DESCRIPTION PHOTOSENSITIVE SILOXANE COMPOSITION,
CURED FILM FORMED THEREFROM AND DEVICE HAVING THE
CURED FILM TECHNICAL FIELD [0001] The present invention relates
to a photosensitive si-loxane composition for forming a planarization film
for a thin film transistor (TFT) substrate of a liquid crystal display device,
an organic EL display device or the like, an interlayer insulation film of a
semiconductor device, or a core or clad material of a light waveguide, a
cured film formed therefrom abé & davice (having the cured Film.
BACKGROUND ART 0002] In recent years, for example, in liquid crystal
displays LAl drgéani cCE L digplay s @ thotIfoN enhaieing tHe. BMpExanes D
ratio of a display device is known as a method for achieving further higher
precisiorifandBighel régalutitiv(féfer ié Paieht TDBcameRDLE This is a
method in which a transparent heat-resistant planarization film is prepared
on a TFT device to transmit light with more efficiency by applying a
planarization material onto the TFT device formed on a substrate 1 and
TEtheraiay cufinghe material. 0003] The materials used as the

planarization films for TFT
[0001]

The present invention relates to a photosensitive siloxane
composition for forming a planarization film for a thin film
transistor (TFT) substrate of a liquid crystal display device,
anorganicELdisplaydeviceorthe like, aninterlaver insulation
film of a semiconductor device, or a core or clad material of
a light waveguide, a cured film formed therefrom and a device

having the cured Film.

PACKGROUND ART
[0002]

In recent years, for example, in liguid crystal displays
and crganic EL displays, a method for enhancing the aperture
ratio of a display device is known as a method for achieving
further higher precision and higher rescluticn (refer to Patent
Document 1). This is a method in which a transparent
heat-resistant planarization film is prepared on a TFT device
to transmit light with more efficiency by applying a

planarizationmaterial onto the TFT device formed on a substrate



substrates are required to become highly heat resistant and highly
transparent after curing, and as the materials having these
characteristics, polysiloxane and silicone polyimide precursor are known
(refer to Patent Documents 2, 3, 4). 0004] Generally, when an organic
compound is used for the planarization films for TFT substrates, its cured
film had a problem that an adequate adhesiveness to a substrate surface
or a device surface composed of metal or an inorganic substance is not
and@chieved4dn addition ta 4he peolilems of hieat resistance and transparency.
Therefore, a composition made by adding a silane coupling agent to a
[0 pbenolic resin and a quinone di aside
compoundforimprovingtheadhesiveness(refertoPatent Document 5), and
a conpositidremade hy adding a silanecbupkng agentoto &n hcryliCaesint T
and a quinone diazide compound (refer to Patent Document 6) are
suknowar keseither technolog the sitermeroeuplingragentsis added i order tend

improve adhesiveness to a substrate. However, when the silane coupling
hiagent israddeck teepalysiioxanesfor the samedurposécamadequates having

adhesiveness to a substrate surface or a device surface can be achieved
thedthoutdmpairinggh heat resistanceand highrtransphtencys bot therai2ie

is a problem that strains or cracks are generated depending on kinds of
preolveatstuseckinlanresist-stigping treatméertiy av alkalinesselvent, which

is performed to process an upper layer of a cured film after forming the
[Oedred film.

Generally, when an organic compound is used for the
planarization films for TFT substrates, its cured film had a
problem that an adequate adhesiveness to a substrate surface
or a device surface composed of metal or an inorganic substance
is not achieved in addition to the problems of heat resistance
and transparency. Therefore, a composition made by adding a
silane coupling agent to a phenclic resin and a quinone diazide
compound for improvingthe adhesiveness (refertcoPatent Document
5}, and a composition made by adding a silane coupling agent
to an acrylic resin and a quinone diazide compound (refer to
Patent Document 6) are known. In either technology, the silane
coupling agent is added in ocrder to improve adhesiveness to a
substrate. However, when the silane coupling agent is added
to polysiloxane for The same purpose, an adequate acdhesiveness

roasubstrate surfaceoradevice surface canbe achievedwithout

impalring high heat resistance and high transparency, but there



[0005] Further, it is known that the adhesiveness is improved by adding
aromatic bisimide oligomer to polyimide (refer to Patent Document 7) .
However, since aromatic bisimide oligomer has absorption in a visible
light region, the addition of the aromatic bisimide oligomer to polysiloxane
enables to provide adequate adhesiveness to the substrate surface or the
device surface and inhibit the occurrence of cracks due to an alkaline
solvent, but it causes a problem of transparency. [0006] On the other
1 s hand, @ gikooné polyimide. precursor has are excelentadhesiveressdortheon
substrate surface or the device surface and crack resistance against the
kiafkaling sohventbecausedt hasa strsctere-oftarsibaneccouptiagragentlay an
the end and a cured film formed from the silicone polyimide precursor has
allaalimido hohdebat thesiticone polyifiderprecursor has darger shrinkagbayer
during curing in its conversion to imido by heat because it has an amic
of agidstrctureiand thereford itdoesnot haveusufficiéntl planarization
characteristics. Patent Document 1: Japanese Patent Publication No.
[0D0DB6-227649 3 (claim 1) Patent Document 2: Japanese Patent
Publication No. 2006-18249 (claim 1) Patent Document 3: Japanese
Patérit Publication- Nos 8289894t (@ainis g, dhesiveness is improved

by adding aromatic bisimide oligomer to polyimide (refer to
Patent Document 7). However, since aromatic bisimide oligomer
has abscorpticn in a visible light region, the addition of the
aromatic bisimide oligomer to polysiloxane enables to provide
adequate adhesiveness to the substrate surface or the device
surface and inhibit the occcurrence of cracks due tec an alkaline
solvent, but it causes a problem of transparency.

1000¢]

On the cother hand, a silicone polyimide precursor has an
excellent adhesiveness to the substrate surface or the device
surfaceandcrackresistanceagainstthealkalinesolvent because
it has a structure of a silane coupling agent at the end and
a cured film formed frem the silicone polyvimide precursor has
an imido bond, but the silicone peolyimide precursor has large
shrinkage duringcuringinitsconversionto imidoby heatbecause
1t has an amic acid structure and therefore it does not have
sufficient planarization characteristics.

Fatent Document 1: Japanese Patent Publication No. 2006-227649



Patent Document 4: Japanese Patent Publication No. 9-291150 (claim 1)
Patent Document 5: Japanese Patent Publication No. 2003-43688 (P.8)
Patent Document 6: Japanese Patent Publication No. 2005-49691 (p.18)
Patent Document 7: Japanese Patent PublicationNo. 10-1542 (claim 1)
DISCLOSURE OF THE INVENTION Problems to solved by the Invention
[0007] The present invention has been made in view of such a situation,
and it is an object of the present invention to provide a photosensitive
( csHoxane)composition which makes it possible to provide a cured film
having low shrinkage during curing and high transparency after thermal
Pa curing Deuppressing thea pecursen e ot eracksiduetetarcalkatine XohMent 824 9
and exhibiting excellent adhesiveness to a substrate. 4 It is also an object
(cobthe present invention to provide device materials, such as a
heat-resistant insulation film, a planarization film for a TFTsubstrate, an
Paimtertayier dnsedation? filmMzaxorser Elatdanatefial, Bhddahe dike Nwhich-haves o4
the above-mentioned characteristics. Means for solving the Problems

(c[0008} 1, 2)
Patent Document 4: Japanese Patent Publication No. 9=-291150
{claim 1)

Patent Document 5: Japanese Patent Publication No. Z003-43686
(p.8)

Patent Document 6: Japanese Patent Publication No. 2005-49651
(p.18)
PatentDocument?:Japanese?atentPublicationNo.i0—1542(cléim

1)

DISCLOSURE OF THE INVENTION
Problems to soived by the Invention
[0007]

The present invention has bsen made in view of such a
situation, andit isanobiject of the present inventiontoprovide
a photosensitive siloxane composition which makes it possible
to provide a cured film having low shrinkage during curing and
high transparency after thermal curing, suppressing the
occurrence of cracks due to an alkaline solvent and exhibiting

excellent adhesiveness to & substrate.



That is, the present invention pertains to a photosensitive siloxane
composition containing (a) polysiloxane, (b) a quinone diazide compound,
(c) a solvent, and (d) one or more kinds of imidosilane compounds
represented by the general formulas (1) to (3) : [0009] [Formula 1] Ri O
O RiR1-i-R2-NR3~N-R4-Si-R1 (1) 111~ RO10R ORIR3
N--RZ-Si-R' (2) 1II/ 10O R15RI zk' Ra N R3-R2i-R1 (3) O Il [0010]
wherein R's may be the same or different and each represents an alkyl
groupthavinglE to &'carbor atoms, ahalkorsgroupihandng ibto 6carboride
atoms, a phenyl group, a phenoxy group or an organic group replaced
de Withethent,sR2 ahd R4 wepresent dachtardivaleptant insulation film, a
planarization film for a TET substrate, an interlayer insulation
film, a core or clad material, and the like, which have the

above-mentioned characteristics,

Means for sclving the Problems
[0008]

That is, the present inventionpertains to a photosensitive
siloxane composition containing (a) polysiloxane, (b) a quinone
diazide compound, (¢} a solvent, and (d) cne or more kinds of
imidosilane compounds represented by the general formulas (1)
to (3):

[0009)]

[Formula 1]

PR Ror
R‘—Si—RZ—NkRAN—R“—s!,e—MR“ (1)
P
R O o R’
9] R
A,
R‘“’YN ~R?—si—R! 2)
|
|
o) R’



organic group having I to 10 carbon atoms, R3 represents an organic
group not containing a silicon atom and having 2 to 20 carbon atoms
(provided that R3 represents an organic group other than a phenyl group
in the general formula (1) and represents an organic group, not
containing an unsaturated bond, other than an alicyclic group in the
general formula (2)), and Ra represents a hydrogen atom or an organic
group not containing a silicon atom and having 1 to 20 carbon atoms.
Effects of tlaf Invention [00&1] The composition of the present invention
has high sensitivity and high resolution in forming patterns and makes it
possiple Mﬁ 2 cuked filr i@'j@ hi%g transparency, excellent solvent
resistdnce igh adhesiveness to a\6 Substrate. BEST MODE FOR
CARRYING,OUT THE INVENTION [0012] The present invention pertains
to a photosensitivesiloxane FEomposition containing (a) polysiloxane, (b) a
IOafg\ﬂi@one diazide compound, (c) a solvent, and (d) one or more kinds of
imidosilane compounds represented by the general formulas (1) to (3):

whg¥gfi[§9gn%§§2g%C%%gRggééhgg_ 5 fgkg%éag%%(%ach represents

an alkyl group having 1 tc 6 carben atoms, an alkoxy group having
1 to 6 carbon atoms, a phenvyl group, a phenoxy group or an organic
group replaced with them, r? and R* represent each a divalent
organicgrouphaving}ﬁxalocarbonatoms,R?representsamorganic
group not containing a silicon atom and having 2 to 20 carbon
atoms (provided that R’ represents an organic group other than
- aphenylgroupinthegeneral formula (1) andrepresentsanorganic
group, not containing an unsaturated bond, other than an

alicyclic group in the general formula (2)), and R, represents
a hydrogen atom or an crganic group not containing a silicon

atom and having 1 te 20 carbon atoms.

Effects of the Inventicn
[0011]

The composition of the present invention has high
sensitivity and high resclution in forming patterns and makes
it pessible to form a cured film having high transparency,

excellent sclvent resistance and high adhesiveness to a



R1 O 1 O R1R3yN-R2-s;RI (2) OR'R1 RaNR3R2 ~i RI (3) o0[0014;
wherein RIs may be the same or different and each represents an alkyl
group having i to 6 carbon atoms, an alkoxy group having 1 to 6 carbon
atoms, a phenyl group, a phenoxy group or an organic group replaced
with them, R2 and R4 represent each a divalent organic group having 1
to 10 carbon atoms, R3 represents an organic group not containing a
silicon atom and having 2 to 20 carbon atoms (provided that R3

sulpgresefts an organic group other than a phenyl group in the general
formula (i ) and represents an organic group, not containing an
unsaturated bond, other than an alicyclic group in the general formula (2)
), and Ra represents a hydrogen atom or an organic group not containing

BEAlsiNEIPE atéih antiTatinty 196 207¢HEb St ataws. Alstructure of (a)
polysiloxane used in the present invention is not particularly limited, but

| Opteferable aspects of the polysiloxane include polysiloxane obtained by
mixing and reacting one or more kinds of organosilanes represented by
the?ﬁ@@ﬁﬁﬁﬁﬁ@&p@gp@@quertainstoa$ﬁmmosensitivesiloxane

composition containing (a) polysiloxane, (b) a quinone diazide
compound, {(c} a solvent, and {(d) one or more kinds of imidosilane
compounds represented by the general fermulas (1) to (3):
[0C13]

iFormula 2]

Flﬁ O O R
RL—S'A—RZ—N)“];RS#N——R“—S[in (1)
R’ O 0 F'f
i T“
R"’YNWRLSEimR" 2)
0 R"

R®*—R?*—8i—R' (3)

[0G14:
wherein R's may be the same or different and each represents

an alkyl group having 1 to 6 carbon atoms, an alkoxy group having

-1



[Formula 3; (R'+-Si-(-OR 6 (4) M 4-m [00161 wherein Ras represent any
of hydrogen, an alkyl group having 1 to 10 carbon atoms, an alkenyl
group having 2 to 10 carbon atoms and an aryl group having 6 to 15
carbon atoms and plural R5 may be the same or different, R's represent
any of hydrogen, 8 an alkyl group having 1 to 6 carbon atoms, an acyl
group having 1 to 6 carbon atoms and an aryl group having 6 to 15
carbon atoms and plural R5 may be the same or different, and m
1 representsran integerabzeroytd 3:The alkybyroupy the atkenylgeoup amenic
the aryl group represented by R5 in the general formula (4) all may have
gravsubstitientot may betareunsibstitute groap net havingaa: substituent,ent
and these can be selected according to a characterlstlc of the
or gempositionSpetificekamplesefihen alkyinypoup inekiese nietyh groapni.c
an ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, a
grepatylgrogynas hrhexylgrolp lavn-décyhgrowp, etfifluerémethyl greap pon
a 2,2,2-trifluoroethyl group, a 3,3,3-trifluoropropyl group,

ataBylyeidesyitepylgietp2-(3arepesityelchexyhetiylgraupe i other than
3-aminopropyl group, a 3-mercaptopropyl group, and a ‘

a LRy arREpropyl rdliy Shetifie Brdmplesiof tHe kikes agroap inelidenic
a vinyl group, 3-acryloxypropyl group and

group, not containing an unsaturated bond, other than an

alicyclic group in the general formula (2)), and B, represents

a hvdrogen atom or an organic group not containing a silicon

atom and having 1 to 20 carbon atoms.

A structure of (a) polysiloxane used in the present
invention is not particularly limited, but preferable aspects
of the polysiloxane include polysiloxane ocbtalined by mixing and
reacting cne or more kinds of organcsilanes represented by The
general formula {(4):

(00153
[Formula 3]
(R®—si{-0R5) (4)
m 4-m
[0cie]
wherein R’s represent any of hydrogen, an alkyl group having
1 to 10 carbon atoms, an alkenyl group having 2 toc 10 carbon

atoms and an arvl group having 6 to 15 carbon atoms and plural

R® may be the same or different, R®s represent any of hydrogen,



3-methacryloxypropy! group. Specific examples of the aryl group include
a phenyl group, a tolyl group, a p-hydroxypheny! group,
1-(p-hydroxyphenyl)ethyl group, a 2-(p-hydroxyphenyl)ethyl group,
4-hydroxy-5-(p-hydroxyphenylcarbonyloxy)pentyl group and naphthyl
group. ;0017] 9 The alkyl group and the acyl group represented by R6 in
the general formula (4) all may have a substituent or may be an
unsubstituted group not having a substituent, and these can be selected
anagcerding:toacharacteristic of the compositiam sSpecificexamptes-oftheing
alkyl group include a methyl group, an ethyl group, an n-propyl group, an
1 tsopropylroupt and anchsbutyl-group.Spetific exaniples dvEtheacyln atoms
group mclude an acetyl group. Specific examples of the aryl group
aningiidera JpRénykgroup. ithesgereralformalReddm representsapresents
integer of 0to 3. If mis 0, the formula represents a tetrafunctional silane,
anapd fands 190 thezformulaorepresents a trifunctional silane, and if m is 2,
the formula represents a difunctional silane, and if m is 3, the formula
représeénts Bimonefunationalh siland: §0018)gExamplescofithe aryl group
organosilanes represented by the general formula (4) include
reﬁﬁﬁﬁ@@ﬁﬁﬁ%wgnﬁheg@ugegsgeneral formula (4) all may have a

substituent or may be an unsubstituted group not having a
substituent, and these can be selected according to a
characteristic of the composition. Specific examples of the
alkyl group include a methyl group, an ethyl group, an n-propyl
group, an iscpropyl group, an n-butyl group, a t-butyl group,
an n-hexyl group, an n~decyl group, a trifluoromethyl group,
& 2,2,2-triflucrocethyl group, a 3,3,3-triflucropropyl group,
a 3-glycidoxypropylgroup, 2- (3, d-epoxycyclohexyl)ethyl group,
a 3-aminopropyl group, a 3-mercaptopropyl group, and a
3-isocyanatepropyl group. Specific examples of the alkenyl
group.inciude a vinyl group, 3-acryloxypropyl group and
3-methacryloxypropyl group. Specific examples of the aryl
group include a phenyl group, a tolyl group, a p-hydroxyphenyl
group, l-{p-hydroxyphenyl)ethyl group, a
Z2-({p-hydroxyphenyl)ethyl group,

4-hydroxy=-5- (p-hydroxyphenylcarbonyloxy)pentyl group and
naphthyl group.

(0017}



tetramethoxysilane,tetraethoxysilane,tetraacetoxysilane and
tetraphenoxysilane; trifunctional silanes such as methyltrimethoxysilane,
methyltriethoxysilane, methyltriisopropoxysilane, methyl tri-n-buthoxy
silane, ethyltrimethoxysilane, ethyltriethoxysilane,
ethyltriisopropoxysilane, ethyl tri-n-buthoxy silane, 10
n-propyltrimethoxysilane, n-propyltriethoxysilane, n-bthyltrimethoxysilane,
n-butyltrimthoxysilane, n-hexyltrimethoxysilane, n-hexyltriethoxysilane,

decyltrimethioxysitane, vicyltimetkoxysitane - vinylttiethoxysitanegd by R° in
3-methacryloxypropyltrimethoxysilane,
t h 3-methaciyloXypropyiriethoxysilanes 3-aerdoxy propdtrimethoxysilaneay be
phenyltrimethoxysilane, phenyltriethoxysilane,
anpzhydroxyphemndttimethoxysitanézving 2 substituent, and these can
1-(p-hydroxyphenyl)ethyltrimethoxysilane,
be 2s(@@thydrexyphenylitthyitrimethaxysilangeristic of the composition.
4-hydroxy-5-(p-hydroxyphenylcarbonyloxy)pentyltrimethoxysil ane,
SptriflubiomethyitimethoxXysilanea tfifidoromethyltrietiodsilansethy L group,
3,3,3-trifluoropropyltrimethoxysilane, 3-aminopropyltrimethoxysilane,
an3eaminbpropyctriethoxystane; 3iglycidoxypropyltemetiooxysilaneip, and an
3-g'ycidoxypropyitriethoxysilane,
n-y8ykepoxyeyclohexydyethyitrimethokysilade @nd acyl group include an
acetyl group. Specific examples of the aryl group include a
phenyl group.

In the general formula (4), m represents an integer of
0 te 3. If m is 0, the formula represents a tetrafunctional
silane, and if m is 1, the formula represents a trifunctional
silane, and if m is 2, the formula represents a difunctional
silane, and 1f m is 3, the formula represents a monofunctional
silane.

[co18]

Examples of the organosilanes represented by the general
formula (4) include tetrafunctional silanes such as
tetramethoxysilane, tetrasthoxysilane, tetraacetoxysilane and
tetraphenoxysilane; trifuncticnal silanes such as
methyltrimethoxysilane, methyltriethoxysilane,
methyliltriisopropoxysilane, methyl tri-n-buthoxy silane,

ethyltrimethoxysilane, ethyltriethoxysilane,

ethyltriisopropoxysilane, ethyl tri-n-buthexy sllane,

10



3-mercaptopropyltrimethoxysilane; difunctional silanes such as
dimethyldimethoxysilane, dimethyldiethoxysi].ane,
dimethyldiacetoxysilane, di-n-butyldimethoxysilane and
diphenyldimethoxysilane; and monofunctionai silanes such as
trimethyimethoxysilane and tri-n-butylethoxysilane. 11 Among these
organosilanes, a trifunctional silane is preferably used in view of the crack
resistance and hardness of a cured film. Further, these organosilanes
n-praypbe usedsingly: v maybe used ivepmbinatiohof two ormaore
species. [0019] As (a) polysiloxane of the present invention, polysiloxane
n-forpvdd- By eepblgmesizing silicapariicles imaydeosed: Examples of a
method of copolymerizing silica particles include a method in which
- Iigsil 6 Xame SyrtHesizéd from threhgbovketmentiomed, ofdganssilane is
reacted with silica particles, and a method in which the above-mentioned
de@yganosiahs ¥ ieakled with Silical parieidsteobtain Potysiloxane. The
_silica particles are incorporated into the polysiloxane and at least a part of
v 1ifye (polysioRané isletigmicalyresdsled withvirie siliea partisles heosupletane ,
with the silica particles by a covalent bond), and thereby, the fluidity of the
3-pohHexaie isIBwarsd. Sag§ingomyFates during thermal curing is
inhibited, and the resolution of patterns after thermal curing is improved.
3~ HF e AretideP IR ER BB lyaitexariel B reactedsyith- Siiéa araelss Lthene

silica particles are cents inedin the composition
phenyltriethoxysilane, p-hydroxyphenyltrimethoxysilane,

1-{(p-hydroxyphenyl)ethyltrimethoxysilane,

2- (p-hydroxyphenyl)ethyltrimethoxysilane,

d-hydroxy-5- (p-hydroxyphenylcarbonyloxy)pentylitrimethoxysil
ane, trifluoromethyltrimethoxysilane,
triflucromethyltriethoxysilane,
3,3,3-triflucropropyltrimethoxysilane,
3-amincopropyltrimethoxysilane,
J-aminopropyltriethoxysilane,
3-glycidoxypropyltrimethoxysilane,
3-glycidoxypropyltriethoxysilane,
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane and
3-mercaptopropyltrimethoxysilane; difunctional silanes suchas
dimethyldimethoxysilane, dimethyldiethoxysilane,
dimethyldiacetoxysilane, di-n-butyldimethoxysilane and
diphenyldimethoxysilane; and menofunctional silanes such as

trimethylmethoxysilane and tri-n-butylethoxysilane.

11



as an independent component, but they are incorporated into the
polysiloxane by heating during pre-baking or curing. 0020] A number
average particle diameter of the silica particle 12 to be used is preferably
2 to 200 nm, and more preferably 5to 70 nm. When the number average
particle diameter is smaller than 2 nm, an improvement in the resolution
of patterns is not sufficient, and when the particle diameter is larger than
200 nm, the resulting cured film scatters light and the transparency of the
curedtitingis deteroratezk: Hereina as for thetuhibarcaverage particlae 1s
diameter of the silica particle, in a specific surface area method, the silica
prpaficteslareidist andfired, spetifie surface areas ofthedesalinghardness
particles are measured, and then particle diameters are derived from the
of gpecificSurface artasHssumeédthat thopadiclesare spletiealtged singly
determine an average particle diameter in terms of a number average
orvEiyE. Euisment GsetbTor edsutihgthe Gveraije particlesdiametet s
not particularly limited, and for example, ASAP 2020 (manufactured by
[OMi¢tomeritics Instrument Corp.) can be employed.. [0021] The silica
particles are obtained by a method of hydrolyzing and polycondensating
one OF nhdrelinds 61 aIkExyE SHardsiR &S Présence b water Hh- gijanieiane
solvent and a base (preferably ammonia). The silica particles dispersed in
foﬁﬁggaaﬁ@gg&gwﬁrizingSilicaparticlesmaybeused. Examples

of a method of copolymerizing silica particles include a method
in which polysiloxane synthesized from the above-mentioned
organosilane is reacted with silica particles, and a method in
which the above-mentioned organosilane is reacted with silica
particles to obtain polysiloxane. The silica particles are
incorporated into The polysiloxane and at least a part of the
polysilozane is chemically coupled with the silica particles
{coupled with the silica particles by a covalent bond), and
thereby, the fluidity of the polysiloxane is lowered, sagging
inpattersduring thermal curing 1s inhibited, andthe resclution
of patterns after thermal curing i1s improved.

in the method in which polysiloxane 1is reacted with silica
particles, the silicaparticles are contained in the composition
as an independent component, but they are incorporated into the
polysiloxane by heating during pre-baking or curing.
(60207

A number average particle diameter of the silica particle

12



is obtained by replacing water, which is a dispersion medium of the
water-based silica particle, with the organic solvent. Examples of a
method of replacing the dispersion medium include 13 a method in which
an organic solvent is added to water-based silica particles and water is
distilled off by way of distillation, and the like. There may be cases where
a part of the surface of the silica particle is esterified by addition of lower
alcohol depending on the species of the solvent. The silica particle
to dispersed in the veganielsblventis preferable fnor the-wiewpdirtefoly 5 to
compatibility with the polysiloxane or the quinone diazide compound.
70[0022) @pecificrexamples of ves sitica partictescineluttestPA-8T Usingnaller
isopropanol as a dispersion medium and having a particle diameter of 12
tham MIBK-8T: usipg methyrisobutyt ketoresas atdispersiopsmediunsand not
having a particle diameter of 12 nm, IPA-ST-L using isopropanol as a
suflispetsion medidnvand Having s particte dinmetérof 45 NmrPA=SThZh 200
using isopropanol as a dispersion medium and having a particle diameter
nm pftE00 as L PCVMSTWshiy propyieratglycsl moromethiykéthérmsigparency
dispersion medium and having a particle diameter of 15 mm (these are
oftidee pakfes, Madnufagtied dyiNissas Cherfieakihdustries, ¢1d ) MOSTAlbe T
101 using gamma-butyrolactone as a dispersion medium and having a
av pHRitte kidhétel oI GSCAL T05using gampiacbitytslacione sBerific
dispersion medium and having a particle diameter of 60 nm,
surface area method, the gsilica particles are dried and fired,

specific surface areas of the resulting particles are measured,
and thenparticlediameters arederived fromthe specificsurface
areas assumed that the particles are spherical to determine an
average particle diameter in terms of a number average value.
Egquipment used for measuring the average particle diameter is
not particularly limited, and for example, ASAP 2020
(manufactured by Micromeritics Instrument Corp.) can be
employed.
[0021]
Thesllicaparticlesarecbtainedbyamethodof hydrolyzing
and polycondensating one or more kinds of alkoxy silanes in the
presence of water, an crganic solvent and a base (preferably
ammonia). Thesilicaparticlesdispersedintheorganicsclvent
is obtained by replacing water, which is a dispersion medium
of the water-based silica particle, with the organic solvent.

Exanmples of a method of replacing the digpersion medium include

13



OSCAL 106 using diacetone alcohol as a dispersion medium and having
a particle diameter of 120 nm, CATALOID-S using water 14 as a
dispersion medium and having a particle diameter of 5to 80 nm (these
are trade names, manufactured by Catalysts & Chemicals Ind. Co., Ltd.),
Quartron PL-2L-PGME using propylene glycol monomethyl ether as a
dispersion medium and having a particle diameter of 16 nm, Quartron
PL-2L-BL using gamma-butyrolactone as a dispersion medium and

a rhavingia particle ctiaareter-odid nms Quartron PL-2HRAAtUsingiter-based
diacetone alcohol as a dispersion medium and having a particle diameter

s10f&Z narQuarten P2l and GR-2Ldising. Watet asfd dispersign o £
medium and having a particle diameter of 18 to 20 nm (these are trade

di samek: tthanufacturediby EUSO. CHEMICALR SO LH & TER); Silicah§Si62Rr part
SG-SO 100 having a particle diameter of 100 nm (trade name,

of rharufactiret: B KCM Eorpl); anthREDLIGSIL: havirgra pasticle diafwsiéri on
of 5to 50 nm (trade name, manufactured by Tokuyama Corp.). Further,

of thesesilicaquarticlesanay. Hermay betused pdonecer infcombinationsof twolhe
or more species. [0023] It is preferable the surface of the silica particle

silsed have aaeactivegroussince thescouplinglof thelpolysildxame aigrable
the silica particles becomes easy and film strength is enhanced.

fr graniptes bt thecraaictivd grotpr inelddelliyidioxyl tgroups suchyvassitarole or
alcohol and phenol, vinyl groups, acrylic groups, ethynyl groups, epoxy

thgronpsrant: amisg grupsoByound.

[6022]

Specific exanmples of the silica particles include IPA-S5T
using isopropancl as a dispersgion medium and having a particle
diameter of 12 nm, MIBK-ST using methyl isobutyl ketone as a
dispersion medium and having a particle diameter of 12 nm,
TPA-ST-L using isopropancl as a dispersion medium and having
a particle diameter of 4% nm, IPA-ST-ZL using iscpropancl as
a dispersion medium and having a particle diameter of 100 nm,
PGM~ST using propylene glycol monomethyl ether as a dispersion
medium and having & particle diameter of 15 nm (these are trade
names, manufactured by Nissan Chemical Industries, Ltd.), OSCAL
101 using gamma-butyrolactone as a dispersion medium and having
aparticlediameter of 12 nm, OSCAL 105 using gamma-butyrolactone
as a dispersion medium and having a particle diameter cf 60 nm,
OSCAL 106 using diacetone alcohol as a dispersion medium and

having a particle diameter of 120 nm, CATALOID-S using water
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reacting the silica particle with alkoxy silane having a reactive 15 group,
the silica particle having a reactive group at the surface can be obtained.
As a matter of course, the silica particle having a substituent not having
the reactive group such as a methyl group, a phenyl group or the like may
be used as long as it does not impair the effect of the present invention.
[0024] In the case where the silica particle is used, a mixing ratio of the
silica particle to the polysiloxane is not particularly limited, but it is
a s preferablyrlstoo50%ein terms nof thewatig of the number of Siratommofes to
of the silica particle to the number of Si atom-moles of the whole polymer.
80 Witen! this ratio ¥ more tsam50%s theneompatitiilitybbtiveefdhe lvsts &
polysiloxane and the quinone diazide compound is deteriorated and the
Cheransparercydef Gccuretfitmlis dbtericrated PThe fatkStEthes numigeragf Siene
atom-moles of the silica particle to the number of Si atom-moles of the
91iitole poFyamsttban be deterndined by calctifating a ratiblofta galierofving a
integral of a peak of Si-C bond to a value of integral of a peak of Si-0
papond it IRIARERhisTatié Canfiot Be deteraingd-bédause theioverlap of
the peaks is large, it can be determined by determining a structure of the
J2RiGHOMErGther Hatlthe partitles by HNMR A18rCaNMRE IR DCRMS drc L e
the like and analyzing the proportion between a gas generated and ash
diﬁﬁﬁéﬁﬁh@fa§§uﬁ@dfﬁﬁﬁéﬁﬁ@ﬁ PL-Z2L~DAA using diacetone alcohol

as a dispersion medium and having a particle diameter of 17 nm,
Quartron PL-ZL and GP-2L using water as a dispersion medium and
having a particle diameter of 18 to 20 nn (these are trade names,
manufactured by FUSO CHEMICAL CO., LTD.), Silica (S10:) SG-30
l00havingaparticlediameterof 100 nm (trade name, manufactured
by KCM Corp.), and REOLOSIL having a particle diameter of 5 to
50 nm (trade name, manufactured by Tokuyama Corp.). Further,
these silica particles may be may be used alone or in combination
of two or more species.

[0cz3;]

It is preferable the surface of the silica particle used
have a reactive group since the coupling of the polysiloxane
with the silica particles becomes easy and film strength is
enhanced. Examples of the reactive group include hydroxyl
groups suchas silanol, alcohol andphenol, vinyl groups, acrylic
groups, ethynyl groups, epoxy groups and amino groups. By

reacting the silicaparticlewithalkoxyeilane havinga reactive
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is Si02) in an elemental analysis method. 16 0025] From the viewpoint of

achieving compatibility between crack resistance and hardness of the film

in polysiloxane, the content of the phenyl group in the polysiloxane is

preferably 20 to 70 mol% with respect to the amount of Si atoms, and

more preferably 35 to 55 mol%. When the content of the phenyl group is

more than 70 mol%, the hardness of the film is lowered, and when the

content of the phenyl group is less than 20 mol%, the crack resistance is
grdeteriorated. Theacpatent of thephenylgreup: can be determinedsfarur face

example, by measuring a 29Si-nuclear magnetic resonance spectrum of
capolysiloxane and caleulatinghat ratio effthecpeaksarealof St having aphenylle

group bonded to the peak area of Si having no phenyl group bonded.

ha{Q0R6]a Theweight avrerage moleetilay weight{ M) afithe cpalysiloxane zs a
used in the present invention is not particularly limited, but it is preferably
nei1B00 tgA000000mtherpalystyrene eguivatent basisnangasaretsby GRC Long

(gel permeation chromatography), and more preferably 2000 to 50000.
a5 Wherithes Mwiis smaleérthan<l 000f the: codtabitity gfthesomposition:1on.
becomes poor, and when it is larger than 100000, the solubility of the
[ 0@Bmposition in a developer during patterning is deteriorated. Polysiloxane
which is soluble in an aqueous alkaline solution is preferably 2000 to
50000, anctheweightere the silica particle 1s used, a mixing
ratio of the silica particle to the polysiloxane is not
particulariy limited, but it is preferably 1 to 50% in terms
of the ratio of the number of Si atom-moles of the silicaparticle
to the number of 31 atom-moles of the whole polymer. When this
ratio is more than 50%, the compatibllity between the
polysiloxane and the gquinone diazide compound i1s deteriorated
and the transparency of a cured film is deteriorated.

The ratio of the number of Si atom~mcles of the silica
particle to the number of Si atom-mecles of the whole polymer
can be determined by calculating a ratio of a value of integral
of a peak of $1-C bond to a value of integral of a peak of 31-C
bond in IR. When this ratio cannot be determined because the
overlapof the peaks is large, it canbe determined by determining
a structure of the monomer other than the particles bylH—NMR,
PC-NMR, IR, TOF-MS or the like and analyzing the proportion

between a gas generated and ash remaining (assumed that all ash

1g Si0;) in an elemental analysis method.
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17 average molecular weight of the polysiloxane is preferably 5000 to
100000. When the Mw is smaller than 5000, a temperature at which
sagging in patterning due to heat occurs may be lowered. 0027] The
phrase "at least a part of the polysiloxane is chemically coupled with the
silica particles (coupled with the silica particles by a covalent bond)",
described above, means that reaction occurs between silica components
in the silica particles andapartofthepclysiloxaneofamatrix, and the silica
[Uparticles are incorporated at a fixed density into the polysiloxane. This
state can be verified by observing a boundary zone between the silica
partfciBrid tha polsiloxarel\ith atrahsthissidredlebtron tmierdseope crack
(hereinafter, abbreviated as TEM). When the silica particles are
reghéficklly esdpledrdits &t least kephit'ot e Asolysilbkanens bodmdasntent
line between the silica particle and the polysiloxane is not observed by a
OF TEN SPsErvAtiGH A Bysterhl i Whichsthe SHrcapartickedrerciemicaflyto 70
coupled with at least a part of the polysiloxane, is more preferable than a
Mo &ysterh iInAFHiER the Samesafitrint bf&flice partities anrcdaeed fpgerably
polysiloxane in that this system not only prevents the precipitation of silica
25 phfticle’s fibita p@ﬁ&ké\:ﬂlﬁln?ﬂﬁﬁﬁ&’de@élo%rﬁ?ﬁﬁ%yélsé T6Wersithemore

quiditg of the polysiloxane, inhibits sagginﬂ%rin patters during thermal

Ehafiring, BRdimrdteR Re resSsiution St atietis atertanfial rgid when the

content of the phenyl group is less than 20 mol%, the crack
resistance is detericrated. The content of the phenyl group
can be determined, for example, by measuring a “*Si-nuclear
magnetic resonance spectrum of polysiloxane and calculating a
ratio of the peak area of 31 having a phenyl ¢roup beonded to
the peak area of Si having no phenyl group bonded.

[0026]

The weight average molecular weight (Mw) of the
polysiloxane used in the present invention is not particularly
limited, but it is preferably 1000 to 100000 on the polystyrene
equivalent basis measured by GPC (gel permeation
chromatography), and more preferably 2000 te 50000, When the
Mw is smaller than 1000, the coatability of the composition
becomes poor, and when 1t is larger than 100000, the solubility
of the composition in a developer during patterning is
deteriorated. Polysiloxane which is scluble in an agueous

alkaline solution is preferably 2000 to 50000, and the weight



curing. [0028] Polysiloxane in the present invention is obtained by
hydrolyzing and partially condensing the above-mentioned organosilane.
A common method can be used for the hydrolysis and partial
condensation. For example, a solvent, water, and a catalyst as required
are added to a mixture, and the obtained mixture is heated and stirred.
During stirring, as required, the hydrolysis by-product (alcohols such as
methanol) and condensation by-product (water) may also be distilled off.
av§0029} AS ferca praduetigrmethodef thel pelysitoxane irsthe edseadfly 5000
coupling the polysiloxane with silica particles, the polysiloxane is obtained
to byl method ifnwhittna sbivest ana whater, Land abdetalyst asregeired are at
added to the organosilane to hydrolyze the organosilane, and the silica
wh patticles and the rhydiolyzed grganosilanelsre partiallyrcondensed [ The red.
silica particles may coexist with the organosilane from start, or the silica
[Oparticles may be added after hydrolyzing and polymerizing the
organosilane to form polysiloxane and the resulting mixture may be
furthenheated sbutatnmethot s which thd: silical partitlesaareiaddbgmical ly
dropwise immediately after hydrolyzing the organosilane, is preferable
cofprethewAdRpoint o éorhpatitsiity - {0030] 10-The rexttion Solvent isspdti ca
particularly limited but a
particles by a covalent bond)”, described above, means that

reactionoccurshetweensilicacomponentsinthesilicaparticles
andapartof thepolysiloxaneofamatrix, andthesilicaparticles
are incorporated at a fixeddensity into thepolysiloxane., This
state can be verified by chserving a boundary zone hetween The
gilicaparticleandthepolysiloxanewithatransmigsionelectron
microsceope (hereinafter, abbreviated as TEM). When the silica
particles are chemically coupled with at least a part of the
polysiloxane, a boundary line between The silica particle and
the polysiloxane is not observed by a TEM observation.

A system, in which the silica particles are chemically
coupled with at least a part of the polvsiloxane, is more
preferable than a system in which the same amount of silica
particles are added to the polysiloxane in that this system not
only prevents the precipitation <f silica particles from a
rre-baked filmduring development, but also lowers the fluidity
of the polysiloxane, inhibits sagging inpatiers during thermal

curing, and improvas the rescolufion of patterns after thermal
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solvent similar to (c) a solvent described later is commonly used. An
additive amount of the solvent is preferably 10 to 1000% by weight with
respect to 100% by weight of organosilane or 100% by weight of a total
amount of organosilane and silica particles. An additive amount of water
to be used for a hydrolysis reaction is preferably 0.5 to 2 moles with
respect to 1 mole of a hydrolyzable group. [0031] The catalyst added as
required is not particularly limited but an acid catalyst and a basic catalyst
cup@preferably used. Specific examples of the acid catalysts include
hydrochloric acid, nitric acid, sulfuric acid, hydrofluoric acid, phosphoric
([ C@éfd] acetic acid, trifluoroacetic acid, formic acid, polyhydric carboxylic
acid or anhydride thereof, and an ion-exchange resin. Specific examples
of therbasic: tatadyst include gietipamirie, Lprapylamines tribuitylanmge by
tripentylamine, trihexylamine,
by HitfebfyiaRing fribtfaniine diethjrandAe tiéwanbianine v dictisariclamie,
sodium hydroxide, potassium hydroxide, alkoxy silane having an amino
Orgiotiptand af ionfeXcHERge resin afh eRfdifire Bffeting of the:eatalysiis vsis
preferably 0.01 to 10% by weight with respect to 100% by weight of
angrgafdsianes [0052] SMHER of the Eoatabiity anditHie storage stability of 2nd
20 the composition, it is preferable that a polysiloxane solution obtained
2 GHtle? hyaroy8is §Ad paftiltondetisafionus fotEontsn and the obtained

mixture is heated and stirred. During stirring, as required,
the hydrolysis by-product (alcchols such as methanol) and
condensatiocon by-product (water) may also be distilled off.
[C029]

AS for a production method of the peolysiloxane in the case
of coupling the polysiloxane with silica particles, the
polysiloxane iscobtainedby amethod inwhich a sclvent andwater,
and a catalyst as required are added to the organosilane to
hydrolyze the organosilane, and the silica particles and the
hydrolyzed organosilane are partially condensed. The silica
particles may cocexist with the organcsilane from start, or the
silicaparticlesmay be addedafter hydrolyzing andpolymerizing
the crganosilane to formpelysiloxane and the resulting mixture
may be further heated, but amethod, inwhichthesilicaparticles
are added dropwise immediately after hydrolyzing the

organosilane, ispreferable fromtheviewpolnt of compatibility.

[0030]
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alcohol of a by-product, water, and the catalyst. These alcohol, water and
catalyst may be removed as required. A method for removing these is not
particularly limited. As the method for removing alcohol or water, a
method, in which the polysiloxane solution is diluted with an adequate
hydrophobic solvent and is washed with water several times and the
resulting organic layer is concentrated using an evaporator, can be
preferably employed. Further, as the method for removing catalyst, a
metfiod: of¢reatingthe catalyst with aioreexchangéaesin in addition ot a
the above washing with water, or a method of only treating with the
scoioreexchaingelresit.can bé employedn®038E Thesphbtosersitive sitoxamen Ly
composition of the present invention contains (b) a quinone diazide
usedmpaoimdz dhet phetosensitive sifoxarte eompesition soptafingahey 10 to
quinone diazide compound forms a positive type in which an exposed
10peoridry iszemovedidyadevetopert Anl additive amogmttofthecquinone i lane
diazide compound to be used is not particularly limited but it is preferably
0 r 31t B0 %rby weidht with #espéctlito(a) polysilbxaneaThelddditve amhauntica
is more preferably 4 to 20% by weight. When the additive amount of the
paglinohe diazide conipduitkisdasshanc 8%/By weight, the photdsdrsitive
siloxane composition does not 21 have realistic photosensitivity because
hyvertebilewdissslaticweortrastbetwesn anfexXpisedaieal gidantn respect
unexposed area. The additive amount of the quinone diazide compound
tog%ygﬁggbwf a hydrolyzable group.

[0031]

The catalyst added as required is not particularly limited
but an acid catalyst and a basic catalyst are preferably used.
Specific examples of the acid catalysts include hydrochloric
acid, nitricacid, sulfuricacid, hydrofluoric acid, phosphoric
acid, aceticacid, trifluorocaceticacid, formicacid, polvhydric
carboxvlicacidor anhydride thereof, andan ion-exchangs resin.
Specific examples of the basic catalyst incliude Triethylamine,
tripropylamine, tributylamine, tripentylamine, trihexylamnine,
triheptylamine, trioctylamine, diethylamine, triethanolamine,
diethanclamine, sodium hydroxide, potassium hydroxide, alkory
gilane having an aminc group and an icon-exchange resin. An
additive amount of the catalyst is preferably 0.01 to 10% by
welght with respect to 100% by weight of organosilane.
(00321

In view of the coatability and the storage stability of
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4% byweight ormore in order to attain amore excellent dissolution
contrast. On the other hand, when the additive amount of the quinone
diazide compound is more than 30% byweight, a transparent and
colorless property of a cured film is deteriorated since a coated film is
whitened because of deteriorated compatibility between the polysiloxane
and the quinone diazide compound or coloring due to the decomposition
of the quinone diazide compound occurring during thermal curing
Cheergmmes idmarkabie. [0034]cThe Hoirorié diazide coifpourdadheé ased Lon
is not particularly limited, but it is preferably a compound having
obaphftibgbirohedidzidesgisate bardedtozrestapeand paviagia t contain
phenolic hydroxyl group, and a compound, in which the ortho-position
2 L gAhe para-position ot the' phériolie My drosyt sgrobp e, rédpeetivielypohol,
independently, occupied by a hydrogen atom or a substituent group
va &5 eRRAtEPOV e el FitmitE B} ds USed A8 Hhé Yinode BRizige? for
compound. [0035] [Formula 4] 22 7 4C-R$ (5) R9 0036] In the above
LEFSRidNE, 796 RS ndéferdéntlyrepresent iyt bEan alkyi groBgtraviag 1for

to 10 carbon atoms, a carboxyl group, _ .
removing alcohol or water, a method, in which the polysiloxane

solution is diluted with an adequate hydrophobic solvent and
is washed with water several times and the resulting organic
layer is concentrated using an evaporator, can be preferably
employed. Further, asthemethod for removingcatalyst, amethod
of treating the catalyst with an ion-exchange resin in addition
to the above washing with water, or a method of only treating
with the ion-exchange resin can be emploved.

[0033]

The photosensitive siloxane composition of the present
invention contains (b) a guinone diazide compound. The
photosensitive siloxane composition containing the quinone
diazide compound forms apositivetype inwhichanexposedportion
is removed by a developer. An additive amount of the guinone
diazide compound to be used is not particularly limited but it
ispreferably 3to 30% byweight with respect to (a) polysiloxane.
The additive amcunt 1s more preferably 4 to 20% by weight. When
the additive amount of the guincne diazide compound is less than

3% by weight, the photosensitive siloxane composition does not
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a phenyl group and a substituted phenyl group. Further, R7 and R8, R7
and R9, or R9 and R9 may form a ring. In the substituent represented by
the general formula (5), R7 to R9 independently represent any of an alkyl
group having 1 to 10 carbon atoms, a carboxyl group, a phenyl group and
a substitutedphenyl group. The alky' group may have a substituent or
may be an unsubstituted group not having a substituent, and these can
be selected according to a characteristic of the composition. Specific
haexampgles of the pikyt groupsinciudetay inetial groap, anethyligldwms @it ion
n-propyl group, an isopropyl group, an n-butyl group, an isobutyl group, a
coprbugs gréug; varr_ dexgrgouplacyeioheryl grouphanprheptykgroap, The
an n-octyl group, a trifluoromethyl group and a 2-carboxyethyl group.
adgyther examplesol & sebgtitbentwitd Whidklthe pheangrodpisreferably
replaced include a hydroxyl group. Further, R"and F8, R'and R9, or R9
4% SNVRO ThayOfo R 2Eriny C A6 Bpecifictexaniphst oftheTineintidde go L ution
cyclopentane ring, a cyclohexane ring, an adamantine ring, and a
cofiisrene ring 23 DO3YL Whehaaeéh groap at'tive dfho posttichang thet the
para position of the phenolic hydroxyl group is other than the above
qu grstps ferie@mrpte P HiethyF grotp, thermdll timhgecalises dxigammrarent
decomposition, and a conjugated compound typified by a quinoid
angtrGetPe isSRfmed B Toior thé cured filg. thi %WérlﬁéW%%%%?erﬁlnce

and colorless property. These quinone diazide
a ceoated filmis whitened because of deteriorated compatibility

between the polysiloxane and the gquinone diazide compound or
coloringdue tothe decompositionof the quinone diazide compound
occurring during thermal curing becomes remarkable

[0034]

The gquincne diazide compound tcbe used is not particularly
limited, but it 1s preferably a compound having
naphthoguinonediazidesulfonate-bonded to a compound having a
phenclic hydroxyl group, and a compound, in which the
ortho-position and the para-position of the phenolic hydroxyl
group are, respectively independently, occupied by a hydrogen
atom or a substituent group represented by the general formula
{5}, is used as the cuinone diazide compound.

[C035]

[Formula 4]
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compounds can be synthesized by a publicly known esterification
reaction of the compound having a phenolic hydroxyl group with
naphthoquinonediazidesulfonic acid chloride. Specific examples of the
compound having a phenolic hydroxyl group include the following
compounds (trade names, manufactured by Honshu Chemical Industry
Co., Ltd.). [0038] [Formula 5] 24 Hol~C ~IOHHOI\C ~1OH HO CNC
(OH C-Q CF~ CH3 CH3 CF3 CH3 t-Bu t-Bu Bisphonoi A BisP-AF
BisO%lﬂgt-Bu Bul\CH CHHO I\ CH3\ OH HO CHZ\ | OH HO-F\

I

CN2 C%g;lﬂﬁ t I?_r% u H3CIC 'CH3 CH3 B s26B -A B isP -B BEP
-MBK C F 2 CHHOI\COHHOICIOHHO I~ C3\0OH CH2
COON ORZ CH3/CH2 B sP DEK BisP-PR COON

[003¢]

In the above formula, R' to Rgindependently represent any
of an alkyl group having 1 to 10 carbon atoms, a carboxyl group,
a phenyl group and a substituted phenyl group. Further, R’ and
rR¥, R’ and RY, or R® and R® may form a ring.

In the substituent represented by the general formula (5,
R" to R® independently represent any of an alkyl group having
1 to 10 carbon atoms, a carboxyl group, a phenyl ¢roup and a
substitutedphenyl group. Thealkylgroupmayhave asubstituent
or may be an unsubstituted group not having a substituent, and
these can be selected according to a characteristic of the
composition. Specific examples of the alkyl group include a
methyl group, an ethyl group, an n-propyl group, an isopropyl
group, an n-butyl greoup, an iscobutyl group, a t-butyl group,
an n-hexyi group, a cyclohexyl group, an n-heptyl group, an
n-octyl group, a trifluoromethyl group and a 2-carboxyethyl
greup. Further, examples of a2 substituent with which the phenyl
group is replaced include a hydroxyl group. Further, R’ and
r¥, " and ®?, or R® and Rgmay'fornla ring, and specific examples
of the ring inciude a cyclopentane ring, a cyclohexane ring,

an adamantine ring, and & fluorene ring.
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BisP-LV CH3 _CH3_CH3_HOIilOHHOIilOHHOI1ilOH (CH
2)5 (CH2)6 (CH2)7 CH3 CH3 CH3 B SP-OT BisP-NO BisP-DE t-Bu t-Bu
HO | CH3\ OH HO | CN3\ | OH HO CH3\ OH B sP-AP B sO TB P-A P OH
TrsP-HAP - CH3CH3 /HOCIC\IOH HOICIOHCH3/9LIOH B
sP-DP TrsP-PA [0039] 25 [Formula 6] / OH OH HO /\HO ttBu \ I\ t-Bu
BisOTBP-Z B isP-FL HO OH HO OH CH3

[0037]

When each group at the ortho position and the para position
of the phenolic hydroxyl group is other than the above groups,
for example, a methyl group, thermal curing causes oxidative
decomposgition, and a conjugated compound typified by a quinoid
structure 1s formed to color the cured f£film, thus lowering the
transparent and colorless property. These quincne diazide
compounds can be synthesized by a publicly known esterification
reaction of the compound having a phenolic hydroxyl group with
naphthoguinonediazidesulionic aclid chloride.

Specific examples of the compound having a phenolic
hydroxyl group include the following compounds (trade names,
manufactured by Honshu Chemical Industry Co., Ltd.).

[0038]

[Formula 5]
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/\ CH3 HO TekP-4HBP OH HO TekP-4HBPA OH OH H3C CH3 H3C\ (
CH3 \CH3 H3C I\HO//OH TxisP-TC 0040] As the
naphthoquinonediazidesulfonic acid, 4-naphthoquinonediazidesulfonic
acid or 5-naphthoquinonediazidesulfonic acid can be employed. A
4-naphthoquinonediazidesulfonate compound is suitable for i-beam
exposure since it has an absorption band of light in i-beam (wavelength
365 nm) region. Furthermore, a 5-naphthoquinonediazidesulfonic ester

ofmpouri! table for 26 eypogur&fin
O HEs or ghsBbto o YT

if&'rand@

ide range of lef
O%Tgielﬁn OH
region. 1585 preferred to select the 4%phthoquinoned1i_%'desuIfGHmate B0
conﬁq“%gnr;fgmoir the 5-naphthoquinohedliazidesulfonnate compaustd,BP -4

t_gependlng on th(?_gvavelen

gth used far exposure. A mixture of the

Fahth@qyino edfazid%%@ d aOan the EH?’ oH
HoS=flaphthéay echazidesulfopatg cgm dcan alf6b d.7[0 A
mQ .-..X gHt of the naphthoquin&ﬁ‘é diazide compound GH
t-Bu t-Bu L CH,
B 5268 —A oG T B &P-B
BsP-M BK
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CHz CHs CHs
oo oo oY E o
CH, COOH CHa
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B isP-DEK COO0H
B &P-LV
?Hs ?H?, ?H:B
oo - OF o r0-O-F o
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G CH gH
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B isP-AP BuOTBF-AP OH
TrsP-HAP

e
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BiP-DP

[0038]

oGt
OO0~
CHg

OH
TrisP-PA
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is preferably 300 to 1500, and more preferably 350 to 1200. When the
molecular weight of the naphthoquinone diazide compound is larger than
1500, there is a possibility that a pattern cannot be formed by 4 to 10% by
weight of an additive amount of the compound. On the other hand, when
the molecular weight of the naphthoquinone diazide compound is smaller
than 300, the transparent and colorless property of the cured film may be
deteriorated. 0042] The photosensitive siloxane composition of the
[ Fpreserm iAvention contains (c) a solvent. The solvent is not particularly
imited but compou(gﬁs havin%é;\n alcoholic hydro A | group and/or cyclic
' carbonyl Grex Efere Vused. When these

H

S Polysiloxane :1e ; e diazide compound are
By d,“%‘hd 27 even after tF qposition is applied to form a
film, th can achieve high trg out being whitened.

[0043] The compounds having an™s fydroxyl group are not
partisuariig iimited but they are preferaly-ddmpounds having a boiling
point of 110 to 250C under an atmospheric pressure. When this boiling
HOpoint is higher than 25 anginount of a solvent remainpgg in the film
ncreases and film shripkage in mally curing the film thcreases, and
i e boiling point

TekP-4HBPA

[0040]

s the naphthoguinonediazidesulfonic acid,
4-naphthoguinconediazidesulfonic acid or
S5-naphthoguincnediazidesulfonic acid can be employed. A
4-naphthoguincnediazidesulfonate compeound is suitable for
i-beamexposure since it has an absorptionbandof light ini-beam
(wavelength 365 nm) region. Furthermore, a

5-naphthoguinonediazidesulfonicester compound is suitable for
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than 110C, because drying in coating is too fast, coatability is
deteriorated, for example, a film surface is roughened. 0044] Specific
examples of the compounds having an alcoholic hydroxyl group include
acetol, 3-hydroxy-3-methyl-2-butanone, 4-hydroxy-3-methyl-2-butanone,
5-hydroxy-2-pentanone, 4-hydroxy-4-methyl-2-pentanone (diacetone
alcohol), ethyl lactate, butyl lactate, propylene glycol monomethyl ether,
propylene glycol monoethyl ether, propylene glycol mono-n-propyl ether,
e xprepyienenglysdlimano:n<butylethed, e propykene glyedlrmeroarbatd etheri on
3-methoxy-I-butanol, and 3-methyl-3-methoxy-I-butanol. Among these
bamdmpbuhds | compounds derthremtaying acartonyh gioupragipreferabte is
and diacetone alcohol is particularly preferably used. These 28
predmpoemds havimbeart aldoholic-hydroxylgroup omeydbe used alonewmna te
may be used in combination of two or more species. [0045] The cyclic
compmpodinds havingSe catiohybgroupare ot patticulady timited, butthesad,
are preferably compounds having a boiling point of 150 to 250C under an
deptmddplterivpidssure viienathis beiliny point isxbigherthan 250Cxanre of
amount of a solvent remaining in the film increases and film shrinkage in
thehermnratly cuking the filrm dicreasisss ahf Qoodl atvassoisiibt aachiéved. On
the other hand, when the boiling point is lower than 150C, because drying
5—mﬁgﬁﬁh@ggig@mﬁﬂg@yﬁggmg&fonate compound can also be used.

(0041]

Amolecular weight of the naphthoguinone diazide compound
ispreferably 300 to 1500, andmore preferably 350 to 1200. When
the moclecular weight of the naphthoguinone diazide compound is
larger than 1500, there 1s a possibility that a pattern cannot
be formed by 4 to 10% by welght of an additive amount of the
compound. On the cther hand, when the molecular weight of the
naphthoguinone diazide compound is smaller than 300, the
transparent and colorless property cf the cured film may be
deteriorated.

[0042]

The photosensitive siloxane composition of the present
invention contains (¢} a scolvent. The sclvent is not
particularly limited but compounds having an alcoholic hydroxyl
group and/or cyclic compounds having a carbonyl group are
preferably used. When these sclvents are used, polysiloxane

and the gquinone diazide compound are uniformly dissclved, and

3]
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is deteriorated, for example, a film surface is roughened. [0046] Specific
examples of the cyclic compounds having a carbonyl group include
gamma-butyrolactone, gamma-valerolactone, delta-valerolactone,
propylene carbonate, N-methylpyrrolidon.e, cycloiexanone, and
cycloheptanone. Among these compounds, particularly,
gamma-butyrolactone is preferablyused. These cyclic compounds having
a carbonyl group may be used alone or may be used in combination of

e vBYO OF Maore: Ispecies: {8047 ohhe campaunds havingan alcoholic the film
hydroxyl group and the cyclic compounds having a carbonyl group,

cadesetibashaboveyinay-29 be:usedsingly toromay be usgd.asi & srixtire
thereof. In the case where both the compounds are used as a mixture, a

[Oweight ratio between both the compounds is not particularly limited, but
the ratio of the compound having an alcoholic hydroxyl group to the cyclic

compaenddmaving:a catbariyl graupds preferably (99:10:50) / {ktohl) andot
more preferably (97 to 60M3 (3 to 40) . When an amount of the

pacampotnad having an aicahalic-hydroxykgrotgps isrmoies thamd8vmbys having
weight (an amount of the cyclic compound having a carbonyl group is
a lesslthan %oy weight) Othes cobgpatihility betaeentthe patysioxaneansure.
the quinone diazide compound is low and a cured film is whitened,
Whrgsultingsinkthe 1 deteriordtion ofstréamispasencyefithecited film. Buorthery of a
Soggzgt remaining in the film increases and film shrinkage in
thermally curing the film increases, and good flatness 1s not
achieved. On the other hand, when the bolling point is lower
than 110°C, because drying in coating is too fast, cecatability
is deteriorated, for example, a film surface is roughened.
[0044]

Specific examples of the compounds having an alcoholic
hydroxyl group include acetol, 3-hydroxy-3-methyl-2-butanone,
4-hydroxy-3-methyl-Z-butancne, S~-hydroxy-2Z-pentanone,
d~hydroxy-4-methyl-Z-pentanone {(diacetone alcohoel), ethyl
lactate, butyl lactate, propylene ¢glycol monomethyl ether,
propylene glycol monoethyl ether, propylene glycol
mono-n-propyl ether, propylene glvccl mono-n-butyl ether,
propylene glycol mono-~t~putyl ether, 3-methoxy-l-butancl, and
3-methyl-3-methoxy-l-butanol. Among these compounds,

compounds further having a carbonyl group are preferable and

diacetone alcochol is particularly preferably used. These
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the amount of the compound having an alcoholic hydroxyl group is less
than 50% by weight (the amount of a cyclic compound having a carbonyl
group is more than 50% by weight), a condensation reaction of an
unreacted silanol in the polysiloxane is apt to occur and storage stability
becomes poor. [0048] The photosensitive siloxane composition of the
present invention may contain other solvents as long as the solvent does
not impair an effect of the present invention. Examples of other solvents

cochydelesters sucheas ethybacetate gpropyt acetater isopropylecetate, one
n-butyl acetate, isobutyl acetate, propylene glycol monomethyl ether

Or agetate,3-nicthoxyrl-batybacetates 8@ 3-methyk3-methexyhbatyd acetate
and the like; ketones such as methyl isobutyl ketone, diisopropyl ketone,

[ O@fiSobutyl ketone and the like; and ethers such as diethyl ether,
diisopropyl ether, di-n-butyl ether, diphenylether, diethylene glycol methyl
ethyt "ethér @iprepylene giyedt dirsethybethe and evey kel Ariadditige not
amount of the solvent is preferably within a range of 100 to 1000% by

Pa fifelght Viith e Spéct t6 Polysilokdrre <[0049) Théphotoseasitive silekahe ving
composition of the present invention contains one or more kinds of

2 Bpidosiianecconipiinds Grdptednted B fite geReralfofRtas () fr 3)sure.
The compounds shown in the paragraph (d) contributes to an

WhfRproveméitin ieHerhicalvesistaficaBRd dnfifdprevément i amount of a
adhesiveness to a

solvent remaining in the film increases and film shrinkage in

thermally curing the film increases, and good flatness is not
achieved. On the cother hand, when the boiling point is lower
than 150°C, because drying in coating is too fast, coatability
is detericrated, for example, a film surface is roughened.
[C0456]
Specificexamples of the cyclic compounds having a carbonyl
group include gamma-butyrolactone, gamma-valerolactone,
delta-valerolactone, propylene carbonate,
N-methylpyrrolidone, cyclohexancne, and cycloheptanone.
Among these compounds, particularly, gamma-butyrolactone is
preferablyused. Thesecycliccompounds havingacarbonyl group
may be used alone or may be used in combination of two or more

species,

The compounds having an alcoheolic hydroxyl group and the

cyclic compounds having a carbonyl group, described above, may



substrate of a film formed by thermally curing the composition [0050]
[Formula 7] RI O O Ri R1- i-R2 NR3~ N-R4-Si-R1(1R10101R1 OR1
1 R3KN-R2-SiR1 (2) () R31 KR7 RaN/\R3-R2 1& R1 M, (3) o 0051]
wherein R's may be the same or different and each represents an alkyl
group having 1 to 6 carbon atoms, an a' koxy group having 1 to 6 carbon
atoms, a phenyl group, a phenoxy group or an organic group replaced
with them, R2 and R4 represent each a divalent organic group having 1
be tadfcathory Atoms,:R3sepiesents=an arganic. igroup Aot bentaining d&n the
silicon atom and having 2 to 20 carbon atoms (provided that R3
caseprasents anidngamie group otheithansayphedybgroaumindhergenerabeight
formula (1) and represents an organic group, not containing an
raunsatuwrateteibond, tothehthawancalicyelic grou ip the-generat formulai{2)yd,
), and Ra represents
but the ratic of the compound having an alcoholic hydroxyl group
to the cyclic compound having a carbonyl group is preferably
{99 to 50) /(1 to 50), and more preferably (97 to 60}/ (3 to 40).
When an amount ¢f the compound having an alccheolichydroxyl group
is mere than 99% by weight (an amount of the cyclic compound
having a carbonyl group is less than 1% by weight), the
compatibility between the polysiloxane and the quinone diazide
compeound is low and a cured film is whitened, resulting in the
detericration of transparency of the cured £ilm. Further, when
the amount of the compound having an alcoholic hydroxyl group
is less than 50% by weight (the amount of a cyclic compound having
a carbonyl group is more than 50% by weight), a condensation
reaction of an unreacted silancl in the polysiloxane is apt to
occur and storage stabllity becomes poor.
[0048]

The photosensitive siloxane composition of The present
inventionmay contain other sclvents as long ag the golvent does
not impair aneffect of the present invention. Examplesof other
sclvents include esters suchas ethyl acetate, n-propvl acetate,

isopropyvl acetate, n-butyl acetate, iscbutyl acetate, propylens

glycol monomethyl ether acetate, 3-methoxy-l-butvl acetate,
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a hydrogen atom or an organic group not containing a silicon atom and
having 1 to 20 carbon atoms. Among the imidosiiane compounds of a
paragraph (d) of the present invention, imidosilane compounds
represented by the general formulas (1) and (2) can be readily prepared
from the following isocyanate silane compound and acid dianhydride by
a publicly known direct imidation process. [0052] NCO-R2-Si- (R") 3,
NCO-R9-Si- (Ri) 3 32 In the above general formulas, R's may be the
3-safieydr diffeeehtcandéadiv rapresentssdreaikyt growp hiaking adb®ies such
carbon atoms, an alkoxy group having 1 to 6 carbon atoms, a phenyl
2s griupy lalstrenioxy groupoand an organic piouptéplacediviththemy As tHene
alkyl group, the alkyl groups having 1 to 6 carbon atoms are preferable,
an@nd Specific’ exammpleseatihe alkysgPoas Hivelgda & methyl yroupran ethiple
group, an n-propyl group, and an isopropyl group. Among them, the
4 rRetRiAtgrOd- BRd thelethyh gictiphare prefetdbld iithattheycar eyl ethyl
readily prepared. Further, as the alkoxy group, the alkoxy groups having
ethqg 6 carsoiratbiisarepieferaBienand spetifib exaniples betheidikoxy
groups include a methoxy group, an ethoxy group, an n-propoxy group,
and &h i865topdXy grotip! Ambrg THem Sthefidthoky grés s the within
ethoxy group are preferable in that they can be readily prepared. Further,
2 R Efay beldY or§anitGroupy réisiased with: Arf SIRYEGTBUD> &Pakexy Oxane.
{082%%’ a phenyl group or a phenoxy

The phetosensitive siloxane composition of the present
invention contains cne or more kinds of imidosilane compounds
represented by the general formulas (1) to (3). The compounds
shown in the paragraph (d) contributes to an improvement in
chemical resistance and an improvement in adhesiveness to a
substrate of a film formed by thermally curing the composition
[C050]

[Formula 7]

0O
R 81“R2WNJ—LR3 N—-R*-Si—R (1)
S !
O ?1
R"’#NstiR’ (2)
o) é‘

31



group, and examples of groups include 1-methoxypropyl group. [0053; R2
and R4 represent a divalent organic group having 1 to 10 carbon atoms.
Specific examples of the divalent organic group include a methylene
group, an ethylene group, an n-propylene group, ann-butylene
group,ann-pentylene group, anoxymethylene group, an oxyethylene
group, an oxy-n-propylene group, an oxy-n-butylene group, and an
oxy-n-pentylene group. Among 33 them, the methylene group, the
ethylene greyip, the n-propyfehe group, and the n-butylene group are
preferable in that they can be readily prepared. [0054] R 3 represents a
strugtural €6 1entef thegciddignhy '}de in the general formula (1) ,
and this acig-dianhydride is an organictgfoup containing an aromatic ring
or an aliph%fring, and is preferably one of tetravalent to
tetradecavalentorganic grodﬁs having 5 to 20 carbon atoms among them.
[06 ecific examples of the acid dianhydrides include aromatic
etracarboxylic dianhydrides such as 3,3',4,4'-biphenyltetracarboxylic

dianhydride, 2,3,3",4-hiphenyltetracarboxylic dianhydride, .
o ohaharachboRie Gy are . 1 A1 sach represerts

3,3',4,4'-benzophenonetetracarbox F}c dianhydride, = _, .
e hcta ot dNrg " = <o+ gzoup having

G P Ay o o an oxgani
group replaced with them, R® and R' represent each a divalent
organicgrouphavinglﬁxalocarbonatoms,Eﬁr@presentsanorganic
group not containing a silicon atom and having 2 to 20 carbon
atoms {provided that R3represents an organic group other than
aphenyl group inthegeneral formula (1) andrepresentsanorganic
group, not containing an unsaturated bond, other than an
alicyclic group in the general formula (Z2)), and R, represents
a hydrogen atom or an organic group not containing a silicon
atom and having 1 to 20 carbon atoms.

hmong the imidosilane compounds of a paragraph {(d) of the
present invention, imideosilane compounds represented by the
general formulas (1} and (2) can be readily prepared from the
following isocyanate silane compound and acid dianhydride by
a publicly known direct imidation process.
[0052]

NCO-R?*-Si-(R1} 5, NCO-R-S1-(R%),



1,1-bis(3,4-dicarboxyphenyl)ethane dianhydride,
1,1-bis(2,3-dicarboxyphenyl)ethane dianhydride,
bis(3,4-dicarboxyphenyl)methane dianhydride,
bis(2,3-dicarboxyphenyl)methane dianhydride,
bis(3,4-dicarboxyphenyl)sulfone dianhydride,

bis(3,4-dicarboxyphenyl)ether dianhydride,
1,2,5,6-naphthalenetetracarboxylic dianhydride, 34 9,9-bis(3,4-d
icaroxyphenybfluarenicrdiamilydfidenulas, R's may be the same or
9,9-bis{4-(3,4-dicarboxyphenoxy)phenyl}fluorenic dianhydride,

d1 236 Fanaphthadenetetracasoxyt iedianhydridepup having 1 to 6 carbon
2,3,5,6-pyridinetetracarboxyic dianhydride,

atguk9, 20-peryienetetracarbexyliccdianbydrde;bon atoms, a phenyl group,
2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane dianhydride,

a BiEtaudiptenyisuifohetatracagsoxiylic dianhydride anddbewlikg; them.
hydrogenated pyromellitic dianhydride, butanetetracarboxylic dianhydride,
1,2,3.4-cyclopéhtahalracarbodytie didhbydddeus 2 183ving 1 to 6 carbon
4-cyclobutanetracarboxylic dianhydride, RIKACID TDA-100 (trade name,

at mphufaetured syrRewJapariChetticdl ‘Cog 1adip | RIKATIDB 160 {tradeup
name, manufactured by New Japan Chemical Co., Ltd.),

1N EPIGECNBEA400 (Hade Aande! raahufacisiedby Dainipppnotikland oup, and
Chemicals, Inc.), and aliphatic tetracarboxylic dianhydrides having the

am@mﬁgwﬂdé{g@@ [oogg]o[%ﬁﬁ@@,g]the methyl group and the ethyl

group are preferable in that they can be readily prepared.
further, as the alkoxy group, the alkoxy groups having 1 to 6
carbon atoms are preferable, and specific examples of the alkoxy
groups include a methoxy group, an ethoxy group, an n-propoxy
group, and an iscpropoxy group. Among them, the methoxy group
and the ethoxy group are preferakble in that they can be readily
prepared. Further, Rlﬁﬂay be an organic group replaced with
an alkyl group, an alkoxy group, a phenyl group or a phenoxy
group, and examples of groups include l-methoxypropyl group.
[0053]

r? and R* represent a divalent organic group having 1 to
l0carbonatoms. Specificexamplesof thedivalentorganicgroup
include a methylene group, an ethylene group, an n-propylene
group, ann-butylenegroup, ann-pentylenegroup, anoxymethylene
group, an oxyethylene group, an oxy—-n-propylens group, an

oxy-n-butylene group, and an oxy-n-pentylene group. Among
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00000Cno OO0O O O [00561 When R3 is an aromatic group such
as a tolyl group, a naphthyl group or the like, there is a possibility that the
transparency 35 of a cured film obtained from a corresponding
composition is deteriorated because the cured film contains a compound
having a similar structure to the above-mentioned aromatic imido
oligomer of a coloring source. Further, if the composition contains the
above-mentioned aromatic group, the compatibility between R3 and the
rhpolysiloxane:may bedeteriorgtedh & urtheymere; i theseompositiepropylene
contains the above-mentioned aromatic group, this may cause phase
grseparatien @and makethe dilm gloudy whenprepating ike toated filmtey can
deteriorate the light transmittance of the cured film. Accordingly, when R3
be isrthedromaticegrattpdan additive amount of R3 is limited, and therefore
R3 is particularly preferably an aliphatic organic group. When R3 is the
[ 0ahbghatic organic group, since the cured film does not have a structure of
the coloring source, a transmittance is not reduced, and since the
compatibilityeafe R3awith the polysildxameris dighy, thedured-filth-Camhavirade
high light transmittance without causing the white turbidity in curing the
infilive Pantcuddriyqpreferablé specifictéxammplesiafthe hgompognds an crganic
represented by the general formula (1) areshownbelow. In the present
g r mventiont imiddsitare: compounds representegiby 1 iphatic ring, and is

preferably one of tetravalent to tetradecavalent organic groups
having 5 to 20 carbon atoms among them. Specific examples of
the acid dianhydrides include aromatic tetracarboxylic
dianhvdrides such as 3,3',4,4' -biphenyltetracarboxylic
dianhvydride, 2,3,3’,4" -piphenyltetracarboxylic dianhydride,
2,2",3,3"-biphenyltetracarboxylic dianhvdride,

3,37 ,4,4’ -benzophencnetetracarboxylic dianhvdride,

2,27 ,3,3"-benzophenonetetracarboxylic dianhydride,
2,2-bis(3,4-dicarboxyphenyl)propane dianhydride,
2,2-big{Z,3-dicarboxyphenyl)propane dianhydride,

1,1~bls (3, 4-dicarboxyphenyl)ethane dianhydride,

1,1=-bis (2, 3~dicarboxyphenvl}ethane dianhydride,

bisg (3, 4~dicarboxyphenyl)methane dianhydride,

bis (2, 3-dicarboxyphenyl)methane dianhydride,

bis (3, 4-dicarboxyphenyl)sulfone dianhydride,
bis(3,4-dicarboxyphenyl)ether dianhydride,

1,2,5,6-naphthalenetetracarboxvlic dianhydride,
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the general formula (1) may be used and these imidosilane compounds
may be used alone or may be used in combination of two or more
species. [00571 36 [Formula 9] OCH3 0 ~........ OCH3 H3CO-Si--C3H6-N
i VAN-C3H6--Si---OCH3 OCH3 O O OCH3 OCH 0 0 OCH H3CO0
SiCH6-Ny L,N-C3Hs--Si-OCH3 OCH3 00 OCH3 CH3 00 CH3
H3C-Si-C3HsN N-C3Hs---Si-CH3 CH3 O 0 CH3 CH3 00 CH3 I H3C
Si-C3Hs-N N-C3Hs--Si-CH3 CH3 O 0 CH3 OC2H5 0 0 OCZH5

9, CIHB0-5i CIHE-NR QIS SIHOCTHE cOE2HS (G0DC2HEIQEHS 14

OCHS3 ----H3CO Si--C --C _.33H6 NO N 3H6- -S ~f-OCH3
9,9-bis{4-(3, 4-dicarboxyphenoxy)phenyl}fluorenic

dianhvydride, 2,3,6,7-naphthalenetetracarboxylic dianhydride,
2,3,5,6-pyridinetetracarboxylic dianhydride,
3,4,9,10-perylenetetracarboxylic dianhydride,
2,2-bils(3,4~dicarboxyphenyl)hexaflucropropane dianhydride,
3,3",4,4" ~diphenylsulfonetetracarboxylic dianhydride and the
like; hydrogenated pyromellitic dianhydride,
butanetetracarboxylic dianhydride,
1,2,3,4-cyclopentanetracarboxylic dianhydride,
1,2,3,4-cyclobutanetracarboxylicdianhydride, RIKACID TDA-100
{trade name, manufactured by New Japan Chemical Cec., Ltd.),
RIKACID BT-100 (trade name, manufactured by New Japan Chemical
Co., Ltd.), EPICLONB-4400 (tradename, manufacturedbyDainippon
Ink and Chemicals, Inc.}, and aliphatic tetracarboxylic
dianhydrides having the following structures:

[0055]

[Formula 8]
O 8] O P O 0]
0 O O O 0 0

WhenRsisanaromaticgroupsuchasatxﬂylgroup,amaphthyl

(00361

group or the like, there 1s a possibility that the transparency
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OC OCH3 OCH3 O O OCH3 H3CO0 Si C3Hs-NN-C3Hs-Si-OCH3 OCH3

O O OCH3 OCZH5 0 CH3 0 OCZHS C2H50 Si-C3H6-N N C3Hs-

Si-OC2H5 OC2H5 0 0 OC2H5 OC2H6 0I'l~ OC2H5 C2H 50-Si--C3Hs-N

N-C3H6-Si-0C2HS OC2HS Ol 0 OC2H5 37 0 F3C, CF3 0 OCZHS C ;~

OCzHs C2H50-Si-C2H4 N N-C2H4 Si 0C2H5 / OC2H5 0 O OCZzhiS

CZFiS O O ~. CzHs C2H5 Si-C3Hs N N C3H6 2 C2H5 OC2H5 0 O

OC2H5 [0058] Further, R3 represents a structural component of the acid
of aahydridelirf thergehdral forchufa (2) candbthisasidranhydrideniscanytome: 15

of divalent to tetradecavalent organic groups containing an aliphatic ring
debthel thart athleiccantyrdride andr ad drganic groupiisviag 4t 20arben i ng

atoms.
a similar structure to the above-mentioned aromatic imido
oligomer of a ccloring source. Further, 1f the compcsition
contains the above-mentioned aromatic group, the compatibility
between R’ and the polysiloxane may be deteriorated.
Furthermore, if the composition contains the above-mentioned
aromatic group, this may cause phase separaticn and make the
film cloudy when preparing the coated film to deteriorate the
light transmittance c¢f the cured film. RAccordingly, when R’
is the arcmatic group, an additive amcunt of R® is limited, and
therefore R’ is particularly preferably an aliphatic organic
group. When R’ is the aliphatic organic group, since the cured
£ilm does not have a structure cof the ccloring source, a
transmittance is not reduced, and since the compatibility of
R®> with the polysiloxane is high, the cured film can have a high
light transmittancewithout causingthewhiteturbidity incuring
the film. Particularly preferable specific examples of the
compcunds representedby the general formula (1) are shewnbelow.
In the present invention, imidosilane compounds represented by
the general formula (1) may be used and these imidesilane
compounds may be used alone or may be used in ccomblnation of

tTwo or more species.

[0057]
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[0059] Specific examples of the acid anhydrides include succinic
anhydride, glutaric anhydride, 4-methylcyclohexane-I,2-d4carboxylic
anhydride, cis-4-cyclohexene-i,2-dicarboxylic anhydride,
cis-1,2-cyclohexane dicarboxylic anhydride,
methyl-5-norbornene-2,3-dicarboxylic anhydride,
5-norbornene-2,3-dicarboxylic anhydride (these are manufactured by
TOKYO KASLI KOGYO CO., LTD.), 3,4,5,6-tetrahydrophthalic anhydride
[ FormAdfactured by Wake Pure Chemical Industries, Ltd.), RIKACID HNA
(trade name, manufactured by New Japan Chemical Co., Ltd.), and
RIKACID 38 HNA-100 (trade name, manufactured by New Japan
Chemical Co., Ltd) Amgng them, particularly prefewbge acid anhydrides
are succinic arp@l - ghtaricianiydride n—c;Hs—si—ocH,
4- methylcyclohexane-(!’&qdlcarboxy’l"b\a/wdrlde and 5 norbornene-2,
3-dicarboxylic anhydride. Among‘?hem sBccmlc anhydﬁde glutaric
anhydride, and 5- norbomlene 2, Nﬁ@rbo yI|c anhyduaee are particularly
rans

preferable fromm@ re @nga@haﬁjygness With
respect these, R3 repr, ggnts an grganic group, not ntalnlng an
unsaturated bond, not contalnlng% S|I|conoatom and ha?/lng 21to 20

carbon atoms, other t@m an alicyclic group in the gemeral formula (2).
|
0060] Hscms;—caﬁe—rﬁ:j:i‘fw CaHg— Sit—CHg

CHa CH,
0
(iZH3 9 CHy
H30?EWC3H5_NMNW03H5~—?iCH3
CH3 O le) CH3
?Csz o o ?Csz
CEHSO—Si—CgHsﬁNMN—CaHs—E‘;i—OCQHs
OC,Hg o 5 OC,He
OCH; 9 O OCH,
HaCO- s: che—N\V}L N CqHe— amocg«@,
T
OCH; E 3 OCH,
0
(|)CH3 o OCH;
H3co—s|i—c3H8—N®:>N—csHﬁ—~551~OCH3
}
OCH; 0 o) OCHS,
CHy o
OC2H5 Q ! 982H5
Cszoisi*ﬂ"‘Cﬂ‘ia_N Nica\Hg“SIiOCgHs
OC,Hs o o OC,Hs

§Cats i QC2Hs
C2H 50—55““C3H6MN¢L*;\/§WN “*Cai“‘a“‘s‘iwoczl"is

O CyHg 5 o OCoHy



Among the imidosilane compounds of a paragraph (d) of the present
invention, imidosilane compounds represented by the general formula (3)
can be readily obtained by a publicly known imidation process inwhich
animidosilane compound is synthesized from an amine compound and an
acid anhydride-containing compound through amic acid. [0061] The
amine compound can be obtained from the following primary amine and
the acid anhydride-containing compound can be obtained from the

following acid anl'%g%e containingsSilaurg compound. 384%62] [Formula
10] O H2N Ra O R3 Rz-Si R1)3-©.10063}In'the above géneral formulas,

R's may btk safne of “ditfrer @ ephesénty ap aikytgroup
having 1 to 6 carbonHatoms, § aving 1 te@6,earbon atoms,
a phenyl group, a phenoxy group and an organic group replaced with
them. As the alkyl group, thecalkyl groups havigg 1 to 6 carbon atoms are
preferable, and sﬁ fic exarﬁi _ | g roup mchf&f@sa methyl
group, an @ity gbou;&a nprog | rou W@‘ﬂkp Among

O OCQH5

[0058]

Further, R® represents a structural component of the acid
anhydride in the general formula (2}, and this acid anhydride
is any one of divalent tc tetradecavalent organic groups
containing an aliphatic ring other than maleic anhydride and
an organic group having 4 to 20 carbon atoms.

[0059]

Specific examples of the acld anhydrides include succinic
anhydride, glutaric anhydride,
4d-methylcyclohexane-1,2-dicarboxylic anhydride,
cis~4-cyclohexene-1,2-dicarboxyiic anhydride,
cis~1,2~oyclohexane dicarboxylic anhydride,
methyl-5-norbornene-2, 3-dicarboxylic anhydride,
S-norbhornene~2, 3~dicarboxylic anhydride (these are
manufactured by TOKYC KASEI KOGYC CO., LITD.),
3,4,5,6-tetrahydrophthalic anhydride (manufactured by Wako
Pure Chemical Industries, Ltd.)}, RIKACID HNA (trade name,

manufactured by New Japan Chemicgal Co., Ltd.), and RIKACID
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group are preferable in that they can be readily prepared. Further, as the
alkoxy group, the alkoxy groups having 1 to 6 carbon atoms are
preferable, and specific examples of the alkoxy groups include a methoxy
group, an ethoxy group, an n-propoxy group, and an iSopropoxy group.
Among them, the methoxy group and the ethoxy group are preferable in
that they can be readily prepared. Further, R' may be an organic group
replaced with an alkyl group, an alkoxy group, a phenyl group or a
HNHheRbxy tgradp, andexamplestefdroupd ihclutiea Trapethokymmopykl Co.,
group. 0064] 40 R2 represents a divalent organic group having 1 to 10
Lt garbon ~&onts tSpacificcaxaniples ol the tivatentorgatid greuprddde saa re
methylene group, an ethylene group, an n-propylene group, an

sURCBUYIenergroap iae n-pehejlene group! sfrexyenethylene group, an
oxyethylene group, an oxy-n-propylene group, an oxy-n-butylene group,

4 -Tape Eh GXEhPERtERe groupd IXmehy théms themethyleite grsup, the
ethylene group, the n-propylene group, and the n-butylene group are

- preferable e that thelicat bevehdily prépatad J00655Ra sepresints a
structural component of the above-mentioned primary amine and

SUFEpresenraly 6rgamfo group ot Eentdifing *a Aydrogen atom and a silicon
atom and having 1 to 20 carbon atoms. Specific examples of the organic

o - PSS MR R Miethiyt agronny an @tiyt gvslpl & ricprofd GRoupt et Ly
isopro%yl group,

preferable from the viewpoint of transparency and adhesiveness.
Withrespectthese,R?representsanorganicgroup,notcontaining
an unsaturated bond, not containing a silicon atom and having
2to 20 carbon atoms, other thananalicyclic group in the general
formula (2).

[00e0]

Among the imidosilane compounds of a paragraph (d) of the
present invention, imidosilane compounds represented by the
general formula (3) can be readily obtained by a publicly known
imidationprocessinwhichanimidosilane compoundissynthesized
froman amine compound and an acid anhydride-containing compound
through amic acid.

[0061]

The amine compound can be obtained from the following
primary amine and the acid anhydride-containing compound can
be obtained from the following acid anhydride-containing silane

compound.
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an n-butyl group, a t-butyl group, a cyclohexyl group, a 2-hydroxyethyl
group, a phenyl group, a methoxyphenyl group, a methoxy group, an
ethoxy group, an n-propoxy group, and an isopropoxy group. Among
them, the methoxy group and the ethoxy group are preferable in that they
can be readily prepared. Ra may be an organic group replaced with an
alkyl group, an alkoxy group, a phenyl group or a phenoxy group, and
examples of the groups include al-methoxypropyl group. Among them, a

. Ohgdrogen atom, a methyl group, an ethyl group, a t-butyl group, a 41
2-hydroxyethyl group, and a phenyl group are preferable in that they

[ Fexhibitéigh adhesiveness and are easily available. [0066] R3 represents
a structural component of acid anhydride in the above-mentioned acid
anhydride-containing sifgne, and this acid anhydride is an organic group
contaiwp_g_ n aromatic s0r an a Pﬂgq 5ing and any one of trivalent to
tetrad@cavalént orgaﬂ' roups having'4 to/20 carbon atoms. Specific
examples of the acid aghydrides include maleic anhydride, phthalic
anhydride, methylphthalic anhydride, succinic anhydride, glutaric

[ oamhydride, 4-methylcyclohexane-l,2-dicarboxylic anhydride,
cis-4-cyclohexene-l,2-dicarboxylic anhydride, cis-1,2-cyclohexane
dicarhoxylie anhydride; dn8-naphthatig.arhydrides may be the same or
methyl-5-norbornene-2,3-dicarboxylic anhydride,

disnorbernenet 2 3-dicashmadieanbydiide (thesgraresmanufastured Bycarbon

TOKYO KASEI KOGYO CO., LTD.),
atoms, an alkoxy grouphavingl to 6 carbon atems, a phenyl group,
a phenoxy group and an crganic group replaced with them.

As the alkyl group, the alkyl groups having 1 to & carbon
atoms are preferable, and specific examples of the alkyl group
include a methyl group, an ethyl group, an n-prepyl group, and
an lsopropyl group. Among them, the methyl group and the ethyl
group are preferable in that they can be readily prepared.
Further, as the alkoxy group, the alkoxy groups having 1 to ©
carbon atoms are preferable, and specificexamples of the alkoxy
groups include a methoxy group, an ethoxy group, an n-propoxy
group, and an 1sopropoxy group. .Among them, the methoxy group
and the sthoxy group are preferable in that they can be readily
prepared. Further, R' may be an organic group replaced with
an alkyl group, an alkoxy group, a phenyl group or a phenoxy
group, and examples of groups include a l-methoxypropyl group.

(0064]
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3,4,5,6-tetrahydrophthalic anhydride (manufactured by Wako Pure
Chemical Industries, Ltd.), RIKACID HNA (trade name, manufactured by
New Japan Chemical Co., Ltd.), and RIKACID HNA-100 (trade name,
manufactured by New Japan Chemical Co., Ltd.). Among them,
particularly preferable acid anhydrides are phthalic anhydride, succinic
anhydride, glutaric anhydride, 4-methylcyclohexane-l,2-dicarboxylic
anhydride, 1,8-naphthalic anhydride, 5-norbornene-2,3-dicarboxylic 42
anhﬁ&ri@d@aﬂeenemﬁmmmmmmm@mmmm@mm 10 carbon
anhydride, glutaric anhydride, and 5-norbornene-2,3-dicarboxylic
atamhbydride are partieularny preferabbledrdmtheanewpointrof trgnsparencyl ude
and adhesiveness. [0067] Furthermore, silane compounds of the general
& meimulag2F carrbe obtained by thessynthetic neethockofgilahe compounds an
of the general formula (3), that is, can be obtained from the following
n-anfindsikmacompound ang aeidvdrhyariteay arcaming regmpdunt: group,
[0068] [Formula 11] R1 H2N--R2-Si-R1 R1 [0069] In the above general
an fermifaR'snay e thecsamme opdifferemtropy lene group, an

oxy-n-butylene group, and an oxy-n-pentylene group. Among
them, the methylene group, the ethylene group, the n-propylene
group, and the n-butylene group are preferable in that they can

be readily prepared.

Rarepresents a structural component of the above-mentioned
primary amine and represents an organic group not containing
a hydrogen atom and a silicon atom and having 1 to 20 carbon
atoms. Specificexamples of the organic groups include amethyl
group, an ethyl group, an n-propyl group, an isopropyl group,
an n-butyl group, a t-butyl group, a cyclohexyl group, a
Z-hydroxyethyl greoup, a phenyl group, a methoxyphenyl group,
a methoxy group, an ethoxy group, an n-propoxy greoup, and an
isopropoxy group. Among them, the methoxy group and the ethoxy
group are preferable in that they can be readily prepared. R,
may be an crganic group replaced with an alkyl group, an alkoxy
group, a phenyl group or a phenoxy group, and examples of the
groups include & l-methoxypropyl group. Among them, a hydrogen

atom, a methyl group, an ethyl group, a t-butyl group, a
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and each represents an alkyl group having 1 to 6 carbon atoms, an
alkoxy group having 1 to 6 carbon atoms, a phenyl group, a phenoxy
group and an organic group replaced with them. As the alkyl group, the
alkyl groups having 1 to 6 carbon atoms are preferable, and specific
examples of the alkyl group include a methyl group, an ethyl group, an
n-propyl group, and 43 an isopropyl group. Among them, the methyl
group and the ethyl group are preferable in that they can be readily
2 -prepared=As R2ga methylent grobpnan ethylenesgreup; @fen=propylénethat
group, and a butylene group are preferable in that they can be readily
thpreparedbAs arsyrithetithmethoeh efssilane Compounds 1ofithegenesdd Le .
formula (2) , a direct imidation process, in which a silane compound is
[ O 8wdthesized from an isocyanate silane compound and acid anhydride as
with the silane compounds of the general formula (1), is particularly
preférablecfremethe sviewpaintof preventing coloringedue e @ bydpyoduicie in
[0070] Among these imidosilane compounds represented by the
thgerieralfornaulas (Do €3); theimidosilaltecompoundiepresehtet: by thethis
general formula (3) is particularly preferable since an imido group is
acditestetvidrsiutch adiectiorotvat a nitrogencatoine efithedinidegoupid c ring
coupled with a Si atom via a 0=0 bond of the imido group therebetween

orand therefore therdirogencatory of theintido grews Andeatstibstratecéain L ent
interact with efficiency. [0071]
organic groups having 4 to 20 carben atoms. Specific examples

of the acid anhydrides include maleic anhydride, phthalic
anhydride, methylphthalic anhydride, succinic anhydride,
glutaric anhydride, 4-methylcyclohexane-1,2-dicarboxylic
anhydride, cis-4-cyclohexene-1,2~dicarboxylic anhydride,
cis~1,2-cyclohexane dicarboxylic anhydride, 1,8-naphthalic
anhydride, methyl-5-norbocrnene-2,3-dicarboxylic anhydride,
H-norbornene-2, 3-dicarboxylic anhydride (these are
manufactured by TOKYO KASEI KOGYO CO., LTD.},
3,4,5,6-tetrahydrophthalic anhydride (manufactured by Wako
Pure Chemical Industries, Ltd.), RIKACID HNA (trade name,
manufactured by New Japan Chemical Co., Ltd.), and RIKACID
HNA-100 (trade name, manufactured by New Japan Chemical Co.,
Ltd.). Amongthem, particularlypreferable acidanhydrides are
phthalic anhydride, succinic anhydride, glutaric anhydride,
d-methylcyclohexane-1,2-dicarboxylic anhydride,

1,8-naphthalic anhydride, 5-norbornene-2,3-dicarboxylic
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A cured film of polysiloxane, which is a ladder-like crosslinked polymer

referred to herein, is generally brittle. This cured film has a problem that

cracks are generated in the cured film particularly when the cured film is

dipped into an alkaline solvent. Since the compounds represented by the

44 general formulas (1) to (3) has an imido site, which is

solvent-resistant, highly adhesive and highly flexible, within their

structures and has a silane compound at both ends, a composition to
anhvhich the, compornds/have: heén addedyreactsawithzpelysilokang iBuccinic

curing, and the imido site is incorporated into the cured film through an
anioyganicd®ond,Lanch theretoné thieccured filmai becomes flexible and the

solvent resistance of the cured film is improved. Furthermore, the
5 —comipounds eloes hot suffet: fropi shrirkageidurig euringoresultingfaomy

imido conversion by heat because the compounds do not have an amino
pratigrstrictufe owhitte is aavpido precurserasodescribed aboveh and hasses s .

good planarization property. 0072] An additive amount of the imidosilane
[0@bmpound represented by the general formulas (1) to (3) is preferably

within a range of 0.1 to 10% by weight with respect to polysiloxane. When

the Additiveramoent isismalkerthan©1196 byfweightothesimidositane11a (2)

compound does not adequately exert effects on adhesiveness and
cagohemiresistaned) andwhenthb eidditivee aimodnt is Hrgenthare@096 s of

weight, the imidosilane compound exhibits a function as
the general formula (3), that is, can be cbtained from the

folleowing aminosilane compound and acid anhydride as an amine
compound.
Lt0068]

[Formula 11]

R
!
HznmRz—sji*R‘
i
(00697
Inthe abovegeneral formula, R'smaybe the same or different
and esach represents an alkyl group having 1 to 6 carbon atoms,
an alkoxy group having 1 to & carbon atoms, a phenyl group, a
phenoxy greoup and an organic group replaced with them.
As the alkyl group, the alkyl groups having 1 te 6 carbon

atoms are preferable, and specific examples of the alkyl group

include a methyl group, an ethyl group, an n-propyl group, and

43



a plasticizer during patterning to cause sagging in patterning and
therefore resolution may be deteriorated. Furthermore, a thermal acid
generator may be used for the photosensitive siloxane composition of the
present invention 45 at a content within the range in which an effect of the
present invention is not impaired. Specific examples of the thermal acid
generator preferably used include SI-60, SI-80, SI-100, SI-110, SI-145,
SI-150, SI-60L, SI-80L, SI-100L, SI-110L, SI-145L, SI-150L, SI-160L and

an Slsb3Hofeverything manufactyred by, SANSHEN CHEMEAL INBUSERY hy1
CO., LTD.), 4-hydroxyphenyldimethylsulfonium,

grbepzyhydoxyphendmethysidfoniay can be readily prepared.
2-methylbenzyl-4-hydroxyphenylmethylsulfonium,
2-mathpbenzylk4iacettphenyimethylsulfoniumene group, an n-propylene
2-methylbenzyi-4-benzoyloxyphenylmethylsuluonium, and

grmethanesuonategitherecf rsifluoramethanesulfonates; that they can be
camphorsulfonates and p-toluenesulfonates. More preferable thermal

readitlgeneratois ate 4-Aydroxyphemddimethysiltehiom, silane compounds
benzyl-4-hydroxyphenylmethylsulfonium,

of 2=methylizenzy| Zohydroxyphenydmethylsulfomiuog t ion process, in which

2-methylbenzyl-4-acetylphenylmethylsulfonium,
a 2imethylbenzybdibgnzeylexyphernylmethyiSutuoniom | suethanesufonates e

thereof, trifluoromethanesulfonates, camphorsulfonates and
copstoluen esulfonates aFlnther; theses eormpoundssmay be usedalondop L the

may be used in combination of
general formula (1), is particularly preferable from the
viewpoint of preventing coloring due to a by-product.
(00707

Among these imidosilane compounds represented by the
general formulas (1) to {(3), the imidosilane compcocundrepresented
by the general formula (3) ls particularly preferable since an
imido group is directed to such a direction that a nitrogen atom
of the imido group i1s coupled with a $Si atom via a C=0 bond of
the imidoe group therebestween and therefore the nitrogen atom
of the imido group and a substrate can interact withefficiency.
(007173
A cured f£ilm of polysiloxane, which 1s a ladder-like

crosslinked polymer referred to herein, is generally brittle.
This cured film has a problem that cracks are generated in the

cured film particularly when the cured film is dipped into an

alkaline solvent. Since the ccmpounds represented by the
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two or more species. [0073; A preferable additive amount of the thermal
acid generator 46 is 0.01 to 10 parts by weight with respect to 100 parts
by weight of a siloxane polymer, and a more preferable additive amount
is 0.01 to 0.5 parts by weight. When the additive amount is smaller than
0.01 parts by weight, a function as a crosslinking promoter of the siloxane
polymer is not adequately exhibited and a cured film becomes a low
hardness film, and when the additive amount is larger than 10 parts by
genight, thiseauses rebuction (A sehsitivity, genérationidfecrasks, o is
deterioration of transparency. [0074] Furthermore, the photosensitive
50 SiGXEMELCoMPOsition ofl thel prestm inventiordnidybdntdin eefiéate, within
crosslinking agent. The heat crosslinking agent is a compound which
Thefgsshiilks polysiloxansl abte time bl ermabooing andtis incorperated. 2
into a polysiloxane skeleton through crosslinking. A degree of crosslinking
coppgheléured filfh 18 ihereaded by dontaifing theeheaterasslinkingagam. with
Thereby, the solvent resistance of the cured film is improved. 0075] The
PO hBat erodsiitking agent1s netparticalamiinited tasiengasitisgated into
compound which crosslinks polysiloxane and is incorporated into the
th%&yﬁlﬁﬁaﬁé@&@f@%@ﬁh@%iﬁ@@fﬁic bond, and therefore the cured

film becomes flexible and the solvent resistance of the cured
film is improved. Furthermore, the compounds does not suffer
from shrinkage during curing resulting from imide conversion
by heat because the compounds do not have an amino acid structure
which is an imido precursor as described above, and has a good
prlanarization property.

[0072]

An additive amount of the imidosilane compound represented
by the general formulas (1) to (3) is preferably within a range
of 0.1 to 10% by welght with respect to pelysiloxane. When the
additive amount is smaller than 0.1% by weight, the imidosilane
compound does not adequately exert effects on adhesiveness and
soivent resistance, and when the additive amount is larger than
20% by weight, the imidosilane compound exhibits a function as
a plasticizer during patterning to cause sagging in patterning
and therefore resoclution may be deteriorated.

Furthermore, a thermal acid generator may be used for the

photosensitive sileoxane composition of the present invention
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thermal curing, but preferable examples of the heat crosslinking agent
include a compound having two or more structures selected 1i from the
group consisting of groups represented by the general formula (6), an
epoxy structure and an oxetane structure. A combination of the
above-mentioned structures is not particularly limited, but structures to be
selected are preferably the same. [0076] [Formula 12] CH2 0-RbO0) (6)
[0077] R-0 represents either hydrogen or an alkyl group having 1 to 10
at carbontatornsy FurtherplarakROs in a ebmpbuad maysbd thé sameroresent
different. [0078] in the compounds having two or more groups
invepresemedsbythe geperatformula (6) , R10 represents either hydrogen
or an alkyl group having 1 to 10 carbon atoms. Plural R10s in a
comppend Maydethe samelor differentrSpesificcegamples-ofr theallg ab 1y
group include a methyl group, an ethyl group, an n-propyl group, an
usfgoptopyl greus anth-bud gidup, Alt=Butyl, grodp,t Bh.-n-Biéxylgroup land C .
an n-decyl group. [0079] Specific examples of the compounds having two
SIokMoereSgrotips, réprekenied by the gendra-fofula6) ineflide $He 1 60L and
followin
SI—ZBOIJ%everything‘manufactuxed,by SANSHIN CHEMICAL INDUSTRY

CO., LTD.), 4-hydrozyphenyldimethylsulfonium,
benzyl-4-hydroxyphenylmethylsulfonium,
Z-methylbenzyi-4-hydroxyphenylmethylsulfonium,
Z-methylbenzyl-4-acetylphenylmethylsulfonium,
Z-methylbenzvli-4-benzoyloxyphenylmethylsuluonium, and
methanesulfonates therecof, triflucoromethanesulfonates,
camphorsul fonates and p-toluenesulfonates. More preferable
thermal acid generators are d-hydroxyphenyldimethylisulfonium,
benzyl-4-hydroxyphenylmethylsulfonium,
Z=methylbenzvl-4-hydroxyphenylmethylsulfonium,
Z-methylbenzyl-4-acetylphenyimethylsulfonium,
Z-methylbenzyl~4~benzoyloxyphenylmethylisuluonium,
methanesulfonates thereof, triflucromethanesulfonates,
camphorsulfonates and p-toluenesulfonates. Further, these
compounds may be used alone or may be used in combination of
two Or more specles.

00733

A preferable additive amount of the thermal acid generator
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48 melamine derivatives and urea derivatives (trade name, manufactured
bySANWA CHEMICAL CO.,LTD. ),and phenolic compound (trade name,
manufacturedbyHonshu Chemical IndustryCo.,Ltd.). [0080] [Formula 13]
H3C-O-H2C\ ,CH2-O-CH3 0 N N N H3C-O-H2C ,CH2-O-CH3
H3C-O-H2C' Y JN 'CH2-O-CH3 N AN N N N N H H3C-O-H2C'
'CH2-0O-CH3 H3C-0O-H2C' Y 'CH2-O-CH3 O NTKALAC MW-30HM
. NIKALAC MX-270 0 H3C-O-H2C\ ,CH2-O-CH3 ,NH-CH2-0-CH3 N N '
13 G=€\ NH-CH2R2O:EHY MSCIOF--INO-CHIMMKALAC VIC 290 NIKALAE! ght
MX-280 0081] Specific examples of the compounds having two or more
of epoRy - StiictEresnEIEE /Epblite™ 40E; “Epbiites 180Ee "Bpolite'l voomEnount
. "Epolite” 400E, "Epolite” 702, "Epolite” 2002, "Epolite” 4002, "Epolite" ‘
12 1806NP; *Epofite® 8OIME, Ep6fite? 2000, WiEpolifeda00ddiidsecaranpade s
names, manufactured by Kyoeisha
smaller than 0.01 parts by weight, a function as a crossiinking
promoter of the siloxane polymer is not adeguately exhibited
andacuredfilmbecomes a lowhardness £ilm, andwhen the additive
amount is larger than 10 parts by weight, this causes reduction
in sensitivity, generation of cracks, or deterioration of
transparency.
[0074]

Furthermore, the photosensitive siloxane composition of
the present invention may contain a heat crosslinking agent.
The heat crosslinking agent i1s a compound which crosslinks
polysiloxane at the time of thermal curing and is incorporated
into a pelysiloxane skeleton through crosslinking. A degree
of crosslinking of the cured film is increased by contalining
the heat crosslinking agent. Thereby, the solvent resistance
of the cured film is improved.

[0075]

The heat crosslinking agent is not particularly limited
as long as it is a compound which crosslinks polysiloxane and
is incorporated into the polysiloxane skeleton at the time of

thermal curing, but preferable examples of the heat crosslinking

agent include a compound having two or more structures selected



Chemical Co., Ltd.), "DENACOL" EX-212L, "DENACOL" EX-214L,
"DENACOL" EX-216L, "DENACOL" EX-850L, "DENACOL" EX-321L
(these are trade names, manufactured by Nagase ChemteX Corp.), GAN,
GOT, EPPN 502H, NC 3000, NC 6000 (these are trade names, 49
manufactured by Nippon Kayaku Co., Ltd.), "EPICOAT" 828, "EPICOAT"
1002, "EPICOAT" 1750, "EPICOAT" 1007, YX8100-BH30, E1256, E4250,
E4275 (these are trade names, manufacturedby Japan Epoxy Resins
fr@o.;f Lid JrERICKONT EXARG58S, HFAO3R, "EPTCEGN! eN695, HR72e0era l
(these are trade names, manufactured by Dainippon Ink and Chemicals,
Tomp) 2" TEPIC S, "TRRC" &, "TEPICE Pa@iRests’ apd fragehdamescture. A
manufactured by Nissan Chemical Industries, Ltd. ),and
COMEPOTORTONY 434 | ghstdeenaine L ranafaciiredBy FOMT O SKASEI CO.,
LTD.). [00827 Specific examples of the compounds having two or more
pa pkétapesstrictures inddde OXT-32TLOKTL2RL, 'OX IS0 OXTa91a e
PNOX-1009, RSOX (these are trade names, manufactured by TOAGOSEI
pre@relrby), A6 BRERNACOLL" OXBP, "ETERNACOLL" OXTP (these
are trade names, manufactured by Ube Industries, Ltd.). The
[08Béve-mentioned heat crosslinking agents may be used alone or may be
used in combination of two or more species. [0083] An additive amount of
[ Fehethdat ctodslinking agent is not particularly limited, but it is preferably

within a range of 0.1 %10% by weight with respect to polysiloxane. When
the CHy-O-—R ' | 6

[C077]

R represents either hydrogen or an alkyl group having

i3

ot

o 10 carbon atoms. Further, plural rY¥s in a compound may
be the same or different.
[0078]

In the compounds having two or more groups represented
by the general formula (6), R' represents either hydrogen or
an alkyl group having 1 to 10 carbon atoms. Plural RYs in a
compound may be the same or different. Specific examples of
thealkylgroupinciudeamethyl group, anethyl group, ann-propyl
group, an isopropyl group, an n-butyl group, a t-butyl group,
an n-hexyl group, and an n-decyl group.

[0079]
Specificexamples of the compounds having two crmore groups

represented by the general formula (6] include the following
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additive amount of the heat crosslinking agent is smaller than 0.1% by
weight, crosslinking of polysiloxane is inadequate and an effect of the
heat crosslinking agent is small. On the other 50 hand, when the additive
amount of the heat crosslinking agent is larger than 10% byweight, a
transparent and colorless property of the cured film is deteriorated or
storage stability of the composition is deteriorated. The photosensitive
siloxane composition of the present invention may also contain additives
me sgeh as addissolatidry dnhibitdr, arsurfattanty a stabilizet angdan name,
antifoaming agent as required. [0084] Amethod of forming a cured film by
rnangé af thie phidtosenBitind $HEXAaRe.ctmposition Jof theduresent inventiopound
will be described. The photosensitive siloxane composition of the present
(tivenrisheisappliéd onto g bageisubsstrattbyagpublicly kabwn Guethad d. ) .
such as a spinner, dipping, a slit or the like and prebaked by a heating
[C@pparatus such as a hot plate, an oven or the like. The prebake is
preferably carried out at a temperature of 50 to 150C for 30 seconds to
[E'QpmHihtites’tb form a film thickness of 0.11 to 15 pm after the prebake.
H &]OOQSJSJW%ﬁer completion (5{1 p{%-bgﬁimng, the film is patterned and exposed
3threlrt sired mask‘atabet toa on the exposure
o s

'fél—‘lig)opi Jm’
i y 2
Hserp@ngetf ayefgﬁﬁt‘rl\ﬁé]'s_lzrya ggﬁg/alent% s N
e 8
N_ N
N ~O-H-C7 CHy-O =
HaC-0-H,C” "CH,-0-CHj FleemOmC \c[)( A

NIKALAC MW-30HM NIKALAC MHX-270

0
H3C-0-H,C _CH,-0-CH; NH~CH,-O—CH
\NJ\N o=C’ 2 ’

H "NH—CH,-0~CHj

HaC—O O-CHj
NIKALAC MX-290

NIKALAC MX-2890

[0081]

Specificexamples of the compounds having two or more epoxy
structures include “Epclite” 40E, “Epolite” 100E, “Epolite”
200, “Epolite” 400E, “Epolite” 70P, “Epolite” 200P, “Epclite”
4002, “Epolite” 1500NP, “Epolite” 80MF, “Epolite” 4000,
“Epolite” 3002 (these are trade names, manufactured by Kyoeisha
Chemical Co., Ltd.), “DENACOL” EX-2121, “DENACOL” EX-214L,
“DENACOL” EX-216L, “DENACOL” EX-850L, “DENACOL” EX-221L (thesze

are trade names, manufactured by Nagase ChemteX Corp.}, GAEN,

GOT, LEPPN 502ZH, NC 3000, NC 6000 (these are trade names,
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with an ultraviolet and visible light exposure machine such as a stepper, a
mirror projection mask aligner (MPA) or a parallel 51 light mask aligner
(PLA) The photosensitive siloxane composition of the present invention
preferably has sensitivity which is 100 to 4000 J/m2 at exposure by the
PLA. When the sensitivity is lower than 4000 J/m2, the radiation exposure
time during patterning becomes long to lower productivity and to
increase the radiation exposure amount, thereby increasing the reflection
na frofie thiedrase sybstrate to dBteyioratedhe paitermn. form.EDO86RThes 28 ,
sensitivity at patterning exposure by the PLA is determined by the
“E followhTy miethad. The tommgdsitionsis applied Contd a silican waferby -BH30,
spin-coating at an arbitrary rotating speed with a spin coater, and the
E1applied Lompositionis( presbakede atrklbCriam2 mimdtes with-a hetiplaté agpan
prepare a film having a film thickness of 4 m. The prepared film is
EpexpoBed to arCaltralhigh presSsuréMnéntlingidmp irdudhrd ¢eay scarICLON”
mask for sensitivity measurement with the PLA (PLA-501F manufactured
N6By , CanondAc.)tLiFecexposed difln isdeveloped by patdlimgiof 838% Ly ppon
weight aqueous solution of tetramethylamr.;onium hydroxide for an
Inarbitraryitime withsan tomaticidevelop Ing dpparati$(AD-260G " P (these
manufactured by Takizawa Sangyo Co., Ltd.), and then rinsed with water
a rfor3tskEcoriuse in theaforhed ipattedn Mihaexiposiré haount lathikieh aries

m line and space pattern is resolved at a width
Ltd.), and“EPQTCHTO” YITI-434L (tradenams, manufacturedby TOHTO

KASET CO., LTD.).
100823

Specific examples of the compounds having two or more
oxetane structures include OXT-121, OX?P-221, OX-5Q-H, OXT~-191,
PNOX-1009, RS50X (thege are trade names, manufactured by TOAGOSET
CO., LTD.), and “ETERNACOLL"” OXBP, “ETERNACOLL" CXTP (these are
trade names, manufactured by Ube Industries, Ltd.).

The above-menticned heat crosslinking agents may be used
alone or may be used in combination of two or more species.
[0083]

An additive amount of the heat crosslinking agent is not
particularly limited, but it is preferably within a range of
0.1 to 10% by weight with respect to polysiloxane. When the
additive amount of the heat crossiinking agent is smaller than
0.1% by weight, crosslinking of polysiloxane is inadequate and

an effect of the heat crosslinking agent is small. On the other
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ratio of 1: 1 is identified as the sensitivity. 52 0087 After patterning
exposure, an exposed area can be dissolved by development to obtain a
positive type pattern. As for a developing method, it is preferred to
immerse the coated substrate in a developer for 5 seconds to 10 minutes
with a method such as showering, dipping or paddling. As the developer,
publicly known alkaline developers can be employed. Specific examples
of the alkaline developers include aqueous solutions containing one or
hansbrewkinds of thargdhicialkaklistsuchtas thydroxites carborté  phosphatgent
silicate and borate of alkali metals, amines such as
is 2alisthylaminoetianely saidetraholamnsine rdisthandlamine-and thedikeerty
and quaternary ammonium salts such as tetramethylammonium
of hydroxite cchdlingrand thetlike L After developeriert athe filtres préfeyably the
rinsed with water, and subsequently, it can also be dry-baked in a
copmperalire FengEeeiB0- - 568G, - Thereafter,
itispreferabletoperformbleachingexposure. By performing bleaching
expGsife PAY bR fedetdd GuimoRe tiadde compoundrepmainifgtinghefisent
is photo-decomposed to further improve the optical transparency of the
Lrfipg A forableadhingCexpastite atethod, he entird:sadface ofitheolution
~ developed film is exposed at about 100 to about 4000 J/m2 (on the
inpxposiité amotint @ Favelengtts B85 i eqiivaléhtbasis} withaaning agent

ultraviolet and
as required.

[0084]

Amethodof forminga cured filmby use of the photosensitive
siloxane composition of the present inventionwill be described.
The photosensitivesiloxane compositionof thepresent invention
is applied onto a base substrate by a publicly known methoed such
as a spinner, dipping, a slit or the like and prebaked by a heating
aﬁparatus such as a hot plate, an oven or the like. The prebake
is preferably carried out at 2 temperature of 50 to 150°C for
30 seconds to 30 minutes to form a film thickness of 0.1 to 15
um after the prebake.

[0085]

After completion of pre-baking, the film is patterned and
exposed through a desired mask at about 10 to about 4000 J/m’
(on the exposure amount at wavelength 365 nm equivalent basis)
with an ultraviolet and visible light exposure machine such as

a stepper, amirror projection mask aligner (MPA) or a parallel



53 visible light exposure machine such as PLA. Thereatfter, this film is

thermally cured at a temperature of 150 to 450C for about 1 hour with a

heating apparatus such as a hot plate, an oven or the like. Resolution is

preferably 10 m or less. [0088] The photosensitive siloxane composition

of the present invention can form a cured film whose light transmittance

per a film thickness of 3 m is 95% or more at a wavelength of 400 nm

and more preferably 98% or more. If the light transmittance of the cured
1iditm isclowverdhan 95%, {ehen the Cureddiintis sised 1as agplanarization film

for a TFT substrate o a liquid crystal display device, backlight changes in
conopler At thentinfetofepassing rithroughithe plaparZationfilm lamg takesionaity

yellow tinge in white display. [0089] The transmittance per a
wh filththickne8§ of 8 m &t & wavelengthe 06460 i isydetermifiet] by tesn the

following method. The composition is applied onto a Tempax glass sheet
seby spinFcoating dtare raibitrary fétatingrspeed with dispin coatar @ndithe: ime

applied composition is pre-baked at 115C for 2 minutes with a hot plate.
duThereafter tas blisachingexposure;the entirecsrfaceofdhe tfilmiisy and to

exposed to an ultra high pressure mercury lamp at 6000 J/m2 (on the
inexpesureamolatt ay Wavelength 365nareguivaldmsyeby increasing the
reflecticon from the base substrate to deteriorate the pattern
form.
rooge]

The sensitivity at patterning exposure by the PLA is

determined by the following method., The composition is applied
onto a silicon wafer by spin-coating at an arbitrary rotating

speedwithaspincoater, andthe appliedcompesition ispre-baked
at 115°C for 2 minutes with a hot plate to prepare a £ilm having
a film thickness of 4 um. The prepared film 1is exposed Lo an
ultra high pressure mercury lamp through a gray scale mask for
sensitivity measurement with the PLA (PLA-501F manufactured by
Canon Inc.). The exposed film is developed by paddling of 2.38%
by weight agueous solution of tetramethylammoniumhydroxide for
anarbitrarytimewithanautomaticdevelopingapparatus (AD-2000
manufactured by Takizawa Sangyo Co., Ltd.), and then rinsed with
water for 30 seconds. In the formed pattern, the exposure amount
at which a 10 pm line and space pattern is resolved at a width

ratic of 1: 1 is identified as the sensitivity.



basis) with the PT LA, and the film is thermally cured at 250C for 1 hour
in the air with an oven to prepare a cured film. The u Itraviolet and visible
absorption spectra of the obtained cured film are measured with Multi
Spec-1500 manufactured by SHIMADZU CORP. to determine a
transmittance per a film thickness of 3 pm at a wavelength of 400 nm.
0090] This cured film is suitably used for a planarization film for a TFT in
a display device, an interlayer insulation film in a semiconductor device or
t O@tcore or clad material in a light waveguide. Examples of the device of the
present invention include a display device, a semiconductor device and
matédals farat tightwaveggide: Sincesthe device df:thepresebtinventionved
has a cured film having high resolution, high hardness, high
by tramgparepieyahdthiglkheat resistance. ofithe presentrinverntion. deseriied a
above, particularly, a liquid crystal display device and an organic EL
de display.devite tihavhich thel suredsfifmmfethetdevicenefrthe presentcated
invention is used as the planarization film for a TFT, are superior in
supfightiess ofaaserearand feliabilitg CEXAMPLES §0001] 55 Hereinafter,hod
the present invention will be described by
such as showering, dipping or paddling. As the developer,
publicly known alkaline developers can be employed. Specific
examples of the alkaline developers include agueous solutions
containing one or more kinds of inorganic alkalis such as
nydroxide, carbonate, phosphate, silicate and borate of alkali
metals, amines such as 2-diethylaminocethanol,
monoethanoiamine, diethanclamine and the like, and guaternary
ammonium salts such as tetramethylammonium hydroxide, choline
and the like.

After development, the film is preferably rinsed with
water, andsubseguently, it canalsobedry~baked inatemperature
range of 50 to 150°C.

Thereafter, it ispreferabletoperformbleachingexposure.
By performing bleaching exposure, an unreacted guinone diazide
compound remaining in the film is photo-decomposed teo further
improve the cptical transparency of the film. As for ableaching
exposure method, the entire surface of the developed film is

exposed at about 100 to about 4000 J/m? (on the exXposure amount

at wavelength 365 nm eguivalent basis) with an ultraviolet and



way of examples, but the aspects of the present invention are not limited
to these examples. Further, compounds, for which an abbreviation is
used, of the compounds used in Examples are shown below. [0092]
DAA: Diacetone alcohol EDM: Diethylene glycol ethyl methyl ether HPE:
2-hydroxypropionic acid ethyl GBL: gamma-butyrolactone SiDA:
1,3-bis(3-aminopropyl.)tetramethy’'_disiloxane [0093] Synthesis Example
1 Synthesis of polysiloxane solution (i) Into a 500 ml three-necked flask,
vidd9eg (Q.65mele) of unethylrimethoxysitane; 69419 (0.35 mole) of
phenyltrimethoxysilane and 150.36 g of diacetone alcohol (DAA) are
chargedr and te the tesudtihg Imixtare fran-aguéous phesphoric @aeitberature
solution having 0.338 g (0.2% by weight with respect to the weight of
o f chafged Mandmers) ofgihosphoricacidvdissolwed ents5 8 gpbwaterwasuch
added over 10 minutes while stirring the mixture at room temperature.
as Thereaftet,2he flaskwassammerséd: ihidreoil batsofl 70C pthelresultinge rab Ly
mixture was stirred for 1 hour, and then the oil bath was heated up to
101#bCoaver 8Os minutes. A temperature of the solution reached 100C after
a 56 lapse of one hour from the start of heating and the solution was
[ORhedted and stirred for further 2 hours (the temperature of
The photcesensitive siloxane composition of the present
invention can form a cured film whose light transmittance per

a film thickness of 3 um is 95% or more at a wavelength of 400
nm and more preferably 98% or more. If the light transmittance
of the cured fiim is lower than 95%, when the cured film is used
as a planarization film for a TFT substrate of a liguid crystal
display device, backlight changes incolor at the time of passing
through the planarization film and takes on a yellow tinge in
white display.

[0089]

The transmittanceperafilmthicknessof 3umat awavelength
of 400 nmisdeterminedby the following method. The composition
is appliesd onto a Tempax glass sheet by spin—coating at an
arbitrary rotating speed with a spin coater, and the applied
composition is pre-bakedat 115°C for 2 minutes with a hot plate.
Thereafter, as bleaching exposure, the entire surface of the
film is exposed to an ultra high pressure mercury lamp at 6000

J/m® (on the exposure amount at wavelength 365 nm equivalent



the solution was 100 to 110C in the meantime) . During the reaction, 115
g in total of methanol and water as by-products were distilled out. To the
resulting DAA solution of polysiloxane, DAA was added so as to achieve a
polymer concentration of 43% by weight to obtain a polysi'Loxane
solution (i) . The obtained polymer had a weight average molecular
weight (Mw) of 6000 and a phenyl group content of 35% with respect to
the amount of Si atoms. The weight average molecular weight of the
bapolmeriwas Mieastirdd amthecpelystytene equivatem basis:bys@PE(gel ¢ ° C
permeation chromatography) (eluent: tetrahydrofuran, flow rate: 0.4
fomiimie) Thercbhtentiof et phenybyroup wasrdetermined byarieslinng &he
29Si-nuclear magnetic resonance spectrum of polysiloxane and
ulearulkting aFatoref ihe pedksarer of Siisaving aphényh groupdbonded tored
the peak area of Si having no phenyl group bonded. 0094] Synthesis
L1 pranspla 2 Syhtresisiofpdlysitoxame solutief @iRntba 5009 by SHIMADZU
three-necked flask, 63.39 g (0.55 mole) of methyltrimethoxysilane, 69.41
CORHO. 35 nidte)corphenyfrimeticRysiiane: 24 .64 (0.1 indleXdfickness of 3
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane and 150.36 g of DAA are
M chargedy aig 16t Fesuftimglmixtire, an aqueous 57 phosphoric acid
solutlon having 0.338 g (0.2% by weight with respect to the weight of
rbed monomers) of phosphoric acid dissolved in 55.8 g of water was

added over 10 minutes while
This cured £film is suitably used for a planarization film

for a TFT in a display device, an interlayer insulation film
in a semiconductor device or a core or clad material in a light
wavegulide.

Examples of the device of the present invention include
a display device, a semiconductor device and materials for a
light waveguide. Since the device of the present invention has
& cured film having high resolution, high hardness, high
transparency and high heat resistance of the present invention
described above, particularly, a liguid crystal display device
and an organic EL display device, in which the cured film of
the device of the present invention is used as the planarization
film for a TFT, are superior in brightness of a screen and

reliability.

EXAMPLES

(00917

o
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stirring the mixture at room temperature. Thereatfter, the flask was
immersed in an oil bath of 70C, the resulting mixture was stirred for 1
hour, and then the oil bath was heated up to 115C over 30 minutes. A
temperature of the solution reached 100C after a lapse of one hour from
the start of heating and the solution was heated and stirred for further 2
hours (the temperature of the solution was 100 to 110C in the meantime).
During the reaction, 115 g in total of methanol and water as by-products
weréldistilled Ot T0 theergsultingrDAA satuticroof palysilaxants DAA nas by
added so as to achieve a polymer concentration of 43%by weight to
wa gbtainexpotysitoxaneisolutien a@ipeties obfainéd pohyesenrtiad awweighon are
average molecular weight (Mw) of 5000 and a phenyl group content of
no85% withadspect to: the amaount ®f Si atomsh0095¢ Byrthesis Examiplerd ch
Synthesis of polysiloxane solution (iii) Into a 500 ml three-necked flask,
an23t84 g (0 AT75mole) ofsmethyitfimethoxysitans; 9. 15 ¢J0.5 mok)ples are
peehyltrimethoxysilane, 12.32 g (0.05 mole) of
sh2y8,4=epoxycyclohexyl)trimethoxysilane, 62.58 g (27.5 moles in number
of atoms of silane) of Quartron PL-2L-DAA (manufactured 58 by FUSO
[CEHEMICAL CO., LTD.: solid content 26.4% by weight) which is a
dispersion of silica particle in an DAA solvent and 209.47 g of DAA are
chargéd,: ahd t¢ tHecresuftihgiiixiure, an aqueous phosphoric acid

solution having 0.181 g of phosphoric acid
EDM: Diethylene glycol ethyl methyl ether

HPE: Z-hvdroxypropionic acid ethyl

GBL: gamma-butyrolactone

SibDA: 1,3-bis(3-aminopropvl)tetramethyvidisiloxane
[0083]
Synthesis Example 1 Synthesis of polysiloxane solution (1)

Into a 500 m! three-necked flask, 74.91 g {(0.65 mole) of
methyltrimethoxysilane, ©9.41 ¢ (C.35 mole) of
phenyltrimethoxysilane and 150.3¢ g of diacetone alcohol (DAA)
are charged, and to the resultingmixture, an agueous phosphoric
acid scolution having 0.338 g (0.2% by weight with respect to
the weight of charged monomers) of phosphoric acid dissolved
in 55.8 g of water was added over 10 minutes while stirring the
mixture at roomtemperature. Thereafter, theflaskwas immersed
in an o0il bath of 70°C, the resulting mixture was stirred for
1 hour, and then the oilil bath was heated up to 115°C over 20

minutes. A temperature of the solution reached 100°C after a
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dissolved in 40.05 g of water was added over 30 minutes while stirring
the mixture at room temperature. Thereafter, the flask was immersed in
an oil bath of 40C, the resulting mixture was stirred for 30 minutes, and
then the oil bath was heated up to 115C over 30 minutes. A temperature
of the solution reached 100C after a lapse of one hour from the start of
heating and the solution was heated and stirred for further 45 minutes
(the temperature of the solution was 100 to 110C in the meantime) .
LaPeringithereattion; 8&-gin total cfmethand| Ard water asidby=peoducts:tion
were distilled out. To the resulting DAA solution of polysiloxane, DAA was
wa aduedtsolas ol achievesal pblymérn coneentration of4 3obhy: weightto-ahiain of
a polysiloxanesolution (iii). The obtained polymer had a weight average
thenglecularn aveightsy(Mw)Cof55001arid a phenlkgroap content of Stumoh& the
with respect to the amount of Si atoms. [0096) Synthesis Example 4
regypilesis bl quinohe diazide compeohdiiv) Inaddmearitrogen stregmmoducts
21.23 g (0.05 mole) of TrisP-PA (trade name, manufactured by Honshu
we ChemiigallhdastryCo., Ltdy arfte3Z.62w (0l ymioé) gfolution of
5-naphthoquinonediazidesulfonylic 59 acid chloride were dissolved into
Po 480 gletrrddiokane wamd thédsdlutionavas-kept @t isom tempelature: To
the solution, 15.58 g (0.154 mole) of triethylamine mixed with 50 g of
congtioxahe ciastatidedaropwise wiileokéepingrandnteridltsmperaturet 1on

ofa sgstem at lower than 35C. After the completion of dropwise
i) . Theocobtainedpeclymer had a weight averagemolecular weight

(
(Mw} of 6000 and a phenyl group content of 35% with respect to
the amount of 51 atoms. The weight average molecular weight
of the polymer was measured on the polystyrene eguivalent basis
by GPC (gel permeation chromatography) (eluent:
tetrahydrofuran, flow rate: 0.4 ml/min). The content of the
phenylgﬂxngbwasdeterminedk@fmeasuringaiwSi—nuclearn@gnetic
resonance spectrum of polysiloxane and calculating a ratio of
the peak area of 51 having a phenyl group bonded te the peak
area of 31 having no phenyl group bonded.
[GGG4]
Synthesis Example 2 Synthesis of polysiloxane solution (ii)
Into a 500 ml three-necked flask, 63.39 g (0.55 mole) of
methyltrimethoxysilane, 69.41 g (0.35 mole) of
phenyltrimethoxzysilane, 24.64 ¢ (0.1 mole) of

2= {3, 4-epoxycyclohexyl)ethyltrimethoxysilane and 150.36 g of

DAA are charged, and to the resulting mixture, an agueous
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addition, the resulting mixture was stirred at 30C for 2 hours.
Triethylamine salt was separated by filtration and filtrate was charged into
water. Thereafter, the formed precipitate was collected by filtration. This
precipitate was dried with a vacuum drier to obtain a quinone diazide
compound (iv) having the following structure, whose esterification rate
was 93%. [0097] [Formula 14] CH3 CH3 p QO CCQQNz CH3/Q-117
" sot 001 2.8:0.2 Quinone Diazide Compound (iv) [0098] Synthesis
ohéxampte 5 Synthesislof glinonesdiazigeicdmpound (V)2 adryaitrdgenyith
stream, 15.32 g (0.05 mole) of TrisP-HPA (trade name, manufactured by
reHonshutChemicaldndustry €a:lldd.ge and30%:8.91(0)1 15 npdlepphoric acid
5-naphthoquinonediazidesulfonylic acid chloride were dissolved into 450
digwofllydediorané,. andithef 60:=salution wasdaept abreom Iémpéeraturss Taiile
the solution, 13.03 g (0.127 mole) of triethylamine mixed with 50 g of
st 1Z=dioxane wastadded dropwiseewhie kéeping arlinternalftemperatarélask
of a
was immersed in an oil bath of 70°C, the resulting mixture was
stirred for 1 hour, and then the 0il bath was heated up to 115°C
over 30 minutes. A temperature of the scolution reached 100°C
afteralapseofonehour fromthe start of heatingandthe solution
was heated and stirred for further Z hours (the temperature of
the solution was 100 to 110°C in the meantime}. During the
reaction, 115 g in total of methanol and water as by-products
were distilled out. To the resulting DAA sclutiocn of
polysiloxane, DRA was added so as to achleve a polymer
concentration of 43% by weight toobtain a polysiloxane solution
{ii). Theobtainedpolymerhadaweight averagemolecularweight
(Mw) of 5000 and a phenyl group content of 35% with respect to
the amount of Si atoms.
[0095]
Synthesis Example 3 Synthesis of polysiloxane solution (iii)
Iinto a 500 ml three-necked flask, 23.84 g (0.17% mole)
of methyltrimethoxysilane, 99.15 g (0.5 mole) of
phenyltrimethoxysilane, 12.32 g (0.05 mole) of
2-{(3, 4-epoxycycichexyl)trimethoxysilane, 62.58 g (Z7.5 moles

innumber of atoms of silane) of Quartron PL~2L-DAA (manufactured
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system at lower than 35C. After the completion of dropwise addition, the
resulting mixture was stirred at 30C for 2 hours. Triethylamine salt was
separated by filtration and filtrate was charged into water. Thereafter, the
formed precipitate was collected by filtration. This precipitate was dried
with a vacuum drier to obtain a quinone diazide compound (v) having the
following structure, whose esterification rate was 93%. [0099] [Formula
15]CH3_OQOCQOQN2 0QiiH SO20Q 1 2.3:0.7 Quinone

by DiaZ€ICHMPBBUNAQv), [0100} SymitiehisExamnplel6 Syhnthesisofiht) which

imidosilane compound (vi) 32.84 g (160 mmol) of
1 s isodyanetepropylwimethokysilane vasl addedzto 0.4 eHGBEandthie209. 47
resulting mixture was stirred and dissolved. To this, 17.93 g (80 mmol) of
g hydrégenated pyraméllitisrdianbydride weesdddety anditheresultingaguecus
mixture was stirred at room temperature for a while and stirred at 140C
phesdbefurther 2iours. 1 THe resuttingisalution Was dilatedovith pGBL isp as:id
to achieve a solid matter concentration of 20% to obtain
dissclved in 40.05 g of water was added over 30 minutes while
stirring themixture at roomtemperature. Thereafter, the flask
was immersed in an coil bath of 40°C, the resulting mixture was
stirred for 30 minutes, and then the oil bath was heated up to
115°C over 30 minutes. A temperature of the soluticn reached
100°C after a lapse of one hour f£from the start of heating and
the solution was heated and stirred for further 45 minutes (the
temperature of the solution was 100 to 110°C in the meantime) .
During the reaction, 89 g in total of methancl and water as
by-products were distilled out. To the resulting DAA solution
of polysiloxane, DAA was added so as to achieve a polymer
concentration of 43% by weight to obtainapolysiloxane solution
(11i}. The cbtained polymer had a weight average molecular
welght (Mw) of 5500 and a phenyl group content of 50 mol % with
respect to the amount of S5i atoms.
(0096]
Synthesis Example 4 Synthesis of quinone diazide compound {iv)
In a dry nitrogen stream, 21.23 g (0.05 mole) of TrisP-PA

(trade name, manufactured by Honshu Chemical Industry Co., Ltd.)

and 37.6Z g (0.14 mole) of S-naphthoguinconediazidesulfonylic



a solution of an imidosilane compound (vi) represented by the following

structure. [0101] [Formula 16] OCH3 0 OCH3 H3CO0- Si-C3H6-N

N-C3H6-ii OCH3 OCH3 0 0 OCH3 [0102] Synthesis Example 7

Synthesis of imidosilane compound (vii) 34.469(160 mmol) of

isocyanatepropyldiethylethoxysilane was added to 40 g of GBL and the

resulting mixture was stirred and dissolved. To this, 24.82 g (80 mmol) of

4, 4' -oxydiphthali ¢ dianhydride was added, and the resulting mixture was
ac stireed) at repmdtempearatyrelford Whiteoantistiyred at, 140G forfuehesn?l the

hours. The resulting solution was diluted with GBL so as to achieve a
sobakd pratterscanrgentsation of209mto=ehtain-a solution raf an imidositlgne 5. 58

compound (vii) represented by the following structure. [0103] [Formula
g Y] 6202d50 @ O €CzHE IC2HE:6HE IHit:NANWCIH6E3I-«C 2510 C28bcR@ane

O OC2H5 [0104] Synthesis Example 8 Synthesis of imidosilane
wasompbefidiivipwise while keeping an internal temperature of a
system at lower than 35°C. After the completion of dropwise
addition, the resulting mixture was stirredat 30°C for Z hours.
Triethylamine salt was separated by £iltraticnand filtrate was
charged intco water. Thereafter, the formed precipitate was
collected by filtration. This precipitate was dried with a

vacuum drier to obtain a guinone diazide compound (iv) having

the fellowing structure, whose esterification rate was 93%.

[Formula 14]
G G 0
OO
CHq =

oQ
2.8 0.2

Cuinone Diazide Compound (iv)

[0098]

Synthesis Example 5 Synthesis of gquinone dilazide compound (v]
In a dry nitrogen stream, 15.32 g (0.05 mele)} of TrisP-HPA

(trade name, manufactured by Honshu Chemical Industry Co., Ltd.}

and 30.9 g (0.115 mele) of 5-naphthoguinonediazidesulfonylic

acid chioride were dissolved into 450 ¢ of 1,4-dioxane, and the
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25.17 g (160 mmol) of isocyanatepropyltrimethylsilane was added to 40 g
of GBL and the resulting mixture was stirred and dissolved. To this, 15.69
g (80 mmol) of 1,2,3,4-cyclobutanetracarboxylic dianhydride was added,
and the resulting mixture was stirred at room temperature for a while and
stirred at 160C for further 2 hours. The resulting solution was diluted with
GBL so as to achieve a solidmatter concentration of 20% to obtain a
solution of an imidosilane compound (viii) represented by the following

so strudtore w0l 05 pfFermulact8]:CH3CH3 uBC-SE«C3HE Nolution, 13.03
N-C3H6-Si-CH3 CH3 0 O CH3 [0106] Synthesis Example 9 Synthesis of

¢ ifmidosilanecompbund (ixy 119,29 g(80whmeal) ef th 50 g of 1, 4-dioxane
isocyanatepropyltriethoxysilane and 16.42g(80mmol)of

wa scryanatepropyltdretiokysildse were atdetn tce40 gloft@Bhaamtthee of a
resulting mixture was stirred and dissolved. 63 To this, 24.02 g (80 mmol)

sY 8f RIKACIDBE100frade hame, hidnufattured:byNesr Japare Chimipalise
Co., Ltd.) was added, and the resulting mixture was stirred at room

adeEperatufd for asvhifel afid stirretk &t 189G forfurber 2 holifs SThe? hours.
resulting solution was diluted with GBL so as to achieve a solid matter

Tr g6hEshtrations GF200s o obtaht axeRion dtiahtinfidositane dopdurict fixyas

charged into water. Thereafter, the formed precipitate was
collected by filtration. This precipitate was dried with a
vacuum drier to obtain a quincone diazide compound (v) having
the following structure, whose esterification rate was 93%.
[0099]

[Formula 15]

QHs 0
oD Croo .
- O
SO, ’
0Q !
2.3 0.7

Cuincne Diazide Compound (v)

(01003

Synthesis Example 6 Synthesis of imidosilane compound (vi)
32.84 g (160 mmol) of isocyanatepropyltrimethoxysilane

was added to 40 g of GBL and the resulting mixture was stirred

and dissclved. To this, 17.93 ¢ {80 mmol) of hydrogenated

pyromellitic dianhydride was added, and the resulting mixture

was stirred at room temperature for a while and stirred at 140°¢
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represented by the following structure. [0107] [Formula 19] OCZH5 O, 0
9CH3 C2H50-Si-C3H6-N N-C3H6-Si-OCH3 OCzHs O O OCH3 [0108]
Synthesis Example 10 Synthesis of aromatic bisimide oligomer (X) Into a
container equipped with a stirrer, a reflux cooler and a nitrogen inlet tube,
32.58 g (220 minol) of phthalic anhydride, 1.39 g of gamma-picoline and
130.3 g of N-methyl-2-pyrolidone (hereinafter, abbreviated as NMP) were
charged, and to this, 24.8 g (100 mmol) of SiDA dissolved in 99.4 g of

fo NMBmwasadded drapwise] mndrtheuesultipgamikturé avas: sstirredl for 24 with
hours in an atmosphere of nitrogen. Thereafter, 40.8 g (400 mmol) of

GBacetie anhydride was addedianddhe sesuliinge mixtarel was fisatédoupdotain
70C in an atmosphere of nitrogen while 64 stirring and reacted at 70C for

a dcfioursoAfter thencompletion! efitheregeotionda (eactant wasscooteditdy the
room temperature and charged into about 2000 ml of water to obtain

fo4324igof bisimideupewder. Infrared absorption spectra of the bisimide
powder were measured to identify characteristic absorption of an imido

[Ofifig lat 1720 cm -1 and 1780 cm 1. The obtained bisimide powder was

dissolved in GBL so0 as to achieve a solid matter concentration
[Formula 161

O
OCH; i ‘ OCH,
!
HgCOm"Sliw—Cg,Hs——N N—C3Hg—Si—OCH;
OCH; o o) OCHy

101027
Synthesis Example 7 Synthesis of imidosilane compound (vii)
34,46 g {160mmol) of isocyvanatepropvldiethylethoxysilane
was added to 40 g of GBL and the resulting mixture was stirred
and dissolved. Tothis, 24.82 g (BO0mmol) ¢of 4,4"~oxydiphthalic
dianhydride was added, and the resulting mixture was stirred
at room temperature for a while and stirred at 140°C for further
2 hours. The resulting solution was diluted with GBL so as to
achieve a solidmatter concentration of 20% to cbtain a solution
of an imidesilane compound {vil) represented by the following
structure.
(01037

[Formula 17]
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of 20% to obtain a solution of an aromatic bisimide oligomer (x)
represented by the following structure. [0109] [Formula 20] 0 H2 H2Me
McH2H20 ~C~i Ol C,C'C,N &NOC-C H2 Me Me H2 O \/ 0110]
Synthesis Example 11 Synthesis of silicone polyimide precursor
compound (xi) 35. 42g(160mmol) of aminopropyltriethoxysilane was
added to 40 g of GBL and the resulting mixture was stirred and dissolved.
To this, 24.82 g (80 mmol) of 4,4'-oxydiphthalic dianhydride was added,
and tggyresulting reixture was stirred at room tempggature for a while and
stirred at 40C for TerZ esulting solution was diluted with
CoHeBr o aS4dachleve 65.a soli tep"éortséliration 520% to obtain a
solutipn,ef a silico(E?e polyimide precuysor compox@tgz@éi) represented by
the following structure. [0111] [Formcljla 21] OC2H5 O O OC2H5 CZH50
[0 §iHG3H6-NH O NH-C3H6-Si-OCZH5 OCzHa HO- ~ OH OC2H5

Synthesls Example 8 Synthesis of imidosilane compound {viii)
25.17 g (160 mmol) of iscocyanatepropyltrimethylsilane was
added to 40 g of GBL and the resulting mixture was stirred and
dissclved. To this, 15.6% g (80 mmol) of
1,2,3,4-cyclobutanetracarboxylic dianhydride was added, and
the resultingmixturewas stirredat roomtemperature forawhile
and stirredat 160°C for further 2 hours. Theresultingsoclution
was dilutedwith GBL soas toachieveasolidmatter concentration
of 20% to obtain a solution of an imidosilane compound (viii)
represented by the follcowing structure.
[0105]
[Formula 18]

O O

?Hs i CHy
H3CWS‘im~CsH6—N | N—CgHe—Si—CHy

CH3 (53 O CH3
[0106]

Synthesis Example 9 Synthesilis of imidosilane compound (ix)
12.7% g {80 mmol) of isccyanatepropyltriethoxysilane and
16.42 g (80mmel) of isocyanatepropyltrimethoxysilane were added

tod40gof GBLand the resultingmixture was stirredanddissolved.
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0 0 [0112] Synthesis Example 12 Synthesis of acrylic resin solution (xii) 5
g of 2,2'-azobis(2,4-dimethylvaleronitrile) and 200 g of diethylene glycol
ethyl methyl ether (EDM) were charged into a 500 ml three-necked flask.
Subsequently, 25 g of styrene, 20 g of methacrylic acid, 45 g of glycidyl
methacrylate and 10 g of tricyclo[5.2.1.02'6]decane-8-yl methacrylate
were added, the resulting mixture was stirred at room temperature for a
while, and the atmosphere in the flask was replaced with nitrogen.
To Theheafter stheflask was inmerseskinmarkeit bathpf 700 and theamixtire,
was heated and stirred for 5 hours. To the resulting EDM solution of
maAciylic resindEPMwas fusihern added s0:as too achieve . palymerdded, and
concentration of 43% by weight to obtain an acrylic resin solution (xii) .
+ nd e weight ayerageuneleciar t weighti (Mw) b thecohtained polymer was i le
15000. [0113] 66 Synthesis Example 13 Synthesis of novolac resin
angalution-ediiy tToa0 2 ditee separable flask-equipped with @coalinggubel and on
a stirrer, 172.8 g (1.6 mole) of m-cresol, 36.6 g (0.3 mole) of
wa 2,34dimethylphenalp 12 2g: Ormoke)ich3; 4 dimethitphenst; ke grofaation
37% by weight agueous solution of formaldehyde (formaldehyde: 1.5
ofnile), 12.6:(0cE mole) ekdxalicacic Hehydiate and H54g of methylnd  (1x)
isobutyl ketone were added and the resulting mixture was stirred for 30
remimses and leff standidgllowing structure.

[(0107]

[Formula 19]

o
?CQHS ? OCH;
chso_?i—chg—N N—C3Hg—Si—O0CH;
OCzHs o EO OCH4

[(0108)
Synthesis Example 10 Synthesis of aromatic bisimide oligomer
(%)

Into a container equipped with a stirrer, a reflux cooler
and a nitrogen inlet tube, 322.538 g (220 mmol) of phthalic
anhydride, 1.39 g of gamma-picoline and 13C.3 g of
N-methyl-2-pyrolidone (hereinafter, abbreviated as NMP) were
charged, and tc thie, 24.8 g (100 rmmol) of SiDA dissolved in
99.4 g of NMP was added dropwise, and the resulting mixture was
stirred for 2 hours in an atmosphere of nitrogen. Thereafter,
40.8 g {400 mmol) of acetic anhydride was added and the resulting

mixture was heated up to 70°C in an atmosphere of nitrogen while
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for one hour to be separated into two layers. An upper layer of two layers
was removed by decantation. 2-hydroxypropionic acid ethyl (HPE) was
added to a lower layer, and remaining methyl isobutyl ketone and water
were removed by vacuum concentration to obtain a HPE solution of a
novolac resin. HPE was added to the HPE solution of a novolac resin
obtained so as to achieve a polymer concentration of 43% by weight to
obtain a HPE solution of a novolac resin (xiii). [0114] Further, structures

st of thHencoapdurids-tsed #t EXamiplesok thedike are’shown thetowo @l £5] on
[Formula 22] 67 Oll H3C-O-H2C, ,k 2 CH2-O-CH3 CH2 O CFa O

of Nhe-xead/NLHO S* 1CH2ICH € GHCE2JN\CHsCESSD3 et EFZTN N and
H3C-O-HZC )/ ' CHZ-O-CH3 EPICOAT 828 0 Benzyl-4-hydroxyphenylmet

chafRAEAC MXaR270 hyddlifonium ftrifiiorontetharesifohate {BHPMT) s imide
10116]

powder. Infraredabsorptionspectraocf thebisimide powderwere

measured to identify characteristic abscorption of an imido ring

at 1720 cm™® and 1780 cm™l. The obtained bisimide powder was

dissclved in GBL so as to achieve a solid matter concentration

of 20% to obtain a solution of an aromatic bisimide oligomer

(x) represented by the following structure.

[0109]

[Formula 20]

[0110]
Synthesis Example 11 Synthesisof silicone polyimide precursor
compound (xi)

32.42 g (1e0mmol) of amincpropyltriethoxysilane was added
to40goefGBLand the resultingmixturewas stirredanddissolved.
To this, 24.82 g (80 mmol) of 4,4'-oxydiphthalic dianhydride
was added, and the resulting mixiure was stirred at room
temperature for a while and stirred at 40°C for further 2 hours.

The resulting solution was diluted with GBL so as to achieve



Synthesis Example 14 Synthesis of imidosilane compound (vi-2) 32.84 g
(160 mmol) of isocyanatepropyltrimethoxysilane was added to 40 g of
GBL and the resulting mixture was stirred and dissolved. To this, 23. 70 g
(160 mmol) of phthalic anhydride was added, and the resulting mixture
was stirred at room temperature for a while and stirred at 140C for further
2 hours. The resulting solution was diluted with GBL so as to achieve a
solid matter concentration of 20% to obtain a solution of an imidosilane

a wohipbund (wW2)represehted:by thefolOWing ostriidtare: [0137]L {Famrulatl &
23] 0 OCH3 NC3H8-Si-OCH3 0 OCHS3 [0118] Synthesis Example 15

s 1 Biyothesip of imidosiape eompaundo@iizx?)ud4l 46g(160mmeboited by the
isocyanatepropyldiethylethoxysilane 68 was added to 40 g of GBL and

f e e reisultireg: mixtorerwas stirred and dissolved. To this, 18.26 g (160
mmol) of glutaric anhydride was added, and the resulting mixture was

[ Ostired at room temperature for a while and stirred at 60C for further 2
hours. The mixture was stirred at 140C for 2 hours. The resulting solution

| Fovagudilutéd with GBL so as to achieve a solid matter

OCZH5 002H5

CzH50_S|—C3H6 NH NH— CgHB Si—OC2H5
OC2H5 OC2H5

[0112]
Synthesis Example 12 Synthesis of acrylic resin sclution (xii)
5 ¢ of 2,2"-azobis(Z,4-dimethylvalercnitrile) and 200 g
of diethylene glycol ethyl methyl ether (EDM) were charged into
a 500 ml three-necked flask. Subseguently, 25 g of styrene,
20 g of methacrylic acid, 45 g of glycidyl methacrylate and 10
g of tricyclo[5.2.1.0% % decane~8-yl methacrylate were added,
theresultingmixturewas stirredat roomtemperature forawhile,
and the atmosphere in the flask was replaced with nitrogen.
Thereafter, the flask was immersed in an oil bath of 70°C and
the mixture was heated and stirred for 5 hours. To the resulting
EDM solution of acrylic resin, EDM was further added so as to
achieve a polymer concentration of 43% by weight to cbtain an
acrylic resin golution (xii). The weight average molecular
welght (Mw) of the obtained polymer was 15000.

10113]
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concentration of 20% to obtain a solution of an imidosilane compound

(vii-2) represented by the following structure. [0119] [Formula 24] O

C2H5 N-C3H6--SI-C2 H5 O OCZH5 [0120] Synthesis Example 16

Synthesis of imidosilane compound (viii-2) 35.42g (160mmol) of

aminopropyltriethoxysilane and 16.01 g (160 mmol) of succinic anhydride

were added to 400 got diacetone alcohol, and the resulting mixture was

stirred at room temperature for a while and stirred at 60C for further2
SYWolifs: L Pricraatter the miiie %8 heAtEd P16 1666 dhd readtédtor 611

hours while distilling diacetone alcohol and water azeotropically. [0121]

69 Tife TesultingSoIGH6H WAk dilutéd WiItHiatelRe ME6RoP SPasig1g tube

achieve a solid matter concentration of 20% to obtain a solution of an

20 Add5itdre Eompoting Jiii-2) fepresentet By Ghe Fottowinky srfictdres mole)

‘of%g§g£lggqg¥?éﬁlnol,12.2(3(0.1nmﬂﬁﬂ of 3,4-dimethylphenol,
12.6 g of a 37% by weight aqueous solution of formaldehyde
(formaldehyde: 1.5 mole), 12.6 (0.1 mole} of oxalic acid
dehydrate and 554 g of methyl iscbutyl ketone were added and
the resultingmixturewas stirredfor 30minutesandleft standing
for one hour to be separated into two layvers. An upper laver
of two layers was removed by decantation. Z-hydroxypropionic
acidethyl (HPE) was added to a lower laver, and remaining methyl
iscokbutyl ketone and water were removed by vacuum concentration
to obtain a HPE solution of a novolac resin. HPE was added to
the HPE sclution of a novolac resin obtained so as to achieve
a polymer concentration of 43% by weight to obtain a HPE solution
of a novolac resin {(xiii).
[(0114]

Further, structures of the compounds usad in Examples or
the like are shown below.
[0115]

[Formula 22]



O OCzH5 C3H6-Si OCZH5 O OCZH5 [0123] Synthesis Example 17
Synthesis of imidosilane compound (vi-3) 41.97 g (160 mmol) of
3-trimethoxysilylpropylsuccinic anhydride and 11.70 g (160 mmol) of
tert-butylamine were added to 400 g of propylene glycol monomethyl
ether, and the resulting mixture was stirred at room temperature for a
while and stirred at 60C for further 2 hours. Thereafter, the mixture was
heated up to 140C and reacted for 6 hours while distilling propylene

glycol monomethyl ether aqg cyygggr Caﬁzigﬁiggllé/ﬁ [0124] The res I%@
0

solution wasiluted with diadétone’a oas t gchieve a seli
ch.can @ i fo@: fo-obfain a solutieh of an imdo%ﬂﬁpﬁﬂﬁd 450y

d’by the following stMuctlire, [9125] 70 [Formula 26] 0
OCH3 C3H6__Si-OCH3 %‘l\f%oécnﬂ%t? mu&%i B

EPICOAT 828

Benzyl-4-hydroxyphenylmet

NTKALAC MX-270 hylsulfenium
trifluoromethanesulfonate
(BHPMT)

[0116]
Synthesis Example 14 'Synthesis of imidesilane compound (vi-2)
32.84 g (160 mmel) of iscocyanatepropyltrimethoxysilane
was added to 40 g of GBL and the resulting mixture was stirred
anddissolved. Tothis, 23.70g (160mmol)} of phthalicanhydride
was added, and the resulting mixture was stirred at room
temperature for awnile and stirredat 140°C for further 2 hours.
The resulting solution was diluted with GBL so as to achieve
a sclid matter concentration of 20% to obtain a solution of an
imidesilane compound (vi-2) represented by the following

structure.

~

0117)
[Formula 23]

0
OCH;

u N—C3Hg— Si —QCH;,
O OCH;4

[0118]
Synthesis Exampie 15 Synthesis of imidosilane compound (vii-2)

34.46qg (160mmol) of isocyanatepropyidiethylethoxysilane
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Synthesis Example 18 Synthesis of imidosilane compound (vii-3) 23.71 g
(80 mmol) of 2-trimethoxysilylethylphthalic anhydride and 4.89 g (80
mmol) of monoethanolamine were added to 400 g of diacetone alcohol,
and the resulting mixture was stirred at room temperature for a while and
stirred at 60C for further 2 hours. Thereafter, the mixture was heated up
to 140C and reacted for 6 hours while distilling propylene glycol
monomethyl ether and water azeotropically. [0127] The resulting solution
wa fyaidiftied with diacdtob@laleokiol- ke asetoudchieve aisolidmatters stirred
concentration of 20% to obtain a solution of an imidosilane compound
an@vil-3j sepresénted by the foll6wihg stiticilrer@128]f [Formatai27d Ohydr ide
OCH3 C2H4 SS1-OCH3 N HO- ~' OCH3 0 [0129] 71 Synthesis
wa Exafpsl 19 Syntlidsis ofrnidositenerconpoundy vii-3) 20re3ig 480 mumol)
of 3-trimethoxysilylpropylsuccinic anhydride and 7.45 g (80 mmol) of
CeRAfine Were added 16:40@gnd stirred at 60°C for further 2 hours.

The mixture was stirred at 140°C for 2 hours. The resulting
solution was diluted with GBL so as to achieve a solid matter
concentration cof 20% to obtain a solution of an imidosilane
compound (vii-2) represented by the following structure.
[0118]

{Formula 24]

O
?2“5

N—chewsi'iwczﬁf,
o OC,Hs

[0120]
Synthesis Example 16 Synthesis of imidosilane compound
(viii-2)

35.42 g (160mmol) of aminopropyltriethoxysilane and 16.01
g (le0mmol) of succinicanhydride were addedto 400 gof diacetone
alcohol, and the resulting mixture was stirred at room
temperature for a while and stirred at 60°C for further 2 hours,
Thereafter, the mixture was heated up to 160°C and reacted for
& hours while distilling diacetone alcchol and water
azecotropically.

[0121]
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of propylene glycol monomethyl ether, and the resulting mixture was
stirred at room temperature for a while and stirred at 60C for further 2
hours. Thereafter, the mixture was heated up to 160C and reacted for 6
hours while distilling propylene glycol monomethyl ether and water
azeotropically. [0130] The resulting solution was diluted with diacetone
alcohol so as to achieve a solid matter concentration of 20% to obtain a
solution of an imidosilane compound (viii-3) represented by the following
structoee rf431} {Rorewila: 2810 GEH 31 iN sE3H 6+: BrQEEBeBoh OEHI ho L
0 [0.32] Example 1 0.333 g (8 parts byweight) of the quinone diazide
socempaund(Wye.09s gl2partshyeweaightyefi t ration of 20% to obtain
benzyl-4-hydroxyphenylmethylsulfonium 72 trifluoromethanesulfonate
a fmanofactured by SANSHIN CHEMICALOINDUSTRY CO. rETDYsand@ by
095 g (2 parts by weight) of "NIKALAC" MX-270 (trade name,
thmaholadcturetby: SANWAGHEMICAL CO., LTD.)

[0122]
[Formula 25]
OC,H5

N-=C3Hg——Si—0OC,Hj5
e} OC.H;5

[0123]
Synthesis Example 17 Synthesis of imidosilane compound (vi-3)

41.97 g {160 mmol} of 2-trimethoxvsilylopropylsuccinic
anhydride and 11.70 g (160 mmol) of tert-butylamine were added
to 400 g of propylene glycol monomethyl ether, and the resulting
mixture was stirred at room temperature for a while and stirred
at 60°C for further 2 hours. Thereafter, the mixture was heated
up to 140°C and reacted for © hours while distilling propyliens
glycel monomethyl ether and water azectropically.

[0124]

The resulting sclution was diluted with diacetone alcohol
so as te achieve a solld matter concentration of 20% to obtain
2 solution of an imidosilane compound (v1-3) represented by the
following structure.

[0125]
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were dissolved in 0. 403 g of DAA and 2. 498 g of gamma-butyrolactone
(GBL) under a yellow lamp so that a weight ratio of DAA to GBL in the
whole composition is 70/30, and to this, 0.476 g (2 parts by weight on the
solid content equivalent basis) of the imidosilane compound (vi), 11.08 g
(corresponding to 100 parts by weight of polysiloxane) of the polysiloxane
solution (i), and 0.008 g (corresponding to a concentration of 50 ppm with
respect to a total amount of the composition) of BYK-333 (manufactured
{FoymBMK Japan KK) which is a silicone-based surfactant were added and
stirred under a yellow lamp. Then, the resulting mixture was filtered with a
0.45 n"g?filter to obtaiﬁ?cﬁ'bhotosensitive siloxane composition. The
: co@pﬁg;iﬁén%gn as a composition 1. [01331 The prepared
itton 1 was ag)é)lied onto a Tempax glass sheet (manufactured by
B’Pp.) and a silicon wafer at an arbitrary rotating
speed with a spin coater (1H-360S manufactured by MIKASA CO., LTD.)
[012aed it was pre-baked at 100C for 2 minutes with a hot plate (SCW-636
manufactured by Dainippon Screen Mfg. Co., Ltd.) to form a pre-baked
sy itta daving a-filen #hick ok4 arrA giheam: mhckeam sricbeambdight having 3
a 73 wavelength of 350 to 450 nm) was irradiated to the prepared
pre-baked fitn troughaigray scalernask k20 {@ 2000 JHRZ IR halic
maximum i-beam exposure amount using a parallel light mask aligner
anffhereinafternreferred to asPLAnPLA-60Lkdnanufactiiednine were added

to 400 g of diacetone alcohol, and the resulting mixture was
stirred at room temperature for a while and stirred at 60°C for
further 2 hours. Thereafter, themixture was heatedup to 140°C
and reacted for ¢ hours while distilling propylene glycel
monomethyl ether and water azeoctropically.
[0127]

The resuiting solution was diluted with diacetone alcchol
80 as to achieve a solid matter concentration of 20% to cobtain
a solution ¢f an imidosilane compound (vii-3) represented by
the following structure.

[0128]

[Formula 27]

OCH;
CoHy—Si—OCH;
OCH;4




by Canon Inc.). The gray scale mask is a mask through which a
substance below the mask can be collectively exposed at from 1% (20
J/m2) to 100% (2000 J/m2) in incremental steps by irradiating at 2000
J/m2 from above the mask. Thereafter, the exposed film was developed
by showering of ELM-D (manufactured by MITSUBISHI GAS CHEMICAL
CO., INC.), which is a 2.38% by weight aqueous solution of
tetramethylammonium hydroxide,for80secondsusing an automatic
Syulevelpindapparatusl(AD-2000manufactured by Takizana SangyoirCo.,
Ltd.), and then rinsed with water for 30 seconds. Thereafter, as bleaching
(vexpesure, the entire surface of the film was exposed to an ultra high
pressure mercury lamp at 6000 J/m2 (on the exposure amount at
wavélength 365 hitn eouiValenf basis) with-PbABO1Fy(hrarmufadtaret-by i c
Canon Inc.). Thereafter, the film was soft-baked at 90C for 2 minutes with
anigyhiot platea (SCW-636cmaflfactared oy Dainippore Sefeen MigeCoLatd)0 g
and then is cured at 220C for 1 hour in the air with an oven (IHPS-222
of manpfacturediby TabaiEspee Carp. 16 proparecadurettfilml Theg mixture
obtained cured film is taken as a cured film with a pattern. With respect to
waExdmplesd eo-8r tanchapivsitions seelfshownyit 74<Tablé ahdahe at 60°C
results of evaluations are shown in Table 2. The evaluations in the table
fowdrepdrfornred ascording fethea following e thbds LT hevfd foWrgtitsnge to
(1), (2), 3), (4) (5) and (8) were evaluated using the silicon wafer as the
Logbstrate I and itth5 ¢6) ant (@) wekd evaiiatdd-usihg Iherrepaxglass col
sheet.
monomethyl ether and water azeotropically.

[0130]

The resulting solution was diluted with diacetone alccohol
so as to achieve & scolid matter concentration of 20% to obtain
a solution of an imidosilane compound (viii-3) represented by
the following structure.

[0131]

[Formula 28]

Example 1
0.333 g (8 parts by weight) of the quinone diazide compound

(iv), 0.085 g (2 parts by weight) of

benzyl-4-hydroxyphenyimethylsulfonium



[0134] (1) Measurement of film thickness RamdaA STM-602
manufactured by Dainippon Screen Mfg. Co., Ltd. was used to measure
the thickness of a pre-baked film and a cured film at a refractive index of
1.50. [0135] (2) Normalized remaining film thickness The normalized
remaining film thickness is calculated from the following equation when
the composition is applied onto a silicon wafer, pre-baked for 120
seconds on a hot plate of 100C and developed, and a film thickness after

tr pfé-hakingds denetedl by((h tand @nfitm: thickness ©f npnsexposes areaMICAL
after development is denoted by (I1). Normalized remaining film thickness

INPHXI00J0136] (3) SensitivityAfier the expasurs, and the-deyelOpmeRLAC”
the exposure amount (hereinafter, referred to as an optimum exposure
MX amcunty atwhichaad 0 prarlingzand.spate pattantis formed@a winth ratio .
of 75 1: 1 is identified as the sensitivity. [0137] (4) Resolution A minimum
we patterassizerebtain€d aftedelelbpmedtzat4€ optimumexposure amotndr e
was taken as a resolution after development and a minimum pattern size
{GRlter cudprgy waytakenw lamp so that a weight ratio of DAA to GBL
in the whole composition is 70/30, and to this, 0.476 ¢ (2 parts
by weight on the solid content eguivalent basis) of the
imidosilane compound {(vi), 11.08 g (corresponding to 100 parts
by weight of pelysiloxane) of the polysiloxane solution (i),
and 0.008 ¢ (corresponding to a concentration of 50 ppm with
regpect to a total amount of the composition) of BYK-333
(manufactured by BYK Japan KK) which is a silicone-based
surfactant were added and stirred under a yellow lamp. Then,
the resultingmixturewas filteredwitha C.45umfilter toobtain
a photosensitive siloxane composition. The obtained
composition is taken as a composition 1.
(01331}

The prepared composition 1 was applied onto a Tempax glass
sheet (manufactured by Asahi Techno Glass Corp.) and a silicon
wafer at an arbltrary rotating speed with a spin coater (1H-3608
manufactured by MIKASA CO., LTD.), and it was pre-baked at 100°C
forZ2minutes with a hot plate (SCW-636 manufacturedby Dainippon

Screen Mfg. Co., Ltd.} to form a pre-baked film having a film

thick of 4 um. A g-beam + h-beam + i-beam (light having a

V3



as a resolution after curing. [0138] (5) Shrinkage during curing The
Shrinkage during curing is calculated from the following equation when
the composition is applied onto a silicon wafer, pre-baked for 120
seconds on a hot plate of 100C and developed, and the film is subjected
to bleaching exposure of 6000 J/m2, soft-baking at 90C for 2 minutes and
curing at 220C for one hour to obtain a cured film, and a film thickness of
non-exposed area after development is denoted by (I) and a film

wa thicknessiofnoreexpasedsarearafier eheng is-denoted Hyyl) Noermalizetred
remalining filmthickness(%)={1-(11)/()}xIO0 [01397 (6) Measurement of

o rightdransmittancerfricsigthesuliraviplet-and: visible absarptien spectiuny:of in
the Tempax glass sheet alone was measured as a reference with

a Nulispec-1508{manufactured bynShimadzuy €orp.) phlext] 2ach 1ight mask
pre-baked film formed on the Tempax glass sheet as described 76 above

alwaseveloped by shewetiad at-23C for 6@ second3.with0a 2:38%mbyctured
weight aqueous solution of tetramethylammonium and light was irradiated

bytactrecpreibaked. filmiat 6006 J/m2 ohetheakhedm equivaléntbasisiglithwhich
the PLA (PLA-501F manufactured by Canon Inc.). The exposed film was

a saftdakedat:80C for 2eminutescemadrotplatesand fietherccured at!220C rom
for 1 hour in an oven to form a cured film on a glass sheet. This was

1staken J/m®) to 100% (2000 J/m®) in incremental steps by

irradiating at 2000 J/m° from above the mask.

Thereafter, the exposed film was developed by showering
of ELM-D (manufactured by MITSUBISHI GAS CHEMICAL CO., INC.),
which is a 2.38% by weight aguecus sgolution of
tetramethylammoniumhydroxide, for 80 secondsusinganautomatic
developing apparatus (AD-2000 manufactured by Takizawa Sangyo
Co., Ltd.), and then rinsed with water for 30 seconds.
Thereafter, as bleaching exposzure, the entire surface of the
£1im was exposed to an ultra high pressure mercury lamp at 6000
J/m® (on the exposure amount at wavelength 365 nm eguivalent
basis) with PLA-201F (manufacturedby Canon Inc.}. Thereafter,
the filim was soft-baked at 90°C for 2 minutes with a hot plate
(SCW-636 manufactured by Dainippon Screen Mfg. Co., Ltd.), and
then is cured at 220°C for 1 hour in the air with an oven (IHPS-222
manufactured by Tabai Espec Corp.) Lo prepare a cured £ilm. The

obtained cured film is taken as a cured film with a pattern.

With respect to Examples 1 to 8, the compesitions are shown in



as a sample, and the sample was measured with a single beam to
determine the light transmittance per 3 m at a wavelength of 400 Pm.
The transmittance of the cured filmwas calculated based on the
measurement of the reference. [0140) (7) Evaluation of adhesiveness
The composition was applied onto the Tempax glass sheet, pre-baked,
exposed, andcured toforma thin film. Adhesiveness was measured
according to JIS K 5400 8. S.2 (1990) Cross-cut test method. Two sets,
Talwhich ase petpendicudarltoseach ethet, oft 12 parallet linesspaced Tanie 2.
apart were inscribed in such a way that these lines reached a base of the
Thylassashest bprtheisutface biihesthirefiln pathe Teatpacglassi sheetwithhe
a cutter to prepare 100 squares having a size of 1 mm x 1 mm. A
fo béllophanaeddiesive tafes(width: 8imen ladhesiveé force? 8.7 NY10 nif) (5)
was stuck to the surface of the thin film inscribed, and this tape was
andcrabbednfith e erased (passiagtiis Si6080)tomake the Zetape@strate,
cohere, and then the tape was peeled off momentarily by manually pulling
angtigrfanentbof ahel tape WEHeerimbaraofad uares orehafimpistidre visydiye © -
counted. [01411 (8) Solvent resistance The cured film with a pattern
[ O%otfed on the silicon wafer was immersed in a solution composed of

monoethanolamine and dimethylsulfoxide in proportions of 70 : 30 by
(1%@ﬂﬂﬂ%ﬁgﬁm§nt of film thickness

Ramdal STM-602 manufactured by Dainippon Screen Mfg. Co.,
Ltd. was used to measure the thickness of a pre-baked film and
a cured film at & refractive index of 1.50.
[0135]
{Z2) Normalized remaining film thickness

The normalized remaining filmthickness ig calculated from
the following equation when the composition is applied onto a
silicon wafer, pre-baked for 120 seconds on a hot plate of 100°C
and developed, and a £ilm thicknesgs after pre-baking is dencted
by (I} anda filmthickness of non~exposedarea after development
is denoted by (II).

Normalized remaining film thickness (%) = (II)/(I)=x100
[0136]
(3) Sensitivity

After the exposure and the development, the exposure amount

(hereinafter, referredtoas an optimumexposure amount) at which

a 10 pm line and space pattern is formed at a width ratio of



for 10 minutes and rinsed with pure water for 5 minutes and water was
removed by nitrogen gas blow. On four edge portions (within a "-m radius
of the apex of each corner) of a trimming 40 m square pattern, the
presence or absence of the crack generated before and after immersion
was visually observed using RamdaA STM-602 (manufactured by
Dainippon Screen Mfg. Co., Ltd.), and total number of cracks identified at
four edge portions was employed as a measure of the solvent resistance.
1:[0142 ExXamplef2 &dcempasitiors2iveas prepayed in the same manner as
in Example 1 except that the polysiloxane solution (ii) was used in place
[ ObBihe polysiloxane solution (i) , 10 parts byweight of the quinone diazide
compound (iv) was used, the imidos_lane compound (vii) was used in
(4 pldtesaflithe imidosilane compound (vi), and
benzyl-4-hydroxyphenylmethylsulfonium 78 trifluoromethanesulfonate and
"NIKADACT MX-2T00were nstused b Tharesultst vkevalaatidnsargshewnt he
in Table 2. [0143] Example 3 A composition 3 was prepared in the same
opmanmer asin Examplaclakcet thatthepolysiloxases selation ik Wisich
was formed by copolymerizing the silica particle PL-2L-DAA by 27.5 mol
de¥e preems ofredisiiconaiomiwastiseaiinsglace of e polysiloxanas taken
solution (i) , 4 parts by weight of the quinone diazide. compound
as a rescluticn after curing.

[0138]
(5) Shrinkage during curing

The Shrinkage during curing is calculated frcm the
followingequationwhen the compeositionisappliedontoasilicon
wafer, pre-baked for 120 seconds on a hot plate of 100°C and
developed, and the film is subjected to bleaching exposure of
6000 J/m%, soft-baking at 90°C for 2 minutes and curing at 220°C
for one hour to c¢btain a cured film, and a film thickness of
non-exposed area after development is dencted by (I} anda film
thickness of non-exposed area after curing is denocted by (I1I).

Normalizedremaining filmthickness (%) ={1-{11)/{1)}x100
[0139]
(€) Measurement of light transmittance

First, the ultraviolet and visible absorption spectrum
of the Tempax glass sheet alone was measured as a reference with
MultiSpec~-1500 (manufactured by Shimadzu Corp.). Next, each

pre-baked film formed on the Tempaxz ¢lass sheet as described
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(iv) was used, 8 parts by weight of the imidosilane compound (viii) was
used in place of 2 parts by weight of the imidosilane compound (vi), and
benzyl-4-hydroxyphenylmethylsulfonium trifluoromethanesulfonate and
"NIKALAC" MX-270 were not used. The results of evaluations are shown
in Table 2. [0144] Example 4 A composition 4 was prepared in the same
manner as in Example 1 except that the Quartron PL-2L-DAA
(manufactured by FUSO CHEMICAL CO., LTD.: solid content 26.4% by
abweight),sbeiny @l dispérsion of sitica particle i2 ahDAAsoentewas deldedt h
to the polysiloxane solution (i) so as to achieve 27.5 mol % in terms of a
a Lilitdh awmes partsdryweight of thecquinoné diazidereompbdandgv)iwas and
used, 9 parts by weight of the imidosilane compound (ix) was used in
1ipldceret2 parsthaweight ofthe Peimidositiané compourtd (6) Jdnd on the
"NIKALAC" MX-270 was not used. The results of evaluations are shown
L-heFabkaIR 1 [014S8D Exanple BIA sonipositién G-Was péfarethinithe santel by
manner as in Example 2 except that the quinone diazide compound (v)
Cangis ugeein plaéé cofahie eprvorieldinzideconrqgouritb(idcanc:2 parts bfor 2
weight of the imidosilane compound (vii) was changed to 0. 5 parts by
miggigit efthe indidosilaneccompoiing (WiEThe vesultsadf @viiations: ate hour

~ shown in Table 2.
in an oven to form a cured filmon a glass sheet. This was taken

as a sample, and the sample was measured with a single beam to
determine the light transmittance per 3 um at & wavelength of
400 nm. The transmittance of the cured filmwas calculatedbased
on the mecasurement of the reference.
[0140]
(7 Evaluation of adhesiveness

The composition was applied onto the Tempax glass sheet,
pre-baked, expeosed, andcured to forma thin film, Adhesiveness
was measured according to JIS K 5400 8.5.2 (1990) Cross—-cut test
methed. Two sets, which are perpendicular to each other, of
11 parallel lines spaced 1 mm apart were inscribed in such a
way that these lines reached a base of the glass sheet on the
surface of the thin £film on the Tempax glass sheet with a cutter
to prepare 100 sguares havinga size of I mmx Il mm. A cellophane
adhesive tape (width: 18 mm, adhesive force: 3.7 N/10 mm) was
stuck to the surface of the thin film inscribed, and this tape

was scrubbed with an eraser {(passing JIS S 6050) to make the

|
|



[0"_46] Example 6 A composition 6 was prepared in the same manner as
in Example 1 except that an amount of the imidosilane compound (Vi)
was changed from 0.476 g (2 parts by weight on the solid content
equivalent basis) to 2.856 g (12 parts by weight or. the solid content
equivalent basis). The results of evaluations are shown in Table 2. [0147;
Example 7 A composition 7 was prepared in the same manner as in
Example 1 except that an amount of the imidosilane compound (vi) was

tachangecd:fram @Ad 610 Ehpatie byareighten the:Selid camtentreguivatenty by

basis) to 0.019 g (0.08 parts by weight on the solid 80 content equivalent
mabasis). T he: idsulis efrevalaatiodscare-skowapi.Tablec2nfQi48)y EXxampleres

8 For forming a passivation film, a photosensitive siloxane composition of
retieeicampositon Lavas:appliedigntocafiEESubstrate having a silicon

nitride film of 100 nm in thickness, and a contact hole was formed on a
[Opértipn which is opposed to a common wiring of a drain electrode and

forms a retention volume by the above-mentioned method of forming a
(8curedfimn A passhationcilm was dry-edged using this cured film as a

mask to expose

The cured film with a pattern formed on the silicon wafer
was immersed in a solution compoesed of moncethanclamine and
dimethylsulfoxide in proporticns of 70 : 30 by weight at 80°C
for 10 minutes and rinsed with pure water for S minutes and water
was removed by nitrogen gas blow. ©On four edge porticns (within
a 1-um radius of the apex of each corner) of a trimming 40 pm
sguare pattern, the presence cr absence of the crack generated
before and after immersion was visually observed using Ramdak
STM~602 (manufactured by Dainippon Screen Mfg. Co., Ltd.), and
total number of cracks identified at four edge portlions was
employed as a measure of the solvent resistance.
[(0142]
Example 2
Acomposition 2 was prepared inthe samemanner as in Example

1 except that the polysiloxane sclution (i1i1) was used in place
of thepolysiloxanesclution (1), 10partsbyweight of the gquinone
diazide compound (iv) was used, the imidosilane compound {(vii)

was used in place of the imidosilane compound {(vi), and

benzyl-4-hydroxyphenylmethylsulfonium

78



the drain electrode. Subsequently, on its surface, a film of 1TO
transparent electrode having a thickness of 130 nmwas formed by a
sputtering vapor deposition method, and a photoresist was applied onto
the ITO transparent electrode film and a photoresist film was patterned by
exposure/development based on a common photolithographic method to
eliminate an unnecessary portion of the ITO by wet-etching, and then the
photoresist was immersed in a solution composed of monoethanolamine
Lr ahd dimetryidutfoxitiel beingtalkatine ‘SoMERtAR proportiohsvefr 01c30 byed .
weight at 80C for 10 minutes and rinsed with pure water for 5 minutes
Thand svatéitwas Feriovéd byinittogerr gasbtow, and Teéreby Zan ITO pixel
electrode patterned in a shape of stripes with 100 m pitches was formed,
[O%Ad tonsequently a good device, 81 having a good adhesiveness
between a cured film of the photosensitive siloxane composition and a
Ex@aB sivati on film/ =0 as well as an excellent planarization property and
transparency based on low shrinkage during curing, and not generating
cracks: oWas vbtdinad (01291 SExdarmplé 9 WEERdevicewas preparBdamoe e
the same manner as in Example 8 except for using a photosensitive
1 ssfioRaEne ConipbsiticiPefthel eampestioh 2, i consequenthEthergaodr rmed
device, having a good adhesiveness between a cured film of the
oY phoRssEERive Silo%ahe ScémpbsitioRndia passivation BiIPO 49 welras: *

~anexcellent
in terms of a silicon atom, was used in place of the polysiloxane

solution (i), 4 parts by weight of the gquinone diazide compound
{iv) was used, 8 parts by weight of the imidosilane compound
{viil) was used in place of 2 parts by weignht of the imidosilane
compound {vi), and benzyl-4-hydroxyphenylmethylsulfonium
trifluoromethanesulfonate and “"NIKALAC” MX-270 were not used.
The results of evaluations ars shown in Takble 2.
[0144]
Example 4
Acompositiond was prepared in the samemanner as in Example
1 except that the Quartron PL-2L-DAA (manufactured by FUSO
CHEMICAL CO., LTD.: sclid content 26.4% by weight), being a
dispersicn of silica particle in an DAA solvent, was added to
the polysiloxane solution {i) so as to achieve 27.5 mol % in
terms of a silicon atom, 8 parts by weight of the guinone diazide
compound (v) was used, 9 parts by weight of the imidosilane

compound (ix) was used in place of 2 parts by weight of the
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planarization property and transparency based on low shrinkage during
curing, and not generating cracks, was obtained. [0150] Example 10 A
TFT device was prepared in the same manner as in Example 8 except for
using a photosensitive siloxane composition of the composition 3, and
consequently the good device, having a good adhesiveness between a
cured film of the photos ens it I've siloxane composition and a passivation
film/ITO as well as an excellent planarization property and transparency
imbdsed barlew-shrinkage duting cuniig] ANEATLgENekatiigicrackspwasised.
obtained. [0151] 82 Example 11 A TFT' device was prepared in the same
Themannen Bsdn Examplé w8 except farusing @jphatasénsitive siloxane
composition of the composition 4, and consequently the good device,
[ Ohd%ihg a good adhesiveness between a cured film of the photosensitive
siloxane composition and a passivation film/ITO as well as an excellent
Explapaszation property and transparency based on low shrinkage during
curing, and not generating cracks, was obtained. [0152] Example 12 A
TFT Aevive was-prepared intthe sanseimariiet asireExample :& excéptfople
using a photosensitive siloxane composition of the composition 5, and
2 gonsequendy theggaod deviee] havindgcagogedound (v) was used in place
of the quincne diazide compound (iv) and Z parts by weight of
The imidosilane compcound (vil) was changed to 0.5 parts by welght
of the imidosilane compound (vi). The results of evaluations
are shown in Table 2.
[01406]
Example 6
Acomposition € was prepared in the samemanner as in Example
1 except that an amount of the imidosilane compound (vi) was
changed from 0.476 g (Z parts by weight on the solid content
equivalent basis) toc 2.856 g (12 parts by weight on the solid
content equivalentbasis). Theresultscofevaluationsareshown
in Table 2.
[0147]
Example 7
Acomposition 7was prepared in the same manner as in Example
1 except that an amcunt of the imidosilane compound {vi) was

changed from 0.476 g {2 parts by weight on the solid content

equivalent basis) to 0.01% g (0.08 parts by weight on the solid
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adhesiveness between a cured film of the photosensitive siloxane
composition and a passivation film/ITO as well as an excellent
planarization property and transparency based on low shrinkage during
curing, and not generating cracks, was obtained. [0153] Example 13 A
composition 16 was prepared in the same manner as in Example 2
except that 2 parts by weight of the imidosilane compound (vii) was
changed to 5 parts by weight of the imidosi lane compound (vii-2) The
corgsults of evauatonscareishown Th#able 2] {0154:83 Examiple 44 Ac shown
composition 17 was prepared in the same manner as in Example 3
inegXeeptthat 8 parts by weight of the imidosilane compound (viii) was
changed to 2 parts by weight of the imidosilane compound (viii-2) The
[O¥ésults of evaluations are shown in Table 2. [0155] Example 15 A
composition 18 was prepared in the same manner as in Example 1
Bz agneept that 2 parts byweight of the imidosilane compound (vi) was
changed to 2 parts by weight of the imidosilane compound (vi-3) The
resulte of evald At ASIET & ShownliaTable 2. J0RBeExampletlieA siloxane

composition 19 was pre-oared in the same manner as in
compesiticn of the composition 1 was appliedontoa TFT substrate

havingasiliconnitridefilmof 100nminthickness, andacontact
hole was formed on a portion which is opposed to a common wiring
of a drain electrode and forms a retention volume by the
above-mentioned methoed of forming a cured film. A passivation
film was dry-edged using this cured film as 2 mask to expose
the drain electrode. Subseguently, on its surface, a film of
ITO transparent electrode having a thickness of 130 nmwas formed
by a sputtering vapcr deposition method, and a photoresist was
appliedontothe ITOtransparent electrode filmanda photoresist
film was patterned by exposure/development based on a common
photolithographic method to eliminate an unnecessary portion
of the ITC by wet-etching, and then the photoresist was immersed
in a sclution composed of moncethanolamine and
dimethylsulfoxide, being alkaline solvent, in proportions of
70 : 30 by welght at 80°C for 10 minutes and rinsed with pure
water for b minutes and water was removed by nitrogen gas blow,
and thereby, anITOpixelelectrodepatternedinashapeof stripes

with 100 um pitches was formed, and conseguently a good device,
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Example 2 except that 2 parts byweight of the imidosilane compound (vii)
was changed to 4 parts by weight of the imidosilane compound (vii-3) The
results of evaluations are shown in Table 2. [0157] Example 17 A
composition 20 was prepared in the same manner as in Example 3
except that 8 parts byweight of the imidosilane compound (viii) was
changed to 0.5 parts by weight of the imidosilane compound (viii-3) . The
results of evaluations are shown in Table 2. 84 [0158] Example 18 A TFT
hadeviteawas preparéece i1 thensame nsannes rasdn Examplé 18 mxcdptifor
using a photosensitive siloxane composition of the composition 17, and
prhconsequentlythesgdadkdevice;havingta goosn ddhesivernesstietweena/ ITC
cured film of the photosensitive siloxane composition and a passivation
a s fitmlIT @:=as welk as ahsexcellemt splanarizationr property and dranspaseacyency
based on low shrinkage during curing, and not generating cracks, was
ba ebtaired.c {0159 EXxanpld 19 ATET device wad preparatkindhesameacks,
manner as in Example 8 except for using a photosensitive siloxane
wagompositioncof the composition 18, and consequently the good device,
having a good adhesiveness between a cured film of the photosensitive
[ OsitdXane
Example 9
A TFT device was prepared in the same manner as in Example
§ except for using a photesensitive siloxane composition of the
compeosition 2, and conseguently the good device, having a good
adhesiveness between a cured filmof the photosensitive siloxane
composition and a passivation film/ITO as well as an excellent
planarization property and transparency based on low shrinkage
during curing, and not generating cracks, was obtained.
{0156
Example 10
A TFT device was prepared in the same manner as in Example
& except for using a photosensitive siloxane composition of the
composition 3, and conseguently the good device, having a good
adhesiveness between acured filmof the photosensitive siloxane
composition and a passivation £1ilm/ITO as well as an excellent
planarization property and transparency based on low shrinkage

during curing, and not generating cracks, was obtained.

[01b1]
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composition and a passivation film/ITO as well as an excellent
planarization property and transparency based on low shrinkage during
curing, and not generating cracks, was obtained. [0160] Example 20 A
TFT device was prepared in the same manner as in Example 8 except for
using a photosensitive siloxane composition of the composition 19, and
consequently the good device, having a good adhesiveness between a
cured film of the photosensitive siloxane 85 composition and a
Expapsivation film/ITO as well as an excellent planarization property and
transparency based on low shrinkage during curing, and not generating
cracks! Wag slitairfed 2 0016 LB xample 1A TEE deviceswas prepdiadiple
the same manner as in Example 8 except for using a photosensitive
8 esfloxanecompositio ol tivd cormpositione29;: and sorsequenthi thecgood the
device, having a good adhesiveness between a cured film of the
CoBRBfosEhSive sibkafe corpesiticry ahdsa passivativh ditm/ITO as well ascod
an excellent planarization property and transparency based on low
adBRAAREYE BMSG CaRNg: and ABt HeHBrafing erackst wrrebithined s fouegine
Comparative Example 1 A composition 8 was prepared in the same
COWRSHnEF BRTInAEKAMple 52 EXedptdor hot-lisihg the Snvigadilare ebnsgotinblent

(vi) . The results
planarization property and transparency based on low shrinkage

during curing, and not generating cracks, was obtained.
[0152]
Example 12

A TFT device was prepared in the same manner as in Example
8 except for using a photosensitive siloxane composition of the
composgition 5, and conseguently the good device, having a good
achesiveness between acured filmof the photosensitive siloxane
composition and a passivation £iim/ITO as well as an excellent
planarization property and transparency based on low shrinkage
during curing, and not generating cracks, was obtained.
[0153]
Example 13

A composition 16 was prepared in the same manner as in
Example Zexcept that Zpartsbyweightof the imidosilane compound
(vil) was changedtobpartsbyweight of the imidosilane compound
(vii-2}. The results of evaluations are shown in Table 2.

[0154]
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of evaluations are shown in Table 2. [0163] Comparative Example 2 A
composition 9 was prepared in the same manner as in Example 1 except
that 2 parts by weight of the imidosilane compound (vi) was changed to 5
parts by weight of the aromatic bisimide oligomer (x) . The results of
evaluations are shown in Table 2. [0164] 86 Comparative Example 3 A
composition 10 was prepared in the same manner as in Example 1
except that 2 parts by weight of the imidosilane compound (vi) was
Exghaiged tb 10 parts by weight of the silicone polyimide precursor
compound (xi) The results of evaluations are shown in Table 2. [0165]
ConfparativecExample 4'A sermppsition 1ddvaspeparedirethessame as in
manner as in Example 1 except that 2 parts byweight of the imidosilane
Ex gompeunok (vip was chéngedits bypartyweightlof inidosilane compound
beta-(3,4-epoxycyclohexyl)ethyltrimethoxysilane (manufactured by
(v&hin-EBtsa Chemiedl (CoZ, had. | trédewtartbt KBMR303):The tesuls ofmpound
evaluations are shown in Table 2. [0166] Comparative Example 5 2.64 g
(v({30Lparts bylveightufihe quihopediazide compoupdshown 1n Table 2.

[0155]
Example 15

A composition 18 was prepared in the same manner as in
Example lexcept that 2 partsbywelghtof the imidosilane compound

{vi) was changed to 2 parts by weight of the imidosilane compound

(vi-3). The results of evaluations are shown in Table 2.
(0156]
Example 16

A composition 19 was prepared in the same manner as in
Example 2 except that 2partsbyweight of the imidosilane compound
(vil} was changedto dpartsbywelght of the imidosilane compound
(vii-3). The results of evaluations are shown in Table 2.
[0157]

Example 17

A compesition 20 was prepared in the same manner as in
Example 3except that 8 partsbyweilghtof the imidosilane compound
(viii) was changed to 0.5 parts by weight of the imidosilane
compound {viii-3). TheresultsofevaluationsareshowninTable

2.
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(iv) and 0.88 g (10 parts by weight) of EPICOAT 828 (manufactured by
Japan Epoxy Resins Co., Ltd.) were dissolved in 5.94 g of EDM under a
yellow lamp. To this solution, 20. 52 g (corresponding to 100 parts by
weight of an acrylic resin) of the acrylic resin solution (xii) and 0.0015 g
(corresponding to a concentration of 50 ppm with respect to a total
amount of the composition) of BYK-333 (manufactured by BYK Japan
KK) were added and stirred. 87 Then, the resulting mixture was filtered
[Cdnithia 0.45 m filter to obtain a composition. The obtained composition is
taken as a composition 12. [0167] Comparative Example 6 0. 965 g (10
Ex 358ptsshy Weight) of the quinone diazide compound (iv) was dissolved in
6.58 g of HPE under a yellow lamp. To this solution, 22.44 g
(corfeSpondify t6 < OG parts BYAEIGH oF Ah GVslEc Fésin Poreien} bftHample
novolac resin solution (xiii) and 0.0015 g (corresponding to a
8 ecotioehtiation i 50 PpRTWItR Tespedtitha tdthPahoant offfes ition of the
composition) of BYK-333 (manufactured by BYK Japan KK) were added
COTHRESStiFreRE! Thien 2 fite FESUfRY fibkthie Wids ited 4 4iith£0.45 i fillef tg 004
obtain a composition. The obtained composition is taken as a
2 dRBRpERItPSLI3S [O168] E6Mmparafivd ERantple PIos4 §36 batfédylloxane

Weigh_t% of the quinone diazide compound
composition and a passivation f1lm/ITO as well as an excellent

planarization property and transparency based on low shrinkage
during curing, and not generating cracks, was obtained.
[0159]
Example 19

A TET device was prepared in the same manner as in Example
8 except for using a photcesensitive siloxane composition of the
composition 18, and consegquently the good device, having a good
adhesiveness between a cured filmof the photosensitive siloxane
composition and a passivation £ilm/ITO as well as an excellent
planarization property and transparency based on low shrinkage
during curing, and not generating cracks, was obtailned.
[0160]
Example 20

A TET device was prepared in the same manner as in Example
8 except for using a photosensitive siloxane composition of the
compesition 19, and conseguently the good device, having a good

adhesiveness between a cured filmof the photosensitive siloxane
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(iv), 0.88 g (10 parts by weight) of EPICOAT 828 (manufactured by Japan

Epoxy Resins Co. , Ltd. ) and 0. 476 g (2 parts by weight on the solid

content equivalent basis) of the imidosilane compound (vi) were dissolved

in 5.94 g of EDM under a yellow lamp. To this solution, 20.52 g

(corresponding to 100 parts by weight of an acrylic resin) of the acrylic

resin solution 88 (xii) and 0.0015 g (corresponding to a concentration of

50 ppm with respect to a total amount of the composition) of BYK-333
cofmpantfacturethioy B YK Japan KKwers added amel stirtédaFhen, etheellent

resulting mixture was filtered with a 0.45 m filter to obtain a compaosition.
p1Theobtainédicaompositidry is takem as Feompositivastdl {0169 shrinkage

Comparative Example 8 0. 965 g (10 parts by weight) of the quinone
dudiszideceompaund: (i) rand Q476 yrRipartsbyawsight oathesbhd tentent

equivalent basis) of the imidosilane compound (vii) were dissolved in 6.58
[0§Bf HPE under a yellow lamp. To this solution, 22.44 g (corresponding to

100 parts by weight of a novolac resin portion) of the novolac resin
Exgolptien £iii) and 0.0015 g (corresponding to a concentration of 50 ppm

with respect to a total amount of the composition) of BYK-333

(madufacturEd By B Yk JapaniiKpwere blldedaaifd Baneg Thénithéxample

resulting mixture was filtered with a 0.45 m filter to obtain a compaosition.
8 THeesbtainedueomposiHon IS BReR dsd eobipositigie16omposition of the

compesition 20, and conseguently the good device, having a good
adhesiveness betweenacured filmof the photosensitive siloxane
composition and a passivation film/ITC as well as an excellent
planarizaticn property and transparency based on low shrinkage
during curing, and noi generating cracks, was chtained.
[016z2]
Comparative Example 1

Acomposition 8was preparedin the samemanner as in Example
2except fornotusingthe imidosilane compound {(vi). Theresults
of evaluaticons are shown in Table 2.
[0163]
Comparative Example 2

Acomposition 2was preparedin the samemanner as in Example
1 except that 2 parts by weight of the imidosilane compound (vi)
was changed to bpartsbyweight of thearomaticbisimide oligomer
()., The results of evaluations are shown in Table 2.

[0164]
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[0170] Comparative Example 9 A TFT device was prepared in the same
manner as in Example 8 except for using a photosensitive siloxane
composition of the composition 8, but there were cracks in a cured film of
the device 89 and a defect-free good device could not be prepared.
0171] Comparative Example 10 A TFT device was prepared in the same
manner as in Example 8 except for using a photosensitive siloxane
composition of the composition 9, but there were cracks in a cured film of
Conge gavitEcakhd ardetéctfree good device could not be prepared. [0172]
Comparative Example 11 A TFT device was prepared in the same manner
as ift EXaiipste 6 égeept foiasing BSsHot6sensitive gcryféiompastien dF 0
the composition 12, but a defect-free good device could not be prepared,
EX3gPdeamples there Were problents/with 9 adkesiehessicaplanarizatier und
property and transparency and there were cracks in a cured film of the
(VHeVIES NTRF Contpdrathe ERampeeErATET déiceWwas preparetipmnide
the same manner as in Example 8 except for using a photosensitive
P HovoRRCoHMPESHEN of the -corpBsitihls: hitfa HefectAfee gdod tevids

could not be
in Table 2.

[0165]
Comparative Example 4

A composition 11 was prepared in the same manner as in
Example lexcept that Zpartsbyweight of the imidosilane compound
(vi) was changed to 1 part by weight of
beta~ (3, 4-epoxycyclohexyl)ethyltrimethoxysilane
(manufactured by Shin-Etsu Chemical Co., Ltd., trade name:
EBM-303). The results of evaluations are shown in Table 2.
[0166]
Comparative Example 5

2.64 g (30 parts by weight) of the gquinone diazide compound
(iv) and 0.88 g (10 parts by weight) of EPICOAT 828 (manufactured
by Japan Epoxy Resins Co., Ltd.) were dissolved in 5.94 g of
EDMunderayellowlamp. Tothissolution, 20.52g (corresponding
to 100 parts by welght of an acrylic resin) of the acrylic resin
solution {xii) and 0.0015 g (corresponding to a concentration
of 50 ppm with respect to a total amount of the composition)

of BYK-333 (manufacturedby BYK Japan KK) were added and stirred.



prepared, for example, there were problems with a planarization property
and transparency and there were cracks in a cured film of the device.
[0174] 90 Comparative Example 13 A composition 21 was prepared in the
same manner as in Comparative Example 7 except that 2 parts by weight
of the imidosilane compound (vi) was changed to 7 parts by weight of the
imidosilane compound (vi-2) The results of evaluations are shown in
Table 2. [0175] Comparative Example 14 A composition 22 was prepared
Thémthe-same=mrahhengsrin xCampavativel Examplei8wexdept thatl2 pantshy ter
weight of the imidosilane compound (vii) was changed to 0.5 parts by
towsight of shedmidosiiahe compaund (i) Eie ¢esultsséftevaluations ae as
shown in Table 2. [0176] Comparative Example 15 A composition 23 was
a prepaved inthie salme manner as in Comparative Example 7 except that 2
parts by weight of the imidosilane compound (vi) was changed to 2 parts
L OBy Weight of the imidosilane compound (vi-3). The results of evaluations

are shown in Table 2. [0177]
Comparative Example ©

0.965b g (10 partsbyweight) of the guinone diazide compound
{iv) was dissclved in 4%.58 g of HPE under a vellow lamp. To
this sclution, 22.44 g {corresponding to 100 parts by welght
of a novolac regin portion) of the novelac resin solution {xiii)
and 0.0015 g (ceorrespeonding to a concentration of 50 ppm wit
respect to a total amount of the compesition) of BYK-333
{manufactured by BYK Japan KK) were added and stirred. Then,
the resultingmixturewas filteredwitha 0.45umfilter toobktain
a composition. The obtained composition is taken as a
composition 13.
[0le8]
Comparative Example 7

2.64 g (30 parts by weight) of the guinone diazide compound
(iv), 0.88 g {10 parts by weight) of EPICOAT 828 (manufactured
by Japan Epoxy Resins Co., Ltd.) and 0.476 g (2 parts by weight
on the scolid content eguivalent basis) of the imidosilane
compound (vi) were dissolved in 5.94 g of EDM under a vellow
lamp. To this soluticn, 20.32 g {corresponding to 100 parts

by weight of an acrylic resin) of the acrylic resin solution
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Comparative Example 16 A composition 24 was prepared in the same
manner as in Comparative Example 8 except that 2 parts by weight of the
91 imidosilane compound (vii) was changed to 5 parts by weight of the
imidosilane compound (vii-3) The results of evaluations are shown in
Table 2. [0178] Comparative Example 17 A TFT device was prepared in
the same manner as in Example 8 except for using a photosensitive
novolac composition of the composition 22, but a defect-free good device
(2 olldREt bel Prepdret forexampie itheré vere probidrhs Hithogn of 50 ppm
. adhesiveness, a planarization property and transparency and there were
Wi eradlES T & cureddilm ofthe devite: (0178 Eoirparativé Example K333
TFT device was prepared in the same manner as in Example 8 except for
(MR pREfTSEnsite actiRe BofpbsitisifoftheSEomiposition 23 but e
defect-free good device could not be prepared, for example, there were
therobfems With Biplalaizaaént ptogertane transpatenty ahtlthereweps ain

cracks in a cured film of the device. [0180] [Table la] 92
a composition. The obtained composition is taken as a

compositicn 14.
[0169]
Comparative Example 8

0.965 g (10 partsbyweight) of the guinone diazide compound
(1v)and0.476g (Zpartsbyweight onthe solidcontent equivalent
basis) of the imidosilane compound (vii) were dissolved in 6.58
g cof HPE under a vellow lamp. To this soluticen, 22.44 g
(corresponding to 100 parts by welght of a novelac resinportion)
of the novelac resin scolution (2iii) and 0.001% g {(corresponding
to a concentration of 50 ppm with respect to a total amount of
the composition) of BYK-332 (manufactured by BYK Japan KK) were
added and stirred. Then, the resulting mixture was filtered

with a 0.45 pm filter to obtain a composition. The obtained

composition is taken as a composition 15.
[0170]
Comparative Example 9
A TFT device was prepared in the same manner as in Example
8 except for using a photosensitive siloxane composition of the

composition 8, but there were cracks in a cured filmof the davice
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Materialsfor improvomantin a)PNysiloxam 6)Quioono adhasiveress
Tharmsl diatida (pas by ogbt) said Sanshisar Haatarossliring SurfaoNnt
(c)Solvont (amouotto Sill a padialas compound as by wdot) O her
materials ganarator (pad by agent whole Resin ooupladviih Silicepadioles
(Parts by )d) for Ipadsby weight) (padsbywaiot) weight) weight)
oomposNon) (parts by want) polysilooaoa Imol of Si atom Imidosilane ,
oompouods improvameot in mol a of Si atom) adhesivaoass Compostion
anpolysiekacasolA66( AR) D MASBICEO/30): 0} BHREMFeDP repared.
NIKHLNCMX-270 BYK-333 1 100 8 200 2 2 0 3 2 50ppm Composition
[ OPpéblysiooanosolulioo(li) fmi DM/GBL(70/30) Ni) BYK-333 2 100 10 200 2
50ppm Composition Pdysiloxaoe soludor, (lii) PL-2L-DM Ilv) DM/GBO00/5
CoOnpBRYBE93 FHEFR15 4200 8 50ppm Compositor Palysilooarwsolufioo(l)
PL-2L-DA (v) DPA/GBLI70/30) (it) BHPMT BYK-333 4 B6, 4 275 8 200 9
2 SGppht CHHpE&tiBa PRy axafesdluliodth PR DMAGBE7 G730} Ik xample
BYK-333 5100 10 200 0 5 50ppm Compositor Pdysloxsrs Solution @I 6
E 0P8 2000 12°F HTF2%5D6 M CCEMPOSNBA Pdy<hoxasaselttrsn(hwn of the

DM/GIBI_.lIO/BO)bBHPMT DBk NIK4 qC"MK 210 M-1 71008200008 20
coggpg}ﬁ+on9, ut there were cracks inacured filmof the device

and a defect-free good device coculd not be prepared.
(01727
Comparative Example 11

A TFT device was prepared in the same manner as in Example
8 except for using a photosensitive acrylic composition of the
compesition 12, but a defect-free good device could not he
prepared, for example, there were problems with an adhesiveness,
a plenarization preperty and transparency and there were cracks
in a cured film of the device.
[0173]
Comparative Example 12

A TFT device was prepared in the same manner as in Example
8 except for using a photosensitive novolac composition of the
compositicn 15, but & defect-free good device ccould not be
prepared, for example, there were problems with a planarization
property and transparency and there were cracks in a cured £ilm
of the device.

[0174]
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ComposNon Polysillooanosdut'oo(0) (iv) DM/GBL110/30) BYK-333 B 100
10 200 50ppm ComposNon Po)jsiloxaoesoS(l) (iv) DAA/GBLI70/33) x.
BYK 3339 100 7 200 S 50ppm Compositio PolysiloxanasohNonlii (iv)
DM/GBLI70/30) (vi) BYK-333 10 100 7 200 10 50pnm Composition
Polysiloxa solutionli) DM/GBLI70/30i KBM 303 BYK 333 11 100 7 200 1
Spom Compositor Aoryliorasinsol ondi) (iv) EN EPiIO3Aff828 BYK-333 12
100 30 200 10 56 pm Novolaorasin Co oston olutionlxiii; v) HPE KD 13
Compexg206j Bepmm LEomposNon Norylioresin so tw Ni) (iv) EDM (vi)
BA-333 14 100 30 200 2 50ppn Compo ton Novo[oras'm sdotomom) HPE
luii) BYKB33 518 10120012 Ta¥n (0093 {01811 [Thblesblrdamanner as in
ifaimxovementio ta)Poryslocane adhesiveness (h)Cukooe
CoresfishiivicighrFRmE Sukac i ke =; Heit Saushzer NeNcD ¢ ikdg of the
imidesilane compound (vi) was changed to 7 parts by weight of
the imidosilane compound (vi-2). The results cf evaluations
are shown in Table Z.
[01757
Comparative Example 14
A composition 2Z was prepared in the same manner as in
Comparative Example 8 except that 2 parts by weight of the
imidosilane compound {vii) was changed to 0.5 parts by weight
of the imidosilane compound (vii~2). Theresultsofevaluations
are shown in Table 2.
[017¢]
Comparative Example 15
A composition 23 was prepared in the same manner as in
Comparative Example 7 except that 2 parts by welght of the
imidesilane compeound (vi) was changed to 2 parts by weight of
the imidosilane compound (vi-3). The results of evaluations
are shown in Table 2.
[CL77]
Comparative Example 16

A compeosition 24 was prepared in the same manner as in

Comparative Example 8 except that 2 parts by weight of the
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;C;Skverd ,arlount~0 o~ouod enerata laars6y ages ShcaparVcla~
(pmis6yweiehll tr CNar~tanals ~ , whole pas|y d, 1g2dshv o-e) (0Abl'1s f,
Rasm aG"o k Dlaa~Hum or oskorv,) ppzdoy i pmymoaGaa
(mol6ofSiaoml' amid) ~Lidoml~a!mrovamentm a! t molScfUatom(
ompouud adhesNaness Composk'on Pol blocane k jio liil {iv)
DRA/GBL(70/30) (Ai-3) BVN M3 16 100! 10 200 5 Ogpm Campo 0o
PolylosanesoluVo Pull PL-2L-OM (N) DAP,/GBLUO/30i (vii-2) BVN333
imi1d00i 2664 2002>uBPp Y Comweshkm Pofysiloeansak&GooGh myeight of
DAA/GBL(70/30) (v-3) BHPMT DBA NMRLAC"MN-270 B0-333 8 10C B
the00rg, d6.812 6enc Capw sitgl Polyisloshioes 6o@#) DAWGBLY 70136V i, NMions
'P 100 10 200 4 10m C-Omo'a4.Aa Pulyaikvanem'leiar 3 k -L-DA, (N)
arOAMBBE(Y0IBCTES)BYN-33"s 2000 27,5 4 20D 0.5 Mppm
ComposYdaa AcyfmrasmsM r!<Gi b™, BDM !2 2) 9v8333 21 100 30 200
1 01'84m DolMOk1 ?kuaacre7osNotion;xfli) vl HPE iM-1) BVN-333 22 100
10 200 0 5 60ppm Comkoo AcrydcroskSua7si) liar) EDM (N-3; BVN-3M
Copgae30/20@ RPfoppm Lampo ar NovNacradas iofGiii; (y) HPB (~i-3)

BVN-333 24i0C102005C m 94
A TFT device was prepared in the same manner as in Example

8 except for using a photosensitive novelac composition of the
composition 22, but a defect-free good device could not be
prepared, for example, therewereproblems with an adhesiveness,
a planarization property and transparency and there were cracks
in a cured f£ilm of the device.
[0179]
Comparative Example 18

A TFT device was prepared in the same manner as in Example
g except for using a photosensitive acrylic composition of the
composition 23, but a defect-free good device could not be
prepared, for example, there were problems with a planarization
property and transparency and there were cracks in a cured film
of the device.
(0180}

[Table la]
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[0182] [Table 2 ] Characteristics of photosensitivity Characteristics of film
after curing Composition Film thickness Normalized Resolution Film
Resolution Shrinkage Light Adhesiveness Solvent remaining film
Sensitivity after thickness after resistance after pro-baking ., during curing
transmittance (The number of (U m) thmxoess (d/m2} development after
coring oaring r (the number of 88) (pm) (gm) (pm) "~0) (941 remainings) a
ks) Example | Composition 1 4 97 600 3 3.5 6 598 100 0 Example 2
Compositicn2 4 99 700 33,86 596 100 0 Example 3 Composition3 4 91

Juuoommpﬁgarpumpuy T ‘ IA50-5-8318-52-968-160
0 Exampleﬁi? Composi ions 4 99 700 3 3 atgas ”Wm@ 0 Example 6
Cbmpositich¥#92 300 3|80 4 97 10 plekTiComposition? 4
99.7503386593880 a‘m'darnplq $wse’ Col 1116 4/06:850H3:8iB: 6 Rt
97100 8 Exgmplé 14 Compesitor] %4 0 ,3,8,0615 8741006 i
Example 15 Comnasiipnléw b8 300 3 5 s 5 97 10810 dzkamplelb e
Comppsition|Ai.98.800,3 38 | 5 5 97 1008 Example7 Composition20
498 300 3 3B:dnm 97 100 0 Comparative Conposition8 499
_ thanilO-Comparative-Compositiond-4-98.250.3
Cumpo@q@imx@s@i@ﬁhoo 1 2, Examplé!2|dbribAcAtivel RHPUT | OB | 'MKALACHEZT0) B
1 100 § 200 ! 2|03 l oo
Compastion] Poetoane sohtion (| DAAGELOO/Z | () -
2 10 10 200 : Hloam
Coepoton| Plyshorane soion () PL~2L DAk () 1 DAA/GBLOZ% | BN
3 10 a8 § 0 8 S
Compostio] Polshoeae sbin i PL-2i-DEA | [v) | DAA/GBLOO/S0 | (k) BHMT Rk
§ fh.4 15 § il ¢ 2 o
Comprstin: Plslesanesebdon W1 DAAZGRLITOZ0) | v B3t
§ 166 1 it 0.5 Yo
Compastion Poslocere solon W DAR/GRLIO/R0 | () BHRMT | DBA INALACWRDI0 B3
i 100 § 260 12 2 103 ! o
Compestiont Polsloe slin Wi | DAR/GBLIO/A0 | i) BHPAT | DBA I'NIALACWE-2T0 BV
I 10 8 200 0,08 203 2 oo
Compostion) Pbslocane sftion [ | DAA/GBLIZO/M! B-i30
4 100 1 il o
Comastion) Beeloeae soion | DAA/GRLITO/%) 5% B3
g 10 ] 200 5 o
Sempostion] Plslosane sobon (9 | DAL/GRLIO/S ] B335
10 100 ! 20 1 Hopr
Gampnston] Peyovane st ) (i | DAA/GRLIO/30H KBl-303 B33
11 100 ] 200 | Hoam
Compastion| e e ot i £DM PO | B
12 100 3 200 il Hom
T N:Ujjtf;{x:m R Bl
13 W 1 200 Hoam
Gomoston| e rsih okt (i EDM f B
14 100 0 200 ! o
(i N;ﬁ;?:f il i (f gl
15 | 00‘ ' f0 200 ! Hom
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Example 3 Cempositionl0 4 98 750 3 3.6 6] 10 96 100 0 Comparative
Compositionl1 4 98 750 3 3.6 56 96 100 5 Example 4 ompara 6
Cempositlonl2 4 96 1500 6 3, 7 6 15 89 80 2 Empe Comparative
Composhicnl3 4 97 1000 8 3.8 9 10 32 80 6 Example 6 Comparative
Compositionl4 4 96 1500 6 3, 7 6 12 89 100 2 Example 7 Comparative
Example 8 Composition15 4 97 1000 8 3.8 9 10 32 100 4 Comparative
Composition2| 4 96 1400 6 3.7 6 12 90 100 2 Example 13 Comparative

L 0 Bomposihon22 4 97 900 8 3.8 9 10 32 000 4 Example 14 Oomparal5
Exampl e 15 Campositioo23 4 96 14005 3.7 512 90 100 0 Comparative

[T&ehspodition24 4 97 J 900 5 3.8 510 40 108 0 Example 16 95 Industrial

r—Appicabitity {0183t presentmventom carrbeused-as a ateTtal for
forming a planarizatior] film| for a thin WWHW%W@ stor (TTT) substrate of a
liquid cryst\ﬁw@ﬁ?&play deY'Qe an organic Eﬂﬁ_werﬁ‘ji\splay‘ jevice or the like, an
interlayer insulation film % semicondubtér | | |
fezts i il |Seti] Pod cnssiiog bty
T i , f_ i) il
oo g C{UNEQ“?(% sy g f (it el %WT \aamﬂy lf_afmltn ‘; fho
M| s | s ‘:pafﬁf i-'m’é\us:'iaﬂe b '\Pﬁﬁa”v )| bl s
Grsivuedt) | odlone Sl o vt O et i
At oo |
il bt St dhesieness
o | Pl ki ) | DA/GLOLA | i B
16 1l f0 4] § i
(ot (Pl ke 7| 2L-1-Dik | DM/ | B30
fl il 0% i W ! fgn
Cmstn | Pl sn ) i | DAA/GBLOOAR | BHPAT | D8k | LACWTT0) B
E8 {0 ] il ! AR R T
sl | e sin ) W DAZSRLDAD | 3R
i flé il i 4 Hm
orpsin (P st ) P20~ W MR | g
il i 05 ! il 03 S
Comasin | A e s y i IR B0
1 10 ) i ] Doam
Comlin v sl W it i) B
o 0 10 0 05 hon
oot | o i ) DM i-h Bl
4 0 % il 2 ]
Comustn oo sl v 1z W= B3
U 0 0 il 5 S
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device, or a core or clad material of a light waveguide. 96 CLAIMS 1. A
photosensitive siloxane compaosition containing (a) polysiloxane, (b) a
quinone diazide compound, (c) a solvent, and (d) one or more kinds of
imidosilane compounds represented by the general formulas (1) to (3):
[Formula 1] RI O O Rl - 1 N-R4-SI-R1 (1) R1 Si-RR1 O 101 R1 (r) R7
R3N-R2-SiR1 (2) () R1R RaN R3-R2---~1-R1(3) Y RI (wherein R's

__may be the same or different and each represents an alkyl group having

10458 carbon atoms, an alkoxy group having 1 to 6 carbon atoms, a

T phenyl group, a phenoxy group or an organic group replaced with them,

[ &ncFR4 represent each a divalent organic group having 1 to 10 carbon

atoms, R3 repregenis an.Qrganic group not contgining 4 siicon atom and
haying 2 tp-26-ca bﬁunl ?t ms (“riovi Jeg th Rt R3-represents-an-erganie
L rmalize asolition im  |Resolutien] , ., . . Sohvert
gl’OL[@npiJ%_](. dﬁm&& remzinng fim [Sensinatyl  after thickness | after Shrmxag_e nght Adesieness resistance
after pre-baking il i) | devecoment | ater cuene | ot during curing | transmittance {The rumber of (e s of
(ym) ;cm?.ss ufmé) ev[e opment | after cu{ang oring (%) I remiings) i rUmber o
‘ (%) tm) | (eml | (pm) traghs)
Evamgle 1 _Csmposition? 4 97 600 3 35 B 5 a8 10 ij
Exampls 2 | Composition? 4 99 700 3 3.8 6 5 96 108 0
Example 3 § Compositiond 4 Ll 300 3 3.8 3 2 98 100 0
Exampie 4 | Composttiond 4 93 450 3 3.8 5 2 a8 i !
Eample 5 | Gomposition$ 4 g8 740 3 37 5 5 97 4 0
Example 6 | Compositionfs 4 92 300 3 3.8 10 4 g7 100 6
Exarnpie 7 | Composition] 4 48 750 3 3.8 6 5 38 & 0
Exvample 13 { Compostion 16 4 86 350 3 3.8 6 5 g7 ] {
Example 14 | Commposiiion17 4 &7 350 K; 3.8 6 5 g7 1 0
Example 15 | Composition18 4 g8 300 3 35 5 5 47 i 0
Examglz 16 | Composition 18 4 98 300 3 38 5 5 97 100 0
Exampie 17 | Composition20 4 48 300 3 3.8 5 5 87 ] 0
" -
v:)mpa{atJve Gompositiond 4 4% 700 3 3.8 7 6 43 gt more than 10
Exampe 1
Gt o st | 4 ® P o3 | ose | o7 6 8 1t 2
Examgle 7
Comparatie\ o ostint0] @ 0l & | 36 | 5 | 10 | o i )
Example 3
Comarae o ostontt] 4 98 3 56 | 5 5 9 106 5
Example £
Comparsie o ostonte] 4 % [0, & | 57 | 8 15 89 % ?
Examgle 5
Comparaie| - ostonta] 4 o (w0 8 | 38 | 9 10 32 % 5
Evampie 8
Comuraie | ostontd] 4 9% L1500 6 37 | 6 12 89 166 2
Example 7
Comoaratie o ostonts| 4 o iwo| & | 38 | 8 | 10 | 3 1 4
Example 8
Comearatie o osiontt| 4 % wo| & | 37| s | 12 | w0 1t 2
Example 13
Comparlee| o ostons| 4 o7 | w0 | 8 38 | o 10 3 1) 4
Tyampls 14
Comaratie o ciends] 4 % w0l 5 | 375 | 12 | @ i 0
Example 15
Comanae o oshondt] 4 7 lwe!l 5 | 38 | 5 | 10 4 i 0
Example 16
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97 a phenyl group in the general formula (1) and represents an organic
group, not containing an unsaturated bond, other than an alicyclic group
in the general formula (2)), and R. represents a hydrogen atom or an
organic group not containing a silicon atom and having 1 to 20 carbon
atoms). 2. The photosensitive siloxane composition according to claim 1,
wherein a total amount of (d) the compound represented by the general
I %9%‘3[‘@%?% ﬁl)zitogg)licsa .H? t159% by wgight with r.espect to.polysiloxane. 3.
e photosensitive siloxane composition according to claim 1 or 2,
O%ein (a) the polysiloxane is a copolymer and contains silica particles
chemically coupled with at least a part of the polysiloxane. 4. A cured film
obtained By anplying,gad pagerning e ANGIOSSIYESIONANE, . £orming
composition according to any one of claims 1 to 3, wherein said cured

2 Jimas; 3 light apsmittance,, pat A film thickpess, ot 3 m atawavelengih . . o

of 400 nm1s 95% or more. 5. A device comprising the cured film
of%9§ﬂ$m&§%f§wyafé§%playdevice,EMlorganb:ELdisplaydevice

or the like, an interlaver insulation film of a semiconductor

device, or a core or clad material of a light waveguide.
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CLATMS
1. A photosensitive siloxane composition containing (a)
pelysiloxane, (b} a guinone diazide compound, (¢) a solvent,
and (d} one or more kinds of imidosilane compounds represented

by the general formulas (1) to {3}):

[Formula 1]

R' O O R
R1—Sli—R2—N#R3JJ\NwR4-SIi R’ (1)
R’ o) 2])/ ;L‘I

0
Rs\)# N— ;—R" (2)

—R‘?—wwSiwwR1 (3)
|

O
j\ |
O R’
(wherein R's may be the same or different and each represents
an aikyl group having I to © carbon atoms, an alkoxy group having
1 to 6 carbon atoms, a phenyl group, a phencxy group or an organic
group replaced with them, R® and R® represent each a divalent
organicgrouphavingltol0 carbon atoms, R represents anorganic

group not containing a silicon atom and having 2 to 20 carbon

atoms (provided that R’ represents an organic group other than
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aphenyl groupinthegeneral formula (1) andrepresents anorganic
group, noL contalning an unsaturated bond, other than an

alicyclic group in the general formula (2)), and R, represents
a hydrogen atom or an organic group not containing a silicon

atem and having 1 to 20 carbon atoms).

2. The photosensitive siloxane composition according to
claim 1, wherein a total amount of (d) the compound represented
by the general formulas (1) to (3} is 0.1 to 10% by weight with

respect to polysiloxane.

3. The photosensitive siloxane composition according to
claim 1 cr 2, wherein (a) the peclysiloxane 1s a copolymer and
contains silica particles chemically coupled with at least a

part of the polysiloxane.

4. A cured film obtained by applyving and patterning the
photosensitive siloxane composition according to any one of
claims 1 to 3, wherein saild cured film has a 1ight transmittance

per a film thickness of 3 pum at a wavelength of 400 nm is 95%

Cr more.

5. A device comprising the cured film according to claim

fias
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