept at 5°C or below. After the dropping is completed, the flask is
returned to room temperature and the liquid is stirred at room
temperature for 2 hours. Thereafter, the reaction solution is filtered to
remove the salt formed, and the filtrate is concentrated by distillation.
The resulting crude product is purified by column chromatography using
alumina gel to obtain the target colorless transparent liquid (21.6 g, 73%
yield). 'H NMR (400 MHz, CDCls) &: 5.92 (m, 8H), 5.29 (m, 8H), 5.10
(m, 8H), 4.34 (m, 16H); '*C NMR (100 MHz, CDCls) &: 136.06, 135.96,
114.81, 114.77, 64.32, 64.29.
[0079] <Synthesis of polysilazane intermediate A>

After replacing the inside of a 10L reaction vessel equipped with
a cooling condenser, a mechanical stirrer and a temperature control
device with dry nitrogen, 7,500mL of dry pyridine is added to the reaction
vessel and cooled to -3°C.  Then, 500g of dichlorosilane is added, and a
white solid product (SiH2Cl2.2CsHsN) is generated.  After confirming that
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the reaction mixture becomes -3°C or below, 350g of ammonia is slowly
blown into it while stirring. Subsequently, after continuing to stir for 30
minutes, dry nitrogen is blown into the liquid layer for 30 minutes to
remove excess ammonia. The resulting slurry-like product is filtered
under pressure using a 0.2um polytetrafluoroethylene filter under a dry
nitrogen atmosphere to obtain 6,000mL of filtrate. 3,000mL of dry
xylene is added, and the pyridine is distilled off using an evaporator.
When concentrated, a xylene solution of polysilazane with a
concentration of 42 mass % is obtained. When the Mn of the obtained
polysilazane is measured by the gel permeation chromatography, it is
880 in terms of polystyrene. The polysilazane obtained by this recipe is
hereinafter referred to as polysilazane intermediate A.
[0080] <Synthesis of polymer X1>

In a 200 mL three-neck flask equipped with a magnetic stirrer bar,
a nitrogen inlet, a thermocouple, and a reflux condenser, 30.0 g of a
xylene solution of polysilazane intermediate A with a concentration of 42
mass %, 0.62 g of octaallyltrisiloxane and 0.14 g of 1,1'-
azobis(cyclohexane-1-carbonitrile) (V-40) as a polymerization initiator are
added, and dry xylene is further added so that the content of
polysilazane intermediate A becomes 20 mass % to prepare a reaction
solution.  While stirring, dry nitrogen is blown into the reaction solution
for 10 minutes (50 mL/min). After that, it is heated at 100°C for 6 hours
and concentrated under reduced pressure at 40°C to obtain a polymer
X1 solution with a concentration of 40 mass %. The Mw of the obtained
polymer X1 is 13,300.
[0081] <Synthesis of polymer X2 to X4>

Polymer X2 to X4 solutions are obtained in the same manner as
polymer X1, except that the type and compounding amount of the
compound represented by the formula (l) are changed as shown in Table
1.
[0082] <Synthesis of polymer Z1>

In a 200mL three-neck flask equipped with a magnetic stirrer bar,
a nitrogen inlet, a thermocouple and a reflux condenser, 30.0 g of a
xylene solution of polysilazane intermediate A with a concentration of 42
mass %, 0.54 g of tetraallylsilane as a crosslinking agent and 0.27 g of
V-40 as a reaction initiator are added, and dry xylene is further added so
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that the content of polysilazane intermediate A becomes 20 mass % to
prepare a reaction solution.  While stirring, dry nitrogen is blown into the
reaction solution for 10 minutes (50 mL/min). After that, it is heated at
100°C for 6 hours and concentrated under reduced pressure at 40°C to
obtain a polymer Z1 solution with a concentration of 40 mass %. The
Mw of the obtained polymer Z1 is 11,230.
[0083] <Synthesis of polymer Z2>

A solution of polymer Z2 is obtained in the same manner as the
synthesis of polymer Z2, except that the type and compounding amount
of crosslinking agent are changed as shown in Table 1.
[0084] The Mw of polymer Z1 to Z4, polymer Z1 and Z2 are shown in
Table 1.

[Table 1]
Compound represented by the formula (1)
Mole ratio of the
" | compnaname | et e o e
intermediate

polymer X1 | 13,300 octaallyltrisiloxane 0.62g 0.10
polymer X2 | 12,400 octaallyloxy-trisiloxane 0.80g 0.10
polymer X3 | 13,330 octaallyltrisiloxane 0.62g 0.10
polymer X4 | 12,390 octaallyloxy-trisiloxane 0.80g 0.10
polymer Z1 | 11,230 tetraallylsilane 0.54¢ 0.20
polymer Z2 | 13,080 tetraallyloxysilane 0.72g 0.20

Octaallyltrisiloxane and octaallyloxytrisiloxane are identified by 'H
NMR and '3C NMR.

Figures 1 and 2 show the "H NMR and '*C NMR of
octaallyltrisiloxane, in which peaks assigned to the allyl group can be
confirmed.

Figures 3 and 4 show the "H NMR and '3C NMR of
octaallyloxytrisiloxane, in which peaks assigned to the allyloxy group can
be confirmed.

The above compounds have the following structures.

PCT/EP2024/078518
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[0085] <Example 1>

A composition of Example 1 is prepared by mixing polymer X1

synthesized above with dibutyl ether so that the concentration of polymer

X1 becomes 39 mass %.

The composition of Example 1 is applied above a 4-inch Si

substrate that is pre-wetted with dibutyl ether, using a spin coater

(1THDX2, Mikasa) to form a coating film.
heated (baked) on a hot plate at 150°C for 3 minutes.

The resulting coating film is

The film

thickness (film thickness after baking) is measured to be 2.1 um. The

baked coating film is heated (cured) at 350°C for 1 hour in a water vapor
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atmosphere, cured at 600°C for 1 hour, and further heated (annealed) at
850°C for 30 minutes in a nitrogen atmosphere to obtain a cured film of
Example 1. The film thickness (film thickness after annealing) is 1.7
Mm.

The film thickness is measured at 17 points on the diameter of
the substrate using a reflection spectroscopic film thickness meter (FE-
3000, Otsuka Electronics) and the average value is obtained.

[0086] <Examples 2 to 4 and Comparative Examples 1 and 2>

The cured films of Examples 2 to 4 and Comparative Examples 1
and 2 are obtained in the same manner as in Example 1, except that the
compositions used are changed to the polymer and contents shown in
Table 2.

[0087] <Evaluation of film shrinkage rate>

The film shrinkage rate of the cured film is calculated using the
film thickness after baking and the film thickness after annealing
according to the following formula. The results are shown in Table 2.

Film shrinkage rate (%) = (film thickness after baking - film
thickness after annealing) / film thickness after baking

[Table 2]
Film Film Film
Polymer . thickness .
thickness shrinkage
Content . after
Polymer after baking . rate
annealing
(mass%) (urm) (%)
H (pm)
Example 1 | polymer X1 39 2.1 1.7 19
Example 2 | polymer X2 39 2.0 1.6 20
Example 3 | polymer X3 47 3.3 2.7 18
Example 4 | polymer X4 47 3.1 2.7 13
Comparative
Example 1 polymer Z1 39 2.3 1.7 26
Comparative
Example 2 polymer Z2 39 2.0 1.5 25

[0088] <Crack evaluation>

The surface of the cured film obtained is observed using an
optical microscope, and the degree of cracking is evaluated according to
the following criteria. The results are shown in Table 3.
A: No cracks are observed.



WO 2025/078503

B: Slight cracks are observed in parts of the film.

cured film is acceptable.

C: Cracks are observed throughout the entire film.

[Table 3]
Crack
evaluation
Example 1 A
Example 2 A
Example 3 B
Example 4 B

30

PCT/EP2024/078518

The quality of the



WO 2025/078503 PCT/EP2024/078518
31

Patent Claims

1. A compound represented by the formula (1):
R4
" oH | H, ]
R?-C"-9i-C" R0
[ O | h2
R! ‘ R®
l\_l i|_4 |6
| |
2.y 2.¢ —Cj _Ci—]7-p7 I
RLS;—[OS|,|MDS|LLR (I
L LS ol
R3 | RS
| o) |

wherein

n1is 1 or2;

n2 and n3 are each independently 1 or O;

L' to L® are each independently a single bond or C1.10 alkylene;

when L' to L8 are alkylene, one or more of non-adjacent methylene (-
CHz2-) of L" to L8 can each independently be replaced with -O-, -S-, -CO-,
-C0O-0-, -0-CO-, -0-C0O-0-, -CH=CH- or -C=C-; and

R' to R'2 are each independently -CH=CH2 or -C=CH.

2. A composition comprising
the compound according to claim 1; and
a polymer Y comprising a repeating unit A represented by the formula (A)
or a repeating unit B represented by the formula (B):
Ral
I
Si—N (A)
||Qa2 FI{aB
wherein
R23' to R23 are each independently a single bond, H, C1-10 alkyl or C1-10
alkoxy, and
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(Tbl)nbl
Si—<0os)—  (B)

wherein

RP' is each independently H, a C1-30 unsubstituted or fluorine-substituted
saturated aliphatic hydrocarbon group, unsubstituted or fluorine-
substituted aromatic hydrocarbon group, or (meth)acryloyloxy;

one or more of non-adjacent -CH2- of the saturated aliphatic hydrocarbon
group and the aromatic hydrocarbon group can each independently be
replaced with -O-, -S-, -CO-, -CO-0O-, -O-CO-, -0-CO-0O-, -CH=CH-or -C
=C-

one or more of H of the saturated aliphatic hydrocarbon group and the
aromatic hydrocarbon group can each independently be replaced with -
NH2, -N=C=0, -OH or epoxy;

nb2 is 2, 3 or 4; and

nb1 is 4-nb2.

3. The composition according to claim 2, further comprising a
polymerization initiator.

4, The composition according to claim 2 or 3, further comprising a
solvent.
5. The composition according to one or more of claims 2 to 4,

wherein the mole ratio of the compound to the polymer Y is 0.195 or less.

6. A polymer X comprising a structural unit I' represented by the
formula (I'):
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X4
"W, H,
Xe-C-8i-C X1
| ) | 2
1 | f
)I( L4 )I(D
P | L°
3y 2. _ iy 7oy I
XLSlt—[OS|t'105|tLX (1)
3 3
L L5 L
X3

wherein

n1is 1 or2;

n2 and n3 are each independently 1 or O;

L' to L® are each independently a single bond or C1.10 alkylene;

when L' to L8 are alkylene, one or more of non-adjacent methylene (-
CH2-) of L' to L8 can each independently be replaced with -O-, -S-, -CO-,
-C0O-0-, -0-CO-, -O-C0O-0-, -CH=CH-or -C=C-;

X' to X'2 are each independently -CH=CHz, -C=CH, a linking group
derived from the structure -CH=CH2 or a linking group derived from the
structure -C=CH;

provided that at least one of X' to X'2 is a linking group derived from the
structure -CH=CHz or a linking group derived from the structure -C=CH,
and the linking group bonds to another structural unit.

7. The polymer X according to claim 6, further comprising a
repeating unit A represented by the formula (A) or a repeating unit B
represented by the formula (B):

Ral
I
SN ®)
RaZ RaB
wherein

R2! to R23 are each independently a single bond, H, C1-10 alkyl or C1-10
alkoxy, and
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(Rbl)nbl

|
si—0os)—  (B)

wherein

RP! each independently represents H, a C1-30 saturated aliphatic
hydrocarbon group, aromatic hydrocarbon group or (meth)acryloyloxy;
one or more of non-adjacent -CH2- of the aliphatic hydrocarbon group
and the aromatic hydrocarbon group can each independently be replaced
with -O-, -S-, -CO-, -CO-0O-, -0-CO-, -O-C0O-0-, -CH=CH- or -C=C-;
one or more of H of the aliphatic hydrocarbon group and the aromatic
hydrocarbon group can each independently be replaced with -NH2, -
N=C=0, -OH or epoxy;

nb2 is 2, 3 or 4; and

nb1 is 4-nb2.

8. The polymer X according to claim 7, wherein the ratio of the
number of the repeating unit I' to the number of repeating unitAor B is
0.0095 or less.

9. A composition comprising
the polymer X according to one or more of claims 6 to 8; and
a solvent.

10. A method for manufacturing a cured film comprising the following
steps:

applying the composition according to claim 2 to 5 or 9 above a substrate
to form a coating film, and

heating the coating film.

1. The method for manufacturing a cured film according to claim 10,
wherein the heating is performed in an oxidizing atmosphere.

12. A cured film obtained by the method according to claim 10 or 11.

13. An electronic device comprising the film according to claim 12.
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14. A method for manufacturing an electronic device, comprising the
method according to claim 10 or 11.
15. Use of the composition according to claim 2 to 5 or 9 for forming

a cured film above a substrate.



