DESCRIPTION PHOTOSENSITIVE SILOXANE COMPOSITION, CURED
FILM FORMED THEREFROM AND DEVICE HAVING THE CURED FILM
TECHNICAL FIELD [0001] The present invention relates to a
photosensitive siloxane composition for forming a planarization film for a
thin film transistor (M) substrate of a liquid crystal display device, an
organic ELdisplaydevice or the like,an inter layer insulation. film of a
semiconductor device, or a core or clad material of a light waveguide, a
cured film formed therefrom apg-a gdevice-having the cured Film.
BACKGROUND ART NOO021 In recent years, for example, in liquid
cpystaldisplays and erganickk displays-a method ferenhangingdag: o
aperture ratio of a display device is known as a method for achieving
further higherpregisionandiigherresolution (referdo:Ratent Decument
1). This is a method in which a transparent hea resistant planarization film
is prepared on a TFT device to transmit light with more efficiency by
applying a and thermally curing the material. [0003] The materials
THig8dLad the plainarization films for TFT substrates are required to become
highly heat resistant and highly transparent after curing, and as the
[%Raterials having these characteristics, polysiloxane and silicone polyimide
precursor are known (refer to Patent Documents 2, 3, 4). [0004]
Genérafly, WITéR an- brgdHic eBrapoana s isa Pl thé Plariarization fifig e
for TFT substrates, its cured film had a problem that an adequate_ .
“AriesiVeridss tora sUbSAfe Suffadé or a*devicd shrfate tdmposéd o £
<faetel or an inrganic substance s not aghieved inadditign tofhe .,
problems of heat resistance and transpa?ency.CFhere‘fore, a composition

2:Made by adding 4.s lang coupling agent.tp a pé}%g%lé -18sin and a quinpne

diazide compound for'impro ing the adhesiveness ( refer 14 Patent

£ Decupentd)-and acompesition made by adding.a silane.coupling- agent -
to an acrylic resin and a quinone diazide compound (refer to Patent

a Decument 6) are kaown.dn either technelogyqthe silane-ceuphng agent is.c
added in order to improve adhesiveness to a substrate. However, when
hdhersfjane<oupling agent.is added to polysiloxane for the same purpose,
an adequate adhesiveness to a substrate surface or a device surface can
be achieved without impairing high heat resistanceandhightransparency,
but there is a problem that strains or cracks are generated depending on
BAGhds bP56IvERES used in a resist-stripping treatment by an alkaline
solvent, which is performed to process an upper layer of a cured film after
L$8fmtng the cured film. [0305]

In recent years, for example, in liguid crystal displays
and organic 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 resciution (refer to Patent
Document 1). This 1s a method in which a transparent
heat-resistant planarization film is prepared cn a TFT device
to transmit light with more efficiency by applying a

planarizaticnmaterial onto the TFT device formed on a substrate



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. [00061 On the other hand, a
., Silicone polyimide precursor has an excellent adhesiveness to the
#'SUbstrate surfacé of the dévice surace and crack resistance against the
[@éléajque solvent because it has a structure of a silane coupling agent at
the end and a cured film formed from the silicone polyimide precursor has
an imida bond. but the silicane palyimide precursor has large shrinkager
during curing in its conversion to imido by heat because it has an amic
s@6id struetire andthgreforasit doesnat-havie:sufficientplanarization nt  ang
characteristics. Patent Document 1: Japanese Patent Publication No.

h 2006722 7643 ciaien PatertRocument 2: Japanese Ratent Publa srippNe.g
200 ' 5259 (claiml) Patent Document 3:Patent Publication No, 8-959894
tK{elaims s rRatent Documentdapaneése Ratent Rublicafion e 5291165 de
claim Patent Document 5: Japanese Patent Publication No: 2003-43688
PAPYBIRatent Doclinseit 6! JadanedecPatert Publication No: 2006348681
(p.18) Patent Document 7 Japanese Patent Put. cationNo . 15-8.542

[ {efafim 1) SUMMARY Problems to solved by the Disclosure [5007]

Generally, when an crganic compound is used for the
planarization films for TET substrates, its cured film had a
problem that an adeguats adhesiveness Lo a substrate suriace
cr a device surface composed of metal or an inorganic substance
is not achieved in addition to the problenms of heat resistance
and transparency. Therefore, a compcsition made by adding a
silane coupling agent to a phenolic resin and a quinone diazide
compound for improvingthe adhesiveness {referto Patent Document
5), end a compesition made by adding a silane coupling agent
to an acrylic resin and z guinone diazide compound {(refer to
Patent Document ¢) are known. In either technology, the silane
coupling agent is added in order to improve adhesiveness to a
substrate. However, when the sllane coupling agent is added
to polysiloxane for the same purpose, an adequate adhesiveness
toasubstrate surfacecradevice surface canbe achievedwithout

impairing high heat resistance and high transparency, but there

bD



The present disclosure has been made in view of such a situation, and it
is an aim of the present disclosure to provide a photosensitive silmxane
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 a substrate. It is also an aim of
the present disclosure to provide device materials, such as a
: sheatwresistancs insulation film, a planarization filay.fora Tk Tysubstratedany
imterlayer insulation film, a core or clad material, and the like, which have
k1 thesabave-mentioned.eharactetsticss Means korthe Problemsd0l08]y an
Thatis,thepresentdisclosure pertainstoa photosensitive siloxane
aleampositiorl centainigi(a) palysitoxaney£b) awquinonesdiazide compdane,:
(c) a solvent, and (d) one or more kinds of imidosilane compounds
o frepresentéd byl thesdemeral formutas thetoq@)40009] fFormula [D0-10]
wherein R's may be the same or different and each represents an alkyl
[Ogfbup having 1 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 THerh*RD arid R refre¥entesth & tivalentorgsiic Sroup having o>
10 carbon atoms, R3 represents an organic group not containing a silicon
PYai AR HEVIRG 216 20-Carbon atBms (provided that 123 réfresthtsan °
paganIC.group othet than 2, pheny! aroupn he general forpula and. ...,
represenf:s an organic group, no cor%’talnlng an unsaturated bond, other

hatr?y r an alie-yop- group jndhe general formulg (2) ) téQda%%fg%er?ecgﬁsﬂae

ogen atom or an organic group not containing a silicon atom an

~-aving 1 10:2Q carbon atoms. [0010al, 1, JInsa,3econd aspect thergis i de
provided a cured film obtained by applying and patterning the

adehptasensitive sloxane sompegition as defined ahove, wherein saidiewred:
film has a light transmittance per a film thickness of 3 um at a wavelength
s10f 400N is OB% B mere: [R010b] = n i @cthitthagpect,dheresis provideithe
a device comprising the cured film as defined above. Effects of the
sdivention [p011]t causes a problem of transparsncy.
10006}
On the other hand, a gilicone polyimide precursor has an
excellent adhesiveness to the substrate surface or the device

surfaceandcrackregsistanceagainstthealkalinesolvent because
it has a structure of a silane coupling agent at the end and
a cured £ilm formed from the silicone polyimide precursor has
an imido bond, but the silicone polyimide precursor has large
shrinkage duringcouring initsconversiontoimido by heat because
it has an amic acid structure and therefore it does not have

sufficient planarization characteristics.

Patent Document 1: Japanese Patent Publication Ne. Z006-227649



The composition of the present invention has high sensitivity and high
resolution in forming patterns and makes it possible to form a cured film
having high transparency, excellent solvent resistance and high
adhesiveness to a substrate. BEST NODE FOR CARRYING OUT THE
INVENTION [0012] The present invention pertains to a photosensitive
siloxane composition containing (a) colysiloxane, (b) a gudnone dihzide

: -6@mpound, (c) asolvent, and (d) one or more kinds of imidosilane
compounds represented by the general formulas (1) to (3): [C)013]

ralRormula 2LRI0RY . R1:3.-Ra-NRR2-5i:6 {0014 wherein Ris.may ke thez 4 9

same or different and each represents
claim 1)

Fatent Document 4: Japanese Patent Publication No. 8-281150
{claim 30
Patent Documsnt 5: Japaness Patent Publication No. 2003-43688

Patert Document &: Japanese Petent Publication No. 2005-48691

Patent Document 7: Japanese Patent PulblicaticnNo, 10-1542 (claim

1}

SUMMARY

Problems to solved by the Disclcsure
rooG7s

The present disclosure has been made in view of such a
situation, and it is an aim of the present disclosure to provide 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 sclvent and exhibiting excellent

adhesiveness to a substrate.



an alkyl group having 1 to 6 carbon atoms, an alkoxy group having 1to 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 represents an organic group other than aphenylgroupinthegeneral
formula (1) and represents an organ c group, not containing an
unsaturated bond, other than an alicyclic group in the general formula (2)),
andRalrepresentssa hydroger atoit orrars organicigroup Aot containifg @ tde
dev Siliconatam and having,1 10,20 cathon atoms.+ an ceSUUCIUIR O£ (8) £ilm, =
polysiloxane used in the present invention is not particularly limited, but
planpdtrabie dspetts 8t the Polysifoxane mcludd polySitskane Bbtaindd by =¥ ="
insmixingoand igacting onerer moreckinds ohorganosilaresirepresentéig bywhich
navine general formula (4): [00151, [Formula 3] (R5tSi OR6 ) 4-m(4) [0016]
wherein Rss 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 may be the same or
= Gifferent, RGeS represent-anyraf-nydragen, an alkyl group having 1 to 6
carbon atoms an acyl group hawk! 1 to 6 carbon atoms and an aryl group
[ o (having 6 to 15 carbon atoms and plural R5 may be the same or different,
and in represents an integer of zero to 3. The alkyl group, the alkenyl
grotipzand the aryl gioup represented byiR5 v the generalforrnufa (45all &
ondDAYhave asubstituent or may be anynsubsti ited grodp.nothavinga (a)
substituent, and these can be selected according to a characteristic of the

PO laGmpBEiish: Spetifié eXAmpREEoftha ZIkS1 gr6dl tidde 4 ThetRyl roup.
andan ethyd gegoup, ar nepropytigraup, aniisoptdpyt growpyram ndsutykgrotps @t e d
t-butyl group,-an-n- roup, an n-decyl group, a trifluoromethyl group,

oy ;}{' eZ,%%ﬁﬁﬁ%%ogtﬁg/fn %}%%%’Q;i g,?ﬁ%-téﬁ‘jﬁubropropyl group, a
3-glycidoxypropyi group, 2- (3, 4-epoxycycloh yl) ethyl group, a
3-aminopropyl group, a 3-mercaptopropyl group, and a 3-isocyanatepropyl

(0 GFQUP. Specific examples of the 61kenyl group include 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, - (p-hydroxyphenyl) ethyl group, a 2-

(p-hydroxy?{henyl) ett)@iu grqip, "
Pﬁ—-—S]i—-REwN 2% “N—RY—gi—R’ (1)
| o |
R’ o O 5
o =X
|
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4-hy o y-5- (p-hydroxyphenylcarbonyloxy) pentyl group and naphthyl
group. [0017] The alkyl group and the acyl group represented by R 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
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, and an neb,ytyl group. Specific examples of the acvl
group incluple an acetyl gré}jﬂp. Specific examples of the aryl group include
a phenyl gy{'qup. In the general formula (4), m represents an integer of
0 tos3,Hi isfj@%heﬁrmu%éérepf%engg? tetrafunctional silane, and if m is
1, the formgﬂa represents ajtrif notional s lane, and if m is 2, the formula
represents@ difunc ional signe, and if m is 3, the formula represents a
monofunction-1 silane. [0018] Examples of the organbsilanes
[ Ceepresentedthe general formula (4) include tetrafunctional silanes such as
tetramethoxysilane, tetraethoxysilane, tetraacetoila e and
whietephénexysilanes urttionalSilaiesistél 45 Methyftrifethoxysiangs" "=
methyltriethoxvsilane, methyltriisopropoxysilane methyl tri'n-buthoxy
angilahe! ethgknictioxysilahe, effyitristhdxysiane ethytiisopropokysiane s
. ethyl tri-n-buthoxy silane, n-propyltrimethoxysi ne, n-propyltriethoxysilane,
| SRV 6 VEHhe MBI RR RIS, FRERIRORy S A T~
n-hexylthoxysilane, deoylthmethoxysilane, vinyltrimetncxysilane, .. .1 o«
IrGinyitfisthokysitane, ’-rh“é‘rfﬁrééry%oxf‘/)ér“o?)&;itrllrﬁ fhoxys TarcieX,E é’-metc aM(T:r)} ;

o2, pyltriethoxysilane. 3-agryloxypropylHmetoxySikDE e c < an organic
phenyltrlmeJtﬁoxysﬂane, phenyl iethoxysilane, p-hydroxyphenyltr

Gr%t:hgxxgqa@%ﬁ%égﬁyggoxey %@Dy&g}hﬂymem%y%%@w 2 to 20 carbon

” Z-fp-hydroxyphenyl)ethyltrlmethoxysnane,

2 ARy drpxys5: (h:=hydeoxy phenvcarbonyloxyipendiimethaxysibensiner than
trifli:oromethyl.trimethoxysilane, trifluoromethyltrietho 7 lane,

- a S3tiflugreprepyitiimethivysitane, Srarinopropyltriraethexysitane; organic

3-aminon. pylt ethoxysilane, 3-givcidoxypropyitrimethoxysiiane,

2-(3,4-epoxycyclohexyl)ethyltrimethoxys ane and _
a '3-mertaptapropyitiiméthexysitaneadifiaetiona-ilahessugRdste Tepresents

dimethyldimethoxysilane, dimethyldioxys r e, o o
a hydrogen atom or an organlic group not containlng a silicohn

atom and having : to 20 carbon atoms.



dimethyldiacetoxysilane, di-n-butyldimethoxysilane and
diphenylamethoxysilane; and monofunctionas silanes such as Among
these organosilanes, a trifunctional silane is preferably used in view of the
crack resistance and hardness of a cured film, Further, these
organosilanes may be used singly or may be used in combination of two
L 0k paore species. [0019]  As (a) polysil oxarie of the esent invention,
polys,loxang formed hyscopalymerizing. silica particlesimay be useda  fi1m
~ Examples of a method of copolymerizing silica particles include a method
obi3WHich pBlsilGkahe’ siithed2ed fruhh tié AbbBYe-merftiondd orgaRbsildne’®
s 1 i®reacted-with sdlicaiparticles, and a-methgddnavhichthee in said cured
_. above-mentioned organosilane is reacted with silica cies to obtai
i {8y eRoxane. THE siica PARcIGE Breinesipotate o the polyaioxate © H
at andvatieasta partaf thé polysildxarie is chemicadly coupled with. the silica
{Oé)%%qles (coupled with the silica particles by a covalent bond), and
thereby, the fluidity of the polysiloxane is lowered, sagging inpa ters
duriby thermdlieirifig isitihioited, afd e resofution’of patterhs afterdevice
codfermalcuringds improved: 1y, -5 qgthodkin whigh polysiloxane is
reacted with silica Pa des, the silica particles are contained in the
composition as an independent component, but they are incorporated into
£ £ the pelysiloxanre byheatingduring pre-baking or cur [0020] A number
average particle diameter of the silt a particle to be used is preferably 2 to
[O%b]rim, and more preferably 5 to 70 rim, When the number average
particle diametersi$ simaller dtian 2rm, andaproveentinttherresolutionnofoh
atterns is not sufficient, and when the particle diameter is lar han 20
e athabalipricier il S b A o D B
ma kafed film iscdetediorated. Merefr &s for thechiimPer averagelparticle high
cr Siameterof the silica..particle, in a specific surface: area-method, the silicay
particles are dried and fired, specific surface areas of the resulting
adiyaici8s afé meéasured, and then particle diameters are derived from the
specific surface areas assumed that the particles are spherical to
determine an average particle diameter in terms of a number average
value. Equipment used for measuring the average particle diameter is not
particularly limited, and for example, ASAP 2020 (manufactured by
Micromeritics Instrument Corp.) can be employed. [00213 The silica
particles a e obtained by a method of hydrolyzing and polycondensatin.g
one or more kinds of alkoxy s lanes in the presence of water, an organic
solvent and a base (preferably ammonia) The silica particles dispersed in
the organic solvent 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 a
methodwhich an organic solvent is added to wbased 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
dispersed in the organic solvent is preferable from the viewpoint of
compatibility with the polysiloxane or the guinone diazide compound.
[0022]



Specific examples of the silica particles include IPA-ST using isopropanpl
as a dispersion medium and having a particle diameter of 12 =, MTBK-ST
using methyl isobutyl ketone as a dispersion medium and having a particle
diameter of 12 nit, IPA-ST-L using isopropanol as a dispersion medium
and having a particle diameter of 45 nm, IPA-ST-ZL using isopropanol as
a dispersion medium and having a particle diameter of 100 nm, PGM-ST
',sing propylene glycol monome hyl ether as a dispersion medium and

suhaming gsparticle diameter of 15 nm (these are trade names, manufactured
by Nissan Chemical Industries, Ltd. ), OSCAL  using
gamma-butyrolactone as a dispersion medium and having a particle
diameter of 12 nm, OSCAL 105 using gamma-butyrolactone as a

BEFSp&sidn Aiadigmrand Navinga paricleldiadister of 60 nm, OSCAL 106
using diacetone alcohol as a dispersion medium and having a particle

[ {didmeter of 120 nm, cATALLID-s using water as a dispersion medium
and having a particle diameter of 5 to 80 nm (these are trade names,
manGfifeRired By CAtER/sts 8rCHomik alsI g, 0T CLRE § udrtron s1 1 oxane
PL-2L-PGME using propylene glycol ragnomethyl ether as a dispersjon

“HeditmT and Raving a particie diaeter of 16 Tim, QuarrGi PEeDE-Bia2 10
usin mma-butyrolacton.e as a dispersion medium and havinga _. .

“HRE Hambter o 17 A, Qe PLoLIA A g delons icarer

&3 disnersion medium and having asarticle dameleraf 1z i uaron
PL-2L and GP-2L using watéer as a dispersion medium and having a

[ chartigle diameter of 18 to 20 nm (these are trade names, manufactured by
5030 CHEMICAL CO., LTD.), Silica (Si02) SG-SO 100 having a particle

: iiameter of;100 = (trade name, manufactured by KCM Corp. ) , and
REOLOSIL having a particle diameter of 5 to 50 = (trade name,
manufacturgd by TokgyamacgCorp. ) . Further, these silica particl.es may
be may be used alon?lgcr in dombination of two or more species. [0023]
Itis Q@&Laggeﬁ@_w fa %ﬁ%\wﬂﬁﬂi@géfmjﬁ used haye a reactive group
since the coupling of potystloxane with the silica particles becomes
easy and filgzstrengt is enjgnced. Examples of the reactive group
include hydroxyl groups suchr as silanol,*alcohol and phenol, vinyl groups,
acrylic graups, ethvnyl groups, epoxy groups and amino groups. By
reacting thje silica partigle with alkoxy silane having a reactive group, the
Si. lica patticle having @ reactive group at the surface can be obtained- As
a mapér of oqurge? thessilicagphirticle ha{djg a substituent not having the
reactive group such as a methyl group, a phenyl group or the like may be
used as ioh as it does fn?t impair the effect of the present invention,
[0024J CIn the caseRvhere the silica particle is used, a mixi ratio of the
silica particle to the polysiloxane is not particularly limited, but it is
preferably 10 50% in termgbf the ratio of the number of Si atom-moles of
the silica p'a}t{igle to the numper of Si atom-moles of the whole polymer.
Wheg thig;ratiogs. mage thag;50%gthe compatibility between the
polysiloxanerand the guinone diazide pound is deteriorated and the
transparencg of a cured filmijs deteriorated. The ratio of the number of
Si atom moles of the silica particle to the number of Si atom-moles of the

[ vghale polymer can be determined by calculating a ratio of a value of
integral of a peak of Si-C bond to a value of ntegral of a peak of Si-O bond

wia Whenghis ratip eannoide determined because the.avedap of the-peaks «
is large, it can be determined by determining a structure of the monomer

arother thagrtherpatticles; T3C=NMR, 1R, T O&8=MS, os thellikexandanglyzing:. ng
th- proportion between a gas generated and ash remaining (assumed that
all ash is Si02) in an elemental analysis method. [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
pol ysiloxane 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
racictance ic Aatearinrated The contant of the nhenvl arorin can bhe




alkaline solution is preferably 2000 to 50000, and the weight average
molecular weight of the polysiloxane is preferably 5000 to 100000. When
the Nw is smaller than 5000, a temperature at which sagging in patterning
due to heat occurs may be lowered. [00271 The phrase "at least a part
of the polysiloxane is chemically coupled the silica particles (coupled with
1 tihe silicapartictesiby & covalent bond)ip desgribetkabove,cmpans thab rganic
reaction occurs between silica components in the silica particles and a
grpant of¢hépatysiloxank of zematrik’ andtherdilica paristestaresincorpatated] ent
at a fixed density into the polysiloxane. This state can be verified by
crobsewing @ipdurdanczone bétweebr theatonms, R® represents an organic
silicaparticleandthepolysiloxanewithatransmissionelectron microscope
g rhareinafterpatiisreviated as TEM): Whertthe sifica partictes drec 20 carbon
chemically coupled with at least a part of the polysiloxane, a boundary line
atpeweerrtheisikch pasicl® an thespolysiloxaneds petobsemedby afEM han
observation_ A system, in which the silica particles are chemically
a péoupiedowith atileadt a pantcofahel bolythozane), snrarerpreferatie dranmganic
systemwhich the same amount of silica particles are added to the
grpolysiloxanedniia thisrsysteim: noseriy preventothedrecipitationtofsilican
particles from a pre-baked film during development, but also lowers the
aligidity ofepolysioxamel libitssaggingpatters dikihy thermakeurggresents
and improves the resolution of patterns after thermal curing. [0028]
2 Ppi/Sheeneindiie PreSenttMEEion i sbtamebby aydiolyizingiand silicon
partially condensing the above-mentioned organosilane. A common
atpmptiistcdirbe Bged forthe hydeohpsisiasd pagialidensation, For example,
a solvent, water, and a catalyst as required are added to a. mixture, and
the dbt&iREY FiiRiiFe Brhedted anhd SHred Baing SAngras fegured stHet
hydrolysis by-product (alcohols such as methanol) and condensation
inFEpEodRiet {Watsr) riay Als6beadistilleti o Jeg20ut RSF6EE producneSCtS
method of the polysiloxane in the case of coupling the polysiloxane wsilica
o LpaRfcies Lheipoly<ilbRaheds sbaiRed by metisd ifvhichas ventanglng and
water, and a catalyst as required are added to the organosilane to
“%éwie%é Srgdnostarie it e Siliea pafticld sl HRCEGHBNzEE Oy the
organosilane are partially condensed. The silica particles may coexist with
ISP Gidancsifre Front start, or the silica particles may be added after
hydrolyzing and polymerizing the organosilane to form polysiloxane and
etesulting mixture maybe further heated, but amethod, inwhich the
S|I|capa c es are added dropwise inmediately after hydrolyzing the
[ESrRaSilane, is preferable from the viewpoint of compatibility. [0030]
The reagtion solyent i t particulary, limited but a solvent similar to (c) a
solvegﬁé ; Tg‘ %rlbnonly usei‘e,&n additive amount of the solvent is
preferably fb to 1000% by weight withrespect to 100% by weight of
quggnosnane or 100% by ight of a total amount of organpsilane and silica
partlcles An additive amount of water to be used for a

whersin R°s represent any of hydrogen, an alkyl group having
1 tc 10 carbon atoms, an alkenyl group having 2 to 10 carbon
atoms and an aryl group having 6 to 15 carbon atoms and plural

1= i e | = .
R may be the same or different, R°s represent any of hydrogen,



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 limi but an acid catalyst and a basic catalyst are preferably
used. Specexamples of the acid catalysts include hydrochloric acid, nitric
acid, sulfuric acid, hydrofluoric acid, phosphoric acid, acetic acid,
triflucroacetic acid, formic acid, pclyhydric carboxylic acid or anhydride
thereof, and an ion-exchange resin. Specific examples of the basic
arcatalyst inelude tristhylamine; ¢ propylamine,ddhutylamine, croup having
tribentvlamine, trihexylamine, triheptylamine,
1 trioetylamine, diethytaminedrieshanctami dietbanalamine; sedimoon atons
hydroxide, potassium hydroxide, alkoxy sibane having an amino group
arahcbansjei-eXchangeresimAr additive ambdintrehthe eatalyst ispresents
preferably 0.01 to 10% by weight with respect to 100% by weight of
2rprgahssitane: 10032 intview of the coatability and the storage stability of
the composition., tis preferable that a. bolysiloxane solution obtained after
'd DIty padiah éBndéhsatioh’G6 ot 61tainh alkdhblBf & bylprodees
water, and the catalyst. These alcohol, water and catalyst may be
T SRAfoveH-&S réquifed A méthod o FémovimgtHege id nofparticttaripve &
]IimiTt:eq,As the method for remoyipgu%lcobol or water, a method, in which
*4R& PolySoxaRe SoTdticirisTaIutEd With-adéquate HyarshHSbic SK/Ent aid
3 ashedwith watet several imes.and the resyling organic Jayer s

=1l

concenfrated using an evaporator, can be preferably employed. Further,

orashe-methad for remaying Gafalyst, ammethed, ot reating the cafalystwith .
an ion-exchange resin in addition to the above washing with water, or a

= method-of, oy, treating.with-therion-exchange sLesipcan be.employed,y o1
[0033 The photosensitive s] 0 oxane composition of the present

gABventiem contains fh) aguinene gh zide,cempoyng:.: T hesphotosensitives up,
siloxane composition containing the quinone diazide compound forms s a

arpositivetypesinowhichzan . rexposed portion,is semovedhyradeveloper-Aop,
additive amount of the quinone diazide compound to be used is not

a particdlarly liMited: betit isl preferably 8 to 30%-try welghtwithr respect toup,
(a) polysiloxane. The additive amount is more preferably 4 to 20% by

2 Weights WiReTY B B difive afnotnt 6f thee§ampaE diazide cohfpoundys oup,
less than 3% by weight, the photosensitive siloxane composition does not

& WAV TeARERC pHOtoseREivity betRiss oF teo fowPdissBItION catitfast

3_b_,etw§enrnan+“exposqd§ area and an unexposed area 'I;he additive amount of
the Yiiiotie diazfide’ compotifd isPréferaply S*<empies of the alkenyl
Lflo/ggngighh}l%rmoremord?rtogtt%%]sngpjggécf Ileptcéﬁso%)lqtior; contrast, On

“the ther hand, when the additive ‘amolirit of [é uinone diazide”

3.5pmpound is more han 30% by eight, a fransparent and colorless .,
property of a cured film'is deteriorated since a coated film is whltenec?

ghegause-of deterionated, compatibility between the, polysiloxane,and,neny1
theone diazide compound or coloring dueto the decomposition of the

o guiRgne digz-ge eempauneroccusring during-thermal curing becomes
remarkable. [0034] The quinone diazide compound to be used is not

2 -particulanty limiteel) bui #i$ pteferahly a compound having
naphthoquinonediazidesulfonate-bonded to a compound having a

4 phemolis hydroxyt group,andacompound; in whichethe- grithg-positiomand
the para-bosition of the phenolic hydroxyl group are, respectively

ngfdependentlyiBecupied by a hydrogen atom or a substituent group

) C‘rb(;;\bﬁ)l;{esented by the general formula (5) is used as the quinone diazide

dound [0035] [Formula 4]



R7 6 R8 [00361 In the above formulato R9 independently represent any of
an alkyl group having 1 to 10 carbon atoms, a carboxyl group, a phenyl
group and a substituted phenyl group. Further, R7 and R8,P and R9, or
R8 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 substituted phenyl group. Thealkylaroupmayhaveasubsti - or may be an

unsupstituted group not haying.a substjtuent, and E@%%%%%‘CHP%S%CE%"

- according 10 & charactéristic of the composition. Soecific examples of the
U?Akxglequugﬂne@dm methyl group, 2 ethykgroup, an-n-prapy! grouRsaNe
iIsopropyl group, an n-hutyl group, an'isobutyl croup, a t-butyl group, an
arn-hexyhgroup; a-cy¢leRexykgroun,amn-heptth graup.an n-oetyl greup, aar
trifluoromethyl group and a 2-carboxyethyl group. Fuvther,
Lexampaesefasubstituentwitbwhichthephenyl group isfreplacedrnclude fon .
hydroxyl group. Further, and R8, R7 andh or R8 and R9mayforma ring,
Snck Speediipexdmplesiofthe rig elude axgycicoehtare zingeahyl group,
cyclohexane ring, an adamantine ring, and a fluorene ring. [ 0037]
aWheheach group atthe prthppogitionrand the para positighrofthe and an
phenolic hydroxyl group is other than the above groups, for example, a
nrkethyl gge G Ltherfizd ebfing cairsus Gxdative feé6mpssitioty angavde an
conjugated compound tyglfled by a guinoid structure is formed to color the
a&ked fifhithus lowting'the t‘féﬁ%i’eﬁt ahdddlortdss progety. THese e 2
quinone diazide compounds can be synthesized by a publicly known
p%@fé‘fr}flc%h%pfeactlon of the compound having a phenolic hydroxyl group

with naph ogumoned zpesulf nic,acid chlqr ide. ecmce les |
of the’ Ef)mt%ou%arhawr% a p%en%?c h%ydroxyljg?gup mciug the foll \/\(/:"}2

o Compounds: (frade names, manufactured by Hopshy Chemical %@I%ml
Co. , Ltd.) . [0038] [Formula 5]  OH

gilane, 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,
(00187

Examples of the organosilanes represented by the general
formula (4) include tetrafunctional silanes such as
tetramethoxysilane, tetraethoxysilane, tetraacetoxysilane and
tetraphenoxysilane; trifunctional silanes such as
methyltrimethoxysilane, methyltriethoxysilane,
methyltriisopropoxysiliane, methyl tri-n-buthoxy silane,
ethyltrimethoxysilane, ethyltriethoxysilane,

ethyltriisopropoxysilane, ethyl tri-n-buthoxy silane,

10



H3CCH3 H3Cj CH3 [00401 As the naphthoguinonediacidesulfonic
acid, 4-naphthoquinonediazidesulfonic acid or
5-naphthoguinonediazidesulfonic acid can be employed. A
4-naphthoguinonediazidesulfonate 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-naphthoguinonediazidesulfonic ester
compound is suitable for exposure in a wide rangeofwavelenga an

»-absgrption bandrof light in.a widg range of wavelength region. It is
preferred to select the 4- naphthoqu|noned|a2|desulfonnate compound or

n-thehynaphihoguingnediazidesulfonnate compaung, depending on the
wavelength used for exposure. A mixture of the

n-drpaphthoguinorediazitdesalfonatescompeunrd ane ke 1 ane,
5-naphthoguinonediazidesulfonate compound can also be used, [0041]

deft mdlecukat weigisticfahe naphthdguinoneidiat'deidampound is preferably
300 to 1500, and more preferably 350 to 1200 When the molecular weight

v I8 thé Hephthegidiheae diazide ebhipoundbis Yarger thar 18000 there id ane.
possibility that a pattern cannot be formed by 4 to 10% by weight of an

S FHUHAAS ARGHREOT T CoMpBLUME: On-the Sther hand, when the molecular

of the naphthoguinone diazide compound is smaller than 300, the
t?&r%%a?éﬁ?éﬁ&éﬂnib?ﬁé&s HrBpenty bt e chfet Him' mHy e deteTEoftad-

k[ 042] he photasensitive sioxane camposition of thlpresen f invention
Picon aunrél(e } VentThe sdiveht is Aot pgrtl Ia?li/nhmlted{ Bat ="
1 CP;E"B?/W}Q&?B @g&q %lgopo I})ﬁ rco%(}{l ggo%s and/or cyclic compounds

e

havmgcarbony group are preferably us Ren these solvents are used,

7_pg;y§;g%<a@§ e %ﬁqg@ggggq;{g@cggﬂgq@gﬁre uniformly fssolved,
and even after the’composition is apphec?to forma film, the film can
«-achigve: high-transparency witbout being-whitened. J0043L « - imethoxysit
ane, triflucromethyltirimethoxysilansa,
trifivoromethyltriethoxysilane,
3,3,3-trifluoropropyltrimethoxysilane,
S—aminopropylirimethoxysilane,
3-aminopropyitriethoxysilane,
3-glilyecidoxypropyltrimethoxvsilane,
3~glycidoxypropyitriethoxysilane,
2-(3,4-epoxycyciochexyljethyltrimethoxysilane and
3-mercaptopropyltrimethoxysilane; difuncticnal silanes suchas
dimethyldimethoxysilane, dimethyldisthoxysilane,
dimethyldiacetoxvsilane, di-n-butvidimethoxysilane and
diphenyldimethoxysilane; and menofunctional silanes such as

trimethylmethoxysilane and tri-n-butylethoxysilane,

11



The compounds having an alcoholic hydroxyl group are not particularly
limited but they are preferably compounds having a boiling point of 110 to
250C under an atmospheric pressure. When this boiling point is higher
than 250C, an amount of a solvent remaining in the film increases and film
shrinkage in thermally curing the film creases, and good flatness is not
achieved. On the other hand, when the boiling poin.t is lower than 110C,
because drying in coating is too fast, ooatability is deteriorated, for
example: @ film surfaee is.roughened, [0044] ; ruSpeciicsexamples<ofithe
compounds having an alcoholic hydroxyl group include acetol,
pr3-hydsexy: 3amethyl:2-biitanerte, 4-hydroxykl Imethydz24ritancnep rdness
5-hydroxy-2-pentanone, roxy-4-methyl-2-pentanone (diacetone
o fatcohob lactate, bEtyl tactatet bropylenesglyec! mossmethyletiad singly
propylene glycol monoethyl ether, propylene glycol mono-n-propy! ether,
opropyldrfe giedl monohtbiityl ethér, propylene glytohfioABRBdSI-ether,
3-methoxy-I-butanol, and 3-methyl-3-methoxv-I-butanol. Among these
[%€brAipounds, compounds further having a carbonyl group are preferable
and diacetone alcohol is particularly preferably, used. Th%sewc%rggoynds ,
havifg i alBhdlic h§dfkgIBrdul ray be Uséd afote 8F may be dsed i
combination of two or more species. [0045] . _ The cyclic compo N
“HAGRGE S8R5SO Group: ggesr?gtlpcéarﬁ:%:%%ﬁy limited. hgéét” t lggé@ areggg%pl =
referably compounds having.a boiling point_of ,150,t0. 250C: v oo
R e ot B RO Fgher thar SR0C. B T1o¢
1, 2Mmeyntota solvent remaining in the filoy increases.and film shrinkage riaa
thermally curing the film increases, and good flatness is not achieved. On
- iBe.othen hand; when the-boilingrpaint is-lower-than 159C sbecausedrying n
in coating is too fast, coatability is deteriorated, for example, a film surface
wis roughensdo {0461« | Spegifibexamples:af theeye eaompoundshavingaa
carbonyl group include gamma-butyrolactone, gamma-valerolactone,
paettasvaleralactenes: propyléne carbonate, Neimethsydpyrrelidong; tytks are
exanone, and cycloheptanone. Among these compounds, particularly,
1 gammashutyrolactone isspreferably used e FEseSydiecompotmis aving®
a carbonyl group may be used alone or may be used in combination of
DG O FABFE Spéties! {0047 L LY THeEdMPotihds haVing an dfcoRdiic™ =1 €5
“hydroxyl group and the pyclic compounds having a carbonyl group, .
(@iR4Eribed Bbiovel ifay® beiigedSihgly~ of indl bé uSEd BsE mikirs + ¢
_thereof. In the %a{]sq, wh,werehbotgktheﬁcfplmpgunds are used as a mixture, a.
thvgightratio Betwer both the compounds is Rot particul arly limited: But "
. the ratio of the compound having.an algohalic.hydroxyl.group ta.the.eyglic,,.
*%gr%b%ﬁﬁa Lé&/ﬁl’tn%qa ‘clé’r%%ﬁf/lvgﬁgﬂ%r}fs gré?gjﬁagg?é%%toggé%lﬁlé tog%?ﬁlg -
-more preferably: (97 to 60)/(3 o 40) When an amouns.of the compound

“haVing an alcoholic hydroxyl group is more than 99% by weight (an
amouft ofithe. cyelic.compeaund having ascarbenyt group is:less;than 4% i cz
bthe compatibility between the polysiloxane and the guinone diazide

peempound,is jowsand acyred film isswhiteped rresuling « the-detegorationon
of transparency of the cured film, Further, when the amount of the

zeomponadhaving ancateobolic: hydsoxykgroup issleéssthanG0%dsy weight he
(the amount of a cyclic compound having a carbonyl group is more than

p5QYEby weight); & conrdeinsat dnreaction of an ‘uhreacted SHBABEIN the
polysiloxane is apt to occur and storage stability becomes poor. [0048]

[¥HE photosensitive siloxane composition of the present invention may
contain other solvents as long as the solvent does not . .
impaifafefteetstieorasentifvertion: Examples o dttieisGlentsindiade <<
esters such as ethyl acetate, n-propyl acetate, isopropyl acetate, n-butyl

acetate, isobutyl acetate, propylene glycol monomethyl ether acetate,
ethoxy-I-butyl acetate, 12



3-methy1-3-methoxy- butyl acetate and the like; ketones such as methyl
isobutyl ketone, d isop opy! ketone, da sobutyl ketone and the like; and
ethers such s diethyl ether, diesopropyl ether, di-nbutyl ether, diphenyl
ether, diethylene glycol methyl ethyl ether, dipropylene glycol dimethyl
ether and the like. An additive amount of the solvent is preferably
within a range of 100 to 000% by weight with respect to polysiloxane.
[0049] The photosensitive siloxane composition of the present

= dnuention gontains.one or more kindscof imid.og lang.campaunds. 1y s «o
represented by the general formulas (1) to (3) . The compounds shown in

7 therparagraph {(dkcontibutes ta-an mpravementdn.chemnical resistanse 1 = -
and an improvement in adhesiveness to a substrate of film formed by

tHhearmatly curing ihe compeositiam [Q0E0-asmuta 7h RE NR4-SHRL D5 not
R1,I N IR- Si Ri OR1 [0051] wherein Rib may be the same or different

sudndieaeh:represents an alkyl groupihdvingikte:=6 carbenlatomsy anhaln 200
kexy group having 1 to 6 carbon atoms, a phenyl group, a phenoxy group

npr Ahfrganic- §icupreplatédRe and Ré:repiaseint eachtd divalentorganicy
group having 1 to 10 carbon atoms, R3 presentsanorganic group not

o leSritairfirg afbontatoraantt having 216220 cafbéi 0, as for the number

average particle diameter of the silica particle, in a specific

surface area method, the silica particles are dried and fired,

ot

specific surface areas of the resulting par

(e}
g

licies are measured,
andthenparticlediametersarederived fromthe specificsurface
areas agsumed that the particies are spherical to determineg an
average particle diameter in terms of a number average value.
Egulpment used for measuring the average particle diameter is
not particularly limited, and for example, ASAP 2020
(manufactured by Micromeritics Instrument Corp.) can be
employad.
(00211
Thesllicaparticliesareobtainedbyamethod of hydrolyzing
and polycondensating one or more kinds of alkoxy silanes in the
presence of water, an organic solvent and a base {(preferably
ammonia). Thesilicaparticlesdispersedintheorganicsolvent
is cbtained by replacing water, which is a dispersion medium
of the water-pased silica particle, with the organic solvent.

Examples of a method of replacing the dispersion medium include

13



atoms (provided that P represents an organic group other than aphenyl
group inthe generalforr larnandrepresentsanorg 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 | to 20 carbon atoms. Among the imidos4lane
compounds of a paragraph (d present invention, imidosilane compounds
represented by the gen.e al formulas (1) and (2) can be readily prepared

= framthe following.jsocyanate silane compound andsacid dianhydride by a. 4
publicly known direct imidation process. {0052) NCO-R2-S -(Rl)a,

=iNGO; Rﬁa@;ﬁ%ﬁ?’s and the-above.general formulas.Rils rﬂ@ﬂrb% the
same or differentandeachrepresentsanalkyl group having 1 to 6 carbon

d1atems; anialkoxy. group having:l tob-carbon-ajoms, aspRenylgkeupaapart
phenoxy group and an organic group replaced with them. As the alkyl

o group stheralkyl godpe having 4 tesGrcarhen atomscatel fireferalyle; add: i on
specific examples of the alkyl group include a methyl group, an ethyl

o fyroups areispiopy| growp,candianrisopropylagroup. Amohg theij¢hé. The
methyl group and the ethyl group are preferable in that they can be readily

s prépared. Either Cdsstheralkoxyrgroup, thesikozy gioups having 4fieeo L e
carbon atoms are preferable, and peon:Lc examples of he alkoxy groups

EirElubie s FethBRY- GFoGp, aveiioxygrotipy ali Hi=prd degrotpy dhd A e °T
iIsopropoxy group. Among them, the methoxy group and the ethoxy group

tf"agf‘e%?éfé?ﬁﬁledlhatﬁé?ﬁeyot’?&ﬁ)b‘@?ead|Iy prepared. Further, may be an
égaﬁlc group replaced with an alkyl group, an alkoxy group, a phenyl
gréup or a phenoxy group and examples of groups include

melgyBIopy! roup-100.9 8, -and Fyeprssenta divalent opanie

group havin rbonatoms. SpeC| icex

dQleﬁg‘)fih%‘ﬂ\.‘%l@é‘l%rﬂaﬂcgr%‘i%ﬁ&“é‘i%ﬁ methyleng.graup, apethylene ; -1 .

group, an npropylene group,ann-butylenegrhup,a

4 tPeRtylenegroup,anoxymethytene groyp, A0xyethepa grouRealne as a
oXy-n-propylene group, an oxy-n-butylene group, and an oxy-n-pertylene

a pseup.sAAmongethem, theamethylene greun;the ethyleasgreupdher 2 nn,
n-propylene group, and the n-butylene group are preferable in that they

T eande-readily-prepaced.Jda0bd | 2s R3Uepresenitsra strdcturaknd having
component of e acid dianhyd.ride in the general formula (1) , and this acid

& disnhydrite igiamorganic Hréap contdiRitgSdr afomatio tingeorarr aliphatic s
rind is preferably one of tetravalent to tetradeoava.lent organic groups
a HaViTigEs 16 20 Barboiiafoils amortptiems Spétific exampled ofthelaéid
dianhydrides include aromatic tetracarboxyllc dianhydrides such as 3,3'
S gp}?éﬁﬁtét’r&éérﬂaﬁ%ﬁléf Hidrhydde s 83 va: %Bﬁenﬁﬁeﬁé&a?%xfsmn
Ic dianhydride, 2,2' ,3,3' blphenyltet!acarboxyllc dlanb%/drlde 3,3, ?ﬂ 4
ST henORtetrcaliox Vi tanhyaire <3, 2 - 3.3 1 Ehese aretrace

-benzo henonetetracarbo | c dia arlde Z%b 34 dicarboxyphenvyi
rl%?ﬂéapsza{n%adriaﬁhyd’r de 59 X%Jl—Tsa(ﬁrg% dicarb %iyp C§ﬁ%/f) propan?é 59/ anh;% O

- de. L 1:Dis (3 ddicarboxyphenyl).ethane dianhyddde, neq:um ang having

aparticledianster of 12 nm, OSCAL 105 using gamma-butyrolactons
as a digpersion medium and having a particle diameter of 60 nm,
OSCAL 106 using diacetone alcchol as a dispersicn medium and

having a particle diameter of 120 nm, CATALOID-Z using water

i4



1 1-bis (2,3-dicarboxyphenyl ) ethane dianhydride, b (3, 4-dicarboxyphenyi
) methane dianhydride, bis (2,3-dicarboxybhenyl )ymethane di anhydride,
his (3,4-dicarboxyphenyl) sulfone dianhydride, his (3,4- carboxyphenyl)
ether dianhydride 1,2,5,6-naphthalenetetracarboxylic dianhydride, 9,9-bis
{ 4- (3,4-ddcarboxyphenoxy) phenyl}fluorenic dianhydride, 2,3,6,7-naphtha
lenetetracarboxyl dianhydride, 2,3,5,6-pyridinetetracarbox ic dianhydride,
3,4,9,10-perylenetetracarboxylic dianhydride, 2,2-bis

2 (Z4-dicarboxyphenyl hexafluorepropanedianhydrde, 3i3imdder of 5 to
-diphenylsulfonetetracarboxylic dianhydrlde and the like; hydrogenated

s (pyramelliticsdianhydrideautanetetracarboxylicdianbydridest al vsts s
2,3,4-cyclopentanetracarboxyl. dianhyd ide, I,

Cr2;84seyeldbutanetracarbdxylic thanhydride, IRIKAGIETDAL0D ftrage Lene
name, manufactured by New Japan Chemical Cc,, Ltd. ) , RIKACID

g BTA00(radecname, aidrfactaired HyNew JapannSheviicalGchatd)s 2
EPICLON B-4400 (trade name, manufacturedloy Dainippon Ink and

paChémicals ey ¢ and aliphatie tetracarborylleFdianhybrides having the

following structures: [0055] [Formula 8] ----- B RS '
gamma-butyrolactone asa dlsp:rSLQﬂm@dﬂumanchav;nj particle

diameter of 17 nm, Quartron FL-ZL-DAA using diacetons alcohel
as a dispersion medium and having & particle diameter of 17 nm,
Quartron PL~2L and GP-2L using water as a dispersion medium and
having a particle diameter of 18 to 20 nm (these are trade names,
manufactured by FUSC CHEMICAL CO., LTD.), Silica {810z} 3G-50
100 havingaparticlediameter of 100 nm (tradename, manufactured
by KCM Corp.), and RECLOSIL having a particle diameter of b to
50 nm (trade name, manufactured by Tokuyama Corp.). Further,
these sillce particlesmay bemay be used alone or in combination

cf two or more species.

=

It is preferable the surface of the silica particle use

[N

have & reactive group since the coupling of the polysiloxans
with the silica particles becomes easy and film strength is
anhanced. Examples of the reactive group include hydroxyi

groups such as silanol, alcohol andphencl, vinyl groups, acrylic

groups, ethynyl groups, epoxy groups and amino groups. By

sactingthesilicaparticlewithalkoxysilanehavingareactive

156



[00.83310 ,..,{ \---"-"-",.." _""-mmmm- e - ,\-----t---. Oloo0 [0056] 'When 133
is an aromatic gro]ch as a tolyi group, a naphthyl group or the like, there is
a possibility that the transparency 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

53 polysilaxane-may be.deterirated, Furthermarg, dt the.composition sz ce
contains the above-mentioned aromatic group, this may cause phase

-Separationand-makesthefilm eloudywhen preparing.the; coated flavtoicie
deteriorate the light transmittance of the cured film. Accordingly, when R3
nd$ the aromatie.groupransasiditiverampunieof R3: istlimited rang therefores a
R3 is particularly preferably an aliphatic organic group. When PI' is the

medliphatigarganicagrougn sincertheccured-filn doés:nothave a:structuse o0frc
the coloring source, a transmittance is not reduced, and since the

ascompatisikityeftP 5 withithe potysilofane is high ehe tared film cap iavea
high light transmittance without causing the white turbidity in curing the

L %iedd Particularly preferable specific examples of the compounds
representedby the general formula il) are shown below. In the present |
invention: ifidésiane &oiRpblRdE Tepresdtited by the ‘genttaFforthdia {1y*¢
may be used and these imidosilane compounds may be used alone or

L34y beudeFin“combimation of o oF more sEé}dgé.l[b%%a/?‘eoolﬁsgg%cH3
pa:!'% ic Iyléll\: £_|V3cicj.);nsl)r,%§|,_l%[}1‘l,rr N:Ng's'%gygélrale;'foPng%Q—gi% Terms

of the ratic of the number of 51 atom-moles of the silicaparticle
to the number of S$1 atom-moles of the whole polymer. When this
ratio is more than 50%, the compatibility between the
polysiloxane and the guinone diazide compound is deteriorated
and the transparency of a cured film is detsriorated.

The ratic of the number of 8i atom-moles of the silica
particle to the number of 81 atom-mcles of the whole polymer
can be determined by calculating a ratio ¢f a value of integral
of a peak of 31-C bond to a value of integral of a peak of 5i-0
bond in IR, When this ratio cannot be determined because the
overlapof the peaks is large, it canbe determinedby determining
a structure of the monomer cther than the particles by ‘H-NMR,
Ho-NME, TR, TOF-MS or the like and analyzing the proportion
between a gas generated and ash remaining (assumed that all ash

is 8iG,) in an elemental analysis method,

i8



1 H3CO0Si-C3H6-NN-C3H6-Si-OCH3 i rrl OCH3000CH3 0 CH3
1__ljkrCH3 H3C-ei-C3H6-N-C3H6-Si-CH3 )) CH30CH3 CRjjcH3 1
H3c--si--C3H6--NI riN-CsH6--Sr i-CH3 r cm,cH3 00 0C2HB0C2HS5 rj)---

roczel

FPromthe viewpoint of achievingcompatibilitybetweencrack
resistance and hardness of the fiimin polysiloxane, the content
of the phenvl group in the polvsiloxane is preferably 20 to 70
mol% with respect te the amount of 81 atoms, and mere preferably
35 to 55 wmol%. When the content of the phenyl group is more
than 70 mol%, the hardness of the fiim is lowered, and when the
content of the phenvyl group i3 less than 20 mol%, the crack

resistance is deteriorated. The content of the phenyl group

o)

can be determined, for example, by measuring a “"Si-nuclear

magnetic resonance spectrum of pelysiloxane and cazlculating a
ratio of the peak area of $i having a phenvyi group bhonded to
the peak arsa of 51 having no phenyl group bonded.

i

The weight average molecular weight (Mw) of the

polysiloxane used in the present inventicn is net particularly
limited, but 1t is preferably 1000 to 100000 on the polystyrene
equivalent basis measured by GPC {gel permeation
chromatography), and more preferably 2000 to 50000. When the
Mw is smaller than 1000, the ceatability of the compesition
becomes poor, anﬁ.when it is larger than 100000, the sclubility
of the composition in a developer cduring patterning is
deteriorated. Polysiloxane which is soluble in an agueous

alkaline sclution is preferably 2000 te 50000, and the weight



C2F160- C31-16-N).]N 3H6-Si-OC2H6 0C2H6000C3H3 0 OCH33 0
1)OCHS3 \r" R3CO-SLC31-16 NN --c3H6-0-ocH, ocH,060cHs ocH,OCH,
i-rC3H6-N/9 -C31-16-Si-OcH3 OCH3 oc2H, C2HSO r- OC2H50 CH3 ¢)

average molecular welght of the

'

olvsiioxane is preferably 5000
to 100000, When the Mw is smaller than 5000, a temperaturse at
which sagging in patterning due tc heat occurs may be lowered.
[GG27]

Thephrase “at least apart cf thepoclysiloxaneis chemically

jnd

coupled with the gilica particles {coupled with the silica

particles by a covalent bond)}’”, described above, means that
reactionoccursbetweensilicacomponentsdinthesilicaparticles
andapartofthepolvsiloxaneofamatrix, andthaesilicaparticles
are incorporatedat a fixeddensity intothepolysiloxane., This
state can be verified by cbserving a boundary zone between tThe
gilicaparticleandthepolysiloxkanewithatransmissionelectron
microscope (hereinafter, abbreviated as TEM). When the silica

particles are chemically coupled with at least a part of the

o]

olysiloxane, a boundary line between the silica particle and
the polysiloxane is not cobhserved by a TEM observation.

A system, 1n which the silica particles are chemically
coupled with at least a part of the polysiloxane, ls mors
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 of silica particles from a
pre-~baked filmduring development, but also lowers the fluldity
of the polysiloxane, inhibits sagging inpatters during thermal

curing, and improves the rescolution of patterns after thermal
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0C2HS5 '\I-C3H6- Ci-OC2H5 002H6 90 2H C2H 50 0C2H5 O C,H5
C3H6-Si-OC2H6 0C 3H5 [0058] Further, R3 represents a structural
component of the acid anhydride in the general formula (2), and this acid
anhydride is any one of divalent to 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
acid anhydrides include succinic anhydride, giutaric anhydride,
cd-methylcyclohexane-1,2-dicarboxylic anhydride,
cis-4-cyclonexene-1,2-dicarboxylic anhydride, cis-1,2-cyclohexane
[ (diearboxylic anhydride, methy1-5-norbornene-2,3-dicarboxylic anhydride,
5-norbornene-2,3-dicarboxylic anhydride (these are manufactured by
TOKYOLKASEIKO6 YO COg LTDB:}3,4,5,6:tetrahvdrophthédiczantaydrice
(manufactured by Wako Pure Chemical Industries, Ltd.), RIKACID HNA
Dy fradie Yiahie, manufacttifed By New: dapan ChemhicakCovatdgnangned
RIKACID
organosilane. A common method can be used for the hydrolysis
and partial condensation. For example, a solvent, water, and
a catalyst as regulred are added to a mixture, and the obtained
mixture is heated and stirred. During stirring, as reguired,
the hydrolysis by-product (alcchols such as methancol) and
condensation by-product (water) may also be distilled off.
160293
AS for a production method of the polysiloxane in the case
of coupling the polysiloxane with silica particles, the

polysiloxane isobtainedby amethod in whicha solvent andwater,

and a catalyst as regulred are added to the organcsilane to

hydrolyzed organcsilane are partially condensed. The silica
particles may coexist with the organcsilane from start, cr the
silicaparticlesmaybe addedafter hydrolyzing and polymerizing
the organcsilane to form polysiloxane and the resulting mixture
may be further heated, but amethod, inwhich thesilicaparticles
are added dropwise immediately after hydrolyzing the

organosilane, ispreferable fromtheviewpoint of compatibility.

10030]
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HNA-100 (trade name, manufactured by New Japan Chemical Cc., Ltd. )
Among them, particularly preferable acid anhydrides are succinic
anhydride, glutaric anhydride, 4-meth.yloyclohexane-1, 2-dicarboxylic
anhydride, and 5-norbornene-2,3-dic rboxylic anhydride. 1\mong them,
succin ¢ anhydride, glutaric anhydride, and 5-norbornene-2,3-dicarboxylic
anhydride are parti.cularly  era. le cm the viewpoint of transparency and
adhesiveness . With respect these, R3 represent s an organic group, not
contajping,an; upsatyrated.hond, not.contaiping;a silicon atomand haying »
2 to 20 carbon atoms, other than an a icyclic group in the general formula
s42)<[00698x1 1 Among the imidesitane campoundsofia paragraphAeh.of 1 v
the present invention, imidosilane compounds represented by the general
ufermula3)canibe veadiy-obtained by publicly. knowncimidatiah process. o
in wino, an imidosilane compound s synthes ed from an amine compound
1 andaihacid anhydridercontairing compoiidthreaghtamic acid; §0061L]Lane
The amine compound can be obtained from the following primary amine
canle agidanhydridé-contaimngesompound carvbeosaihedsrenriiel Lica
following acid anhydride-containing silane compound. [0062] [Formula 10]
PHINRAGR3IRZ2S) { K1) 0L{0D63]C U n e HBOVE geRerd farifiGlasCRed
_may be the same or different and each represents an alkyl. group having
n196% E&rbor &fmd SanaikoxyGrouphatingl 1 6 BarbBit atoms: B ph&wi=c*
—grqup, a phencxy gro nd an.organic group replaced with them. As
L%welamﬁ“gro‘ p{t)a %ﬁilsﬁgyﬁ?&ﬁsiﬁa\giﬁau%to 6 carbon atoms are
[%esf?éable, and specific examples of the alkyl group include a methyl
"group, an ethyl group, an n-propyl group, and an isopropyl group. Among

them,-the methyl group, and the ethyl.group arg preferable in that fhey,can.

be readily prepared. Further, as the alkcxy group the alkoxy groups

phaving 1.to.6 carban, atoms are preferable; and.spegific.oxamples 0f theaqa
alkoxy groups include a methoxy group, an ethoxy group, an n-propoxy

sgeaup: andanisoprepexy greup-Ameng them;-the: methedy greupand she ¢
ethoxy group are preferable in that they can be readily prepared.

aEurther;he-an ergahicsgrofiprreplaced wraniatkyl.group; an atkogrouyreoric
phenyl group or a phenoxy group, and examples of groups include a
atimethoxypropyligroap i[0064}caceticacid, formicacid, polyhydric
carboxvliicacidor anhydride thereof, andan ion-exchange resin.
Specific examples of the basic catalyst inciude triethylamine,
tripropylamine, tributylamine, tripentylamine, trihexylamine,
triheptyiamine, tricctylamine, diethylamine, triethanclanine,
diethanclamine, sodium hydroxide, potassium hydroxide, alkoxy
silane having an amino group and an lon-exchange resin. An
additive amount of the catalyst is preferably 0.01 te 10% by
walight with respect to 100% by welght of organosilane.
[0032]

In view of the coatability and the storage stabllity of
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R2 represents a divalent organic group having 1 tolCJcarbon atoms.
Specific examples of the divalent organic group include a methylene
group, an ethylene group, an n-propylene group, an n-butylene group, an
n-pentylene group, an oxymethylene group, an oxyethyle e group, an
oXy-n-propylene group, an oxy-n-butyl, e group, and an oxy-n-pentylene
group. Among them, the methylene group, the ethylene group, the
n-propylene group,is n- utylene group are preferable in that they can be
+ neeadihpprepared., [0065k prRestepresentsaa struetural icomponrentafithéon
above-mentioned primary amine and represents an organic group not
obtentaining adwydrogen.atons and mesilicon’ atormdand havingdeto0csarbon
atoms. Specific examples of the organic groups include a methyl group,
2 lan ety §roup;-an pepropykgrotp;, andsopropyEgroll: an RHBUYIFeaH a -
t-butyl group, a cyclohexyl group, a 2-hydro,yethyl group, a phenyl group,
w23 fiethoRy rehg-groufi A nieth 6K §réup, N &thky ‘gibup, %nﬁﬁ%b%b@r
group, and an isopropoxy group. Among them, the methocup and the

* eBYREKY Grotip e préferabietin'that ey’ can BeYeadi Wre%efa&?%% e ad
he an organic graup replaced with an alkyl group, an a koxy group, a.

T Bienyt %r%ﬁ%%%og p%%n%akyeé roln&nd %xén%“ [ﬁe‘ghoﬁcfﬁe%rbl}jp%sﬁﬁgm%%hf ne

-raethoxypropyl group. Among them ydr - thyl droup, -

O G ot B e S e an

; Jroup.are preferale in thatthey exhibitadhesiveness.and.are; easibye ganic
available, [0066] R3 represents a structural component of acid

1 dride-in-the-abovesmentioned-acid-anhyddde-containing silaae.ant 1y
this acid anhydride is an organic group containing an aromatic ring or an

craliphatig ring-andrany, oneofdiivalantioteiradecavaientorganiegraups: nod
having 4 to 20 carbon atoms Specific examples of the acid anhydrides

ofnchide: adeicanbydride sphthalic anhydridex niethylphthalic: anhydrite; L on
succinic anhydride, gautaric anhydride, 4-methylcy

t dohbrane<2-dieatboxylic dnhydrider cish4-cyolotiexener, orditatbosdlie "o
anhydride, cis-1,2-cyclohexane d carboxylic anhydride, 1,8-naphthalic

W idnhydfieel aistiylB nonsoriehen2, 35dicafboxyi afkigéride, 5-nor
ornene-2,3-dicarboxyl ¢ anhydride (these are manufactured by TOKYO

[§€ASEI KOGYO CO., LTD.), 3,4,5,6-tetrahydrophthalic anhydr de
(manufactured by Wakc Pure Chemical Industries,CID YEN% (tr%de name,
manufactUred by NEW Japan Chemical Co THE): and RIKACID HNATO0 ©

. (trade name, m nufactL{rined bay CI}IeJ\M/\{,lg%%a Chemj allh%‘%j OL?%&._A%@

]“ \‘Té?r?‘l, j;‘)Céizrlticcfj?é{ir 2 6?‘eﬁeraﬁle acid anhydrides are p thalic an ydride,

pﬁggg@é%ggqxq;édesl%%%ﬁ@%@?ltl@“ ~contalning the quinone
4-methylcyclohexane-1,2-dicarboxylic a hydride, 1,8-naphthalic anhydride,

« bsnorhomsnes2,3sdhoxylic anbydride.apckmethylphthalic aphydrides v« i or
Among them, succinic anhytride, glutaric anhydride, and

1 5-nerhoraane+? 3-disahaxydic anhydride: are particutarhy: peefetakledamone
the viewpoint of transparency and adhesiveness, [0067] Furthermore,

d sHane compeundsiof the general fermula (2):caice bbtdipediby:thed but it
synthetic method of silane compounds of the general formula (3), that is,

i gan béobtaihed from theé-foewirig-amino ceompotnde (a) polysiloxane.

The additive amount is more preferably 4 to 20% by welght. When

the additive amount of the guincne diazide compound is less than

oo

3% by weight, the photosensitive siloxane composition does not
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[00681 [Formula la] e compound and acid anhydride as an amine [0069]
In the above general formula, Ris may be the same or different and each
represents an alkyl group having 1 to 6 carbon atoms, an alkoxy group
haying | to 6 carbon atoms, a phenyl group, phenoxy group and an
organic group eplaced with them. As the alkyl group, the alkyl groups
having | 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
n=8@ isapropyt grodpoAnangsthemssthe methyl group and the.ethy group 1 on
are preferable in that they can be readily prepared. As R2, a
comethydene graupran ethylene gtoupean n=propylenegrotisand@a . The
butylene group are preferable in that they can be readily prepared. As a
adsyinthetic method offsitane compoundsi efzthegenembformila (2)=d direet v
imidation process, in which a silane compound is synthesized from an
4 %socyahate silane cohipound ahd aicidankydfide assath fig sifapeclution
compounds of the general formula (1), is particularly preferable from the
COfiEwpBIint of BreveRtifg colofRg Huetod bybsoditet [T 70p O Amdig The
these imidosilane compounds represented, by the generalformulas (1) to
IYBY M TiBGSTHECTRIPINdREpréSentad by the gEfieral formbld (FHs = ="
particularly preferable since mid group js directed to such a direction _
ST O4E ASTFAANG 1B GTOLS T coublen il -oi Gioah v & DLCS
. bond of the.imido group therebetween and.therefore the nitrocen atom-of
* the fd’rre\i d‘h g r%nu:ﬁsar‘%g "é%gl%%s%r%feuggr? Tage@a%%v%ﬁ'e]?ﬁéiéﬁ%y. %é?g% —%r%plty

be%r;%%ﬁ”%%f Rolysiloxane, which js ajladderlike crosslinked pOlmEl:n i or

referred to herein; Is generally brittle. This cured film has a problem that

cLracks,are.gengratedsin the cired film particularly whendhe cured-filppisund
dipped into an alkaline solvent. Since the compounds represented by the

cgeneralfgrmulas () tekhas andidao site pwhichds remarkable.

[GC34]

The quincne diazide compound te be used isnot particulaxly
limited, but it is preferably a cocmpound having
naphthoguinonediazidesulfonatse~-bonded to a compound having a
phenolic hydroxyl group, and a compound, in which the
ortho-~position and the para-position of the phenclic hydroxyl
group are, respectively independently, occupied by a hydrogen
atom or a substituent group represented by the general formula
{5y, is used ag the guinone diazide compound.

[G035]

[Formula 4]



solvent-resistant, highly adhesive and highly flexible, within their
structures and has a silane compound at both ends, a composition to
which the compounds have been added reacts with polysiloxane in curing,
and the imido site is incorporated into the cured film through an organic
bond, and therefore the cured film becomes flexible and the solvent
resistance of e cured =proved. Furthermore, the compounds does
not suffer from shrinkage during curing resulting from imido conversion by
heat ecags@ the compounds do not have an amino acid structure which is
an imigo precugsor as described above, and has a good planar izatibn
Property. O%%SA a }tive amount of the imidosilane compound
repres ngq@ nera | formulas (1) to (3) is p ferably within a range of
0.1 to 10% by weight with respect to polysiloxane. When the additive

[ @maeynt is smaller than 0.1% by weight, the im dosilane compound does
not adequately exert effects on adhesiveness and solvent resistance, and
wherr the additive; anrguntis Jarger than-20%6:by weight, the.imidosilane .,
compound exhibits a function as a plas zer during patterning to cause

o Saggigdnipatieming-andtherefore resolution may-ke deteriosatesh group,
Furthermore, a thermal acid generator maybe used for the photosensitive

a siloxane composition oftheqresentinvention lat acontentwithinsthe r” and
range in which an effect of the gresent invention is not impaired_

Rspécificrekdinplesofthexthérialrezid gensratorpreferably used include
SI-60, S1-80, 31-100, 3I1-110, 57-145, 31-150, SI-601" SI-80L, SI-100L,
SI-170L “8%-148E SR 150E, St60t Said Sh18okeverpthingformula (5],
-manufactured by SANSHIN CHEMICAL INDUSTRY CO., LTD.),

R 4%&0%%3?%%8%%&%%?“ any of an alkyl group having

, benzyl-4-hydroxy Lhenylmgth{ylsqlfonit{m, . )

* 2:methyfbenzyT-4-hyaroxyphefymiethyistiiohiim 2 Prenyl group and a

..2-methylbenzyl-4-acetylphenylmethylsulfonium, e

b%3-rsnéltﬁilslg'éﬁfyyhigﬂybLeﬁg%gkypg}e]ﬁy methyTsUliGhiin ang @ Supstituent

om@@%@sgﬁoﬂﬁﬁ%@?ﬁ%%%'%PJE%B‘&tPQDQQHEQQ%teg ‘substituent, and
camphorsulfonates and p-toluenesulfonates. More preferaﬁfe t"herma? acid

rrgeneratars e 4:hydroxyphenyldimetBylsulfonium, - v oristic of tne
benzyl-4-hydroxyphenylmethylsulfonium,

c@nmeihylbenzy 14-bydroxypbeayimetbylsalfoniim,1 xyv1 group include a
2-methylbehzy1-4-acetylphenylmethylsulfonium,

mZ:=methylbenzy 1:4-benzoylaxyphenybmethydstdyganiugy,uethanesultonates |
thereof, trifluoromethanesulfonates, camphorsulfonates and

g ptohueneselféndtes. Burther, these compovhdg may heausedbalone or-oup,
may be used in combination of two or more species. 10073] A preferable

aTpdditive Smolift & thexthermaP Beidgerierator - is: 0L to Aoparts byur, an
weight with respect to 100 parts by wei of a siloxane polymand a more

- preterabradditivé aniount 18 0A0R05 pLarts byilgight AvReRthevethyl

additive amoant is smaller.than 0.01 parts by weight, a function as a

“¢to8slinking promofet oF e Sifdxdnd polymer s tot adedliaitely exRibited Y -
;andacuredfimbecomesai h%rdgegsglrm}, arldwhentheadgitiv_e amount is

o . =d, 11 %W Q7 0., rihe
“larder than 10 parts by weight, this causes feddetionin sengitivity -+ =7

RS%GQE%@@@I %@C&Saqrodﬁﬁeﬂgr}atfqﬂﬂg £@§B%r,e%(}¥d 907£’%‘ Lic examples
urthermore, the photosensitive siloxane composition of the preserﬁ
ofnveation may centain.a:heat crogslinking.agent. The heat.crossliniing, . ng,
agent is a compound which crosslinks ,olysiloxane at the time of thermal ~
arcuiingrand is.incerporated-inte: a olysiexane-skeleton through
crosslinking. A degree of crosslinking of the cured film is increased by
containing the heat crosslinking agent. Thereby, the solvent resistance of
the cured film is improved.
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[001751 The heat crosslinking agent is not particularly limsted as long
as it is a compound which crosslinks oolysiloxane 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 from the group consisting of groups re
resented by the general formula (6), an epoxy structure and an oxetane
structure. A combination of the above-mentioned structures is not

r qeagtigularly limited, but structures to be selected are preferably the same.
[0076] [Formula 121 CH2-0-R10 )(6) epresents either hydrogen or
an aikyl-greup havingd e 10 .carben atoms. Fustherplural Rigsinasition
compound may be the same or different. [0078] In the compounds

ohaviagitwe on mone.groups represented byithke-generakiosmta(e) L Sups,
represents either hydrogen or an alkyl group having 1 to 10 carbon atoms.

fPluraiaiRls in a compeund maybethe semie ondifferent Spetificcidative
examples of the alkyl group include a methyl group, anethylgroup,

deaprrpropyl groupaad isopropylgroap, apmbutyl groap fa ebiryl grouprand
n-hexyl nrOUD and an n-decyl group. [0079] Specific examples of the

S EHhTpotifds haviig oot more §rotpsTepresentett by-tHesgensfal+ng the
formula (6) include thelowing melamine derivatives and urea derivatives

C{ftadEame, mabufattirettby SARPROA'EHEMICAE CHLETE ) did-“©

- Cﬁpefr\lorljic C%@{%ﬁ”g tr%%g name Er)nanufactureci?}y%onahuCh%e;miﬁcgl cation
n'é)l)’sutrféo. , LtdY) .‘[18: OT[Ifor%uVaaﬁf%- HIC CH2 05 CH3 “ !

rglagccé-zpég%%1¥yecyc%ﬁgb%|;'1% having a phenolic hydroxyl group with

naphthoguinonadiazidesulfonic acld chlioride,.

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

100381

{Formula 57
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N H30-0-H2C' '0H2-0-CH3 NIKALAC MK- 3 OEM
H3C-0-H2C,,CH2-0-CH3 N

NHN

H3C-0-H2C1'CH2-0-CH3 N I NA-LAC MX-20 0 H3C-00-CH3 NI

KALAC MX- 2 8 ON KALAC MX-293 [0081]

Specific examples of the

compounds having two or more epoxy structures include "Epolite” 40E,
"Epo te" 100E, "Epolite” 200E, "Epolite” 400E, "Epolite” 703, "Epo ite"
2003, 4003 "Epolit1500NP "Epolite” 80MF, "Epolite" 4000,

Bisphenocl A

+Bu t-Bu
=y $Hs e
oD pon
S,
~Bu -8B
B is26E-A
oo
. L?:HQ )
GHe
CH
BisP-DEK
OHs
oo
(?HQ5
CH4
BP~-0T

<

BrP-AP

BiP-DP

BisP-

HO«O—CHS—.—‘OH

HsC” CHS
B&P-M BE

CHy e
O
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g
Nasag =

.

CHs

BwsPF-NO

t-Bu oH {-Bu
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CHZ
BiF-E

HO/\g@‘

CH2
EooH
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o
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CH,
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OH
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OH
Trsf-PA



"Epoli 3002 (these are trade names, manufactured by Kyoeisha Chemical
Co., Ltd.) , "DENACOL" EX-212L, "DENACOL" EX-214L, "DENACOL
-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, manufactured by
Nippon Kayaku Co., Ltd.), "EPICOAT" 828, "EPICOAT" 1002, "EPICOAT"
1750, "ERICOAT" 1007, YX6100-BH30, 81956, 84250, 84275 (these are
 srade; hames, manufacturedby Japan Epoxy Resins Co., Ltd.),
"8:PIGEON" EXA-9583, HP4032, "EPTCLON" 8695, 8P7200 (these are
Hradg-rames snapditictured BPDainippon lekapdChemicals, Inc.), "T IC"

e all @mes, manufactured by
@m edbyTOHTO KASEI CO.,
LTD.). [0082; Specific examptet gdmpounds having two or
morefxetErie-gtructures include OXE-£21510XT-221, OX-SQ-8, OXT-191,
RNOX-1009, RSOX (these are trade names, manufacturedby TORGOSEI
H&ZO., LTD.), and "ETERNACQLEL" OXBP, "ETERNACOLLOXTP (these

gspect to

-‘- ! 9sg linking agent is
gmaller tw%p_ #‘t’/ by weight gfosslinking of polys ioxangjs inadequate
and an Te‘qt ctg)g ﬁe heatif:gros.slink.ing a n%%g’g%all. On the other hand,
when the additive amount of the heat crosslinking agent is larger than
10% by Weigi‘ﬁifE a transparent and colorless property of the cured film is
deteriorated-6rstorage stability of the composition is deteriorated. The

and an ahtifo Wj agent as reduired. [0084] A method of forming a

cured film by“usg of the photosensitive silo,xane composition of the

preseftfy n witfse described. The photosensitive siloxane

TSt PreS&nt invention is applied onto a base substrate bya

, Ruklicly kn ad such as a spinner, dipping, a slit or the like and
%rebaked’bﬁll%gw_eiaging apparatus such as a hot plate, an oven or the like.
The prebake is preferably carried out at a temperature of 50 to 150C for

[ B04gelconds to 30 minutes to form a film thickness of 0.1 to 15 pm after the
prebake. [0085] After completion of pre-baking, the film is patterned
and &xposkd theatigh e debiredarask atabout10 i aboéti4000 J/m2 (on
the exposure amount at wavelength 365 nm equivalent basis) with an

4 ultFaAce dRAVISIBIE Iight Epostife nfackiné'stéh as a stepper, a mirror

_ projection mask aligner (MPA) or a parallel light mask aligner (FLA). The

> phots s SifsXand Totfipasition of the presett inVerition préfétably
has Sﬁ_ngitiv which is 100.to 4000.01-/m2 at exposure “b%/ the ,FtLA}SlVE\EIhggr

£

1 ThE Benativity L oWer thal 2000 2. thé Padiation exposire fime duting

i%@%”@%%%%‘%@%% long o %%"?é%%%’é%%‘é‘ iy S‘Q%E%ﬁ‘%“f?% AR 1 5 peam
rachatlon Xposure amount, t ereby Increasing the reflection from the

1hase supsiratestosdeteriorate;the patiern-form, [0086].,

S-naphthogquinonediazidesul fonic ester compound is suitable fox



The sensit vity at patterning exposure by the PLA is determined by the
following method. The composition applied onto a silicon wafer by
spin-coating at an arbitrary rotating speed with a spin coater, and the appl
edcompos tiords pre-baked at 115C for 2minutes th a. hot plate to prepare
a film having-a film thickness of 4 4m. The prepared film is exposed to an
ultra high pressure mercury lamp through a gray scale mask for sensitivity
measurement with the FLA (PLA-5010 manufactured by Canoninc.). The
e:¥posed film is developedhypaddiing. of 2,38%; by. weight aqueous solution,,

of tetramethylammoniilm hydroxide for an arbitrary time with an automatic

1 a4eyelaping apparatus (AR:2000.manufacturedhy. Takizawa, $angyo0¢0.;

Ltd.), and then rinsedwith water for 30 seconds. In the formed pattern, the

o 1BXPOsUER] amoO U Bt whieh a 10-RanHne and spacepatiernds resalved ata
width ratio of 1: 1 is identified as the sensitivity. [00871

cdAfterpatierningexpdsutepaniexposed ated can desdissalveddy compound,
development to obtain a positive type pattern. As for a developing methois

dgweferretbtoimmerse the: toated subsstraté dnr asdevetoper.for’b seeaonds:ta £
10 minutes with a method such as showering, dipping or paddling. As the

trigevetoperphblich knowhlalkalive dedelopers carbewpyedi8pecific

_ examples of the alkaline developers include agueous solutions containing

> GHPO-MoTe kitdsoriRdrgiie allkalis sicRuB R diExitR” carbohate, 1sec-

hosphate, silicate and borate of alkali metals, amines such as

[Cgc-éije{hylaminoethanol, monoetnanolamine, diethanolamine and the like,
and quaternary.ammonium salts such as tetramethylammonium -
ydroxide. ShATae st e ke, - Aoy HolelbENE (e comeound

. preferably ri water,andsabseguently, it can also be y-? ina, .

o S T e e Bl 20" e

tﬁ@pﬁgﬁ?%Q@PW@Q%&O'@W%%%%% ‘%9@&9@@9}'@@9@%31& und is

unreactedquinonediazide compound remaining in the film is
1Pheto-decompaesed tefurther improve the optical transpareney-afthe-filmho+
As for a bleach exposure method, the entire surface of the developed film
bds expeser ataboyt 10020mbout 4900 HmZtorntheiexpasueameuntat: he
wavelength 365 nm equivalent 'oasis) with an ultraviolet and visible light
caxposure. machinesudthas PleAd, whereaftemthisdilm:s thefmaltyof the
cured at a temperature of 150 to 450C for about 1 hour with a heating
nHpphidats suehasia hot prate caoven orthelikeé. IResolution 3§ Preférably
10 "IN, or less. [00881 The photosensitive siloxane composition of the
C hresetifventioticary ot ascuréd fiftl Whosetlight trafishiittande peray be
film thickness of 3 pm is 95% or more at a wavelength of 400 rim and
AFhGre stefdrably 98% or more. If the light transmittance of the cured film is
r(g% gr.than 95%, when e cured film is used as planarization film for a TFT
- Substrate of a liquid crystal display device, backlight changes in color at
the time of s thro the planarization film and.takes on llow tinge .
W Sy TO0B0T L Syt (nc Ly A i hick e o1 § g™
1 &avelength of 400nm. isdeterminegbythe folawing method..The, .

composition is applied onto a Tempax glass sheet by spin-coating at an
»aFbitrary rotating; speediwith a spin.caater-and theapplied compositignds 1
pre-baked at 115C for inuteswitha hot plate.
group and/or cyclic compounds having a carbonyl group are

preferably used. When these solvents are used, polvsliloxane

and the guincne diazide compound are uniformly dissclved, and

]
~3



Thereafter, as bleaching exposure, the'-e surface of film is exposed to an
ultra high pressure mercury lamp at 6000 (on the exposure amount at
wavelength 365 mm equivalent basis) with the PLA, and the film is
thermally cured. at 25000 for 1 hour in the air with an oven to prepare a
cured film) The ultraviolt and visible absorption spectra of the obtained
cured filn)are measured with Multi Spec-1500 manufactured by
SHIMADZU CORP. to determine a transmittance per a film thickness of 3
o2 83 yaveienal ot 200 1, [00%o 14 TNSLUHEHNNIS alfaphiclsed

or a planar -ation or a TFT in adisplay device, an. interi yer

c=nsylationl. inasemiconductor.device org.¢ore ot glad,matarialdn a light

wavegu de. Examples of the device of the present invention include
rpdisplay device, a semiconductor device and materials for a lightSince the
~ device of the present invention has a cured film having high resolution,

high hasdnesschighdraasparensy and-bighl Heatresistance of the presento t
invention described above, particularly, a liquid crystal display device and
paaft orgdnic EL tisplay: device, ihayhieh¢hect Oefitai-ofitherdevice &f having

the-present invention is used as the blanarization film for a TEI, are
a Supériordrrbrightriess. éPatseréef dhd relibilty. EXIVMPLES [DGFEESure.
Hereinafter, the present invention will be described by way of examples,
WHSTE thE EBpetis bR the>present VoA are it litmited to tHesE eXEmples. &
Further, compounds, for which an abbreviation 1.s used, of the ,
sbMBOURES TERHTA EXamples: ard sREWhBEIGHW. fB092F DAA: Diabétore "
vl S S Ree Ao el metyl eiher KBS FIvdipproRan.

achieved. On the other hand, when the boiling point is lower
than 110°C, because drving in coating is too fast, coatability
is detariorated, for example, a2 film surface 1s roughened.
(00443

Specific examples of the compounds having an alccholic
hydroxyl group include acetol, 3~hydroxy-3-methyl-Z-butancne,
4-hydroxy-3-methyl-~2-~butancne, b-nydroxy-Z-pentanone,
4-hydroxy-4-methyl-2Z-pentanone (diacetone alcohol)}, esthyl

lactate, butyl lactate, propylene glycol moncmethyl ethern,

e

ropylene glycol moncethyl ether, propylens glycol
mono-n-propyl ether, propyiene glycel mono-n-butyl ether,
propylene giycol mono-t-butyi ether, 3-methoxy-l-butanoli, and
3-methyl-3-methoxv-1l-butanol. Among these compounds,
compounds further having & carbonyl group are preferable and

diacetone alcohol is particularly preferably used. These

LilT o



gamma-buL.yrolactone SiDA:
1,3-bis(3-aminopropyl)tetramethyldisiloxane [0093] Synthesis Example 1
Synthesis of polysil.oxane solution (i) Into a 500 mithree-necked flask,
74.91 g (0.65 mole) of methyltrimethoxysilane, 69.41 g (0,35 mole) of
phenyltrimethoxysilane and 150.36g ofetone alcohol (DA) are charged,
and to the resulting mixture, an aqueous phosphoric acid solution having
0.338 g (0.2% by weight with respect to the weight of charged monomers)
cefRhasphoric.acidoived in-258 9 ofwater was added over 1Q minges one
while sti ing the mixtureatrooature. Thereafter, the laskwas irunersed in an
ovitlaagtheef 7RG Aherresutiing-raixtuie wasstirred ford houspand then the
oil bath was heated up to 115C over 30 minutes. A temperature of the
[ (gbldtion 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
température of ilve solution'wias 160 1o d 10Cthe meantime) Buring: thet
reaction, 115 g in total of methanol and water as by-products were distilled
PEdit? T thé réstiiing BAASeIUtbAT polysiloxane2bAAES added 56 asna
to achieve a polymer concentration of 43% by weight to obtain a
% polysitoxare soiutivh (if © THe obthired pBiyniet Radawéight average ure -
Wﬁm0|ei-c}l3j|afzr \%eight (Mw) of 6000 and a phenyl group content of 35% with _
128peltfo e amount 6f & atoms. - FRE weight average moleciifa weight 2
f the palymer was measured on the polystyrene equivalent basis by GPO
S (Ga ereTon ShromAtoBranhy) (elo Rt tiahyd furan Ao rate 6 1"

t@%%%nQyT@§ﬁ ent of the phepyl group was @ﬁg@@iﬁl%@& measuring a,

xi-nuclear magnefic resonance spectrum of polysilGxane and calculating a

adatiaofthe peak grea phsi-having a.phenyt groyp.bonded ta the peak oy,
area of Si having no phenyl group bonded. [0094] Synthesis Example 2

tr3ynthesis:of pelysilexane sohdiam (ha+« 1o 8500 it three-pecked flask;
63.39 g (0.55 mole) of methyltrimethoxysilane, 69.41 g (0.35 mole) of

1 phenydtrimethaxysilaner 24646 (6.1 mole)iofl surface is roughensd.
-(3,4-epoxycyclohexyl)ethyltrimethoxysilane and 150.36 g of DA A are

[ &harded, and to the resulting mixture, an aqueous

Specificexamples of the cyclic compounds having a carbonyl

group include gamma-butyrolactone, gamma-valerolactone,

delta-valerolactone, propylene carbonate,

N-methylpyrrolidone, cyclohexanone, and cyclcoheptanone.

Ameng these compounds, particularly, gamma-butvrolactone is

preferablyused. Thesecycliccompoundshavingacarbonyl group

may be used alone cr may be used in combination of two or more

species,

>

(6047
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The compounds having an alcocholic hydroxyl group and the

cyclic compounds having a carbonyl group, described above, may



phosphoric acid solution h.aving 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 stirrin themixture at
roomtemperature. Thereafter, 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 heatina and the solution

navas heated and stirred for further 2 hours (the temperature of the salution
s beatad gng stire Qy%.%%g L {ihe empelagie oldbe satia

e meantime). During the reaction, 115 g in total o

c4pethanol and wateras byzprodycts were distilled.out. To.the resulting ; or,«
DAA solution of polysiloxane, DAA was added so as to achieve a polymer
rSoncentration0t43% by weightto.abiain 4 pelysilaxane.SOMLION 1:).: The,
obtained polymer had a eight average molecular e ght (Mw) of 5000 and a
pypheny geoup content of 3h% withrespeet tartherampunt of ISi@tems: group
(0095) Synthesis Example 3 Synthesis of polysiloxane solution (iii)
tdntoa 500cml threesnecked flask] 23.84 @by malehapmiethyltime rab Ly
hoxysi ne, 99.15 g (0.5 mole) of phenyltrimethoxysilane, 12.32 g (0.05
{{hole) 6£2434-‘epoxycyciohexyethoxysifane 16258 g/ (27.5Mmolés to 40 .
innumberofatoms of s ane) ofQuartron PL-2L-DAA (manufactured by
WRISO EMENMICAL 'ICO.CPTRRUSEiH Eohtent 261 4% by WeightFwhich 1§ soup
_ dispersion of silica particle in an DAA solvent. and 209.47 g of DAA are
L THAPGEd “aRd tS the FesUifing Mixtlite, aRGtukots pHusphoriciacigomround
solution having 0.181 g of phosphoric acid dissolved in 40,05 g of water
B3VAs Sdded BV 38 minbtewhile Stiffngthmixtirestrdbmtémperattfe
cJhereater the flask was immersed in.an ol bath of 49C. the resulting. .
Mixture was stirred Tor 30 minutes, -and then the oil bath was heated Up to

GQUet 30, inulgs. A temperaturg, of the,solution reached, 100¢ %%e%‘@

P

c%ﬁfie of one hour from the start oﬂ!twleatlng and the solution was heate

a@nd.stirred forfurther 45 minutss-(the-temperature of the solutionwas 10Q
to 110C in the meantime). During the reaction, 89 g in total of methanol

+10dWaleras by-produstswere distiledout, T theresulting, BAA: solution
of polysiloxane, DAL was added so as to achieve a polymer concentration

1. ©f 43% hyaweightteo aini alpolysitexanesalutiorn4d-4cHlay. Ihecabtathrdving
polymer had a weight average molecular weight (Mw) of 5500 and a

a phenybgroupcontent of 50 wwith respedt 1oitlve @maunt of Si atoms: t6EIGI
s Example 4 Synthesis of quinone diacide compound (iv) adry

T pRtEGgemisiredm, 21 237§ (6.95 incte)of TrisPeRAP@raR A 1s apt to
manufacturedbyHonshuChemicai Industry Co ., Ltd.) and 37.62 g (0.14

CHrol8) BFS-rEphtidGuificiédiazitiesbffsAiE akithéhloride were dissolved
into 450 g of 1,4-dioxane, and the solution was kroomerature. To the

ion, 15.5E (0.154 mole) of triethylamine mixed with 50 g of

1,4-djoxane was added dropwise while keeping an internal temperature
of. a syjsete?ﬁ at fower than 35C ﬁlff)e}‘rafﬁéﬁ c‘c’)mmﬁgt‘?’oln‘"éf) ‘droopwisele;acPdLlﬁt("i’)o&’r%a,ﬂ h

lLQ%L%%%ﬂﬂgarplétgﬁ%g}/ﬁ 8%@9 gtc&QrglJQE Zagoyg‘%g as the sclvent does

not impair aneffect of the present invention., Examplesof other

sclvents include esters such

0
453

s ethyl acetate, n—propyl acetate,
isopropyl acetate, n~-butvl acetate, iscobutyl acetate, propylene

glyveel moncomethyl ether acetate, Id-methoxy-l-butyl acetate,

30



riethylamine salt was separated by filtration and filtrate was charged into
water. Thereafter, the formed precipitate was col lected by filtration. This
precipitate was dried with a vacuum drier to obtain a guinone diazide
compound (iv) having the following structure, whose esterification rate
was 0 ") Q. [0097] [Formula 14] Quinone Diazide Compound (iv) [0098]
Synthesis Example 5 Synthesis of quinone diazide compound In a dry
nitrogen stream, 15.32 g (0.05 mole) of (trade name, manufactured by

3-Henshyn Chemical dndustry, Ga,; Lid, ):and. 30.9,9.[0.115mole) of . . . <.

5- naphthogU|noned|aZ|desuf nylio acid ¢ oride were dissolved into 450 d

a &hdddioxane.and the: salition jaskepkatreem temperatire, 19 thestone
solution, 13.03 g (0.127 mole) of triethylamine mixed with 50 g o

ardgd-dioxane wasadded-drepwise while keepingran-inginal dempeyaturg.ef.
a system at lower than 35C. After the completion of dropwise addition, the
diesulbngmitie=was stitred \at 80Efor2iheutsy Teiethylamine:salthv1 ethyl
wasseparatedby filtration and filtrate was charged into water. Thereatfter,
eformed pracipitateanas colfesteddbiyrfiltration=Thisprecipitate wasidried
with a vacuum drier to obtain a quinone diazide compound (v) having the
folloviifig Strictiree wiisserdstad cafien Fatewas 989 Pr Giiinohe Digzideir
Compound (v)
a randge of 100 to 1000% by welght with respect to polysiloxane.

[0649)

The photosensitive siloxane composition of the present
invention contains one 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 a2 film formed by thermally curing the composition
toose]

[Formula 7]

R’ o O n
R?Ws[i—aﬁ N)LRAN R sgf——R"‘ (1)
R' g/ \éf f‘e*
o R
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[0100] Synthesis Example 6 Synthesis of imidosilane compound 32.84
g (160 mmol ) of isocyanatepropyltrimethoxysilane was added to 40 g of
GBL and the resulting mixture was stirred and dissolved. To this, 17.93 g
(80 imnol) of hydrogenated pyrombllitic di- .hydride was added, and the
resulting mixture was stirred cora temperature for a while and stirred at
140C for further 2 hours.resulting solution was diluted GEL so as to
achieve a solid matter concentration of 20% to obtain a solution of an i
idosilane compound (Vi) rep&esented by th following structure. [0101]
[Formula 16}:0 OCH3 ] 7-- H300-SiC3H6N ocH,6 [0102]
OCH3 N-C3H46-Sj.--0CH3 OCH3 ﬁ_§ynt(h:§e)sis Example 7 Synthesis of

imido@ﬁé‘r‘?‘@ﬁgn%our% v ]

—
o X

(00511

wherein R's may be the same or different and each represents
anailkyl group having 1 to 6 carbon atoms, an alkexy group having
1 to 6 carbon atoms, a phenvl group, a phenoxry group or an organic
group replaced with them, R® and R represent each a divalent
organicgrouphaving lto 10 carbon atoms, R represents anorganic
group not containing a silicon atom and having 2 to 20 carbon

atoms (provided that R*

represents an crganic group other than
aphenvl greupinthegeneral formula (1) andrepresents anorganic
group, not containing an unsaturated bond, other than an
alicyclic group in the general formula (2}, and R, rapresents
a hydrogen atom or an crganic group not contalning a silicon
atom and having 1 to 20 carbon atoms.

Among the imidosilane compounds of a paragraph (d) of the

present invention, imidosilane compounds represented by tne

general formulas (1) and (Z) can be readily prepared from the

NCO-R?-Si-(R1)3, NCO-R®-5i-(R%),

o)
)



34.469 (160=1) ofisocyanateprippyldiethylethoxysilane was added to 40 g
of GEL and the resulting mixture was stirred and dissolved. To this,
24.82¢g(80mmol) of 4,4'oxydiphthaiic dianhydride was added, and the
resulting mixture was stirred at room temperature for awhile and stirred at
140C for further 2 hours. The resulting solution was diluted with GEL so
as to achieve a solidmatter concentration of 20% to obtain a solution of an
imidosilane compound (vii) esented by the following structure, [0103]

[Form"!lati‘*@ %'\lr%o &%@f§i—"%m; OOEZH5 ay 2H5Lha szame or
N-03H6-Si--..C2H5 002H5 [0104] Synthe3|s Example 8 Synthesis of

d imidosiane,eenpeUNd-yin s« 25.44 g1(160 mrach ofisocypinatep carbon
opyltrimethylsilane was added to 40 g of GEL and the resulting mixture

= twas: stirred 1and: disselved: Foi this] 1569 g (Sommeotyef, = phenvl group,
1,2,3,4-cyclobutanetracarboxylic di:anhydride was added, and the
a neselt.ony mixture wasistirred ay poom temperature forcawhiletand stirved
at 160C for furthe 2 hours. The resulting solution was diluted with GEL so
as tofechievesa splidavatter concentt atléniof 0% toobitain & $olutioreafoon
an imidosilane compound (viii) represented by the following structure.
a*{g{ﬁ@ﬂifﬁoﬁﬁ@lfa@f@fﬁéﬂa@ﬂ?peﬁi- ic examples of the alkyl group
include a methyl group, an ethyl group, an n-propyl group, and
an isopropyl group. Among them, the methyl group and the ethyl
group are preferacle in that theyv can be readily preparsd.
Further, as the alkoxy group, the alkoxy groups having I to €
carbon atoms are preferable, and specific examples of The alkoxy
groups include a methoxy group, an ethoxy group, an n-propoxy
grour, and an iscpropoxy 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 phenvl Jgroup or a phenoxy

group, and examples of groups include l-methoxypropyl group.

ES pc

e

R? and R* represent a divalent crganic group having 1 to
10 carbonatoms. Specificexamplesof thedivalent organicgroup
include a methylene group, an ethylene group, an n~propylense
group, ann-butylenegroup, ann-pentylene group, anoxymethylene
group, an oxyvethyvlene group, an oxy-n-propylens group, an

oxy-n-butylens group, and an oxy-n-pentyilene group. Among

e



-riff H3CSi--C3H6--N N-C3H6-Si----CH3 fog/ 11 CH3 00CH3 [0106]
Synthesis Example 9 Synthesis of imidosilane compound 19.79 g (80
mmol) of isocyanateoropyltriethoxysilane and 16.42 g (80 mmol ) of
isocyanatepropyltrimethoxysilane were added to 40 a of GBL and the
resulting a ewes stirred and dissolved. To this, 24.02 g (80 mmol) of
RIKACID BT-100 (trade name, manufactured by New Japan Chemical
Co., Ltd. ) was added, and the resulting mixture was stirred at room

] emp%ature fqr a while and stirgedeacgﬁq'(;folrlgur her hcelg]r,s wIhe o1
th LD methvien ! ¢ il £ SRS ¥ 2 a1k el e] ane
reer%ultlngFa solution was diluted with GEL 0 as o ?telc ilég\fe a solid PnatteBF

oQncentation of 207619 qbtain, a solution of areinidosilaie, compound (b9,
represented by the following structure. [0107] [Formula 19] 0C2H50CH3
b@C%@%-I@%%M@QSF16-i-OCH3 0021-15 OCH3 [0108]
[00547
R*representsastructural component of the aciddianhydride
inthe general formula (1), andthisaciddianhydrideisanorganic
group containing an aromatic ring or an aliphatic 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 3,37,4,4' -biphenvltetracarboxylic
dianhydride, 2,3,3",4’'-biphenyltetracarboxylic dianhydride,
2,27,3,3" -biphenyltetracarboxylic dianhydride,

3,37 ,4,4" -benzophenonetetracarboxylic dianhydride,

i

, 27, 3,3 -benzophenonetetracarboxylic dianhydride,
Z2,2-bis (3, 4~dicarboxyphenylpropane dianhydride,
2,7-blg(Z2,3~dicarboxyphenvl)propane dianhvdride,
1, 1-bis (3, d-dicarboxyphenyl)aethane diannydride,
1,i-bis{2,3-dicarboxyphenyliethane dianhydride,
bis (3, 4~dicarboxyphenyl)methane dianhvydride,

bis {2, 3~dicarboxyphenylimethane dianhydride,
bis(3,4-dicarboxyphenyl)sulfone dianhydride,
bis{3,d-dicarboxyphenyl)ether dianhydride,

1,2,5,6-naphthalenetetracarboxyliic dianhydride,

34



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 mmol) of ghthaiic anhydride, 1.39 g of gamma-picoline and
130.3 g of N-methylpyrolidone (hereinafter, abbreviated as NMP) were
charged, and to this, 24.8 g 100 mmol.) 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 agded-and the resulting-mixture, was:heated up to

70C in an atmosphere of nitrogen while ring and reacted at OC for 4

9, Bowrss After the campletion:obthenreaclipnea yeactant was:cooled to room
temperature and charged into about 2000m1 of water to obtain 43,24 g of

dibisimpideipawder . pfrafedabsorptioaspecitaofthebisimidepovwtennere: i de,
measured to identify characteristic absorption of an imido ring at 1720 c

2 ,and 1780xcm'Y Thretebitaived: bishmitdecpowderwds tissolved in GEL so as
to achieve a solid matter concentration of 20% to obtain a solution of an

3 drofmatic BRIt Sligohieced vepiesentsd By thielfolldving structure.

[0109] [Formula 2 OH2 H2 me meH2 H2 0 'N'Si H2 Me Me H2/ [0110]
bis{3, d~dicarboxyphenylihexafluoropropane dianhydride,

3,37,4,4" ~ciphenvlsulfonetetracarboxylic dianhydride and the
like; hydrogenated pyromellitic dianhvdride,
butanetetracarboexylic dianhydride,
1,2,3,4-cyclopentanstracarbexylic dianhvdride,
1,2,3,4-cyclebutanetracarboxylicdianhydride, RIKACID TDA-100
{trade name, manufacturesd by New Japan Chenmical Co., Ltd.),
RIKACID BT-100 (trade name, manufactured by New Japan Chemical
, Ltd. ), EPICLONB~-4400 (tradename, manufacturedby Dainippon
Ink and Chemicals, Inc.), and aliphatic tetracarboxylic
dianhydrides having the following structurss:
[C055]
[Formula 8]

O O

N
N

T0056]
e K 4 ) - 1 - :
WhenR” isanaromaticogroup suchas a tolyl group, anaphthyl

group or the like, there is a possibility that the transparsasncy



Synthesis Example 11 Synthesis oficone polyimide p recursor compound
(xi) 35.42¢g (160 =al) of aminopropyltriethoxysil ne was added to 40 g
of GEL and the resulting mixture was stirred and dissolved. To this, 24.82
g (80 mmol) of 4,41-0 ydiphthalic dianhydride was added, and the
resulting mixture was stirred at room temperature for a while and stirred at
40C for further 2 hours. The resulting solution was diluted with. GEL so as
to achieve a solid matter concentration of 20% to obtain a solution of a

o Silicane palyk ilde BEeCU£§°fd°mI'BQUQdQ€9J§BE§§98£% by fhedallewing ;
sructure. [0111] [Formula 21] 002H5 000C2H5 1

a&22HS0SIC3L-L6NMH ot NECBL: 16-A:Q0G 2HS 1 ldbsomma HEON
0C2H5Ho ii--)J----..0C2H5 00 [0112] Synthesis Example 12 Synthesis of
a agrylic resinseluon Xk o the above-mentioned aromatic imido
oligomer of a coloring socurce. Further, if the composition
contains the above-mentioned arcmatic group, the compatibility
petween R and the polysiloxane may be deteriorated.
Furthermore, if the gcomposition contalins the above-mentioned
aromatic group, this may cause phase separation and make the
£ilm cloudy when preparing the ceated film to deteriorate the
light transmittance of the cured film. Accordingly, wnen R’
ig the aromatic group, an additive amount of R® is limited, and
therefore R® is particularly preferably an aliphatic organic
group. When R? is the aliphatic organic group, since the cured
film does not have a structure of the coloring source, a
transmittance is not reduced, and since the compatibility of

R” with the polysiloxane is high, the cured film can have a high

o

i

L8

httransmittancewithout causingthewhiteturbidityincuring

the film. Particularly prefera “he
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compounds representedby the general formula (1) are shownbeliow.
In the present invention, imidosilane compounds represented by
the general formula (1) may be used and thess imidosilane
compounds may be used alone or may be used in combination of
TWO Or mOore species.
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N
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2,2' -azobis(2,4-dimpthylvaleron ile) and 200 g of diethylene glycol ethyl
methyl ether (EOM) were charged into a 500 ml three necked flask.
Subsequently, 25 g of styrene, 20 g of methaorylic acid, 45 g of glyoidyl
methaorylate and 10 g of - icyclo[5.2.1.02'6]decane-8-yl methac ylate
were added, the resulting xt1 e was sti rred at room temperature for a
while, and the atmosphere in the flak was replaced wth nitrogen.
Thereatter, the flask was immersed n an oil bath of 70C and

' themixturewasheatedandstirredfOr 5 hours. To the resulting EOM solution
of acrylic resin, EOM was further added so as to achieve a polymer
concentration of 43% by weight to obtain an acrylic resin solution (xii). The
weight average molecgday, weight(Mw) ofthe obtaingd, polymer was
15000. [0113] §mthe§|s gﬁa %\I?Sy’hmgélﬁ of gov&éﬁc resin solution
(xiii) To a 2 liter separable flagkequigped with & coo ing tube and a
stirrer, 172.8 g (1.6 mg)) &y of m- cr@sol 36969 (0.3 mdf-of
2,3-dimethylphenol, 12:2g, (0. male) of S%dlmethylpdi}gnol 12.6 gofa
37% by weignt Wa@&s%ugm orffialdehyde (¢praidenyde: 1.5
mole), 12.6 (0.1 mole)égwxallc ab% dehydrate and‘§§4 g of methyl
isobutyl ketone were added and fhereing mixture was stirred for 30
minutes and left standifiy for onejhour toloe separa?éd into two layers. An
upper layer of tw&d:&yer&was oved by ®lecantatonc@:-hydroxypropionic
acid ethyl (HPE) was é@ged to a jower layer, and réma isobutyl ketone
and water were removedbyvacuum/concentration to obtain a HPE solution
of a novolac resin. HPfwas addgd to thé'HPE solugign of a novolac resin
obtained so as tQ gchgbveca]_po rci O;f Centratipn of 4 4’034) by weight to
obtain a HPE sollfion of a novol [0114] " Further, structures of
the compounds used WExampleQ or the ke are shS\?\?n below.. [0115]
[Formula 22] 9r==\, H3C-0-H2C, )0" ,CH2-0- CH3C =" /) N N /O\HO-

CH-CH2'1\CF3SQ;d '?1N 0 oG
H
5,45 AN | iy
CgHgo*s;f CaHe—N j\ ] \) N——CaHs—8i—0CqHs
S
OCaHs I_-)r Té, OCaHs
OCH; N f OCH,€
HaCO— St CgHg—— f | = \{ —Cats—-8i-OCH;
: T i
OCH; E 8 OCH;
o)
ocHs ? o OCH;
HaGO -~ s|-‘——CJH5-~wN i y‘ N-=-CiHg—8i—0CH,
;
OCH; o & OCH,
CL"{s D
{)Czﬁg )\ OCsz
- ﬁ
Czﬁso_sz—"Cch“‘_‘ N_63H5 ""Si—OCQHs
ochf, OCsz
oc DC,H;
CaHgO "““““Si ——0Cs ""“N\H/L%A CSHB“'S‘ii‘—OCZHE
(UAVE LS \I{ GCaHg



H3C-0-H2Ci'OH2-0-CH3 0 NIKALAC 51-270 [01161 Synthesis Example 1
Synthesis of imidosilacompound (vi-2) 32.64 g (160 mmol) of
isocyanatepropyltrimethoxysilane was added to 40 g of GEL and the
resulting mixture was stirred and dis oaved. To this, 23.70g (160 01) of
phthalic anhydride was added, and the resulting mixture was stirred at
room temperature forawhiie and stirred at 140C for further 2 hours. The
resulting solution was diluted Witn GBL so as to achieve a solid matter
concentration of 20% to obtain a sgutign of gn imidosilane compound

C

(vi-2) represented®ythe follgwing, strictlire. [0117] [Fofifrita 23] 00CH3
IN-C3H6-thL%®TGH$O©£BH3‘m%11§3f;éyn hesis m&ke@&@wﬁmesis of

T

iraidosilane comogund (vii 2)@4 6g (160'm Ool) of isogyapatepropyldi
eth.ylethoxys ane was addegto 40 g of GBL and the resulting mixture

was stirred and dissolved. Tg this, 18.26 ( 16Q,mrnol) of glutaric anhydride

was added, and the'resultinglmixtureowas. st rfed at roon;‘?zfésmperature for
a while and stirredi-at GC-for Hf/u[fth r 2 Hours. TRe paikture-was.stirred at
in S

1 ﬁ -~ i
14000 for 2 hours,cThe resuIO g\sﬁution was Wdiluted with GF3L so as to

achieve a solid matter concéhtration of 20% 0 obtain a soﬁuﬁtion of an
ng@':tgﬂsilane compoundi-2) represented by the following structure.

Further, R’ represents a structural component of the acid
anhydride in the general formula {2), and this acid anhydride
is any one of divalent to tetradecavalent crganic groups
containing an aliphatic ring other than maleic anhydride and
an organlc group Raving 4 te 20 carbon atoms.

[00E9]

specific examples of the acid anhydrides include succinic
anhydride, glutaric anhydride,
d-methyleoyclohexane-1, Z-dicarbeoxylic anhvdride,
cis-4-cyclohexense-1,2-dicarboxylic anhydridse,
cis~-1,Z-cyvclohexane dicarboxylic anhydride,
methyl-5-norbornene-2, 3~-dicarboxylic anhydride,
S-norkornene-2, 3-dicarboxylic anhydride (these are
manufactured by TOKY(Q KASETD KOGYO CC., LTD.},

3,4,5, 6-tetrahvdrophthalic anhydride (manufactursed by Wako
Pure Chemical Industries, Lid.}, RIKACID ENA (trade name,

manufactured by New Japan Chemical Co., Ltd.}, and RIKACID



[0119] [Formula 24] 0 C2H5 <N -C3Hi-C2F15 00C2H5 [0120] Synthesis
Example 16 Synthesis of imidosilane compound (ii-2) 35.429g (160
mmol) of aminopropyltriethoxysilane and 16.01 g (160 mmol) of succinic
anhydr de were added to 400 g of diacetone alcohol, and the resulting
mixture was stirred at room temperature for a while and stirred at 60C o
further 2 hours. Thereafter, the mixture was heated up to 160C and
reacted for 6 hours while distilling diacetone alcohol and water

unazeafropicalyid0421k, ndheresultingsolytion was.dilvtedwith ca: co.,
diaceTone alcohol so as to achieve a solid matter concentration of 20%

Ltti0 pbtama selatiem ofan-imidoshane campewad: thefollawing struchde a re
[0122] [Formula 25] 0 J-AOC2H5 ?

succinic anhydride, glutaric anhydrids,

d-methvlcyclohexane-1,2-dicarboxylic anhyvdride, and

S-norbornene-2, 3-dicarboxylic anhydride. 2Among them,

succinic anhydride, glutaric anhydride, and

S-norbornene~2, 3-dicarboxylic anhvdride are particularly

preferable fIromthe viewpolnt of Lransparency and adhesiveness.

Withrespectthese,R?representsanorganicgroup,notcontaining

an unsaturated bond, not containing a silicon atom and having

2to 20 carbon atoms, other thananallcyclicgroup in the general

formulia {(2).

[GOG0]

Among the imidesilane compounds of a paragraph () of the
present invention, imidosilane compounds represaented by the
general formula (3) can be readily obtained by a publicly known
imidationprocessinwhichaninidesilanecompoundissynthesized
froman amine compound and an acid anhydride~containing compound
through amic acid.

(00617

The amine compound <an be obtained from the following
primary amine and the acid arhvdride-conteining compound can
be optained fromthe following acid anhvdride-containing silane

compound.
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H(-C3H6 Si-OC2H5 1 00C2H 5[ 0 12 3] -2) represented by Synthesis
Example 17 Synthesis of imi ogilane compound (vi-3) 41.97 g (160
mmol) of 3-trimeuhoxysilylpropylsuccinic anhydride and 11.70 g (160
mmol) of a -butylamine were added to 400 g of propylene glycol monol
ether, and the resulting xture 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

r gpenomethyl ether and water azeotropically. [0124] The resulting
solution was diluted with diacetone alcohol so as to achieve a. solid matter

F eongentration of 20% to obtain a solution of an imidosilane compound (vi-

represented by the following structure. [0125] [Formula 26] 0013 ft N
O00H3 0

— R Y P g
HoN——R, o R*R si-[-R'),
il
o

00631

In the above general formulas, R's may be the same or
different and each represents an alkyl group having 1 to € carbon
atoms, an alkoxy group having 1 to 6 carbon atoms, a phenyl group,
a phencxy group and an organic group repiaced with them.

As the alkyvl group, the alkvl 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
an isopropyl 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 &
carben atoms are preferable, and specliic examples of the alkoxy
groups include a methoxy group, an ethoxy group, an n-propoxy
group, and an isopropexy 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

-

ar alkyl group, an alkoxy group, a phenyl groug or a phenoxy
group, and examples of groups include a l-methoxypropyl group.

[0CG4]
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[0126] Synthesis Example 18 Synthesis of imidosilane compound (vii-3)
23.71 g (80 mmol ) of 2methoxysilylethylphthalic 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 diacetone alcohol and water
azeotropically. [0127] The resulting solution was diluted with diacetone

alcohol sg as to.achievg @ solid, matter, concentration of 20% to, qbtain.a. .,

solution of an imidosilane compound (vii-3) represented by the following

atStpucture, 0128} [Fermulan 24 QOEhS N HO=OECH3 {9129] ;Synthesis 1 yge
Example 19 Synthesis of imidosilane compound (vi-3) 2099.g (80 mmol)

= pk3dmethoxysilylpropyisuccinicranbydride, and A.45:¢(80 en)-o0taniine an
were added to 400 g of propylene glycol monomethyl ether, and the

n-iesultibgrmixture was stirreckat-rooam tempenaturerfara/wdile anekstitredat ,
60C for further 2 hours. Thereafter, the mixture was heated up to 160C

aranekredcted fore6 hoarspwhile distifiing-propylehenglycolrmonoiethyl ether

and water azeotropically.
oxy-n-butylerns 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.

[0065]

Ry represents a structural component of the above-mentionad
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 organicgroups include amethyl
group, an ethyl group, an n-propyl group, an isopropyl group,
an n-butyl group, a t-butyl group, a cyclohexyl groug, a
Z-hydrozyethyl group, a phenyl group, a methexyphenyl group,
a methoxy group, an ethoxy group, an n-propoxy group, and an
lsopropoxy group. Among them, the methoxy group and the ethoxy
group are preferable in that they can be readily prepared. R,
may be an organic group replaced with an alkyl group, an alkoxny
group, a phenyl group or a phenoxy group, and sexamples of thsa
groups include a I-methoxypropyl group. Among them, a hvdrogen

atom, a methyl group, an ethyl group, a t-butyl group, a
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[0130] The resulting solution was diluted with diacetone alcohol so as
to hdeve a solid matter concentration of 20% to obtain a solution of an
imidosilane compound (viii-3) represented by the following structure.
[0131] [Formula 28] 990-13 N/ 1.100H3 0 3-1 Example 1 0.333g (8
parts by weight) of the quinone diazide compound (iv) , 0.095 g (2 parts by
weight) of benzyl-4-hydrox_yphehylme hylsr fa, -am.
trifluoromethanesulfonate (manufactured by SANSHIN CHEMICAL

2 J%%E&%EE&%% CO. . H29, and0.095 42 parts hyweight) oF NIKALACY that
MX-270 (trade name, manufactured by SANWA CHEMICAL CO., LTD.)

~wereseiv: 1O: 493.gof DAAaNG2 498:gofgamima-bay etactone (GEL) uader
a yellow lamp so that a weight ratio of DJ' A to GEL in e whole

[ wopaposition is 70/30, and to this, 0.476g (2 parts by weight on the solid
content equivalent basis) of the imidosilane compound (vi), 11.08 g

(corrasponding to 100:pattsbytweightofpoly foxars) ef-the polysiexale in
solution and 0.008 g (corresponding to a concentration of SO ppm, with
t Irespeet toastotal APMOUnt of the leoRPOSitioR 6B VK333 (Aridhitfadtitred > =
by BYE Japan RE) which is a silicone-based surfactant were add(-id and
agtifrad Gidsl 85élfowaffisiaFhien StheestiHy e Wag fit€redha 419
0.45 pin filter to obtain o .
or an aiiphatic ring and any one of trivalent to tetradecavalent
crganic groups having 4 to 20 carbon atoms. Speclfic examples
of the acid anhydrides include maleic anhydride, phthalic
anhydride, methylphthalic anhydride, succinic anhydride,
giutaric anhydride, 4-methylcyclchexane-1,2-dicarboxylic
anhydride, cis-4-cyclohexene-1,2-dicarboxylic anhydride,
cis-1,2-cyclohexane dicarboxylic anhydride, 1,8-naphthalic
anhydride, methyl-S-norbornene-2,3-dicarboxylic anhydride,
5-norbornene—2, 3-dicarboxylic anhydride (these are
manufacturad by TOKYCS KASEI KOGYO CO., LTD.),
3,4,5,6-tetrahydrophthalic anhydride (manufactured by Wako
Pure Chemical Industries, Ltd.), RIKACID HNA (trads name,
manufactured by New Japan Chemical Coc., Ltd.), and RIKACID
HNA-100 (trade name, manufactured by New Japan Chemical Co.,
Ltd.). Amongthem, particularlypreferable acidanhydrides are
phthalic anhydride, succinic anhydride, glutaric anbhydride,

4-methyleyclohexane-1, 2-dicarboxylic anhydride,

1, 8-naphthalic anhydride, S-norbornene-2,3-dicarboxylic
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a photosensitive siloxane composition. The obtained composition is taken
as a composition 1. [01331 The prepared composition 1wasappliedon
0 a Tempax glass sheet(manufactured by Asahi Techno Glass Corp.) and
a silicon wafer at an arbitrary rotating s ed with a spin boater (1H.-360S
manufactured by MIKASA CO., LTD.), and it was pre-baked at 100C for 2
minutes with a hot plate (SOW-636 manufactured by Dainippon Screen
Mfg, Co., Ltd.) to form a pre-baked film having a film thick of 4 lin_ A
«ghgam;h-beam.« Eheam, ight having 2, wayelengih of 35049 9%%12@)1 ic

was irradiated to the prepared pre-baked film through a gray scale mask

ardt £9:104200Q LT 2 in a-mayiinum i-beam exposure amount using a
parallel light mask aligner (hereineferred to as PLA, PLA-501F

5 manufactiyed-by, €anendrey x Fhegrayr-seale maskis ajnask throgpgh,
which a substance below the mask can be collectively exposed at from

p 3964 200]/m 2 ) to: 11008620001 m2in incremental-ste peby-itradiatirghak s .
2000 JIm2 from above the mask. Thereatfter, the exposed film was

[ Weveéloped by showering ofD (manufactured by MITSUBISHI GAS
CHEMICAL CO., INC.), which is a 2.38% by weight aqueous solution of
tetrametfiyEamfioniumhyaroxidofor8eseconds-usingearautomaticwula (2)
developing apparatus (AD-2000 manufactured by Taki saws Sangyo Co.,

C3Rd9° dridtherFinSed With Watérfor 30 Beebnds Cthéreatiet, %@I’Bfééi@l‘ﬂﬁgm
exposure, the entire surface o film was exposed to an ultra high pressure
k}ﬁel%u??fimpjaﬁf%%ﬁba\]/%%’ (On"tha" %pdsu%@%n%ﬁm”t%‘t@\?a%ﬁie f365e
M e yrl}vcalent b%sm/i g}ePLcﬁ} -501F mamégactu ¥C<?no(r1) . 5 e
rcThersafter: the fim tas SO BAKSd At 00E 6 2 Mihttes \ith“a Hot? ™

are (SCW-636 manufactured by Da.inippon Screen Mfg. Co., Ltd. ) , and

“%hen Is cured at 220C for I hour in the air with an oven (IMPS-222

[ fAanryfactured by Tabai Espeo Corp. ) to prepare a cured film. The
obtained cured film is taken as a cured film with a pattern. With respect to

 Examplesli to 8, the compositions are shown in Table 1 and the results
of evaluations are shown in Table 2. The evaluations in the table were
performegiaccording to the following methods. The following items (1) , (2)

» (3) , (4) (5) and (8) were evaluated using the silicon wafer as the

HoM bs;gmlq; andgtems (6) and (7) were evaluated using the Tempax glass
sheet. [0134] (1 ) Measurement of film thickness RamdaA STM-602
manufactyred by DaThippon Screen Mfg. Co, , Ltd. was used to measure
the thickness of a pre-baked film and a cured film at a refractive index of
éﬂ%@ [01351 (2) Normalized remaining film thickness The normalized
remalnlng film thickness is calculated from the following equation when

the compgsitign is.applied.onto, a-siliconwafer,. pr Pie baked.for 120 seeands, .
on a hot plate of 100C and developed, and a film thickness after

afieshakingds denetedby{1)xand a film thickness,of non-expesed aread: oms,
after development is denoted by (Ti) .
an alkoxy group having 1 to 6 carbon atoms, a phenyl group, a
phenoxy group and an ozrganic group replaced with thenm.
Az 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 ethyi group, an n-propvl group, and



Normalized remaining film thickness (.96) = (1) / (1) )(100 [0136] (3)
Sensitivity After the exposure and the development, the exposure
amount (hereinafter, referred to as an optimum exposure amount ) at
which a 10 pm line and space pattern is formed at a width ratio of 1: 1 is
identified as the sensitivity. (01371 (4) Resolution A minimum pattern
size obtained after development at the optimum exposure amount was
taken as a resolution after development and a minimum pattern size after

2reHrng was taken as a regolution;after qurin.g. {0138), (3) Shrinkage.during;

curing The Shrinkage during curing is calculated from the following

g &Qation. when he gorapasiti.on ds applied onto g.siliconwalery peg-baked
for 120 seconds on a hot plate of 100C and developed, and the film is

subjected to.leaching exposuig 0f:6000r3/m2: Seft-baking at-9QG 8k, : ene

2minutes and curing at 220C for one hour to obtain a cured film, and a film
g dhigkpessdotnonexpased;area-afierdevelopmentds dencted by:@y anshabe

film thickness of non-exposed area after curing is denoted by (II).
readily prepared. As a synthetic method of silane compounds
of the general formula (2}, adirect imidation process, in which
a silane compeund isg synthesirzed from an isocyanate silane
compound and acid anhydride as with the silane compounds of the
general formula (1), is particulariy preferabls from the
viewpoint of prevernting cecloring due to a by-progduct.
(00707

Among these imidosilane compounds represented by the

general formulas (1) to (3), theimidesilane compoundrepresented
by the general formula (3) is particularly preferable since an
imido group is directed to such a direction that anitrogen atom
of the imido group ls coupled with a Si atom via a C=0 bond of

the imido

$3

roup therebetween and therefore the nitrogen atom
of the imido group and a substrate can interact withefficiency.
[GC713

A cured film of polysiloxane, which 1s a ladder-like
crossiinked polymer referred to herelin, is generally brittle.

This cured film has a problem that cracks are generated in the

cu

[

ad film particularly when the cured f£ilm is dipped into an

alkaline sclvsnt. Since the compounds represented by the
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Normalizedremaining film/thickness %-(11)/(1)Ix100 [01.391 (6)
Measurement of light transmittance First, the ultraviolet and visible
absorption spectrum of the Tempax glass sheet alone was measured as a
reference with MultiSpeo-1500 (manufactured by Shimadzu Corp.). Next,
each pre-baked film formed on the Tem ax glass sheet as described
above was developed by showering at 23C for 60 seconds with a 2.38%
by weight aqueous solution of tetramethylOmmonium and light was
gdHadiatedto-the pre-baked film:at 6000 /M2 en the i-beam eguivalens
basis with the PLA (PLA-501F manufactured by Canon Inc.). The exposed
sdilrmanas sefi-haked-at Q06hfor 2 dmnivyies-omaihotplate ang:furher curedin
at 220C for 1 hour in an oven to form a cured film on a glass sheet. This
thwds takemas a:samples anddhe safiple was-:measured:h avsihglezbeam to
determine the lidht transmittance per 3 urn L. a wavelength of 400nm. The
cararsaiittancetof theicured:qlmaspcalodlated basetonahe sneasarsment th
of the reference. [0140; (7) Evaluation of adhesiveness The
b Confpdsiticn vas appliceonts: thé Tempas glass sHeet preébakedted inta
exposed, and cured to forma thin film. Adhesiveness was measured
Ehfecotdifg to TRICS RE400 81572 ¢ravn) Ergss:cat testitethba” Two sets.r &d
- which are perpendicular to each other, of 11 parallel lines spaced 1 mm
t r?ﬁ/%?ép?rf’séf s¢H 2 Wa that tHest tined fedched"a Baseé otthe glass™ 4
¢ Sficef onthe surtace of the thin fim.on the Tempax,glass sheetwith 2.yt
16'prepare 100 Squares having a site’of 1 mm x 1 mm. Acellophane

£ Aghesive; tape (width: 18, mm, adhesive force;, 3.7 N/10 mif was suck 1o,

the surface of the thin e inscribed; and this tapé tape cohere, and then

pihetape was peeled oft momeniarily, by, manvally pylling at one end-of the -
tape. The number of squares remaining is then visually counted. [0141]

wi8)-§olventresistancerecuthe curedflm-with apatern-formed onthe gooa
silicon wafer was immersed in a solution composed of moncethanolamine

o ad=gdimethylsulf@xdd e ir proportions of 70 : 30 by weight at 80C for 10
minutes and rinsed with pure water for 5 minutes and water was removed

by iiitrogen gas blow. On four edge portions (within ra he apex of
each corner) of a trimming 40 RI square pattern, the presence or absence
of theherack generats before dritkafter dmpridrsion agmisyall ohseprshted
using RamdaA STM-602 (manufactu ed by Dainippon Screen Mfg. Co.,

PY taDy, Grototal nGiBer oF cracks fdéntified atfetFeage poibhs wasrenge
employed as a measure of the solvent resistance. [0142] Example 2 A

°Lomposition 2 wis Breparett if the Saie mafingr a¥in Exiiiple "ren the

additive amount is smaller than 0.1% by weight, the imidoesilane
compound does not adequately exert effects on adhesiveness and
solvent resistance, and when the additive amount 1s larger than
20% by weight, the imidesilane compound exhibits a function as
a plasticizer during patterning to cause sagging in patterning
and therefore resclution may be detericrated.

Furthermore, a thermal acid gensrator may be used for the

photosensitive siloxans composition of the present invention
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1 except that the pelysiloxane solutionas used in place ofpolvsi.loxane
solution ') 10 parts by we ght of the guinone diazide compound (iv) was
used, the imidosilane compound (yid.) was used in place of the
imidosilane compound (vi) , and benzyli4-hydroxyphenylmethylsulfonlurr
trifluoromethanesulfonate and "NIKALAC" MX-270 were not used. The
results of evaluations are shown in Table 2. [0143] Example 3 A
composition 3 was prepared in the same mannerample 1 except that the

=+PQlysioxane splution, (i), . whigh was foimed by.copelymerizing,the silisan
particle PL-2L-DAA by 27.5 mol % in terms of a silicon atom, was used in

irRlace ofthe; polysiloxanesselution (i) , 4 parts by weight of the guinone
diazide compound (iv) was used, 8 parts by weight of the imidosila.ne
compgaungh (il wasgseskin place of2 pasts by weight-oftnerimrdasiiane’ v
compound (v ) , and. benzy1-4-hydroxyphenylmethylsulfonium

v defludromethan €suifopatetand ' NIKALAC! MX-27D0weke not Gsed. ITHS U,
results of evaluations are shown in Table 2. [01441 Example 4 A

s cofffositibnidvas prépared il thel Sames imanhier as Ir Exahnpfel 1 eXeeptnd
that the Quartro PL-2L-DAA (manufactured by FUSO CHEMICAL CO.,

S 1715 0 olig CORERLZ614% By i6ightc bélng s drshersid bt Sifica particie™”
in an DAA solvent, was added to the polysiloxane solution so as to

CQchieve27.5 rﬁép%dﬁﬁ%m%@dﬁélﬁﬁ&ﬁ)éé’c}ﬁ% barts By weight of the

i gu_inqneﬂdiazng com| oundﬁévlyvai u§§g, 9 parts by weight of the

PG dosTIARE COnTBoUE ¥ Was tsedin prade st 2 parts by weight of the

., imidasilane compound (vi), and "NIKALAC" MX-270 was not used. The

il e e e ST

» Sompesition buwas preparedn e saoe manner @i Example 2 except

quinorie diazide compound (v) was used in place of the guinone

» diazide ¢ompound(iv) and.2 partshyweight of the; imidosiane campound
(vii) was changed to 0 .5 parts by weight of the imidosilane compound (vi)
ne TheTesults of evaluations ase shewndn kahlg2chanesulfonates,
camphorsulfonates and p-toluenesulfonates. More preferable
thermal acid generators are 4-hydroxyphenyldimethylsulfonium,
benzyl-d-hydroxyphenylmethylsulfonium,
Z-methvlbenzyl-4-hydroxyphenylmethylsulfonium,
2-methylbenzyl-d-acetylphenyimethylsulfonium,
7-methylbenzyl-4-benzoyloxyphenylmethylsuluonium,
methanesul fonates thereof, triflucoromsthanesulfonates,
camphorsulfonates and p-toluenesulfconates. Further, these
compounds may be used alone or may be used in combination of
tWo oY more species.
(0737

A preferable additive amount of the thermal acid generator
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[0146] 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 on 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 imidosi lane compound (vi) was
ischangedfrom{3.4¢6 g {2pars by.weightop the solid gontentequivalent,n:
basis) to 0.019 g (0.08 parts by weight on the solid content equivalent
oibasis)Theresuitsefevakiafionsare: shows in-Eabie 2 [0148kExample:8ount
For for.ming a passivation film, a photosensitive siloxane
1 sodmpobsitiondfthepanipositioniwagrappliethontoca.cT BT Gubstraterhaving a s
silicon nitride film of 100 nm in thickness, and a contact hole was formed
sTgn afgoritionowhich- i$ epposed wra Tomniof wiring of & drair efettrodeking
and forms a retention volume by the above-mentioned method of forming
PRSI, Alassivatioh find Rastf:edgedtisifg s ctred fifmiads ted
mask to expose the drain electrode. Subsequently, on its surface, a film of

AT 6 Gransparert BRTHBaE havig athickhedstoft A Was tfméd by & e

sputtering vapor deposition metricd, and a photores st was appl d onto the

TG raopArnt SISREoUe T A & DHGtORS: i AA BARArAEA By o

. exposure/development hased on a.comman photolithographic method to

lnef%iﬁé%e“ gflugnkﬁ’egi%ﬁfy%&%gn% the ;Ilﬁ%sﬁy \C/)vét-%\t’c%';rrlg “and then the

+ Rhatgresist was immersed in a solution composed of monoethanolamine
and dimethylsulfoxide, being alkaline solvent, in proportions of 70 30 by

r oweight at 80C for 10 minutes and rinsed with pure water for 5 minutes and
water was removed by nitrogen gas blow, and thereby, an ITOpi el
eleceradepaiiemed, niashape of stipes with 100 p.m pitcheswas forpred, ¢
and consequently a good device, having a good adhesiveness between a

troureddimraf thesphotasensitive siloxane compositian andla passigvatemt .
film/ITO as well as an excellent planarizationproperty and transparency

THyasetcdn fow shiinkdge dufingreuring, andorat generating cracksswasn ks
obtained. [0149] Example O

pelysiloxane at the time of thermal curing and is incorporated
into a polysiloxane skeleton through crosslinking. A degree
of crosslinking of the cured film is increassed by containing
the heat crossiinking agent. Thereby, the solvent resistance
of the cured film is improved.

[CO75]

o

The heat crosslinking agent is not particulariv limited
as long as it is a compound which crosslinks polysiloxane and
is incorporated intc the polysiloxane skeleton at the time of
thermal curing, but preferable examples of the heat crozslinking

agent include a compound having two or more structures selected



A TFT device was prepared in the same manner as in Example 8 except
for using a photosensitive siloxane composition of the composition 2, and
consequently the good device, having a good adhesiveness between a
cured film of the p o osensitivesfloxane composition and a. passivation f
m/ITO as well as an excellent planarization property and transparency
based on low shrinkage during ur g, and not generating cracks, was
obtained. [0150] Example 10 A TFT device was prepared in the same

£ PaNDRL as in Example 8.excent for using a phatasensitive;slloxans, o e r2 1

composition of the composition 3, and consedquently the good device,
£having.a good adhesiveness between acuredfilm,qfthe photosensitive  »
siloxane composition and a passava on film/ITO as well as an excellent.
cPlanariza Fanpreperty anddlnsparency based endew:shyinkagequring,
and not generating cracks, was obtained. [0151] Example 11 T
palevicewas Jpreparedtiadhelsame mannenassindkxample=8 except fore
using a photosensitive siloxane composition of the composition 4, and
roehsequentlytire geod device, having a good adhesiveness between a
cured film of the photosensitive siloxane compositior and a passivation
[HiMATO as well as an excellent planari zat ion property and transparency
based on low shrinkage during curing, and not generating cracks, was
[bBEaiHed. fp152] Example 12 A TFT device was prepared in the same
manney as in Exam Ieg § except for % g a photosensitive siloxane
compt\éiﬁ&ﬂgf mposition 5, az onsequently the good device,
having a good adhesiveness between a cured film of he photosensitive
[ siloxane composition and a passivation Im/ITO as well as an excellent
planarization property and transparency based on low shrinkage during
curing,anc:patgensarating cracks; was gbtainad.{0153kExampte:p3havikg
composition 16 was prepared in the same manner as in Example 2 except
Lthat 2 parstnoweightrof thefmidosilanecéompoufd vii ) was changedtb ay
parts by weight of thedcsilane compound (vii-2)results of evaluations are
behsih insTEble 2. (0T5EIrent .

[0078]

In the compounds heving two ¢r more groups represented
by the general formula (8), R represents either hydrogen or
an alkyl group having 1 to 10 carbon atoms. Plural R™¥s in a
compound may be the same or different. Specific examples of
thealkyl group include amethyl group, anethyl group, ann-propyl
group, an isopropyl group, an n-butyl group, a t-butyl group,

1

n n-hexyl group, and an n-decyl group.

m

Specificexamples of the compounds having two or more groups

represented by the general formula {(8&) include the following

48



Example 14 A composition 17 was prepared in the same manner as in
Example 3exceptthat6partsbyweightoftheimidosilanecompound
(viii)waschangedto2partsbyweightoftheimidosilanecompound (viii-2). The
results of evaluations are shown in Table 2. [0155] Example 15 A
composition. 18 was prepared in the same manner as in
Examplelexceptthat2partsbyweightoftheimidosilanecompound (vi) was
changed to 2 parts by weight of the imidosilane compound (vi-3). The

ndesults. of evaluations are shawn,in Table 2. [0156] Example 16 .

composition 19 was prepared in the same manner as in xampl eTbeexcept
mdtal 2:paris by weight ok thedmidasilagecompound., (vilbwas changed 10,4, 4
parts by weight of the imidosilane compound (V||3)The results of
Hevaluations ate shewnadn Jable, 203571 Example: Lk 4y <A composition
20 was prepared in the same manner as in Example 3 except that
[ @pditsby weight of the imidosilanecompound (viii) was changed to 0.5
parts by weight of the imidosilane compound(viii-3).
| FitisresaltsofevaluationsareslowninTable 2. [0158] Example 18 A TFT he
cc was preparedthe same manner as in Example 8 e:;égt for using a

Hifhiothdersitive siloxa @Wﬁl‘ém of the composition %ﬂg
C@néetﬁj rh% haying a g%oda] g%e Ween &
tared filf of t tosens?rtlve sHo”Xane composition ?p‘cjéa passivation
film/ITO as well\qéan excellent planarization properté%r\}ransparency

based on low shNInkage during curing, agd@%gﬁngr CracksnWas,
obtiaBdO[o150] CHo-O-CHy 3 ?
NIKALAC MW-30HM NIKALAC MX-270
0
HaC~O~H5C JCHL-0O~CH NH~—CH;-0~CH
\N’M\N ’ ° o=C] : ’

M “NH=CH,-0~CHj

HaC—O 0O~CHq
NIKALARC MM -2G0

NIFALAC MX-230

[ooels

specificexamples of the compounds having two or more epoxy
structures include “Epolite” 40E, “Epolite” 100E, “Epolita”
2008, “Epolite” 400E, “Epolite” 70P, “Epolite” 200P, “Epolize”
4007, “Epolite” 1500NP, “Epclite” B0OMF “Epcolite’” 4000,
“Epolite” 3002 (these are trade names, manufactured by Kyoelsha
Chemical Co., Ltd.), “DENACOL” EX-212L, “DENACQL” EX-2147,
“DENACOL”Y BX~216L, “DENACO EX-850L, “DENACOL” EX-321L {thess
are trade names, manufactured by Nagase ChemteX Corp.), GAN,

GOT, EPPN 50ZH, NC 3000, NC 6000 (these are trade names,

"“j: 9



Example 19 A TFT device was prepared in the same manner as in
Example 8 except for using a photosensitive siloxane composition of the
composition 18, and consequently the good device, having a good

- adhesiveness be teen a cured film of the photosensitive siloxane
composition and a. passivation film/ITO as well as an excellent
planarization property andparency based or low shrinkage during curing,
and not generating cracks, was obtained. [0160] Example 20 T

nSIeYice was prepared in the same manner as in Example.8 except fors |

using a photosensitive siloxan€ composition of the composition 19, and

- epnseguently the gopghdeyiee, having a-goed agdhesiveness-between:a:zo,
cured film of the photosensitive siloxane composition and a passivation

e filAT @ asswelkas an exeelent planasization-poOpeEy angddransparentypan
based- on low shrinkage during curing, and not generating cracks, was

Eebtaineds { 00161 | Example 21 rI1CLORFTEd@HEE tvas prapared tethelL.oN”
same manner as in Example 8 except for using a photosensitive siloxane

N €bmpasition of thescompositiorn 26, aadsconsequetly the godd device, pron
having a good adhesiveness between a cured film of the photosensitive

Lsioxaf & tomposition aid-a passiation film/Ey as el asan’éxcéllenfese
planarization property and transparency based on low shrinkage during,

2 ¢firihg 2 afdTHot Yendtafing erackss WasroBtahied: [0262] Cdmparative =<3
Example 1 A gpm{posiﬁtiog_S w?sf;])rgpareq in the same manner as in 0
. woy el VT LTV N T T e £ - ¥ VBT A e ) sy T T

L ahpie'2 excpt forhot Gingthe iridosnand Compbuna (J “Ths restite
of eyvalyations are shown in Table 2. [0163] Comparative Example 2

xLL gyalugtions gre st [0163] Comp P

100821

Spaclfic examples of the compounds having two or mors
oxetane structures include OXT-121, OXT-221, C¥X-5¢-H, O0XT-181,
PNOX-100%, RSOX (these are trade names, manufactured by TOAGOSEI
CO., LTD.}, and “ETERNACOLL” OXBP, “ETERNACOLL” OXTP (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.
100833

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 polvsiloxane. When the
additive amount of the heat crosslinking agent is smaller than

0.1% by welght, crosslinking of polysiioczane is inacequate and

an effect of the heat crosslinking agent is small. On the cther

50



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 bisimH de oligomer (x) . The
results of evaluations are shown in Table 2. [0164] 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
changed to 10 parts by weight of the silicone polyimide precursor

nompound. o). Theire Ults of evaluations are-shown. in.Table 2. [0165] -

Comparative Example 4 A composition 11 was prepared in the same

i dnannerasin Example.L exeent that 2-pans by weight of the imidesilane. +
compound (vi) was changed to 1 part by weight of beta-(3,4-epoxvcycloh
oyhethylrimethaxysrane (manufactured by-shigrkisuGhemicaliGo.y Lid. ,the

trade name: KBm-303). The results of evaluations are shown in Table 2.
cJore6)iComparativie: Exampte 2«649 (30 parts by weight) of the quinone
diazide compound and 0.88 g (10 parts by weight) of EPICOAT 828
(mantfactired-by Japan Egoxy Resins<C ootk wetedissbIVEtkin-5. 94 t
~of EDM under a yellow lamp To this solution, 20.52g (corresponding to
L0Rparts b veightof &R AEAAIE rasi) of the asi/lie rasinasclitior bxii) Lon
. and 0.0015 g (corresponding to a concentration of 50 ppm with respect to
S total Ehount o the Tombosition) Bf BYK 33 iflatufatiuéd By Byregent
Japan KK) were added and stirred. Then, the resultingwas filtered with a
239 45 pm iter

[0og4]

Amethodof forming a cured filmby uss of the photosensitive
silexane compositionof the present inventionwill be described.
The photosensitive siloxane compositionof theprasent invention
is applied onto a base subsgtrate by a publicly known method such
as a spinner, dipping, aslitorthe like andprebakedby a heating
aﬁparatus such as a hot plate, an oven or the like. The prebake
is preferably carried out at a temperature of 50 to 150°C for

30 seconds Lo 30 minutes to forma £ilm thickness of 0.1 to 15

um after the prebake.

J1

[ooesn]

L.

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

a stepper, anirror proiection mask aligner (MPA) or a parallel



to obtain a composition. The obtained composition is taken as a
composition 12. [0167] Comparative Example 6 0.965g (10 arts by
weight) of the quinone dia de compound (iv) was dissolved in 6.56 g of
HPE under a yellow lamp. To this solution, 22.44 g (corresponding to 10
parts by weight of a novolac resin portion) of the novolac resin solution
(xiif) and 0.0015 g (corresponding to a concentration of 50 ppm with
respect to a total amount of the composition) of BYK- 3 (manufactured by
1:BYK japan KK):wete added and stized~Thenensitive siloxane
theresultingmixturewasfltered th a 0 . 4 5 .Lni filter to ob a composition.
coli Obtained-,coMposition s taken-as a composition:-13: {0k68knsitivity
Comparative Example 7 2.64 g (30 parts by eight) of the quinone diazide
wrcompaynd 00),:@.88q (10pai’s by weighthof ERICOATE 8282. When the
(manufactured by Japan Epoxy Resins Co., Ltd.) and 0.476 g (2 parts by
saveight on tthe: solideententequivdlehtbasis) ofrthdiiptidosilane eoripotnae
(vi) were dissolved in 5.94 g of ELM under a yellow lamp. To this solution,
d120:52 goEorrespondinesteclG pafs bytwelght oF ab HeRyiicresin) ofthe to
acrylic resin solution and 0.0015 g (corresponding to a concentration
1 o BORSISITT With FeSipdet §6' £ totaPaRB IRt B te COtRpGSitioh) of BV 1o the
(manufactured by BYK Japan KK) were added and stirred, Then, the
T 38 4GB FRXGRE WHSTIRSra Wi tHED - 45 filte ribobtaind: e6mpositich e ™
_ obtained composition is taken as a compositin 14, [0169] Comparative
“ExXample 8 0.965g (10 parts by weight ) of the qu one diazide
. 85rbaound (iv) and 0.476 g (2 parts by weight on the solid content
“‘equivalent basis ) of the imidosilane compound (vii) were dissolved in 6.58
g of HRE under MQJL;%'%ppgeét;i&&%%ﬂ%@@s%& (corresponding;to
100 parts by weight of a novolac resin portion) of the novolac resin
aselutignand 0.0015 g {carsespENdingio-a concentrationsef-50.ppm with1 : cq
respect to a total amount of the composition) of BYK-333 (manufactured
oBY BYEJapanKK)awere pddediand-stired o Thenathe resuting mixtureting
was filtered with a 0.45 tril filter to obtain a composition. The obtained
spemposition isitaken as arcompositioasts. {0&#mpesition is pre-baked

at 115°C for 2 minutes with a hot plate to prepare & film having
a film thickness of 4 um. The prepared film 1s exposed Lo an
ultra high pressure mercury lamp through a gray scale mask for
sensitivity measurement with the PLA (PLA-501F manufacturea by
Cancon Inc.). The exposed film is developedby paddling of 2.38%
by weight agueous solution of tetramethylammonium hydroxide for
anarbitrarytimewithanautomaticdevelopingapparatus (AD-2000

manufacturad by Takizawa Sangyo Co., Ltd.), and then rinsed with

)

water for 30 seconds. In the formed pattern, the exposure amount
at which a 10 um line and space pattern is resolved at a width

ratio of 1: 1 is identified as the sensitivity.

o1
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Comparative Example 9 A TFT device was prepared in the same
manner as in Example 8 except for sing a photosensitive siloxane
composition of the composition 8, but there were cracks in a cured film of
the device 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
- #he-gdevice and a deiect-free good device could not be prepared. [0172]
Comparative Example 11 TFT device was prepared in the same
manner-as inExample.§ exceptfor using.a photosensitive. acnlig: < <c1vea
composition of the composition 12, but a. defect-free good device could
oynatbe-prepated, for example, these were-problems with-an-adhesiyeness,
a plananizationprope, and transparency and there were cracks in a cured
dditmlofthegdenvdee 0173k Comparative Exampte 12mer A TELdec-pavas;
prepared in the same manner as in Example 8 except for using a
sughotosensitive nevelacwemposificreof-thescompasition:1ssbut @ 2 method
defect-free good device could not be prepared, for example, there were
S15FBbRINS WitkEd planarizatioh property addtiarsparkacy andithers. weee
cracks in a cured film of the device. [0174] Comparative Example 13
PUREORIpOSHIGN 2 P ad prepared il fiesamesmannerastineempdrative £ 1c
Example 7 except that 2 parts by weight of the imidosilane compound (vi)
‘?}iﬁé{?tgﬁnﬁéotfb@fpﬂff'siﬂﬁv&ﬁﬁ%%%riﬁ1i68§ii‘éﬁéec6ﬁ‘rﬁ‘6i}ﬁ'a AR} FRES

~Jesults of evaluations are shown in T%ble 2. J[:Olﬁ75] gomgarative Example

fh Ining one or more kKinds ol Inorganic alkalis such as
hydroxide, carbonate, phosphate, silicate and borate of alkali
metals, amines such as Z-diethylaminoethancl,
monoethanolamine, diethanolamine and the like, and gquaternary
ammonium salts such as tetramethylammonium hydroxide, choline
and the like,

After development, the film is preferably rinsed with
water, and subsequently, it canalsobe dry~baked ina temperature
range of 50 to 150°C.

Therezfter, st ispreferabletoperformbleaching exposure.
By performing bleaching exposure, an unreacted gquinons diazide

compound remaining in the film is photo-decomposed to further

-y

improve the optical transparency of the film. As forableaching
exposure method, the entire surface of the developed film is

exposed at about 100 to about 40G0C J/m” {on the exposure amount

at wavelength 365 nm equivalent basis) with an ultraviclet and

ol



A composition 22 was prepared in the same manner as in Comparative
Example 8 except that 2 parts by weight of the imidosiane compound (vii)
was changed to 0.5 parts by weight of the imidosilanecompoun (vii-2). The
results of evaluations are shown in Table 2. [0176] Comparative Example
15 A composition 23 was prepared in the same manner as in
Comparative Example 7 except that 2 parts by weight of the imidosilane
compound (vi) was ohanged to 2 parts by weight of the imidosilane

+169mpound (yi-3). The.results of evaluations atg shown in Table 2. [0177]
Comparative Example 16 A composition 24 was prepared in the same
managr. as ir Comparative Example 8-except2, partsbyaveightaftheature
imidosilane compound (vii) was changed to 5 parts by weight of the

o dmiglesilane=compeynd:ivii:3) 1Theuesulis of evatuations areshewndnsuch
Table 2. [0178] Comparative Example 17 TET device was prepared

a dnethessapiesmanner assnExample 8 exeept forausing aophotosensitivea oLy
novoiac composition of the composition 22, but a defect-free good device

1 icautd st begprepared, for examp e tbe.re were problems wi h an
adhesiveness, a planarization property and transparency and there were

[ {dra€ks in a cured film of the device. [0179] Comparative Example 18
A TFT device was prepared in the same manger as in Example 8 except
for uding & pRb&PSRRERVE Serylic-ESMPBsItioHSt T torhp it%‘n“zgfﬁu’t(’ah”

_ defect-free good device could not be prepared, for example, there were

L5t 8Blerd Wittt a GiafafizGH6R %rbE)%F%y“‘ﬁn%t?a%sj'ﬁérlrér%cilmgnéén fh%etrg were

a Cfr?(]flrés %r;x ?ccigggg st”rgfogthpemdf\s”c?% 40%38.”0;!\@_}?6?'% iI:a]a wavelength of 400

nm and more preferably 98% or more. If the light transmittance

of the cured film is lower than 95%, when the cured film is used
as a planarization £ilm for a TFT substrate of & liguid crystal

displaydevice,backlightchangesj11coloreﬂ:theiime:3fpassing
through the planarization film and takes on a vellow tinge in
white display.

(0082}

The transmittancepera filmthicknessof Jumatawavelength
of 400 nm is determinedby the following method. The composition
is applied onto a Tempax glass sheet by spin-coating at an
arbitrary rotating speed with a spin coater, ana the applied
compositionjﬁspre—bakedat,llSOCifoxZiminutesvdiﬁzakmﬁ;plate.
Thereafter, as bleaching exposure, the entire surface of the
film is exposed to an vltra high pressure mercury lamp at c0006

;

J/m% {on the exposure amount at wavelength 365 nm egulvalent



LnsflorF 1 RS (parts by weiOEt) Pdyslim, solution (E) 100 (81Poiyaxam
Siu particles Etied Y polysileEgN (moh g Si at) Ra prticks (Scf Si atom) Ib
JQUErm diES tnioJrld EJ E ;Ed 8 '0 01)) IcISolEot

jog

asis) with the PLA, and the film is thermally cured at 250°C
for 1 hour in the air with an oven to prepare a cured £ilm. The
ultraviclet andvisible absorption spectra of the obtained cured
filmare measured with Multil Spec~i500 manufactured by SHIMADZU

CORP. to determine a transmittance per a film thickness of 3

pum at a wavelength of 400 nm.

This cured fiim is suitably used for a planarization film

By

or a TET in a display device, an interlaver insulation f£ilm
in a semiconductor device or a core or cladmaterial in a light
wavegulde.

Exramples 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
a cured film having high resclution, high hardness, high
transpa cy and high heat resistance of the present invention
described above, particularly, a liguld 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
£ilm for a TFT, are superiocr in brightness of a screen and

reliability.

A
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Hereinafter, the present invention will be described by
way of examples, but the aspects of the present invention are
not limited to these examples. Further, compounds, for which
an abbraviation is used, of the compounds used in Lxamples are
shown below.

(o032}

DAA: Diacetone alcocheol

EDM: Diethvlene glycol ethyl methyl ether

HPE: Z-hydroxvpropionic acid ethyl

GRL: gamma-butyrolactons

SiDA: 1,3~bis(3-aminopropyl)tetramethyidisiloxans

Synthesis Example 1 Synthesis of polysiloxzane solution (1)
Tnto a 500 ml three—-necked flask, 74.91 g (.65 mole) of
methyltrimethoxvsilane, 69.41 g {(0.35 mole) of
phenyltrimethoxysilane and 150.36 g of diacetone alcohol [(DAA)
are charged, and to the resulting mixture, an agueous phosphoric
acid solution having 0.338 g (0.2% by weight with respect to
the weight of charged monomers) of phesphoric acid dissolved
in 35.8 g of water was added over 10 minutes while stirring the
mixture at rocmtemperature. Thersafter, the flaskwas immersed
in an oil bath of 70°C, the resulting mixture was stirred for

1 hour, and then the ¢il bath was heated up te 115°C over 30

minutes. A temperature of the sclution reached 100°C after a
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lapse of one hour from the start of heating and the sclution
was heated and stirred for further 2 hours {(the temperature of
the soluticn was 100 to 110°C in the meantime). During the
regction, 115 g in total of methanol and water as by-products
were distillied out. Tc the resulting DAA solution of
polysiloxane, DAR was added sco as to achieve a polymer

1

concentration of £3% by weight to obtain apolysiloxane solution
{i). The cbtainedpolymer hada weight average molecular weight
(Mw) of €000 and a phenyl group content of 35% with respect to
the amount of 51 atoms. The welght average molecular weight
of the polymer was measured on the polystyrene eguivalent basis
by GPC {(gel permeatlion chromatography) {eluent:
tetrahydrofuran, flow rate: 0.4 ml/min). The content of the
phenyl group was determined by measuring a *Si~nuclear magnetic
resonance spectrum of polysiloxane and calculating a ratio of
the peak area of S1 having a phenyl group bonded to the peak
area ¢f 81 having no phenvl group bonded.
[0054]
Synthesis Example 2 Synthesis of polysiloxane sclution (ii)
Into a 50C ml three-necked flaslk, 63.28 g (0.55 mole) of
methylirimethoxysilanse, 69.41 g {0.35 mole) of
phenyltrimethozysilang, 24.64 ¢ (0.1 mcle) of
2-{3,d-epoxycyclchexyl)ethyltrinethoxysilane and 150,36 g of

DRA are charged, and to the resulting mixture, an agusous
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shosphoric acid solution having 0.338 g (0.2% by welght with
respect to the weight of charged monomers) of phosphoric acid
dissolved in 55.8 g of water was added over 10 minutes while
stirringthemixiure at roomtemperature. Thereafter, the flask
was immersed in an oil bath of 70°C, the resulting mixture was
stirred for 1 hour, and then the oil bath was heated up to 115°C
over 30 minutes. A temperature of the solutlion reached i00°C
afteralapseofonehourfromthestartofheatingandthesoiution
was heated and stirred for further 2 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 py-products
were distilled out. To the resulting DAA solution of
polysiloxane, DAA was added so as to achieve a polymer
concentrationcxﬁ43%layweightijobtaineapolysiloxanesolution
{(11). Theobtainedpolymerhadaweightavexagemolecularweight
(Mw) of 5000 and a phenyl group content cf 35% with respsaclt to
the amount of i atoms.

[0095]

Synthesis Example 3 Synthesis of polyeiloxane solution {(iil)

Trte a 500 ml three-necked flask, 23.84 g (0.175 mole}

2-(3, 4-epoxycyclohexyl) trimethoxysilane, 62.58 g (27.5 moles

innumberofatomsofsilane}onuartronPLmzL—DAA(ﬂ@nufactuxe
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by FUSO CHEMICAL CO., LTD.: solid content 26.4% by welght) whi ich
is a dispersion of silica particle in an DAA solvent and 209,47
g of DAA are charged, and to the resulting mixture, an agueous
vhosphoric acid solution having 0.181 g of phosphoric acid
dissolved in 40.05 ¢ of water was added over 30 minutes while
stirring themixture at roomtemperature. Thereafter, the flask
was immersed in an cil 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 solution reached
100°C 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 110°C in the meantime].
During the reaction, 8% g in tetal of methanol and water as
by-products were distilled out. To the resulting DAA solution
of polysiloxane, DAE was added so as to achisve a polymer
concentration of 43% by welght to obtainapolysi ane solution
(1ii). The obtained polymer had a weight average molecular
weight (Mw) of 5500 and & phenyl group content of 50 mol % with
respect to the amount of 31 atoms.
00963
Synthesis Example 4 Synthesis of guinone diazide compound {1v)
Tn a dry nitrogen stream, 21.23 g {0.05 mole) of TrisP-PA
(trade name, manufactured by Honshu Chemical Industry Co., Ltd.

and 37.62 g (0.14 mole) of S-naphthoguinconediazidesulfonylic



4 Pclys'id; Oh4 L-21.-04 27. 5 34/GBLPO0/30) | 200 (V) 9 BHPTIBYO-123
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acid chloride were dissolved into 430 g of 1,4-dioxane, and the
golution was kept at room temperature. To the solution, 15.58
g (0.154 mele) of triethylamine mixed with 50 g of 1,4-dioxane
was added dropwise while keeping an internal temperature oI a
system at Léwez than 35°C. After the completion of dropwise
addition,theresultingnﬂxturewasstirf@jatBOOCforﬁZhours.
Triethylamine salt was separated by filtration and filtrate was
charged into water. Thereafter, the formed precipltate was
collected by filtration. This precipitate was dried with a
vacuum drier to obtain a guinone diazide compound (iv) heving
he following structure, whose esterification rate was 893%.
100271

[Formulas 14]

CHy CHg
= CH =
3 O u
oQ
2.8 6.2

winone Diazide Compound (iv)

0cog]

—=

Synthesis Example > Synthesis of quinecne dlazide compound v

In adry nitrogen stream, 15.32 g (0.0% mole) of TrisP-HPA

=

(tradenam@,manufactur@dbyﬁonshuCh@mica¢InduszryCo.,Ltdg
and 30.9 g (0.11% mole) of S-naphthoguinonediazidesulfonylic

acid chioride were dissolved into 450 ¢ of 1,4-dicoxane, and the

60
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sclution was kept at room temperature. To the sclution, 13.03

g (0.127 mole) of triethylamine mixed with 50 g of 1, 4-dioxane

was added dropwise while keeping an internal temperature of a

6]

system at lower than 35°C. After the completion cof dropwise
addition, the resultingmixture was stirred at 30°C for 2 hours.

Triethylamine salt was separatedby filtration and filtrate wa

e

charged into water. Thereafter, the formed precipitate was
coliected by filtration. This precipitate was dried with a
vacuum drier te obtain a quinone diazide compound {(v) having
the following structure, whose esterification rate was 93%.

(00983

[Formula 15]

9

o0

2.3 07
Quincne Dlazide Compound (v}

F01007

Synthesis Example & Synthesis of imidosilane compound (vi)
32.84 g (160 mmol) of isocyanatepropyltrimethoxvsilane

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

and dissolved. To this, 17.93 ¢ (80 mmol) of hydrogenated

pyromellitic dianhydride was added, and the resulting mixture

was stirred at room temperature for a whiles and stirred at 140°2
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for further 2 hours. The resulting solution was diluted with
GBI so as toachieve a solidmatter concentration of 20% toobtain
a solution of an imideosilane compound {(vi} represented by the
following structure.

0101

TFormula 16}

?CHB EL\/,\ I ?cms
Hsc:o——w?i_CaHE_N /&\/L{N*CaHa%SjMOCHE
g |
OCH;4 g o OCHa
{01027

Synthesis Example 7 Synthesis of imidosilane compound {(vii)
34,469 {160mmol) of isocvanatepropylidiethylethoxysilane
was added to 40 g of GBL and the resulting mixture was stirred

-

and dissclved. Tothis, 24.82¢ (BOmmol) of 4,4 -oxydiphthalic

n

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 obtain a soluticn
of an imidesilane compound (vii} represented by the following
structure.

[01G3]

[Formula 17]
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Synthesis Example 8 Synthesis of imidosilane compound {viii)
25.17 g (160 mmol) of isocyanatepropyltrimethylsilane was
added to 40 g of GBL and the resulting mixture was stirred and
dissolved. To this, 15.6% g (80 mmol) of
1,2,3,4~cyclobutanetracarboxylic dianhydride was added, and
the resulting mixture was stirredat roomtemperature for awhile
and stirredat L60°C for furthar 2 hours., Theresulting solution
was dilutedwith GBL soas toachieve a solidmatter concentration

of 20% to obtain a soluticon of an imidesilane compound (viiil)

i

represented by the following structure
(0105]

[Formula 18]

G H3 i i CH 3

; JE—{
HSC———?P~~C3HG——4Q i NTCsHe—-8i—CHy

CHy 6 ‘\g CHg

[0106]

Synthesis Example 2 Synthesis of imidosilane compound (ix)
19.7% g (80 mmol) of lsocyanatepropyliriethoxysilane and

16.42¢ (80mmol) of isocyanatepropylirimethoxysilane were added

t0 40 gof GRLand the resultingrixture was stirredanddissolved.
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To this, 24.02 g (80 mmol} of RIKACZID BT-100 (trade name,
manufactured by New Japan Chemical Co., Ltd.) was added, and
the resultingmixture was stirred at room temperature for awhile
and stirredat 160°C for further 2 hours. Theresultingsolution
was dilutaedwith GBL soas toachieve a solidmatter concentration
of 20% to cobtain a solution of an imidosilans compound (ix)
represented by the following structure,

[0207]

[Formula 19}

?02H5 OCH;
CyHsO-—8i—C3Hg~N N—C3Hg—Si—OCH;
j
CoHs OCH;

i0108]
Synthesis Example 10 Synthesis of arcmatic bisimide cligomer
{#)

Tnte a container equipped with a stirrver, a reflux cooler

and a nitrogen inlet tube, 32.58 g (220 mmol} o©

[

phthal

ity

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 ¢ of NMP was added dropwise, and the resulting mixture was
stirred for 2 hours in an atmosphere of nitregen. Thersalter,

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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stirring and reacted at 70°C for 4 hours. After the completion

@]
]
ot
s
Hy
=
om
ju3]
9]

rion, a reactant was cooled to room temperature and
charged into about 2000 ml of water to obtain 43.24 g of bisimide
powder. Infraredabsorptionspectraofthebisimidepowderwere
measured to ldentify characteristic absorption of an imido ring
at 1720 cm™ and 1780 cm™'. The obtained bisimide powder was
dissolved in GBL so as to achieve a solid matter concentration
of 20% to obtain a solution of an aromatic bisimide cligomer
{#) represenited by the following structure.

[c1Loe]

[Formula 20]

Synthesis Example 11 Synthesis of silicone polyimide precurscr
compound  (xi)

35.42 g (160 mmol) of aminopropyltriethoxysilane was added
to 40 gof GBL and the resultingmixture was stirredanddissolved.
To this, 24.82 g (80 mmol) of 4,4'-oxydiphthalic dianhydride

was added, and the resulting mixture was stirred at room

3

temperature for a while and stirred at 40°C for further 2 hours.

The resulting solution was diluted with GBL so as to achisgve
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& solid matter concentration of 20% to obtain a solutlion of &
silicomé polyimide precursor compound (xi) represented by the
following structure.

(01111

[Formula 21]

OCgHﬁ e O {-PCZHﬁ

) | | :
CZHSC}—SlE—C3H5WNH—LMH/‘“\\(‘Q\T/“\ e NH—CgHe— 8 — 00,
OC,H5 Ho~ﬁ-)\/ T OH OC2Hs5
o o

(01123
Synthesis Example 12 Synthesis of acrylic resin sclution (®iZi)
5 g of 2,2 -azobis (2, 4~dimethylvaleronitrile) and 200 g
of diethylene giycol ethyl methyl ether (EDM) were charged into
a 500 ml three-nacked flask. Subseguently, 25 g of styrene,
20 g of methacryiic acid, 45 g of glycidyl methacrylate and 10
g of tricyclo[S.Q.l.Ozg]decane~8*yl methacrylats were added,
theresultingmixturewasstirredatroomtemperatureforawhile,

and the atmosphere in the £

I“‘“‘
¢t

ask was replaced with nitrogen.
Thersafter, the flask was immersed in an oll bath of 70°C and
the mixture was heated and stirred for 5 hours. Tothe resulting

EDM solution of acrylic

4

‘esin, EDM was further added sc as Lo
achieve a polymer concentration of 43% by weight to obtain an
acrylic resin scluticn (xii). The weight average molecular
welght {Mw) of the obtained polymer was 15C00.

[CL13]
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SynthesisExample 13 Synthesisofnovolacresinsolution {xili)
Tc a 2 Liter separable flask equipped with a cooling tube
and a stirrer, 172.8 ¢ (1.6 nole) of m~cresol, 36.6 g (0.3 mole}
k&£2,3~dimethylphenol,12,2g;(G.1molaﬁ of 3, 4-dimethyiphencl,
12.6 g of a 37% by welght agueocus 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 resultingmixture was stirred for 30 minutesandleft standing
for one hour to be separated into two layers. An upper layer
of two layers was remcved by decantation. Z2Z-hydroxypropionic
acidethyl (HPE} was added £o a lowsr laver, and remainingmethyl
isobutyl ketone and water were removed by vacuum concentration
to obtain a HPE solution of a novelac resin. HPE was added to
the HPE solutlon of & novolac resin obtained so as to achiegve
a polymer concentration of 43% by weight to cbtain a HPE solution
cf a novelac resin {=xiii).
[0114)
Further, structures of ths compounds used in Examples or
the like are shown below.
[01151

{Formula Z22]
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[011le]
Synthesis Example 14 Synthesis of imidosilane compound {(vi-2)
32.84 g (160 mmol) of isoccyanatepropyltrimethozysilane
was added to 40 g of GBL and the resulting mixture was stirred

and dissolved., Tothis, 23.70g (160mmol) of phthalicanhydride

was added, and the resulting mixture was stirred at room

th

temperature for a while and stirredat 140°C for further 2 hours.
The resulting solution was diluted with GBL s0 as to achleve
a sclid matter concentration of 20% Lo obtalin a solution of an
imidosilane compound (vi-2) represented by the following

structure,

0
| ?CHs
s A i
@% N-—C3Hg— Si—OCH;
A l
A OCHg
0118]
Synthesis Example 15 Synthesis of imidosilane compound (vii-2}

34,46 ¢ (160 mmol) of isocyanatepropyldiethylethoxysilane
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was added to 40 g of GBL and the resulting mixture was stirred
anddissclved. Tothis, 18.26¢ (160mmel) of glutaricanhydride
was added, and the resulting mirture was stirred at room
temperature for a while and stirredat 60°C for further 2 hours.
The mixture was stirred at 140°C for 2 hours. The resulting
sclutilon was diluted with GBL so as to achleve a solid matter
concentration of 20% to obtain a solution of an imidosilane
compound {vii-2} represented by the followlng structure.
[0118)

[Formula 24)

O
?2“5

NwC3H6——5;iwCQH5
& OC,Hy

Synthesis Example 16 Synthesis c¢f imidosilane compound
{viidi~2}

35.42 g (160 mmol) of aminoprepyltriethoxysilane and 16.01
g (160mmol) of succinicanhydride were addedto 400 gof diacetone
alcohel, and the resulting mixture was stirred at room
temperature for a while and stirredat 60°C for further 2 hours,
Thersafter, the mixture was heated up to 160°C and reacted for
& hours while distilling discetone alcchol and water

azeotropically.

=

G121}

(&33]
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The resulting sclution was diluted with diacetone alcohol
30 as to achieve a solid matter concentration of 20% to cbtain
a soluticn ¢f an lmidosilane compound {(viii-2) represented by

the following structure.

o
OCoHs
LT(N——caHamsli;—ochs
5 OC,Hs
[0123]

Synthesis Example 17  Synthesis of imidosilans compound (vi-3}
41.97 g (160 mmol) cof 3-trimethoxysilylpropylsuccini
anhydride and 11.70 g (160 mmol) of tert-butviamine were added

ycol monomethyl ether, and the resulting

Tco 400 g of propylene ¢
mizxture was stirred at room temperature for a while and stirred
at 6C0°C for further 2 hours. Thereafter, the mixture was heated
up to 140°C and reacted for € heours while disiilling propyiens
glycol monomethyl ether and water azeotropically.
[0124]

The resulting solution was diluted with diacetone alcohol
so &5 to achieve a solld matter concentration of 20% to obtain
a solution of an indidesilane compound {(vi-3) represented by the

following structure.

[C125]
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[Formula 26)

OCH;
))j—caHs‘“S!—"OCH3

| OCH,
o

[Clz2¢6]

Synthesis Example 18 Synthesis of imidosilane compound (vii-3)
23.71 g (80 mmol) of 2-trimethoxysilylethyliphthalic

anhydride and 4.8% ¢ (80 mmol) of monosthanolamine were added

to 400 g of diacetone alcohol, and the resuiting mixture was

stirred at room temperature foxr 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 diacetone

aicchol and water azeotropically.

[0

[

273

The resulting solution was di ed with diacetone alcohol
50 as to achieve & solid matter concentration of 20% to obtain
& solution ¢f an imidosilane compound (vii-3) represented by
the following structure.
[0128]
[Formula 27)

OCH;

i |
Wczmw—sl —OCHs
a |

Ho—! i OCH;4
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Svnthesis Exampie 19 Synthesis of imidosilane compound
(viii=3)

20.99 g (80 mmol) of 3-trimethoxysilylpropylsuccinic
anhydride and 7.45 g (80 mmol) of aniline were added to 400 g
of propylene glycol monomethyl ether, and the resultingmixture
was stirred at room temperature for a while and stirred at 60°C
for further 2 hours. Thersafter, the mixture was heated up to
160°C and reacted for 6 hours while distilling propylene glycol
monomethyl ether and water azeotropically.

T0130)

The resulting solution was diluted with diacetone alcohol
s0 as to achieve & solid matter concentration of Z0% to obtain
a solution of an imidosilane compound (viii-3} represented by
the following structure.

[0131]

Formula 28]

s

0 OCH;
72\ /{L‘T“"‘“CaHa“*SIiWOCHS
‘:;// WN\’/}

Q
(01323

Example 1
0.333 ¢ M%parts%xyweight) of the guincne diazide compound

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

benzyl-4~hydroxyphenylimethylsulfonium

. |
o
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trifluocromethanesulifonate (manufactured by SANSHIN CHEMICAL
INDUSTRY CC., LID.), and 0.085 g (2 parts by welght) of "NIKALAC
MX-270 {trade name, manufactured by SANWA CHEMICAL CO., LTD.)
weredissolvedinC.403gef DRRand 2,498 g of gamma-butvrelactone
(GRL) under a vellow lamp so that a welght ratic of DAA to GEBL
in the whole composition s 70/30, and to this, 0.476 g (2 parts
by welght on the sclid content egquivalent basis) of the
imideosilane compound {vi), 11.08 ¢ (corresponding te 100 parts
by weight of pelysiloxane} of the polysiloxane seclution (i},
and 9.008 ¢ (ceorresponding to a concentration of 50 ppm with
respect to a total amcunt of the composition) of BYK-333
(manufactured by BYK Japan KK) which is a silicone-based
surfactant were added and stirred under a vellow lamp. Then,
the resultingmixturewas filteredwitha 0. 45 umfilter toobtain
a photesensitive siloxane composition. The obtained
composition 1s taken as a composition 1,

[0133]

The prepared composition 1 was applied onto a Tempax glass
sheet (manufactured by Asahi Techno Glass Corp.) and a silicon
wafer at an arbitrary rotating speed with a spin coater (1H-3608
manufactured by MIKASA CO., LTD.), and it was pre~baked at 100°C
for Zminutes with ahot plate (SCW-626 manufactured by Dainippon

Screen Mig., Co., Ltd.}) to form a pre—-baked film having a £llm

]

thick of 4 pum. A g-bsam + h-beam + i-beam {(light having a
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wavelength of 350 to 450 nm) was lrradiated to the prepared
pre-baked film through a gray scale mask at 20 to 2000 J/m” in
a maximum i-beam exposure amount using a parallel light mask
aligner (hereinafter, referredto as PLA, PLA-50TF manufactured
by Canon Inc.). The gray scale mask is a mask through which
a2 substance below the mask can be collectively exposed at from

1% (20 J/m%) to 100% (2000 J/m) in incremental steps by

e

rradiating at 2000 J/m® from above the mask.

Thereafter, the expcsed film was developed by showering
of BiM~D (manufactured by MITSUBISHI GAS CHEMICAL CO., INC.),
which is a 2.38% by welght agueocus solution of
tetramethylammoniumhydroxide, for 80 secondsusinganautomatic
developing apparatus (AD-2000 manufactured by Takizawa Sangyo

d.}, and then rinsed with water for 30 seconds.

e

Co., L
Thereafter, as bleaching exposure, the entire surface oI the
film was exposed to an uvltra high pregsure mercury lamp at 6000
J/m® (on the exposure amount at wavelength 365 nm equivalent
basis) with PLA-501F (manufacturedby Cancn Inc.). Thereafter,
the film was soft-baked at 20°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

t

he aly with anoven (ITHPS-222
manufactured by Tabal Espec Corp.) toprepare a cured £ilm. The
obtained cured film 1s taken as a cured fllm with a pattern.

With respect to Examples 1 to 8, the compesitions are shown in
& '
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Table 1 and thes results of svaluations are shown in Table 2.
The evaluations in the table were performed according to the
following metheds. The following items (1Y, (2), (3), (4) (5}
and (8) were evaluated uzing the silicon wafer as the substrate,

and items (&) and (7} wereevaluatedusing the Tempax glass sheet.

{1} Measurement of f£ilm thicknsass
RamdalZ STM-60Z manufactured by Dainippon Screen Mig. Co.,

ilm and

Fh

Ltd. was used to measurse the thickness of a pre-baked
& cured film at a refractive index of 1.50.
[0135]
{2) Normalized remaining film thickness

The normalized remaining filmthickness is calculated from
the following eguation whnen the composition is applied onto a
gilicon wafer, pre-baked for 120 seconds on a hot plate of 100°C
and develcped, and a £ilm thickness after pre~-baking ie denoted
by (I} andafilmthickness ¢f non~exposed area after development
is denoted by (II).

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

After theexposure and the development, tLhe exposure amount

(hereinafter, referredtoas an cptimum exposure amount) at which

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



2201101 as EV3-133, 335,3m1 1 313-K? K03371 033,03i30 21 103
03311361;34 105

),_.!
)
.
03]
o
Q.
N
o)
et
!_.J -
Hh
l_l -
0]
o]
o
€]
t
ey
o
|95
@
3
{

sitivity.

]
Lo
i)
(M)
—

(4% Resocluticn
A minimum pattern size obtained after development at the
optimum exposure amount was taken as a resolution after

develcopment and a minimum pattern size after curin

was taken

as a resclution after curing.
(01387
(5) Shrinkage during curing

The Shrinkage during curing is calculated from the
following equation when the compositionisappliedontoasilicon
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 obtain a cured film, and z film thickness of
non-exposed area after develcpment is denoted by (I) and a film
thickness of non-exposed area after curing is denoted by (11).

Normalized remaining filmthickness {%) = {1-{II)/{I) =100
01397
{6) Measurement of light transmittance

First, the ultraviolet and visible abscrption spsactrum
of the Tempax glass sheet alone was measured as a reference with
MultisSpec-1500 {manufactured by Shimadzu Corp.). Next, each

pre-baked fiim formed on the Tempax glass sheet as described

Q
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above was developed by showering at 23°C for 60 seconds with
a 2.38% by welght aqueous solution of tetramethyiammonium and
light was irradiated to the pre-baked film at 6000 J/m® ¢n the

i-beam eguivalent basis with the PLA

—

PLA-501F manufactured by
Canon Inc.). The expeosed £ilm was scft-baked at 90°C for Z
minutes on a hot plate and further cursd at 220°C for 1 hour
inan oven to form a cured filmon a glass sheet. Tnis was taken

as sample, and the sample was measured with a single beam to

Qi

determning the light transmitiance per 3 um at & wavelength of
4C0 nm. The transmittance of the cured filmwascaiculated basec

on the measurement of the reference.

(7} Evaluation cf adhesiveness

The composition was applied onto the Tempax glass shesat,
pre-baked, exposad, andcured te forma thin £film. Adhesiveness
was measured according to JIS K 5400 8.5.2 (1990) Cross—-cut test
method. 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 reachsad & base of the glass sheel on the
surface ¢f the thin £ilm on the Tempax glass sheet with a cutter

-

to prepare 100 sgquares having a size of 1 Lmm. A cellophane

g
X
b

adhesive tape (width: 18 mm, adhesive force: 3.7 N/10 mm) was
stuck Lo the surface of the thin film inscribed, and this tape

was scrubbed with an eraser (passing JIS 5 &050) to make the
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tape cohere, and then the tape was peeled off momentarily by
manually pulliing at one end of the tape. The number of squares
remaining is then visually counted.

(031417

o

Selvent resistance
The cured film with a pattern formed on the silicon wafer
was immersed in a solution composed of moncethanolamine and
dimethylsulfoxide in proportions of 70 : 30 by weight at 80°C
for 10 minutes and rinsed with pure water for Sminutes and water
was removed by nitrogen gas blow. On four edge portioens (within
a2 I-pm radius of the apex of each corner) of a frimming 40 pm
square pattern, the presence or absence of the crack generated
pefore and after immersion was visually observed using Ramdah
STM~6C2 (manufaciursd by Dainippon Screen Mfg. Co., Ltd.), and
total number of cracks identified at four edge porticns was
employed as a measure of the sclvent resistance.
[0142]
Example 2
Acomposition 2 was preparedin the samemanner as in Examplie

1 except that the polysiloxane solution (ii) was used in place

of thepelysiloxane solution (1), l0partsbyweightof theguinone
diazide compound (iv) was used, the imidesilane compound (vii)

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

benzyl-d-hydrosxyphenylmethylsulfonium

78
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trifluoromethanesulfeonate and “NIKALACY MX-270 were not used.
The results of evaluations are shown in Table 2.
101437
Example 3

Acomposition 3was preparedinthe samemanner as in Exanple
1 except that the polysiloxane sclution (111}, which was formed
by copelymerizing the silica particle PL-2L-DAA by 27.5 mol %
in terms of a silicon atom, was used in place of the polysiloxane
solution (1), 4 parts by weight of the guinone diazide compound
(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-4é-hydroxvphenylmethylsulfonium
trifluoromethanesulionate and “NIKALAC” MX-270 were not used.
The results of evaluations are shown in Table 2.
[C144]
Example 4

Acomposition 4 was preparedinthe samemanner as in Example
1 except that the Quartron PL-2L-DAZ (manufactured by FUSC
CHEMICAL CC., LTD.: solid content 26.4% by weight), being a
dispersion of silica particle in an DARA solvent, was added to
the pelysiioxane sclution {i) so as to achlieve 27.5 mol % in
terms of a silicon atom, 8 parts by weight of the guinone diazide
compound (v; was used, 9 parts by welght of the imidosilane

compound {ix) was used in place of 2 parts by weicht of ths
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imidosilane compound (vi), and “NIKALACY M¥-270 was not used.
The results of evaluations are shown in Table 2.
[0145]
Example 5

Acomposition bwasprepared inthe samemanner as in bxample
2 except that the guincone diazide compound (v) was used in place
of the quinone diazide compound {(iv: and 2 parts by weight of
the imidosilane compound [(vii) was changedto 0.5parts by welight
of the imidesilane compound (vi). The results of evaluations

are shown in Table 2.

Example 6

Acompesition Ccwaspreparedinthe samemanner as in bExanple
1 except that an amcount of the imidosilane compound {vi) was
changad from 0.47€ g (2 parts by weight on the solid content
eguivalent basis) to Z2.850 g (12 parts by weight on the solid
caontentequivalent basis). Theresultsofevaluationsare shown
in Table Z.
0147
Example 7

Acomposition 7was prepared in the samemanner as in Examplie
1 except that an amount of the imidosiliane 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 welght on the sclid
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content egquivalentbasis). Theresultsofevaluationsare shown
in Table 2.
(01487
Example B

For forming a passivation film, a photosensitive siloxane
compeslition of the composition 1l was appliedonto a TFT substrate
havingasiliconnitride filmof 100nminthickness, andacontact
hole was formed on a portion which is opposed to a common wiring
cf a drain electrode and forms a retention volums by the
above-mentioned method of forming 2 cured film. A passivation
film was dry-edged using this cured film as a mask to exposs
the drain electrode. SBubseguentlv, on its surface, a film of
ITOtransparent electrode having a thickness of 130 nmwas formed
by a sputtering vapoer deposition method, and a photoresist was
appliedonto the ITC transparent electrode filmand aphotoresist
film was patterned by exposure/development based on a common
photolithographic method to eliminate an unnecessary pertion
of the ITO by wet-atching, and then the photoresist was immersad
in 2 scolution composed of moncethanclamine and
dimethylisulfoxide, being alkaline sclvent, in proportions of
70 ¢ 30 by welght at 80°C for 1€ minutes and rinsed with purs
water for 5 minutes and water was ramoved by nitrogen gas blow,
andthereby, anlITCplxelelectrodepatternedina shapeof stripes

with 100 um piltches was formed, and conseguently a good device,
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having a good adhesiveness between a cured film of the
photosensitive siloxane composition and a pagsivation £1lm/ITC
as well as an excellant planarization property and transparency
based on low shrinkage during curing, andnot generating cracks,
was obtained.
101497
Example S

A TFT device was prepared in the same manner as in Example
8 except for using a photesensitive siloxane composition of the
composition 2, and conseguently the good device, having a good
adhesiveness between a cured filmof the photosensitive szloxane
composition and a passivation £1im/ITC as well as an excellent
planarization property and transparency based on low shrinkage

during curing, and not generating cracks, was cbtained.

A TFT device was prepared in the same manner as in Example
B except for using a photosensitive siloxane composition of the
composition 3, and conseguently 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 obtained.
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Example 11
A TFT device was prepared in the same manner as in Example
8 except for using a photosensitive siloxane composition of the

tion 4, and conseguently the good device, having a good

fte

COmMpPOSs
adhesiveness between g cured filmcef the photeosensitive siloxans

compesition and a passivation £11lm/I7T0 as well as an excellent

l'{j
i

anarization property and transparency based on low shrinkage

o

during curing, and not generating cracks, was obtained.

A TFT device was prepared in the same manner as in Example
8 except for using a photosensitive siloxane composition of the
composition I, and consequenitly the good device, having a good
adhesiveness betwesn acured filmof the photosensitive silonane

composition and a pasgsivation £ilm/I70 as we as an excellent

|~

planarization property and transparency based on low shrinkage
during curing, and not generating cracks, was obtained.
[0153]
Example 13

B compesition 16 was prepared in ths same manner as in
Example Zexcept that Z2partsbvwelght of the imidosilane compounad
{vii) waschangedto bpartsbywelght of the imidosilane compound
{vii-2). The resulits of evaluations are shown in Table 2.

[015

FER:
Lo
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Example 14

A composition 17 was prepared in the same manner as in
Example 3 except that 8partsbyweight of the imidesilane compound
{viii) was changedto2partsbywelght of the imidosilane compound
(viii-2). The results of evaluations are shown in Table Z.
[0155]
Example 15

on 18 was prepared in the same manner as in

'.«Jﬁ

A composit
Example 1 except that 2partsbyweight of the imidosilane compound
{vi) was changed to 2 parts by weight of the imidosilane compound

oy

(vi-3}. The results of evaluations are shown in Table Z.

101561
Example 10

A composition 19 was prepared in the same manner as in
Example 2 except that Zpartsbywelght of the imidosilane compeunad

{(vii) was changed to 4 parts byweight of the imideosilane compound

{vii=3), The results of evaluations are shown in Table 2.

Example'17

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

Z.
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[0158]
Exampie 18

A TFT device was preparad in the same manner as in Exanple
8 except for using a photosensitive siloxane composition of the
composition 17, and consequently the good device, having a good
adhesiveness between a cured filmof the photosensitive sliloxane
composition and a passivation f1lm/ITC as well as an excellent
planarization property and transparency based on low shrinkage
during curing, and nol generating cracks, was obtalined.
[0159]
Fxample 19

A TET device was prepared in the same manner as in Example
8 except for using a photosensitive siloxane composition of the
composition 18, and consequently 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 gensrating cracks, was cbtained.
[0360]
Example 20

A TET device was prepared in the same manner as in Example
B except for using & photosensitive siloxane composition of the
compesition 1%, and conseguently the good device, having a good

adhesiveness betwesn a cured filmof the photosensitive siloxane
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composition and a passivation £iim/ITO as well as an excellent
planaﬁization property and transparency based on low shrinkage
during curing, and not generating cracks, was obtained.
[001el)
Example 21

L TFT device was prepared in the same manner as in Example

8 except for using a photosensitive siloxane composition of the
P

composition 20, and consequently the good device, having a good

edhesiveness between a cured filmo

Fh

the photosensitive siloxane
composition and & passivation £ilm/ITC as well as an excellent
planarization property and transparency based con low shrinkage
during curing, and not generating cracks, was cobtalined.
[01€2]
Comparative Examples 1

A composition 8 was preparedin the samemanner as in Example
2 except fornot using the imidosilane compound (vii). The results
of evaluations are shown in Table 2.
f01€3]
Comparative Example 2

L composition Ywas prepared in the samemanner 2s in Example

1 except that 2 parts by weight of the imidosilane compound (vi)

=

was changed to S parts bywelight of tche aromaticbisimide oligomer
(x). The results ¢©f evaluations are shown in Table 2.

{0164)]
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Comparative Example 3

A composition 10 was prepared in the sams manner as in
Example 1 except that 2partsbywelghtof the imidosilanes compound
{(vi) was changed to 10 parts by weight of the silicone polyimide
precursor compound (xi). The results of evaluaticns are shown
in Table Z.
[0165]
Comparative Example 4

A composition 11 was prepared in the same manner as in
Example lexcept that Zpartsbywelght of the imidosilane compound
(vi) was changsd to 1 part by weight of
beta- (3, 4-gpoxvoyclohexyl)ethyltrimethoxysilane
{manufactured by Shin-Eftsu Chemical Co., Ltd., trade name:
KBM—-303). The results of evaluations are shown in Table 2.
[01c6]
Comparative Example 5

Z.64 g (30 parts by weight) of the gquinone diazidse compound
(iv) and 0.88 g (10 parts by welght) of EPICOAT 828 (manufactured
by Japan Epoxy Easing Co., Ltd.} were dissclved in 5.%4 g of
EDMunderavellowlamp. Tothissclution, Z20.5Z¢g (corresponding
to 100 parts by welght of an acrylic resin) of the acrylic resin
gsolution (xii) and 0.0015% g (corresponding to a concentration
of 50 ppm with respect to a total amount of the compesition)

of BYK~-333 (manufactured by BYK Japaen K¥) were addad and stirred,
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to obtain & composition. The obtalned composition is taken as
a composition 12.
[0167]
Ceomparative Example 6

(.965¢g (10 partesbyweight) of the guinene diszide compound
(iv; was dissolved in 6.58 g of HFE under a vellow lamp. To
this solution, Z22.44 g {corresponding to 100 parts by weight
of a novolac resinportion) of the novolac resin solution (xiiil)
and 0.0015 g (corresponding to a concentration of 50 ppm with
respaect to a total amount cof the composition) oI BYK-333
{manufactured by BYK Japan KE) were added and stirred. Then,
the resultingmixturewas filteradwitha 0. 45 umfilter toohtain
a composition. The obitalned composition is taken as a
composition 13.
(0148}

Comparative Example 7

(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
onn the solid content eguivalent basis) of the imideosilane

compound (vi) were dissoclved in 5.%24 g of EDM under 2 vellow

lamp. To zhi on, 20,52 ¢ {(corresponding to 100 parts

[

solut

[£2}

by weight of an acrylic resin) of the acrylic resin solution
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(xii) and 0.0015 g {corrssponding toe 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. Then,
the resultingmixturewas filteredwitha 0.45um filter tocbtain

& composition. The obtained composition is taken as a

Comparative Example 8

0.8¢5¢g (10 parts by weight) of the guinone diazide compound
(iv)and{.476g (2 partsbyweight onthe solidcontent eguivalent
basis) of the imidosilane compound (vii) were dissolved in €.58
g of HPE under a yellow lamp. To this solution, 22.44 ¢
(corresponding to 100 parts by weight of anovolac resinportion)
of the novolac resin solution (xiii) and 0.0015 g (corresponding
to a concentration of B0 ppm with respect to a total amcunt of
the composition of BYK-333 (manufactured by BYK Japan KK) were
added and stirred. Then, the resulting mizture was filltered
with a 0.45 um filter to obtain a composition. The cbtained
composition is taken as a composition 15.
[0179]
Comparative Exemple 8

A TET device was prepared in the same manner as in Example
8 except for using & photosensitive siloxane composition of the

composgition 8, but there were cracks in a cured filmof the device
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and a defect-free good device could not be prepared.
[0171]
Comparative Example 10

A TEFT device was prepared in the same manner as in Example
8 except for using a photosensitive siloxane composition of the
compogition 9, but therewere cracks in acured filmof the device
and a defect~-free good device could not be prepared.
(01723
Comparative Example 11

A TFT device was prepared in the same manner as in Example
8 except for using a photosansitive acrylic composition of the
composition 12, but a defeci-free good device could nct be
prepared, for example, there were problems with an adhesiveness,
a planarization property and transparency and there were cracks

in a cured film of the device.

Comparative Example 12

A TFT device was prepared in the same manner as in Example
8 except for using a photcsensiftive noveolac composition of the
composition 15, but a defect-Ifree good device could not be
prepared, for example, there were problems with a planarization
property and transparency and there wave cracks in a cured £ilm
of the device.

101741
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Comparative Example 13

A composition Z1 was prepared in the same manner as in
Comparative Example 7 except that 2 parts by weight cf 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 Z.
(617517
Comparative Example 14

A compesition ZZ was prepared in the same manner as in
Comparative Example 8 sxcept 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.
[6176]
Comparative Example 15

A compositlon 23 was prepared in the same manner as in
Comparative Example 7 except that Z parts by welght of 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.
[0177]
Cemparative Example 16

A composition 24 was prepared in the same manner as in

Comparative Example 8 except that 2 parts by weight of the
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imidosilane compound {(vii) was changed to 5 parts by weight of
the imidosilans compound {vii-3). The results of evaluations
are shown in Table 2.
161787
Comparative Example 17

L TFT device was prepared in the same manner as in Example
8 except for using a photosensitive novolac composition of the
composition 22, but z defect-free good device could not be
prepared, for example, therewere problems with an acdhesiveness,
z planarization property and transparency and there were cracks
in a cured film of the device.
[0179]
Comparative Example 18

A TFT device was prepared in fhe same manner as in Example
8 except for using a photeosensitive acrylic compesition of the

composition 23, but a defect-free good device could not be

i’
s
5

epared, for example, there were problems with a planarization

roperty and transparency and there were cracks in a cured film

o
o

of the device.

101801

o]

[Table 1la]
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1040 1 100 O Industrial Applicability [0183]  The present invention can
be used as a material 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. CLAIMS 1A
chotosensitivesiloxanecoLposition containing (a) polysiloxane, (b) a
quinone diazide compound, (0) a solvent, and (d) one or more kinds of

r Jiidasilane compounds represented  R1
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Ri (3) (wherein F.'s may be the same or different and each represents an
alkyl group having 1 to 6 carbon atoms, an al koxy group having to 6
carbon atoms, aphenyigroup, a phenoxv group or an organic group
replaced with them, R2 and R4 represent each a divalent
organicgrouphavingltolocarbonatoms, R3 represents an organic group not
containing a silicon atom and having 2 to 20 carbon atoms (provided that
P3 represents an organic group other than a phenyl group in the general
f ofogmula (1) and represents an organic group, not containing an
unsaturated bond, other than an alicyclip in the general formula (2)), and
[TRpreprésents a hydrogen atom or an organic group not containing a

DAL O
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R10 R1A1N-R'-Si-R'(1) R1 0/KN R2 --SiR1 R1 7,1 Ra -N R3--R-,
Si-- Ny- 0 which ma.kes it possible to provide a cured film having low
shrinkage during curing and high transparency after thermal curing,
suppressing the occurrence of cracks after dipping in an alkaline solvent
and exhibiting excellent adhesiveness to a substrate, wherein Ris may be
the same or different and each represents an alkyl group having 1 to 6
carbon atoms, an alkoxy group having 1 to 6 carbon atoms, a phenyl

Ingrovipr a53heénaxyigrebplortah organic group replaced with them, R44 and
R4 represent each

(0183}

The present invention can be used as a material for forming
a planarization film for 2 thin film ftransistor {TFT) substrate
of a liguid crystal display device, an organic BEL display device

or the like, an interlaver insulation film of a semiconductorn

device, or a core or clad material of a light waveguide.
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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 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 al icyclic group in the
general formula (2) ) , and Re represents a hydrogen atom or an organic
group not containing a silicon atom and having 1 to 20 carbon atoms.

CLATIMS
1. A photosensitive siloxane composition containing (a)
polysiloxane, {(b) a guinone diazide compound, (¢) a solvent,
and {4} one or mere kinds of imidosilane compounds represented
by the general formulas (1) to (3):

fFormula 1]

oo g oF
i
RL—sti-—Rz-—N#RSiN——R“—Si-———W (1)
R O o ;i:v
O R
| {
7. N-R?*—8i—R' 2)
N ]
I 9
's) R
o) R

, 1 N
—RG

(wherein R's may be the same or different and each represents
an alkyl group having 1 to 6 carbon atons, an alkoxy group having
1 tao écarbon atons, a phenyl group, a phenoxy group or an erganic
group replaced with themn, R? and R® represent each a divalent
organicgrouphavingl toll carbonatoms, ®R® represents an ocrganic
group not containing a silicon atom and having 2 te 20 carbon

atoms (provided that R’ represents an organic group other than



aphenvlgroup inthe general formula (1) and representsancrganic
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 nct containing a silicon

atom and having 1 te 20 carbon atoms).

2. The photeosensitive siloxane composition according to
claim 1, wherein a total amount of (d) the compound represented

by the general formulas (1) te (3) is 0.1 to 10% by weight with

respect to pelysiloxane.

3. The photosensitive siloxane composition according to

claim 1 or 2, wherein {a) the polysiloxane 1s a copolymer and

contains silica partilcles chemically coupled with at least a

fa}

art of the polysiloxane.
& poLy

4, A cured film obtained by applving and patterning the

photosensitive siloxane composition according to any one of

ot

claims 1 to 3, wherein said cured filmhas a 1ight transmittance

per a £ilm thickness of 3 um at a wavelength of 400 nm 1s 95%

O more.

5. Adevice comprising the cured film according te claim

1A
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ABSTRACT
Tt is intended to provide a photosensitive siloxane
composition comprising {a) polysiloxane, (b) a quinone diazide

compound, (¢) a selvent and {d) one or more kinds of imidosilane

compounds represented by the general formulas (1) to (3):

R o O R
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shrinkage during curing and high transparency after thermal
curing, suppressing the occurrence of cracks after dipping in
an alkaline solvent and exhibiting excellent adhesliveness to
a substrate, whereiln R%amay be the same or different and sach
represents an alkyl group having 1 to & carkbon atoms, an alkoxy

group having 1 to 6 carbon atoms, a phenvl group, a phenoxy group

. 1 - L 2 4
or an organic group replaced with them, R® and R® represent sach
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adivalent organicgrouphavingltolDcarbonatoms, R® represents
an organic group not containing a silicon atom and having 2 to
20 carbon atoms (provided that R® represents an organic group
other thanaphenylgroupinthegeneral formula (1) andrepresents
an organic group not containing an unsaturated bond othey than
analicyclic 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.
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