SPECIFICATION TITLE OF INVENTION: POSITIVE PHOTOSENSITIVE RESIN COMPOSITION,
CURED FILM OBTAINED USING SAME, AND OPTICAL DEVICE TECHNICAL FIELD [0001] The
present invention relates to a positive photosensitive resin composition, a cured film obtained by using the
same, and an optical device. BACKGROUND ART [0002] In recent years, with the rapid development
of digital cameras and camera cell-phones, a smaller-sized, high-resolution solid state image sensor is
required. Since miniaturization of the solid state image sensor causes deterioration of sensitivity, light is
collected efficiently to prevent the deterioratiappt devicersensitivity by locating a collecting lens between
an optical sensor part and a color filter, or above the color filter, or by forming an optical waveguide
between an optical 'serSor PArtEid Y :cBloF TilteY EEpiples ot d e mon M etPidd s greparing the
collecting lens or the optical waveguide include a method in which an inorganic film formed by a CVD
process or the like is% %@ss%@gy W%Wﬁﬁg Gid'& miétfiod @N&pﬂ?%ﬁcg?egﬂ%%substrate and
processing the substrate. In the former method, it is difficult to attain a refractive index of 1.65 to 1.90
which is optimum for a lens or an optical waveguide, and therefore the latter method is currently attracting
attention. [0003}xcunHergtofore; for example, an alkali-soluble polymer such as polyamide acid, a
compound having a phenolic hydroxyl group, a positive photosensitive resin composition containing a
guinone diazidel 60mppbund and inorganic particles (e.g., Patent Document 1), and a silicone copolymer
having silsesquioxane having a phenol unit and a condensed polycyclic hydrocarbon radical (e.g., Patent
Document 2) have beeR!j5topbSedHoWeiRt  pREtoSeh3ftRe felirt cBRposiiths or polymers disclosed in
these document%have a problem that the transggr.enc is insuﬁici%{\tfdl e to %(gloring ofgoolyamide acid or

the phenolic hybroXyT §8ip. 100041 <5 AS Fiktarials Coktafing & Sildxane Sompotnd éxcellent in

transparency, a photosensitive, siloxang compgsition containing a polysiloxane, a quinone diazide

compound, a solvent and a thermally crosslinkable compound (e.g., Patent Document 3), and a high
refractive index material containing a siloxane compound having an aromatic hydrocarbon group (e.g.,
Patent Document 4) have been proposed, but in recent years, a material capable of forming a cured film
with a higher reéffagtinrCiidexsis fequired.

[0002]

In recent years, with the rapid development of digital
cameras and camera cell-phones, a smaller-sized,
high-resolution solid state image sensor is required. Since
miniaturization of the solid state image sensor causes
deterioration of sensitivity, light is collected efficiently
to prevent the deterioration of device sensitivity by locating
a collecting lens between an optical sensor part and a color
filter, or above the color filter, or by forming an optical
waveguide between an optical sensor part and a color filter.
Examples of a common method of preparing the collecting lens
or the optical waveguide include a method in which an inorganic
film formed by a CVD process or the like is processed by dry

etching and a method of applying a resin to a substrate and



[0005] As siloxane-based materials having a high refractive index, a siloxane-based resin
composition obtained by a method of hydrolyzing and condensing an alkoxysilane in the presence of
metal compound particles (e.g., Patent Document 5) has been disclosed. However, since such a resin
composition has insufficient sensitivity at the time of exposure and produces a minute residue of portion
remaining undissolved in development, the resolution is insufficient. PRIOR ART DOCUMENTS PATENT
DOCUMENTS [0006] Patent Document 1: JP2003-75997A Patent Document 2: JP2006-312717A Patent
Document 3: JR2006-29333 tAPatenidracument 4+ AP 200824 832A Rptent Doaument o1 ¢
JP2007-246877A SUMMARY OF THE INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION
[0007] It is an ebjeet of the presentinventidntoprovide atposditiVe piidtosensitivetrasimcomposition
having excellent sensitivity and resolution without deteriorating higch refractive index and high

transparency. MEANS FOR SOLVING THE PROBIEMEe. and therefore the latter

method is currently attracting attention.
[0003]

Heretofore, for example, an alkali-soluble polymer such
as polyamide acid, a compound having a phenolic hydroxyl group,
a positive photosensitive resin composition containing a
qgquinone diazide compound and inorganic particles (e.g., Patent
Document 1), and a silicone copolymer having silsesquioxane
having a phenol unit and a condensed polycyclic hydrocarbon
radical (e.g., Patent Document 2) have been proposed. However,
photosensitive resin compositions or polymers disclosed in
these documents have a problem that the transparency is
insufficient due to coloring of polyamide acid or the phenolic
hydroxyl group.

[0004]

As materials containing a siloxane compound excellent in
transparency, a photosensitive siloxane composition
containing a polysiloxane, a gquinone diazide compound, a
solvent and a thermally crosslinkable compound (e.g., Patent
Document 3), and a high refractive index material containing
a siloxane compound having an aromatic hydrocarbon group (e.g.,
Patent Document 4) have been proposed, but in recent years, a

material capable of forming a cured film with a higher



[0008] In order to solve the above-mentioned problems, the present invention has the following
constitution. That is, the present invention pertains to a positive photosensitive resin composition
containing (a) a polysiloxane synthesized by hydrolyzing and partially condensing an organosilane
represented by the following general formula (1) and an organosilane oligomer, (b) aluminum compound
particles, tin compound particles, titanium compound particles, zirconium compound particles, complex
particles of the compounds or complex particles of any of the compounds and a silicon compound, (c) a
naphthoquinonediazide:-campoune:and (dearsoivent, wherein the organosilane oligomer contains an
organosilane represented by the following general formula (2). The present invention also pertains to a
positive photosef$ifivé resin composition containing (a') a polysiloxane containing metal compound
particles synthesized by hydrolyzing and partially condensing an organosilane represented by the
following general formdl& () ahd i oRgHHUSiAREBiigohTer in'the%préstngd didlamiiumcompound
particles, tin compound particles, fitanium.comnound padidles, Zirconium compound pepticles, complex
particles of the compounds or complex partlclfes o?any of the compoundls and a silicon compound, (c) a
naphthoquinonediazide sepaund and-(h & selvegtwhereindhe;arganosilane-oligeries contains an
organosilane represented by the following general formula (2) . [0009] [Chem. 1] R+Si-(0R2 ) 4-n CO
[0010] In the aboxé generalformala ()] 81 fepreserits tyarogenyaaralky) gnagpdesaing 1 to 10
carbon atoms, an alkenyl group having 2 to 10 carbon atoms or an aryl group having 6 to 16 carbon
atoms. R2 reprédersHiritogehoafvakyl GgroufFhaVifl 1Pto 6 TarbGREROMST aftacyt §roup having 2 to 6
carbon atoms or an r%/lé)roup% having 6.t0.16 carboE atoms. n Eegresents anﬁiﬁg}{eﬁ‘lgrgf 0to 3. Whennis 2
S ma

or more, plural RIS fhay bé The same or différert™ WhRen 7§ 20r 880 pitial W be The same or

different. [0011 ] [(chem 21.QR 4+ R-30r3PHRA (2LM.0R3,[0017d 11 the Abgve general formula (2) , R3

to R6 each
development, the resolution is insufficient.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0006]
Patent Document 1: JP2003-75997A
Patent Document 2: JP2006-312717A
Patent Document 3: JP2006-293337A
Patent Document 4: JP2008-24832A

Patent Document 5: JpP2007-246877A

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0007]
It is an object of the present invention to provide a
positive photosensitive resin composition having excellent

sensitivity and resolution without deteriorating high



independently represent hydrogen, an alkyl group having 1 to 6 carbon atoms, an acyl group having 2 to
6 carbon atoms or an aryl group having 6 to 16 carbon atoms. m represents a numerical value of 2 to 8.
When m is 2 or more, plural R4s and R5s may each be the same or different. EFFECTS OF THE
INVENTION [0013] In accordance with the present invention, it is possible to provide a positive
photosensitive resin composition which has high sensitivity and high resolution and can achieve a cured
film with high refractive index and high transparency. MODES FOR CARRYING OUT THE INVENTION
[0014] A first@aspecticfdherprsttive phntogensitivesfeste composition of the present invention contains
(a) a polysiloxane synthesized by hydrolyzing and partially condensing an organosilane represented by
the following general formula (1) and an organosilane oligomer, (b) aluminum compound patrticles, tin
compound particles, titanium compound particles, zirconium compound particles, complex particles of the
compounds or %ﬁ%fﬁ&tﬁ?&vﬁqgng tﬁ@%ﬁ?ﬁﬁmds and a silicon compound, (c) a
naphthoquinon%%i%%e compound and (d) a solvent, wherein the organosilane oligomer contains an
organosilane represented by the general formula (2). Further, a second aspect of the positive
photosensitive resin compesitiar of the presentiavention ceRLaINg (ayd apelysiaxane gantaining metal
compound particles synthesized by hydrolyzing and partially condensing an organosilane represented by
the following gemerakformulas(i) amnd lmansorganosilane ioligomes in the: presencé of dlamirium compound
particles, tin compound particles, titanium compound particles, zirconium compound particles, complex
particles of the EdfpotindS BPREATPleRParficies SPapyrorthelctimporinesarid &isilfcéi® ed6mpound, (c) a
naphthoquinonediazide, com}gound and gqu) an?o&vent, wherein the organosilane oligomer contains an
SRS e BEAGTA Taiin ) TODAS) {ERGNT IS EEFRIRS I (1 (0018] - In

. CcCom
organosilane represente he genera

the above ge”%%f%g‘%%ﬁ@ -R4 represents hydrogen,..an alkyl group having, 1 do 10 carbon atoms, an

alkenyl group having 2 to 10 carbon atoms or an aryl group having 6 to 16 carbon atoms. R2 represents

hydrogen, an alkybgeaunhavingyl t0.6 Gasboswatamsyaneacyl groupdiaying 2 tereicarbon atoms or an aryl
group having 6 to 16 carbon atoms. n represents an integer of 0 to 3. When n is 2 or more, plural Ris may
be the same orcdiffenent. VWhen nlis@oetess( plural R2smraydventive sdnmeaot different. tin

compound particles, titanium compound particles, zirconium
compound particles, complex particles of the compounds or
complex particles of any of the compounds and a silicon compound,
(c) a naphthoquinonediazide compound and (d) a solvent, wherein
the organosilane oligomer contains an organosilane represented
by the following general formula (2). The present invention
also pertains to a positive photosensitive resin composition
containing (a') a polysiloxane containing metal compound
particles synthesized by hydrolyzing and partially condensing
an organosilane represented by the following general formula
(1) and an organosilane oligomer in the presence of aluminum
compound particles, tin compound particles, titanium compound
particles, zirconium compound particles, complex particles of

the compounds or complex particles of any of the compounds and



[0017] [Chem. 4] OR4 / R30tSi OHR6 (2) m OR5 [0018] In the above general formula (2), R3 to R6
each independently represent hydrogen, an alkyl group having 1 to 6 carbon atoms, an acyl group having
2 to 6 carbon atoms or an aryl group having 6 to 16 carbon atoms. m represents a numerical value of 2 to
8. When m is 2 or more, plural R4s and R5s may each be the same or different. [0019] First, (a) the
polysiloxane synthesized by hydrolyzing and partially condensing an organosilane represented by the
general formula (1) and an organosilane oligomer will be described. Herein, the organosilane oligomer
contains an organesilane teptegsented by(the generaldbamulan(2)e f0Q20]de cdndbergeneral formula (1) ,
R1 represents hydrogen, an alkyl group having 1 to 10 carbon atoms, an alkenyl group having 2 to 10
carbon atoms of &h aryl grgap thavihg 6to1 6 ltarbon atoms! and whea s 2 of miere) plaral Ris may be
the same or different. Further, R2 represents hydrogen, an alkyl group having 1 to 6 carbon atoms, an
acyl group havifig 26 chrbn-&tohts 6 iRy éﬁ}b%f;' RAViHG 8 907E6 ChfdohHtBHs: did when n is 2 or
less, plural R2s r@@gé%e the same or different. [0021] Any of the alkyl group, the alkenyl group, the
aryl group and the acyl group may be substituted, and specific examples of a substituent include a
hydroxy group, asralkoxy group, an epoxy group, an oxetanyl group, a fluoro group, an amino group, a
mercapto group, an isocyanate group, an acryloxy group, a methacryloxy group and a carboxy group.

Herein, the nu ﬁ%qo carhon tggl%?f the alkyl, group, the alkenyl group, the aryl group and the acyl
group does not\rcluge nﬂ% c)aibﬁ)n atohis contained in the substituent. Specific examples of the

alkyl group and a subdtituted product thereof include a methyl group, an ethyl group, an n-propyl group,
an isopropyl grOLﬁ%l%g n-butyl group, a t-butyl group, an n-hexyl group, an n-decyl group, a trifluoromethyl
group, a 3,3,3-tt[i uoropropyl group, a 3-glycidoxypropyl group, a 2-(3,4-epoxycyclohexyl)ethyl group, a

[(3-ethyl-3-oxetanyl)methoxylprapyl group. 2.3-aminQpropy groxp, a 3-mercaptgpropyl group and a
3-isocyanatepropyl group. Specific examples of the alkenyl group and a substituted product thereof
include a vinyl group ISpecific examples §f the arylgreup-and acsulstitated predyat group

having 2 to 10 carbon atoms or an aryl group having 6 to 16 carbon

atoms. R? represents hydrogen, an alkyl group having 1 to 6

carbon atoms, an acyl group having 2 to 6 carbon atoms or an

aryl group having 6 to 16 carbon atoms. n represents an integer

of 0 to 3. When n is 2 or more, plural R's may be the same or

different. When n is 2 or less, plural R?s may be the same or

different.

[0011]

[Chem. 2]
R4

O
|
R30O+-Si-0 R (2
(*Il >T (2)
OR®

[0012]

In the above general formula (2), R® to R® each



thereof include a phenyl group, a tolyl group, a p-hydroxyphenyl group, and a naphthyl group, a
phenanthrenyl group, a fluorenyl group, a pyrenyl group, an indenyl group and an acenaphthenyl group
which are condensed polycyclic aromatic hydrocarbon radicals. Specific examples of the acyl group and a
substituted product thereof include an acetyl group. [0022] R1 in the general formula (1) preferably
contains an aryl group having 6 to 16 carbon atoms from the viewpoint of further improving the
compatibility with (c) the naphthoquinonediazide compound described later. Moreover, in (a) the
polysiloxane, thenceitentief Si aterasteoind to Rd; sveh isancany groupus prefenably 36omol% or more,
and more preferably 40 mol% or more of the total content of Si atoms originated from the organosilane.
By containing tlfe Sidtomsbouad torRacwhieh ¢stanaryl geodpt in @rcaiiountadf @0 nwsl% or more, it is
possible to inhibit phase separation between (a) the polysiloxane and (c) the naphthoquinonediazide
compound in the"steE 6PRpHEAEIT, BRIy G terharcuring BERhg e filArfstmstidh to form a
uniform cured fi\lfmlwiéh gf-,lsg. #%0%3] whell ir% mare, p(r)q_,fe&roerd frog’ithrea\iiegups)oianrtl é)f lslrth%ii/mproving the
refractive index of the cured film and the sensitivity and resolution that part of or al of the aryl groups are
condensed polycyslic seomatichydrogarboneradicals. When the condensed polycyclic aromatic
hydrocarbon radicals with a high It-electron density are contained, the cured film can be provided with a
high refractive index. Further, since the condensed polycyclic aromatic hydrocarbon radicals exert an
effect of inhibiting dissolution of an unexposed area in development by the interaction with
naphthoquinonédiazides tRE cbitraSt BEtWeeN the exposed area and the unexposed area becomes larger.
Thereby, the Sef&')bl”é can be further improved, and moreover, a reduction in resolution due to a minute
residue of portion remaining undissolved can be inhibited. As the condensed polycyclic aromatic
hydrocarbon radical, a paphthyl groundis, preferred. Moreaver, in(g) the polysilaxane..the, content of Si
atoms bound to R1, which is a condensed polycyclic aromatic hydrocarbon radical, is preferably 10 mol%
or more of the tetalconteatob Shatams-asiginateskkan theyerganosilaneqByseentaining iSiatoms bound to
R1 in an amount of 10 mol% or more, the sensitivity and resolution of the positive photosensitive resin
composition cahde fathessmproved and thehreffactdecindexof thelctredfilm ean becfurtver improved.
On the other hand, the content of Si atoms bound to R1 is preferably 60 mol% or less, and more
preferably 50 mol96%r eS8 froftheSASWPbINt f Stppfessifg X MinlteFe3RiFE BF Portion remaining
undissolved in development and further improving the resolution of the positive photosensitive resin
composition. [0024] The content of Si atoms bound to R1, which is a condensed polycyclic aromatic
hydrocarbon ragisgh canhe determinedy measuring:292bNMR spectrum of a polysiloxane and
calculating the ratio between the resulting peak areas of Si bound to a condensed polycyclic aromatic
hydrocarbon radical and Si not bound to a condensed polycyclic aromatic hydrocarbon radical. [0025]

In the general formula (1), n represents an integer of 0 to 3. When n is 0, the organosilane is a
tetrafunctional silane. \Whéhani§ 12 #he efgaiosilthersaithivitctional Siane \WHeh R$S 20 the organosilane
is a bifunctional silane. When n is 3, the organosilane is a monofunctional silane. [0026] Specific

examples of the SFGAoSIANR RpreSEnRa i THe JBHEF F6MGR (1} iRSIudd tetrafunctional silanes such
as tetramethox %'Iﬂpéei I%ggggtgo§<¥§i@%%,itgg§aﬂg§t%y§y'81@ %teg;gp@mg%g}e; trifunctional silanes

such as methyltriméthoxysilane, methyltriethoxysilane, methyltriisopropoxysilane,
methyltri-n-butoxysilaneiethyirinethaxysilane ethyldiethexysilanen ethyltiiiseprepexysitane,
ethyltri-n-butoxysilane, n-propyltrimethoxysilane, n-propyltriethoxysilane, n-butyltrimethoxysilane,
n-butyltriethoxy$sitame, - HéxyHnmethoxysilane] hshexyltrigthoxysiléne cdecyitrimetivoxysilane,
vinyltrimethoxysilane, vinyltriethoxysilane, 3-methacryloxypropyltrimethoxysilane,
3-methacryloxyPrepyitrietoxysiane B4ty IBRY propyRAmetHaySHATeE BHemtmashdiyRiane,
phenyltriethoxysilane, p-hydroxyphenyltrimethoxysilane, 1-(p-hydro nyl)ethyltrimethoxysilane,
ooy i UGy ST SRS & BRI ey rimethoxysi
ane, trifluoromethyltrimethoxysilang, iflugromethyltdethoxysilane, 3:3.3:trilugropropyltimethoxysilane,
3-aminopropyltrimethoxysilane, 3-aminopropyltriethoxysilane, 3-glycidoxypropyltrimethoxysilane,
3-glycidoxypropyitriethexysiane; 2+(3 4= poxyeyociohexy)ethylrimethexysilane; nd and (d)
2-(3,4-epoxycyclohexyl)ethyltriethoxysilane, [(3-ethyl-3-oxetanyl)methoxy]propyltrimethoxysilane,
[(3-ethyl-3-oxetanylymietidxy|propyitriethidry siasen Ssrerdaptopiapyitimethoxgsitanen
3-(trimethoxysilyl)propyl succinate, 1-naphthyltrimethoxysilane, 1-naphthyltriethoxysilane,
1-naphthyltri-n-propoxysilane, 2-naphthyltrimethoxysilane, 1-anthracenyltrimethoxysilane,
9-anthracenyltrimethoxysilane,



9-phenanthrenyltrimethoxysilane, 9-fluorenyltrimethoxysilane, 2-fluorenyltrimethoxysilane,
1-pyrenyltrimethoxysilane, 2-indenyltrimethoxysilane and 5-acenaphthenyltrimethoxysilane; bifunctional
silanes such as dimethyldimethoxysilane, dimethyldiethoxysilane, dimethyldiacetoxysilane,
di-n-butyldimethoxysilane, diphenyldimethoxysilane, (3-glycidoxypropyl)methyldimethoxysilane,
(3-glycidoxypropyl)methyldiethoxysilane, di(1-naphthyl)dimethoxysilane and di(1-naphthyl)diethoxysilane;
andmonofunctional silanes such as trimethylmethoxysilane, tri-n-butylethoxysilane,
(3-glycidoxypropyhdimethyknethexysitone-andd3-ghycigoxypeapyldimeathylethoxysiianre Fwo or more of
these organosilanes may be used in combination. Among these organosilanes, a trifunctional silane is
preferably usedefrercthiedviesupoirit ofimfgrevingsthelvydehrability Shdicendessation reactivity at the time
of polysiloxane synthesis to further improve the crack resistance and hardness of the cured film. Further,
1-naphthyltrimeth8RETahe> - dpith§ItRe Xy sildne Si maphtiyitEApropoRysildne,
2-naphthyltrimethaxysilane, 1-anthracenyltrimethoxysilane, 9-anthracenyltrimethoxysilane
o-phenanthrenyltimethons S1ane. B fupranyitimetnoxySlane. 2-luerenylirimethoxysTane 2-fuorenony
trimethoxysilane,11pysenykrimethoxysilaae: 2-indenylrimethoxysilane @b nosilane
5-acenaphthenyltrimethoxysilane, in which each of Ris is a condensed polycyclic aromatic hydrocarbon
radical, are prefesred: {602¢H by khthefgeneral fornaglag23,1R8donR6 @ach)indepeadently represent
hydrogen, an alkyl group having 1 to 6 carbon atoms, an acyl group having 2 to 6 carbon atoms or an aryl
group having 6 %6 98°Carbbaofist EitPplutal RAS ariePRSSE thay eathiie thdsariEPerdifferent. Any of
the alkyl group, the acy| group.and the aryl group may be substituted, and specific examples of a
substituent inclfde tg%gégss mentioned as %r?gp s‘fﬁoregcliﬁéle BRanmpled or SLBSHRRAS FR2 rggéiﬁc examples
of the alkyl groun, {he Acyh aLoli Jg AL et ad subsfiiuionpraducts thereof ielude groups
mentioned as the specific examples of R2. Among these groups, the alkyl group having 1 to 6 carbon
atoms is prefereshByuusingean osganesilang represented bythefgenesat faipaulad2) aapasitive
photosensitive resin composition having excellent sensitivity and resolution can be obtained while
maintaining highifansparemyofooR8](c) a Theposiiveiphowedeasitive regincompesitidntbf the present
invention develops solubility in an alkali by a silanol group produced by the hydrolysis of an organosilane.
Since the silan@ giBup Hisappearsby’ conGe ST, With five ProGrass of CutdeiisatioRn, conventionally
known polysiloxoanegnrga. l%%ceongg f;ﬁproeosrlé/r-l%oI(lj!b;oe int%ré alléa}!ié ]_[S&U'PQQ iﬂ are(i%ction of sensitivity or a
reduction of resolution due 10 a mihute residue of]portlongremalnlng undissolved. On the other hand, when
the condensation g igsufficient, the glass transition point of the polysiloxane may be lowered, and
therefore pattern reflow may occur during curing to deteriorate the resolution. In the present invention, a
large amount offsitanol gkoups are produced by using an organosilane represented by the general formula
(2) and carrying out hydrolysis. Thereby, silanol groups remain in an amount large enough for the positive
photosensitive ge@ %grgos‘i?@%ggfissolveﬂgl an alkali even in a state of a polysiloxane having a
high glass transit oinelvhos denggjion been progressed. For this reason, it is conceived that
the high sensitivity andlresolution can be achieved. Further, by using an organosilane represented by the
general formula (), the silanol groups are located at positions close to one another, and therefore the
interaction with Ec) the naphthoquinonediazide compound described later is enhanced. Thereby, the
contrast between the exposed area ang the-unexpased-aras becomes-largerand thesgby, the sensibility
can be further improved, and moreover, a reduction in resolution due to a minute residue of portion
remaining undissolved candse urhibitednf@029jo 10 carbon atoms, an alkenyl group

having 2 to 10 carbon atoms or an aryl group having 6 to 16 carbon
atoms. R? represents hydrogen, an alkyl group having 1 to 6
carbon atoms, an acyl group having 2 to 6 carbon atoms or an
aryl group having 6 to 16 carbon atoms. n represents an integer

of 0 to 3. When n is 2 or more, plural R's may be the same or



Specific examples of the organosilane represented by the general formula (2) include Methyl silicate 51
(R3 to R6: methyl group, m: 4 on average) manufactured by Fuso Chemical Co., Ltd., M silicate 51 (R3
to R6: methyl group, m: 3 to 5 on average), Silicate 40 (R3 to R6: ethyl group, m: 4 to 6 on average) and
Silicate 45 (R3 to R6: ethyl group, m: 6 to 8 on average) manufactured by TAMA CHEMICALS CO., LTD.,
and Methyl silicate 51 (R3 to R6: methyl group, m: 4 on average), Methyl silicate 53A (R3 to R6: methyl
group, m: 7 on average) and Ethyl silicate 40 (R3 to R6: ethyl group, m: 5 on average) manufactured by
COLCOAT COg4lidctwotor materofthesecorganesilanes maylbegsed yn isombivation: [0030] The
content of Si atoms originated from the organosilane represented by the general formula (2) in the
organosilane oliiohieir (@) the polysiloxane is preferably 67 mol% or more and 100 mol% or less of the
total content of Si atoms originated from the organosilane oligomer in (a) the polysiloxane. When Si atoms
originated from thé ]o?éanosilane represented by the general formula (2) are contained in an amount of 67
mol% or more, %sgnsigYity and resolution of the resulting positive photosensitive resin composition can
be further improvede. The content of the Si atoms is more preferably 80 mol% or more, and most
preferably 100 mol%. That is &31) the polysiloxane, which is synthesized by hydrolyzing and partially
condensing an organosilé@dqepresented by the general formula (1) and an organosilane represented by
the general formula (2) is|most referred. When the Si atoms originated from the organosilane

represented by FQ@ &jo F{@ contaﬁ@éd in an amount of 100 mol% or less, production of a
gel-like substance can‘e fnhibit ¢rin synthesizing a polysiloxane, and therefore coatability of the resulting
positive photosensitive regt mposition can be improved. [0031] The content of Si atoms

originated from the organosilane represented by the general formula (2) in (a) the polysiloxane is
preferably 5 mo|¥4,qrzmore and 50 mol% or less of the total content of Si atoms originated from an
organosilane. When Si atoms originated from the organosilane represented by the general formula (2) are
contained in an amount af HBoRbBFdNGER, dhe sensitivity-anc fesaltition af'thesrasulting positive
photosensitive resin composition can be further improved. The content of the Si atoms is more preferably
10 mol% or moterdahendthetSivators osiginateddromdhe ergamnbsilanerepresenteddy the general
formula (2) are contained in an amount of 50 mol% or less, production of a gel-like substance can be
inhibited in synthesiZiRg a poRfEHoxane ant tétefordcdaamlity o tié Féstilting Pusifive Photosensitive
resin compositi%n can ]pguim 5(37\/ied. 98’21]6 - rgge gggr%esnt 01;n Srieatgrense%rg%igartled érrong: E’gﬂe organosilane
represented by the ggner£ ormula 2)In(a) the p&ysﬂoxaﬁe can be dq'etermineél%y dletermining the
structure of an grganosilane raw gategial byl HNMBy 13G-NMB; 295i-NMR IR, FOFMS or the like,
and calculating the content from the ratio of an integral value of a peak originated from Si-C bonds to an
integral value ot aqeakeotigiatechéromr Si-Otfliemds in an IR spectrum. [0033] The weight-average
molecular weight (Mw) of (a) the polysiloxane is not particularly limited, but it is preferred that the
molecular weight'ér tHe polystyrene equivalent basis measured by GPC (gel permeation
chromatography) is 1000 or more since coatability is improved. On the other hand, the weight-average

molecular weight is preferably 100000'6r by Bhd Hore préferafiy S6000 dridse frdhf i viewpoint of

theSo“ﬁmnyin55%?%%99§%i993%kndensing an organosilane represented by the

general formula (1) and an organosilane oligomer will be
described. Herein, the organosilane oligomer contains an
organosilane represented by the general formula (2).
[0020]

In the general formula (1), R* represents hydrogen, an
alkyl group having 1 to 10 carbon atoms, an alkenyl group having

2 to 10 carbon atoms or an aryl group having 6 to 16 carbon atoms,



(a) the polysiloxane in the present invention is synthesized by hydrolyzing and partially condensing an
organosilane represented by the general formula (1) and an organosilane oligomer. Herein, the
organosilane oligomer contains an organosilane represented by the general formula (2) . Herein, partial
condensation refers to leave part of Si-OH, which is a hydrolysate, in the resulting polysiloxane without
condensing all of the Si-OH. If common condensation conditions described later are employed, in general,
the Si-OH is partially left, and in the present invention, the amount of the left Si-OH is not limited. In
addition to the erganosilanes sepresented, by the generahioymudlas €l sand (2), stifl bthenerganosilanes
may be used. For the hydrol;/sis and partial condensation, a common method can be used. For example,
there is a methédiirt vhich & sohrart swater and rageegquired2alcatalyse are adidetttol tHeonfixture of
organosilanes, and the resulting mixture is heated and stirred at 50 to 150C for about 0.5 to about 100

hours. During sttty s Felired hytir8ly i BYBrotdicts {arcohdld steh antidioly arff condensation
byproducts (water) may also.be distilled off by distillation. [0035 The solvent i t particularly
limited, but usugﬁ% 8?%Osuoﬁvkéﬁyéggcﬁgeodﬁj[gteﬁg%%%tft‘IQr[[1n<es a Jfﬁiovﬁhaenﬂlor&ﬁtso?:ﬁf srﬂo%\?egﬁt is preferably
from 10 to 100Q,parts pPyRweight refative,.to 10Qpasts by weight-f the organosilane. Further, the addition
amount of water used for a hydrolysis reaction is preferably from 0.5 to 2 mol per 1 mol of hydrolyzable
groups. [0036] [002The catalyst is not particularly limited, and an acid catalyst or a base catalyst is
preferably used. Specific examples of the acid catalyst include hydrochloric acid, nitric acid, sulfuric acid,
hydrofluoric acid, phosphariefacite aceticlagicd thflubbGadeétic agid formie dcid, poitarbeRylic acids and
anhydrides thereof, and ion eJ>[<chan$e resins. Specific ,exam&l{es of the base catal}ilg%linflude

triethylamine, tripropyIamie’ triBGRIRNIRe, tripentylaming -frifexyisming. trihaptyTamite, trioctylamine,

diethylamine, trigthanglamine, digthanglamine . sqdivm hydroxide, potassium, hydroxide, alkoxysilanes
having an amino group and ion exchange resins. The addition amount of the catalyst is preferably from
0.01 to 10 parts=by weight telative ¢ d09-partshyuweight of the erganpsilanesf0837)r oupkurthermore,
from the viewpoint of the storage stability of the positive photosensitive resin composition, it is preferred
that the polysiloxanersaintion obtainedaafterdwydrelysis and partiabcordensation doespot eontain the
catalyst, and the catalyst can be removed as required. The method for removing the catalyst is not
particularly limifdt Bt Washig With water ahaortréatmert usifig antion EXEhARGBTEsH is preferred
from the viewpoint of ease of operation and remaval performance. Washing with water is a method in
which the polysﬁ8§§r?3 s%%ﬂ?osn ?s%di%uteeda r\;lvnﬁelangggﬁgdpr%ltg ﬁyfcﬁgﬁﬁ%b%rg&eén%ﬁd%\//?ashed with
water several times,and the resylting grganicdayer is.congentrated ysing ap-Lvaporator or the like. The
treatment using an ion exchange resin refers to a method in which the polysiloxane solution is brought
into contact with-asrappropriatedon exatangeresint [0038] sSpedheipositiveghoioseénsiive resin
composition of the present invention contains (b) aluminum compound particles, tin compound particles,
titanium compo@htipadicted Zircbrirompotsd particlest domprpaniles of theidnipounds or
complex particles of any of the compounds and a silicon compound (hereinafter, maybe referred to as

metal compoundPaiciés). EXAMpECoithe hétal E6Rp BBrtict8s iRt AN iEied 5 metal

compounds such,ag. gxides. sulfdes and hydrorides gf aluminura, . tanium and,zliganiym, and

complex particles of any of these metal compounds and a silicon compound. Examples of the complex
particles of anypfdhgse-metat comparnds,ang:a slicenxompound includesiligom oxiderp)etal compound
complex particles in which metal particles are synthesized in the presence of a silicon oxide compound,
and metal compound particles whoseysurface is ceverediwith silane fomheddyyyieactinglmetal particles
with a silane coupling agent. The positive photosensitive resin composition of the present invention may
contain two or rA6RABT tifesk! paftiches. Whehthe abovesrishtiohedPmetal CotiBourd particles are
contained, the %u_rgd lf}!g] can b? pré)vided with a hi harecf(r)acl;g/e deeigbLQOBQ Specific examples of (b)
the metal compounﬁ parlﬁc%%yincﬁjd%quP?‘O AR C(ré)g|sPere8¥[raogemaﬁ<)‘$1 502 and "OPTOLAKE"
TR-504, which are i oxide-titanium oxide complex particles . QR TOLAKE" TRs503; (QBTOLAKE"
TR-513, "OPTOLAKE" TR-520, "OPTOLAKE" TR-527, "OPTOLAKE" TR-528, "OPTOLAKE" TR-529,
"OPTOLAKE" Ti-543 and ORI EAKE kRe244,uwhich are sificon-axide-titaniny axide:somplex
particles, and "OPTOLAKE" TR-505 which is titanium oxide particles (trade names, manufactured by JGC
Catalysts and Chesricals Leckynztsoniam oxide patticlesmandfactards by tejaAdercheatical Laboratory
Co., Ltd.), tin oxide-zirconium oxide complex particles (manufactured by JGC Catalysts and Chemicals
Ltd.), and tin oxide particles (manufactured by Kojusido Chemical Laboratory Co., Ltd.).



[0040] The number average particle size of (b) the metal compound patrticles is preferably 1 nm or
more from the viewpoint of inhibiting cracks to be produced in forming a thick film. The number average
particle size is preferably 200 nm or less, and more preferably 70 nm or less from the viewpoint of further
improving the transparency of a cured film to visible light. Herein, the number average particle size of the
metal compound particles can be measured by a gas adsorption method, a dynamic light scattering
method, an X-ray small angle scattering method, a method of directly measuring the particle size using a
transmission electer sTiCrosCope ardhseanniig etectran micrgscape, ontheyktke>(0842hvhe content of (b)
the metal compound particles in the positive photosensitive resin composition of the present invention is
preferably 10 pais by, waight orapbré yandrnore preferalsly 25 pants sy waight drimere relative to 100
parts by weight of the polysiloxane in the component (a). Further, the content of (b) the metal compound
particles is preférabiy 250 BarE By wightor fess: HHd Horé refefdbly 20 panRiy-#eight or less. When
the content is wih{n, s fange. the tnamittance ang Ielractive jndex oLa,cied fiip,ean be further
improved while maln]?amlng the ﬁlgh sensﬁﬁty and résdlution of the positive pﬁotosensmve resin

composition. [0042}: -5 1 Nextsfad the palysiiexanegoptaining metal.comporind particlgs cwhich is
synthesized by hydrolyzing and partially condensing an organosilane represented by the general formula
(1) and an organosilare otigenwerfin the presence afatumingmgompound particles, tin compound
particles, titanium compound particles, zirconium compound particles, complex particles of the
compounds or déffipfeix particles of any of the compounds and a silicon compound, will be described.
Herein, the organosilang oilirgc%[%uer contai sgnr?nrgfnosilane refpresegted by the %egeral formula (2).

[0043] By using (a) thé polysilSYane contaiRing metaléompband haticlss: & pdsifive photosensitive

resin compositign extremely. exgelignt in dispgrsiop siability can, be attained:, JItis thought that the
excellent dispersion stability is obtained since the polysiloxane of a matrix is bound to metal compound
particles. This bounebstate eanr kesean hyiahssrvingihe-houmndarypertiomhetwesn theimetal compound
particles and the polysiloxane with a scanning electron microscope or a transmission electron
microscope. If therpolysifoxEreisibedndabanetalMtormpuand particies e imérface between them is
unclear. [0044] The metal compound particles used for (a') the polysiloxane containing metal
compound particlés SR Same a8 tRGSE exBRiplfied as the ‘Eohborentb)2 EuiheF e’ organosilane
represented by the pqreenfeerggfoolrg/mgg )j%‘)) or (g% i§n the same, as the on;geapec)]:sggges %@Egﬁgg for the

. . S ore, an ore .
polysiloxane in the component (a). Herein, the content o?tﬁne 'Si atoms orlglnéte from the organosilane
represented by the generakformuia (2)ipthearoaposiiane gligomerds pretesablyf7 % or more and
100 mol% or less of the total content of Si atoms originated from the organosilane oligomer. When the Si
atoms originated-fremcthelerganosilanedepsesanieddnethe general formula (2) are centained in an
amount of 67 mol% or more, the sensitivity and resolution of the resulting positive photosensitive resin
composition cai béfurthet igpreved: The edrtent ofthed Siatones i vicre preferalsly B0 ATI% or more,
and most preferably 100 mol% or more. That is, (a% the polysiloxane containing metal compound

particles, whichg syNtR&size8 By Ry SfdlyZiRg a1t BErIEIY cordendiighah Sfganssiiahe Fepresented by
the general fornagl)a %) ear}gaﬁﬂﬂ{%[]%i&%%E%@?égn@o%@ﬁﬁlﬂ% gfpe{%lefogpé%% (2)<n the presence of

aluminum compound particles, tin compound patrticles, titanium compound patrticles, zirconium compound
particles, complgxjartigtes-ef, thergampounds of camplexartiglesofiany efitheicempeunds and a silicon
compound, is most preferred. When the Si atoms originated from the organosilane represented by the
general formulaf(@)rare icontaimetonrars anrourtiof 100 rbl%idmlesst predustion of a gel-like substance
can be inhibited in synthesizing a polysiloxane, and therefore coatability of the resulting positive
photosensitive r[e%@r@%mposition can be improved. Herein, the content of Si atoms originated from the
organosilane represented hy the general formul )) in (&) the polysiloxane containing metal compound
particles is preferably SLF Mol% o1 rgw%r %engdeg(s em(?ol%zo or Iegsgseofl tﬁee o(fallnctor(ftgcn#1 of ttzhee I atoms originated
from the organasjlans.in.thepolysiloxane. containing metal compaund;particles, Whendthe Si atoms
originated from the organosilane represented by the general formula (2) are contained in an amount of 5
mol% or more, thexsensitivity and resetution ohthe seswdtingqrositive phatasensitive gesineomposition can
be further improved. The content of the Si atoms is more preferably 10 mol% or more. When the Si atoms
originated fromare condensed polycyclic aromatic hydrocarbon radicals. When

10



the organosilane represented by the general formula (2) are contained in an amount of 50 mol% or less,
production of a gel-like substance can be inhibited in synthesizing a polysiloxane, and therefore
coatability of the resulting positive photosensitive resin composition can be improved. The content of Si
atoms originated from the organosilane represented by the general formula (2) in (') the polysiloxane
containing metal compound particles can be determined in the same manner as in the polysiloxane in the
component (a). [0045] In (") the polysiloxane containing metal compound patrticles, n in the general
formula (1) is preferablyds randimorepyet,ithe eentent of SiatomsbouvndtedRtawhkich imsascondensed
polycyclic aromatic hydrocarbon radical, is preferably 10 mol% or more of the total content of Si atoms
originated from lthelorganbsitame. Byl contdining Si atorns bowmd tR1cwiich is arcordensed polycyclic
aromatic hydrocarbon radical, in an amount of 10 mol% or more, the sensitivity and resolution of the
positive photosBns§itive T8sifr'édmpositidh & baturther impfoted BntttheTrefrathivs ifidéx of the cured
film can be furtré%rni?e%rgggd. %?1 the gtlherabﬁgl d%%q% cg%q_,nt of ioantopas Qognd to R1,.which is a

yﬁyc ) Ociﬁ cals exef& an
condensed polycyclic aromatic hydrocarbon radical, is preferably 60 mol% or less, and more preferably

50 mol% or less from the viewpaipt of syppressing.aiminute resideegfpartigngemaining undissolved in
development and further improving the resolution of the positive photosensitive resin composition. The
content of Si atdmsiouna: ta R, wikicihnisear eondensed-pohygyictic aromaticdyidrotarhoniradical, can be
determined in the same manner as in the polysiloxane in the component (a). [0046] (@) the
polysiloxane coffaifirtfinétal €ofpbiR¢ PRARIESHIAE PreSRRMIATERMGIT SSYPRHERFABEBY hydrolyzing
and partially cngensing th%abg\ée-mgntioned olig,ai%nosilanes in the resence of theﬁabove-mentioned

metal compountPaiticles. Preférad reaction conditiond inthe” Rydrolyais andPattial coRdénsation are the

same as those jn,the, palysiloxang ip the, companent,(a). JA04( o .TheRositive phatasgpsitive resin

composition of the present invention contains (c) a naphthoquinonediazide compound. By containing (c)
the naphthoquinerediazide-eempoundyuthe rsin-compesition exhibitsi theapositiverphotosensitivity to the
extent that an exposed area is removed with a developer. As the naphthoquinonediazide compound, a
compound havingmEphthdgeinonediazide salfernic atidester-bondedrtdla cbmpoumehiiding a phenolic

hydroxyl group is preferred. [0048] Specific examples of the compound having a phenolic hydroxyl group
include the folldWiRgcohip8afids taIF of th&lwrare manutactifed B@%Qﬁém? chemieat ifdifstry Co ., Ltd. ) .
[0049 ] [Chem. 5] CHHOaC W OH

tén I atoms bound to RY, which is a condensed polycyclic
aromatic hydrocarbon radical, is preferably 10 mol% or more of
the total content of Si atoms originated from the organosilane.
By containing Si atoms bound to R' in an amount of 10 mol$ or
more, the sensitivity and resolution of the positive
photosensitive resin composition can be further improved and
the refractive index of the cured film can be further improved.
On the other hand, the content of Si atoms bound to R! is
preferably 60 mol% or less, and more preferably 50 mol% or less
from the viewpoint of suppressing a minute residue of portion
remaining undissolved in development and further improving the
resolution of the positive photosensitive resin composition.

[0024]
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CH3 Bisphenol-A t-Bu CH CH3 t-Bu B is26B -A [0050] 30 OH H3CCH3 H3CCH3

The content of Si atoms bound to R!, which is a condensed
polycyclic aromatic hydrocarbon radical, can be determined by
measuring ?°31 -NMR spectrum of a polysiloxane and calculating
the ratio between the resulting peak areas of Si bound to a
condensed polycyclic aromatic hydrocarbon radical and Si not
bound to a condensed polycyclic aromatic hydrocarbon radical.
[0025]

In the general formula (1), n represents an integer of
0 to 3. When n is 0, the organosilane is a tetrafunctional
silane. Whennis 1, the organosilane is a trifunctional silane.
When n is 2, the organosilane is a bifunctional silane. When
n is 3, the organosilane is a monofunctional silane.

[0026]

Specific examples of the organosilane represented by the
general formula (1) include tetrafunctional silanes such as
tetramethoxysilane, tetraethoxysilane, tetraacetoxysilane
and tetraphenoxysilane; trifunctional silanes such as
methyltrimethoxysilane, methyltriethoxysilane,
methyltriisopropoxysilane, methyltri-n-butoxysilane,
ethyltrimethoxysilane, ethyltriethoxysilane,
ethyltriisopropoxysilane, ethyltri-n-butoxysilane,
n-propyltrimethoxysilane, n-propyltriethoxysilane,
n-butyltrimethoxysilane, n-butyltriethoxysilane,
n-hexyltrimethoxysilane, n-hexyltriethoxysilane,

decyltrimethoxysilane, vinyltrimethoxysilane,
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HOCH3 H3C TrisP-TC [0051] The naphthoquinonediazide compound can be synthesized by a
conventionally known esterification reaction between a compound having a phenolic hydroxyl group and
naphthoquinonediazide sulfonic acid chloride. As the naphthoquinonediazide sulfonic acid chloride to be
used as a raw material, 4-naphthoquinonediazide sulfonic acid chloride or 5-naphthoquinonediazide
sulfonic acid chloride can be used. A 4-naphthoquinonediazide sulfonic ester compound is suitable for
i-line exposure since it has an absorption band in an i-line (wavelength 365 nm) region. Furthermore, a
5-naphthoquinonatiazide stifonic estet €ompaistth is-syilallefoo pxposure-ttha wide range of
wavelengths since it has an absorption band in a wide range of wavelength region. It is preferred to select
a 4-naphthoquironediazite eifomic @stercompoandscrla Benaphthoquinonediazide sulfonic ester
compound in accordance with the wavelenggth used for exposure. A 4-naphthoquinonediazide sulfonic

ester compound ahdrd BRSOt de Sulfoife eBlET Borhpotnd aiise U8Ba in combination.
[0052] The sentont.ol,(6) de pepihaquinonediazids. rEMPANG. D s, RRSYe protosensitive resin
composition of the pfesent invention is not particu arlyﬁlmltea, and is preferably 1 part by weight or more,
and more preferably -3.parts by neight pshpore:relative ta. 100 parts by weight of (a) the polysiloxane or
(&) the polysiloxane containing metal compound particles. Further, the content is preferably 30 parts by
weight or less, and monedpreferairy 20) party byweight orlesslfrom the viewpoint of suppressing a
reduction in compatibility with a polysiloxane or coloring due to decomposition in thermal curing, and
further improviry therardpare iRy ofthe DI pROIOSEHSHRE I EBApoSIFoR 8K Eafed film. [0053]
The positive photosensitivgelresin comhpcisition of the present invention contains (d) a solvent. The solvent
u

is not particularfy firhitsd; bt s cdMpound haling 8A Aidotidlie hydroxy! group is preferred. When the

solvent having an %%@MQMEQ@&PO@ ed, the solubility of (a) the polysiloxane or (a') the
polysiloxane containing metal compound particles and (c) the quinonediazide compound can be
improved, and thestransparency f @-eeating fitma prepaksd freg) the positive photosensitive resin
composition can be further improved. [0054] The solvent having an alcoholic hydroxyl group is not
particularly limitedahin arcompotnd g adidiing pomtaof It 250 Cratathrosphiericpressure is
preferred. When the boiling point of the solvent is 110C or higher, drying in forming the coating film
proceeds modetately ahdS EBatRy filrh HEing §HdE Utface appearance can be easily attained. On the
other hand, when tf]s bg(i][ig% oint lorelg(t)P/th is 250C or lower, the solvent remaining in the film can be
easily removed. [O% %ﬁ %eci?i% examples of the solvent having an alcoholic hydroxyl group include
acetol (boiling points 147G)s 3sydroxy:3-methyh?-hutanene boiling bint: 140C),
4-hydroxy-3-methyl-2-butanone (boiling point: 73C), 5-hydroxy-2-pentanone (boiling point: 144C),
4-hydroxy-4-methy32-penpangng (disiceigne alcohotr(beiling:peintate6C), ethyl lactate (boiling point:
151C), butyl lactate (boiling point: 186C), propylene glycol monomethyl ether (boiling point: 118C),
propylene glycol fMoRéEthyt éttergbailing Peirkcr32CY, tropyenesgiyesimbhats-propyl ether (boiling
point: about 150(2)3, proE%Ilene %chol mono-n-hutyl ether (boiling paint: 170C§8diethylene glycol

n

monomethy! etHer (BoiliRg point: T94EY, diBfhyisid GRICSr fdhothy &t (B6fing point: 202C),

dipropylene glyco ili int: t 190C), 3- ;;14Rut iling point:
161C) and 3-m§thk£?§-9rtn%?ﬁ%%§ -bu%gﬁt%lggggﬁ%aﬁr?#licﬁtl%?gé%%vge%f%gggr!fg&%e resin

composition of the-prasent jnuentigmmayicontain bwe 9§ Mmare=0f these solvents. [0056] Further, the
positive photosensitive resin composition of the present invention may contain other solvents together

with the above-mertionddysolvéntshoxinsadditien td-the@bovelmentionedsoivents] Examples of the other
solvents include esters such as ethyl acetate, n-propyl acetate, isopropyl lactate, n-butyl acetate, isobutyl
acetate, propylené gRicot iordmetit etiidr acétat ,?—%&ﬁ%ﬁ?@gﬁﬁﬂ%@&@{s“ane '
3-methy1-3-meg10x1¥-;rli-butgl ace tate an eth I.q(éeggacetate; ketones such as methyl isobutyl ketone,

i —Amnt
diisopropyl ketone, duscr)ﬁﬁtyrf%e oneé and & fﬂaceto’ne;

9-phenanthrenyltrimethoxysilane,
9-fluorenyltrimethoxysilane, 2-fluorenyltrimethoxysilane,

l-pyrenyltrimethoxysilane, 2-indenyltrimethoxysilane and
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ethers such as diethyl ether, diisopropyl ether, di-n-butyl ether, diphenyl ether, diethylene glycol
ethylmethyl ether and diethylene glycol dimethyl ether; y-butyrolactone, y-valerolactone, 8-valerolactone,
propylene carbonate, N-methylpyrrolidone, cyclopentanone, cyclohexanone, and cycloheptanone. [0057]
The content of (d) the solvent in the positive photosensitive resin composition of the present invention is
not particularly limited, and is preferably 100 to 2000 parts by weight relative to 100 parts by weight of (a)
the polysiloxane or (a') the polysiloxane containing metal compound particles. [0058] Moreover, the
positive photosensitive £esitheompositiaatofdhe aresast invention, as egqdired npay ¢ontan additives
such as a silane coupling agent, a crosslinking agent, a crosslinking promoter, a sensitizer, a thermal
radical generatelt eedisgolitiontirormetet 2a dissologeh intibitoh) axsuwfdetant, a stabilizer and an
antifoaming agent. [0059] =~ Next, a method of curing the positive photosensitive resin composition of
the present invértior &t dBtsiT A Curedr it il Be destrib8dby wal Bhekarfpfes. [0060] The positive
photosensitive r&lsir[}:1 ecgw%plsnil%%lg;‘( ;[/hsel %rgg(,ent invention is applied onto a substrate by a conventionally

known method such as spin coating or slit coating and heated (prebaked) using a heating apparatus such

as a hot plate og anjaven.frehaking, is) preferably carird. out iademperature range from 50 to 150C for
30 seconds to 30 minutes. A prebaked film preferably has a thickness of 0.1 to 15 RM. [0061] After

completion of prebakKing.idoxitravipletvisibleyéxpesurexnathmessuch as a stepper, a mirror projection
mask aligner (MPA) or a parallel light mask aligner (PLA) is used for pattern exposure through a desired
mask at about T0 td aBabbabuo \HAee(ih termis bR fife @XPosure amount at a wavelength of 365 nm).

[0062] After C(gmpletl%n of e osure, the ex osed area is d%ssolved ang relqmved bg dhevelopment to

obtain a positive patterar THa fedolttion GFiRe pAter T 1 prefarably s RN or i25s> ASTHe Geveloping

method, it is pr%fgrr@pitrgeim{y%%etﬁ}g{%%tg@@intaf gg}{glg{pgyr f@&ﬁé@;?999§r¥8,10 minutes by a method

such as showering, dipping or paddling. As the developer, a conventionally known alkaline developer can

be used. Examplesqfitbealkatine gevelopes include asiepusiselutians of inorganic alkalis such as alkali
metal hydroxides, carbonates, phosphates, silicates and borates; amines such as 2-diethylaminoethanol,
monoethanolanmifednd: digthanolapyihegimethylethoxysilane. Two or more of

these organosilanes may be used in combination. Among these
organosilanes, a trifunctional silane is preferably used from
the viewpoint of improving the hydrolyzability and condensation
reactivity at the time of polysiloxane synthesis to further
improve the crack resistance and hardness of the cured film.
Further, l-naphthyltrimethoxysilane,
l-naphthyltriethoxysilane, l-naphthyltri-n-propoxysilane,
2-naphthyltrimethoxysilane, l-anthracenyltrimethoxysilane,
9-anthracenyltrimethoxysilane,
9-phenanthrenyltrimethoxysilane,
9-fluorenyltrimethoxysilane, 2-fluorenyltrimethoxysilane,
2—-fluorenonyl trimethoxysilane, l-pyrenyltrimethoxysilane,
2—-indenyltrimethoxysilane and

5-acenaphthenyltrimethoxysilane, in which each of R's is a
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and quaternary ammonium salts such as tetramethylammonium hydroxide (TMAH) and choline. Two or
more of these may be used in combination. After completion of development, it is preferred to rinse the
substrate using water, and if necessary, a heating apparatus such as a hot plate or an oven can be used
for baking with dewatering and drying in a temperature range from 50 to 150C. [0063] Thereatfter, the
ultraviolet-visible exposure machine such as a PLA is used to expose (bleaching exposure) the entire film
surface to light at about 100 to 20000 J/m2 (in terms of the exposure amount at a wavelength of 365 nm).
When bleaching expessteeiisoperfarmed caa tnteactednyaphthagusionetiazide campound remaining in the
developed film can be photo-decomposed to further improve the transparency of the resulting cured film.
[0064] TheHilmtsubjeéted to bleaching exposure, if necessary, is heated (soft-baked) in a
temperature ran%e from 0 to 250C for 30 seconds to 30 minutes using a heating apparatus such as a hot
plate or an over{ Qd is heated (cured) in a temperature range from 150 to 450C for about 30 seconds to
2 hours using a heating apparatus sych as a not plars or ap queryto form a gured fil, J0pGS] The
positive photosensitive resin composition of the present’invention prefaerablly has a f)jhotosensmwty of
1500 J/m2 or lesspanddnere pieterably a.phatesensitivity a£100Q J/m2 or lessialithe-time, of exposure
from the viewpoint of productivity in forming a pattern. Such a high sensitivity can be easily achieved, for
example, by a positive photoserisithien pe 8in caompasition gontainimgzan potysiloxans formeddy using an
organosilane represented by the general formula (2). [0066] The photosensitivity in exposure can be
determined by thetfollbfig Frsthod: The: pasifive prbidsdnsitive FeRirf cBmpdsiHidh Reappifed onto a
silicon wafer bySS£in coatiijﬁ ?t an atrbitrgg/ r%tgt;: speed using a spin coater_and then rgbaked at 120C

for 3minutes by Use of a 6%pf%ff§ o prepate @ pre eaggg FifmPWith tﬁ’rllréﬁnaegg of’f RNI. THE prebaked film

is exposed through a gray &P%%%% ggvg]gaggip@quqilspggg g%g%rpquclgg%Qp@ggfqgfpgotosensitivity

measurement to an ultra high pressure mercury lamp using a PLA (PLA-501F manufactured by Canon
Inc.), and developeduwith ashewer ofi2.38 wile agireousENAH solutiopstor 60-segangds ysing an
automatic developing machine (AD-2000 manufactured by Takizawa Sangyo Co., Ltd.), and then rinsed
with water for 30fsecaresi tr¢he formiel pattére,thelexposurelamount Htwhithel 10-RNline and space

pattern can be resolved at a width ratio of 1 : 1 is determined as the photosensitivity. [0067] Further,
the positive phdtbSetisitiver8Siry contpdsitioA'of the presehtinvehtion prferat has aresblution after

curing of 10 RM or Hes‘ff, and more greg‘erabIXIS RMqor less fc%r.fine hole Patterp ]gqrmazgon. Such a
. include groups mentioned a S SpeCclrilc exam S O . mongd. ..
resolution can be easily aclf'ne\?ed, or examp e,%y a po%mve photoser%ltlve resin compos%on containing

a polysiloxane formed by ysing, arorganesilang represgntediby the generalformuiaf2). {Q068] The
resolution after curing is determined by the
preferred. By using an organosilane represented by the general
formula (2), apositive photosensitive resin composition having
excellent sensitivity and resolution can be obtained while
maintaining high transparency.
[0028]

The positive photosensitive resin composition of the
present invention develops solubility in an alkali by a silanol
group produced by the hydrolysis of an organosilane. Since the
silanol group disappears by condensation, with the progress of

condensation, conventionally known polysiloxanes may become

poorly-soluble in an alkali, resulting in a reduction of
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following method. By the same method as that of determining the photosensitivity in exposure described
above, the exposure amount at which a 10 RM line and space pattern is resolved at a width ratioof 1 : 1
is determined as the photosensitivity. Thereafter, a hot plate is used for soft baking at 200C for 5 minutes,
and then used for curing at 300C for 5 minutes to prepare a cured film, and thereby, a minimum pattern
size at the sensitivity after curing is determined as the resolution after curing. [0069] A cured film
formed by curing the positive photosensitive resin composition of the present invention preferably has a
light transmittancenper a-thicknress eklikRRM iof90%:arsnote aba wayvelengih 6t:400-881, @ng furthermore
preferably has a light transmittance of 92% or more. Such a high transmittance can be easily achieved,
for example, byod positivieo photosersitige resinseorhpeditiorP 0siig appolysiloxafe withthighstransparency
as a resin component. [0070] The transmittance of the cured film per a thickness of 1 pm at a

wavelength of 400'AfT S detehmined 6y thé fdfidtwing neethad SThePositive PROEESTivE Tesin
composition is appoelleddg toa TEMP%X Ifloatgea?ss glaget% s%p cr:%agng atan ?rt%rtlrgvy r%tatrng speed
t a

using a spin coater-an en prgbak gat 120C for 2 minutes by use of a hot plate Thereafter as

bleaching exposute;a BLAiisdsed-tonexpesetha entiresfiln syface 40 an-ultka, high, pregsure mercury
lamp at 5000 J/m2 (in terms of the exposure amount at a wavelength of 365 nm), and then, a hot plate is

used for thermallyecuring thedimiati309CHons amnutes af thelaintd prepare atredftinthdving a
thickness of 1RM. The absorption spectrum in the ultraviolet and visible region of the obtained cured film
is measured usftig MaKiS FEcOISTO AfanFact el by Shitadzlu ‘e e antthe franshittante at a

wavelength of 400 nm is determlned Ag another method, the transgutta ce can be determined by
measuring the Extinction doefect st AN Objechive cured filnt By edch WAVEISHGtRANd TS il thickness by

using a spectrosgopic gllipsameter, ER 5000 manuiactured by Qtsyka, Eledranics 0., 4 4d,and

substituting the measurements mto the following equation. Transmittance = exp(-4nkt/X) In the above
equation, k represepts anextincionecaetieecty ¢ sepresentsa fim thiskegssnandsX 4epresents a measured

film thickness. [0071]
polysiloxane having a high glass transition point whose
condensation has been progressed. For this reason, it is
conceived that the high sensitivity and resolution can be
achieved. Further, by using an organosilane represented by the
general formula (2), the silanol groups are located at positions
close to one another, and therefore the interaction with (c¢)
the naphthoguinonediazide compound described later is enhanced.
Thereby, the contrast between the exposed area and the unexposed
area becomes large, and thereby, the sensibility can be further
improved, and moreover, a reduction in resolution due to a
minute residue of portion remaining undissolved can be
inhibited.
[0029]

Specific examples of the organosilane represented by the

general formula (2) include Methyl silicate 51 (R® to R6:1nethyl
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The positive photosensitive resin composition and the cured film of the present invention are suitably
used for optical devices such as solid state image sensors, optical filters and displays. More specific
examples thereof include a collecting microlens and an optical waveguide formed in a solid state image
sensor or the like, an anti-reflection film installed as an optical filter, a planarizing material of a TFT
substrate for a display, a protective film of a liquid crystal display or a color filter, and a phase shifter.
Among these, the positive photosensitive resin composition and the cured film of the present invention
are particularly suttably Wseddar=a-eobegiingmicrelensfermsdrarsa solichstate maagersensor and an
optical waveguide which connects the collecting microlens to an optical sensor part since they can
achieve high trahspareneyardhigh réfrafiveringex simoitaneoushy3 Tie positivevstictosensitive resin
composition and the cured film of,the present invention can also be used as a buffer coat, an interlayer
insulation film antV&fs protédtiveTiiing ot B ¥emicsiBuctdr dévice. InthePSEIRAE phdtdsensitive resin
composition of e present javenglon warks cenbe simplfied, and the degradation.of.g wiring part due to
an etching liquid or p(fasma can be avoided since pattern formation by an etching process is unnecessary.

EXAMPLES [0072]ur a cHereinalterr the presentinvention willle desciibed in,maoyedetall by way of
examples, but the present invention is not limited to these examples. Compounds, for which an

abbreviation is sedRof the Kompetinds usedhin synthesis: examples andiexamples ateshown below.
PGMEA: propylene glycol monomethyl ether acetate GEL: y-butyrolactone DAA: diacetone alcohol

3

CorrespondenceBetfeerPoRgaritsiiane Susa® insyntHesis eanmslesatdihe e fidrat FairRula (2) is

shown below. ilicate 51 manufactured by TAMA CHEMICALS CO., LTD.: R3 to R6 = methyl group, m
1o 5 on avertye Bidate ug nTboli iy TAVA CHEKREATS GO it RSt RE < ety roup,

m = 4 to 6 on avepagesilicate 4pmanufactured by, TAMA GRHEMICALS CQ4 11D R3 1g R6 = ethyl

group, m = 6 to 8 on average [0073] The solid content concentration of the polysiloxane solution was
determined by thedfollowingmethed: 3:5.g of a polysiloxane solution was weighed out in an aluminum
cup and heated at 250C for 30 minutes by use of a hot plate to evaporate the liquid portion. The solids left
in the aluminuml 80 @&fter heating were weighed out to determine the solid content

The content of Si atoms originated from the organosilane
represented by the general formula (2) in the organosilane
oligomer in (a) the polysiloxane is preferably 67 mol% or more
and 100 mol% or less of the total content of Si atoms originated
from the organosilane oligomer in (a) the polysiloxane. When
Si atoms originated from the organosilane represented by the
general formula (2) are contained in an amount of 67 mol% or
more, the sensitivity and resolution of the resulting positive
photosensitive resin composition can be further improved. The
content of the Si atoms is more preferably 80 mol% or more, and
most preferably 100 mol%. That is, (a) the polysiloxane, which
is synthesized by hydrolyzing and partially condensing an
organosilane represented by the general formula (1) and an

organosilane represented by the general formula (2), is most
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concentration of the polysiloxane solution. [0074] The content of Si atoms originated from the
organosilane represented by the general formula (2) in a polysiloxane or a polysiloxane containing metal
compound particles was determined by the following method. Assuming that the used organosilane was
completely condensed, an amount of Si-0 bonds not containing Si-C bonds was calculated from the ratio
of an integral value of a peak originated from Si-C bonds to an integral value of a peak originated from
Si-0 bonds in an IR spectrum, and thereby the content of Si atoms originated from the organosilane
represented byhe genesal.fornmda (2)avas determinedgj0Rizd frdhe cordentabSiatomss bound to R1,
which is a condensed polycyclic aromatic hydrocarbon radical, in a polysiloxane or a polysiloxane
containing metalsorspgeund particles swas ateimifediy: medsuringe 29Si-NMRssheictruam of a
polysiloxane or a polysiloxane containing metal compound particles and calculating the ratio between the
resulting peak &r838°5t 8fbbliAd v d CUndérTsed %Wﬁ&‘ﬁ?o‘?ﬁaﬁc@‘rﬁcﬁﬁéﬁﬁnéﬁg&&iﬁ%%nd Si not
bound to a cond%ns%g p%lp(%cljccegrgmatic @x%rocarbon r%doi‘:f%ls £Q%Z<%]3%y E;lhog N eeigg%g\%%rage molecular

weight (Mw) of ﬁﬁenresujftlng frifunctional silane S()J[igzgltljrr]ﬁ;]eF’j1 was measure use of tetrahydrofuran as a

developing solvent using GRO {gekpermeatian chromatagrapy) hlC-8220:(manrufactired by TOSOH
Corp.) and the weight average molecular weight (Mw) was calculated on the polystyrene equivalent basis.

[0077] Synthesisdexamptel dSynthesis of Rotysikoxane Solution (PS-1) Into a 500 mL three-neck
flask, 54.48 g (0.40 mol) of methyltrimethoxysilane, 99.15 g (0.50 mol) of phenyltrimethoxysilane, 12.32 g
(0.05 mol) of 2-(343dgoxycyclohexyl)ethyltrimethoxysilane, 5.88 g (equivalent to 0.05 mol of Si atoms) of
M silicate Si (manufactlTJ%ed b 'EAMtA C%HEMI%ALS CO., ~LTQQO{"QC| 15%(1)4 g of PGMEA were charged
(initial monomer concentration = 526 Wtdhj, ahd sh Aqueotis phosphoric Acid SEISH t6fhed by
dissolving 0.515 g (0.30 wt% with respect,t9.the supplied mgnomers,) of phosphoric acid in 54.45 g of
water was added over 10 minutes whilé stirring at room temperature. Then, the flask was immersed in an
oil bath of 40C whilerstirdngihe solution fer 600ninutes, anddhetemperatyre of the aildath was raised up
to 115C over 30 minutes. One hour after the start of temperature rise, the internal temperature of the
solution reachedct0C@,rand the sdlatisnowas heated ahidostiaedfog furtiserl 2 hoursi{tenirternal
temperature of the solution in the duration was 100 to 110C) to obtain a polysiloxane solution (PS-1). In
addition, a nitrogeRJawas fiswed at Bffov Pate”6P6 05 mMiRSddrint e terfipefatufé fise and stirring
with heating. Dureirg% E@ﬁ r}gggtiSTEQ 42a einct(())t%laolf mgt@gn{_ﬂl} %?n% water were_ ig.t(i)l!?d out as by-products.
The obtained pgly5| oxane solution (P'S- ) had a solid cantént concentration of 40 wtdb, In"addition, the
content of Si atems ariginated,frop thesorganosilansrepresentedy,the ggneral fermula (2) in the
polysiloxane was 4.0 mol%.

photosensitive resin composition can be further improved. The

content of the Si atoms is more preferably 10 mol% or more. When
the Si atoms originated from the organosilane represented by
the general formula (2) are contained in an amount of 50 mol$%
or less, production of a gel-like substance can be inhibited
in synthesizing a polysiloxane, and therefore coatability of
the resulting positive photosensitive resin composition can be
improved.
[0032]

The content of Si atoms originated from the organosilane

represented by the general formula (2) in (a) the polysiloxane
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[0078] Synthesis Example 2Synthesis of Polysiloxane Solution (P5-2) Into a 500 mL three-neck flask,
40.86 g (0.30 mol) of methyltrimethoxysilane, 99.15 g (0.50 mol) of phenyltrimethoxysilane, 12.32 g (0.05
mol) of 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 17.63 g (equivalent to 0.15 mol of Si atoms) of M
silicate 51 (manufactured by TAMA CHEMICALS CO., LTD.) and 153.66 g of PGMEA were charged
(initial monomer concentration = 52.5 wt%), and an aqueous phosphoric acid solution formed by
dissolving 0.510 g (0.30 wt% with respect to the suppl ied monomers ) of phosphoric acid in 53.55 g of
water was addethaveie1Q nintias wiilestieng &t raaastetnperaiuie: thhen, die solution was heated and
stirred in the same manner as in Synthesis Example 1 to obtain a polysiloxane solution (PS-2). During the
reaction, 97.58 @iy totakdf atethanol aed water weve distill@d oltCas'b§-productsFhe Gbtained
polysiloxane solution PS-Z%had a solid content concentration of 40 wit%. In addition, the content of Si

atoms originateGrom tH¥ or§anositane Teprégeftetrby tife Yeheraltohiuia' @y ihthe giyRiloxane was
124 mol%. [0079] Synihasis Expmple 3Sypthesis of Folyslloxane SQLINAPS-3), 4, It & 500 mL
three-neck flask, 27.24 gez 20 mol) of methyltrimet oxyshane, 99.15 g (0.50 mol) of
phenyltrimethoxysilanees 32232 90425 5101} of a3, 4rapaxycyslohaexyh ethyltripethoxysilans, 29.38
(equivalent to 0.25 mol of Si atoms) of M silicate 51 (manufactured by TAMA CHEMICALS CO., LTD.)
and 152.28 g off RGMEArwere charged (initial monomer concentration = 52.5 wt%), and an agueous
phosphoric acid solution formed by dissolving 0.504 g (0.30 wt% with respect to the suppliedmonomers)
of phosphoric aéitPin’82.62 g of water was added over 10 minutes while stirring at room temperature.
Then, the solution was heated ang stirred in the s meg]anner as in S¥/{nt esiFs I;:gxzi\r? le 1 to obtain a
and

polysiloxane solution (PS3)" Diffihg the feaction 9594 gin T5taf of methiand AteF were distilled out

as by'pmdUCts-pUi“g‘;QPE%QQHQQ'XSH%‘?‘PQLS@J%‘&%ﬁ§'§£ﬁ%@@d§°@%€0{‘€e% copcenfratign of 40 wt%. In

addition, the content of Si atoms originated from the organosilane represented by the general formula (2)
in the polysiloxane was: 2 1wb melfa.{0089] Synthasis.ExampledSwitbesis: of RolsiloxanesSolution (PS-4)
Into a 500 mL three-neck flask, 79.32 g (0.40 mol) of phenyltrimethoxysilane, 12.32 g (0.05 mol) of
2-(3,4-epoxycyciehexyletiyitfiRiethoxysianes 64183 ¢lequivaleat tar055 ol 0 Sicatomskof M silicate 51
(manufactured by TAMA CHEMICALS CO., LTD.) and 140.57 g of PGMEA were charged (initial
monomer concéntrafior 252 8Vitohy, artl aiRiquests phosphoric Jeif sBition foffied by dissolving

0.469 g (0.30 wit, with respect o fhe supplied monomers ).of phosghoric:acifns19.95.q of water was
added over 10 minutes while sﬁrrlng at room tempgrature. en, the sSlution was heated and stirred in

the same manngy as,p.SyhesisExampie 446 ohtain.a potysiloxane spldtion (RS-4) Duying the reaction,
91.02 gin total of methanol and water were distilled out as by-products. The obtained polysiloxane

solution (PS-4) hatha solid conternt ecencentiation of 40 wt%. In addition, the content of Si atoms

originated from the organosilane represented by the general formula (2) in the polysiloxane was 49.4
mol%. [0034]

(a) the polysiloxane in the present invention is
synthesized by hydrolyzing and partially condensing an
organosilane represented by the general formula (1) and an
organosilane oligomer. Herein, the organosilane oligomer
contains an organosilane represented by the general formula (2).
Herein, partial condensation refers to leave part of Si-OH,
which is a hydrolysate, in the resulting polysiloxane without
condensing all of the S1i-OH. If common condensation conditions

described later are employed, in general, the S1i-0OH is partially
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[0081] Synthesis Example 5Synthesis of Polysiloxane Solution (PS-5) Into a 500 mL three-neck
flask, 49.58 g (0.25 mol) of phenyltrimethoxysilane, 12.32 g (0.05 mol) of
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 82.37 g (equivalent to 0.70 mol of Si atoms) of M silicate 51
(manufactured by TAMA CHEMICALS CO., LTD.) and 127.29 g of PGMEA were charged (initial
monomer concentration = 53.1 wt%), and an aqueous phosphoric acid solution formed by dissolving
0.433 g (0.30 wt% with respect to the suppl ied monomers ) of phosphoric acid in 48.60 g of water was
added over 10 mimute s wihileh stirkingrats@omitemperature .« hhean the, saldtionavastheatedand stirred in
the same manner as in Synthesis Example 1 to obtain a polysiloxane solution (PS-5). During the reaction,
88.56 gin total éfsmethahomand dvaterwers distiledtoutas y-productd aTke olstairreekepslydiloxane
solution (PS-5) had a solid content concentration of 40 wt%. In addition, the content of Si atoms

originated from tHe Sy IRt fEpreténted by tHe'géhbralfformud 2y inthePulydilokan® was 65.1
mol%. [0082] Synthesis Example.6Synthesis of Polysiloxan lution. (PS-6 Into a 500 mL
three-neck flask 40 86 § (00 el o et e oyarne: 96 185 (350 sa of = =
phenyltrimethoxysHange, 42329 ©:05¥a0h)Lf2-(3rs-epoxyeyalehexybethyitiimethaxysiang, 22.35 g
(equivalent to 0.15 mol of Si atoms) of Silicate 40 (manufactured by TAMA CHEMICALS CO., LTD.) and
159.43 g of PGMEAWeres charged (inittad mendmerscarcentration = 52:3aWi%Y), and anidqueous
phosphoric acid solution formed by dissolving 0.524 g (0.30 wt% with respect to the suppl ied monomers )
of phosphoric atfl 5385 gustavate Phas Etitieth696r 18Airdestwhife Stifthg bt foém temperature.
Then, the solution was heated and stirred in the same manner as in Synthesis Example 1 to obtain a

polysiloxane sofl P S1). Butingtheeatlion® 97°58Gih 16t 'of Wethanof andRHfer Wére distilled out
as by-products.,[he QDtaEl?PiRaJY§i&9>ﬁ‘1%%‘?'Ué@”r@é;@@éﬂ a sglid content rgtion of 40 wt%. In

addition, the content of Si atoms originated from the organosilane represented by the general formula (2)
in the polysiloxane wasc12.4mel%s (09833 Synthesisdoxample: ¥ SyAtbesissefRalysilexase)Solution (PS-7)
Into a 500 mL three-neck flask, 40.86 g (0.30 mol) of methyltrimethoxysilane, 99.15 g (0.50 mol) of
phenyltrimethoxysilanés $2182 ¢i(6105. irol) of 2-(By-@pekydyclohexyl)ethyltrimethoxysilane, 21.72 g
(equivalent to 0.15 mol of Si atoms) of Silicate 45 (manufactured by TAMA CHEMICALS CO, LTD.) and
158.65 g of PGMER Were charged (initial monomer concentration = 52.3 wt%), and an aqueous
phosphoric acid solution formed by dissolving 0.522 g (0.3 % wijth respect to the suppl.ied monomers )
of phosphoric acid in 5 %% Sgoo Vv?/ﬁtterlvsvaréogd ga%vcglrilaorrgﬁ%%éng \J%V%I 'esksg'illlrtrirlfgS 3??01ng( ?{e)mperature.

Then, the solutignwashgatedsand stiediinthe same mannerasdn Synhesis, Example-1 4o obtain a
polysiloxane solution (PS-7). During the reaction, 97.58 gin total of methanol and water were distilled out

as by-products.sthe ebtained pelysilaxanefsaiution (RSi0)ohada selidcortégheoneentration of 40 wt%. In
addition, the content of Si atoms originated from the organosilane represented by the general formula (2)
in the polysiloxéﬁ?e WHs P2atmoims. T@g’%t of the organosilane. Further, the

addition amount of water used for a hydrolysis reaction is
preferably from 0.5 to 2 mol per 1 mol of hydrolyzable groups.
[0036]

The catalyst is not particularly limited, and an acid
catalyst or a base catalyst is preferably used. Specific
examples of the acid catalyst include hydrochloric acid, nitric
acid, sulfuric acid, hydrofluoric acid, phosphoric acid, acetic
acid, trifluoroacetic acid, formic acid, polycarboxylic acids

and anhydrides thereof, and ion exchange resins. Specific
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Synthesis Example 8Synthesis of Polysiloxane Solution (PS-8) Into a 500 mL three-neck flask, 40.86
g (0.30 mol) of methyltrimethoxysilane, 69.41 g (0.35 mol) of phenyltrimethoxysilane, 12.32 g (0.05 mol)
of 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 37.25 g (0.15 mol) of naphthyltrimethoxysilane, 17.65 g
(equivalent to 0.15 mol of Si atoms ) of M silicate 51 (manufactured by TAMA CHEMICALS CO., LTD.)
and 163.02 g of PGMEA were charged (initial monomer concentration = 52.1 wt%), and an agueous
phosphoric acid solution formed by dissolving 0.355 g (0.20 wt% with respect to the supplied monomers)
of phosphoric agithinp53.55F of wmaterwasaddad ever 10 mimutes whileystiringeat room temperature.
Then, the solution was heated and stirred in the same manner as in Synthesis Example 1 to obtain a
polysiloxane solutiorr (BS-8)nbDuting theordactionl 197,581y retotallefmethaholidsd watei were distilled out
as by-products. The obtained polysiloxane solution (PS-8) had a solid content concentration of 40 wt%. In
addition, the cohfert®t SiaBmE origmdteb o thE ofganosiianB rBpreSéntt by theYeRral formula (2)
in the polysiloxane was 12.4 mol%. Further, the content of Si atoms _bound.to a condensed polycyclic
aromatic hydro(C:{;%r%%{rgar%{()j%léﬁarlrl1 in the T:)% ylslffgxtg\%gwgsl 1270 %o?‘%s. s[(l)8§5 %%%Xels(?se Example 9Synthesis

of Polysiloxane ;5qlytign {P$:9% haviitg aR00nhihyeeneckfiasks 4Q 86:0:(Q;30m0h)0f
methyltrimethoxysilane, 39.66 g (0.20 mol) of phenyltrimethoxysilane, 12.32 g (0.05 mol) of
2-(3,4-epoxycydlibhexyd éthydtrimethoxy sitane, <7 4.54-g (6.30. moly of aaphihylfimethogysitane, 17.65 ¢
(equivalent to 0.15 mol of Si atoms ) of M silicate 51 (manufactured by TAMA CHEMICALS CO., LTD.)
and 172.28 g of PGMERSwWETe tRafgEd GhRitiaf iihdifer EBnEéftratiSN =518 \Wt%Y, aftPan aqueous
phosphoric acid solution formed by dissolving 0.277 g (0.15 wt% with respect to the supplied monomers)
of phosphoric agid’in 5355 of water was added over 10 minutes while stirring at room temperature.
Then, the solutioppjnas heated and stirred in the same manner as in Synthesis Example 1 to obtain a
polysiloxane solution ?PS-9). During the reaction, 97.58 g in total of methanol and water were distilled out
as by-products. The obtained{relysitoxare salutioni(@e-9) hiad a sakidsontegtcongentration of 40 wt%. In
addition, the content of Si atoms originated from the organosilane represented by the general formula (2)
in the polysiloxarie Was P2.41hol%%. Furthesstheldontent of Sk atoms dsounidto a tondensed polycyclic
aromatic hydrocarbon radical in the polysiloxane was 28.0 mol%. [0086] Synthesis Example 10Synthesis
of PolysiloxaneBa1Gfioh PS=16) teIit6 5500 Mt hretnadk Adsk406.86%! (6:365ol) of

methyltrimethoxysilane, 12.32 g (0.05 .ol%of 2-(3,4-eppxyc c%)hexl thyltrimethoxysilane, 124.18 g
(0.50 ol of nab b i S SRR 17 55 2 (LG B D18 Wt oF &1 S Yot v shicate 51

(manufactured by TAMACHEMIGALS GO ER-)and 184.60.9.0f PGMEA werecharggg (initial

monomer concentration = 51.4 wt%), and an aqueous phosphoric acid solution formed by dissolving
0.195 g (0.10 witrwith respectito the guppliechmonpsmets) ofqphospharo asidin 53155-g@f water was
added over 10 minutes while stirring at room temperature. Then, the solution was heated and stirred in
the same mannetad’ it ByRthesis EXaRflerl 0 obtaifh Bepdysildxané solafiolP 1PSa03 Bring the
reaction, 97.58 g in total of methanol and water were distilled out as by-products. The obtained

polysiloxane sofutfor (P8-265 hata%old 88ntéttt dondditration of 40 w94, iFaddition" tR8 Content of Si
atoms originated from._the arganasilane represenied by the.general formyla (2) {n;the, polygiloxane was

12.4 mol%. Further, the content of Si atoms boundto a condensed polycyclic aromatic hydrocarbon
radical in the palysilgxengswas:46:€ nmelfar[0987]s diluted with an appropriate
hydrophobic solvent and is washed with water several times, and
the resulting organic layer is concentrated using an evaporator
or the like. The treatment using an ion exchange resin refers
to a method in which the polysiloxane solution is brought into

contact with an appropriate ion exchange resin.

[0038]
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Synthesis Example 11Synthesis of Polysiloxane Solution (PS-11) Into a 500 mL three-neck flask,
13.62 g (0.10 mol) of methyltrimethoxysilane, 12.32 g (0.05 mol) of
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 178.85 g (0.70 mol) of naphthyltrimethoxysilane, 17.65 g
(equivalent to 0.15 mol of Si atoms ) of M silicate 51 (manufactured by TAMA CHEMICALS CO., LTD.)
and 212.10 g of PGMEA were charged (initial monomer concentration = 50.6 wt%), and an agueous
phosphoric acid solution formed by dissolving 0.109 g (0.05 wt% with respect to the supplied monomers)
of phosphoric acid in 53155 @ of watee wascadded over 10 miias whileostirtingratayooahtemperature.
Then, the solution was heated and stirred in the same manner as in Synthesis Example 1 to obtain a
polysiloxane sofutioFe(PSE TR akngcthetreaetidrp) 97158 grinttctanePretizmol andenater were distilled
out as by-products. The obtained polysiloxane solution (PS-11) hada solid content concentration of 40
Wi%. In additiort tHBCYHte Aot S afoms brigiiat8d fothRRB Bt gRAGSIENE FepreSertdd BY the general
formula (2) in thgqgoygilgxan%wﬁgllZA mol% Furthe}gt@&%%ntgpt QkflSi atomgubno nd.to a condensed

/) 1 .
polycyclic aromatlc%ydrrlocgr%on radical in the p%TysEfl%xane was 65.3 rr?ol‘%j.ITBOSS %yﬁﬁwe&s Example

12Synthesis of Palysiloxane Solution{P3rk2) £ + hdntenda08dalatiwesneckflaskob 29 (0.45 mol) of
methyltrimethoxysilane, 99.15 g (0.50 mol) of phenyltrimethoxysilane, 12.32 g (0.05 mol) of
2-(3,4-epoxycydlbhexyhethytirimethoxysilansand 4 5% 23 gref-RG Mo were chargedl@nitial monomer
concentration = 52.6 wt%), and an aqueous phosphoric acid solution formed by dissolving 0.518 g (0.30
Wt% with respe&tnihkesuppliéd tnBRb e Y B proSphofie adid in154 904 of tdtérwas added over 10
minutes while stirrin% at room teggoesrgtl}llre. Theni(tiheeS solutiog:j'gas hea eg1 and stirred in the same manner

as in Synthesis'Example” TS Bbtain"A polysioRaAne $otution (PS2) Buring the reattion: 100.04 g in total

of methanol and water,were distilled out as by-products, The,ebtained polysiloxane splytion (PS-12) had
a solid content concentration of 40 wt%. [0089] Synthesis Example 13Synthesis of Polysiloxane Solution
(PS-13) Intrab0p B trneeneckfhask 4186:1©.30dnal (£130 mel ofsilanenatoms)) of
methyltrimethoxysilane, 99.15 g (0.50 mol (0.50 mol of silane atoms)) of phenyltrimethoxysilane, 12.32 g
(0.05 mol (0.055neoflsifanef atdms)) of2l (X 4repoxycyeohekyhethydtfiniéthoxysidre, 11.38 g (equivalent
to 0.021 mol (equivalent to 0.15 mol of silane atoms)) of silanol-terminated polydimethylsiloxane
DMS-S12 (Mw: 40P 18 7266) Avshdfattdred by EEIBSEIHE. 53 fifEar polysibxaneKnd'$46.05 g of PGMEA
were charged (in(i)tlinalomo%orggr cgn}gentrgyogl:eESSZiQHWVt%)I%bﬁh%gpazqu%g:lggpogphgreic acid solution
formed by disséivm% 0.491 g I&? 0 wiv wit respect to the supplie rﬁonomerg) ofaphosphoric acid in
46.80 g of water was,added over 10,minuteswhile stirdng af roem temperature,cthen. thessolution was
heated and stirred in the same manner as in Synthesis Example 1 to obtain a polysiloxane solution
(PS-2). During thecreaction, 8869k it totakef methanshand weater were distilletitoutas dysproducts. The
obtained polysiloxane solution (PS-13) hada solid content concentration of 43 wt%. [0090] Synthesis
Example 14SyritResisbbTrifemetional Silane Bligormeér Selbtibra (TSt e coURic-aB00ME three-neck
flask, 54.48g (0.40 mol of silane atoms) of methyltrimethoxysilane, 118.98g (0.60 mol of silane atoms) of

phenyltrimethoxy&ilaneand 18 7783 5 oF PEMEXWEFS CRaf g8 fifiitiat Moromer tdHcettration = 52.4
wt%), and an aqugays phosphorie acid: solution formed By dissalving Q.13 4,(0. 10, widg with respect to

the supplied monomers) of phosphoric acid in 54.00 g of water was added over 10 minutes while stirring

at room temperatiyee Then: the Haskwas inynessethin ga.ailibatb-ofAQC vhilesstirsing thessolution for 60
minutes, and the temperature of the oil bath was raised up to 115C over 30 minutes. One hour after the

start of temperatureerisé ithe indernad temperatare of tie solution reathedtlifGC iandd the solution was
heated and stirred for further 1 hour (the internal temperature of the solution in the duration was 100 to
110C) to obtain & triféihctional silane oligomer solution (TS-1). During the reaction, 86.10 g in total of
methanol and water were d(j?tyliecd gl}J{ta as P%/-prgg%kt)? 'I;he oItT)Ite in?d égwngltlig al %”r nlecﬁg%omer solution
(TS-1) had a solid contént Concentration of 38 Wt%. I a&gitlon, the wei taver%ge molecular weight

(MW) of the Obt@@@%@i@uﬂ@%@kgO%&@%@?@d trademark)" TR-502 and
"OPTOLAKE" TR-504, which are tin oxide-titanium oxide complex

particles, "OPTOLAKE" TR-503, "OPTOLAKE" TR-513, "OPTOLAKE"
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[0091] Synthesis Example 15Synthesis of Trifunctional Silane Oligomer Solution (TS-2) Into a 500
mL three-neck flask, 54.48g (0.40 mol of silane atoms) of methyltrimethoxysilane, 118.98g (0.60 mol of
silane atoms) of phenyltrimethoxysilane and 157.49 g of PGMEA were charged (initial monomer
concentration = 52.4 wt%), and an aqueous phosphoric acid solution formed by dissolving 0.520 g (0.30
wt% with respect to the supplied monomers) of phosphoric acid in 54.00 g of water was added over 10
minutes while stirring at room temperature. Then, the flask was immersed in an oil bath of 40C while
stirring the solutian a0 60 rttes,xand the-temperaiome of ke oif bath syas'rarsed. uprto 115C over 30
minutes. One hour after the start of temperature rise, the internal temperature of the solution reached
100C, and the S6lufig waReatetkarid Shirredlfor fdrtier T Mok Fthel mterirad tethperatwre of the solution
in the duration was 100 to 110C) to obtain a trifunctional silane oligomer solution (TS-1). During the
reaction, 98.40 §in'totdl 8F MEtRaNGrANd Water Wer tirdtiife & dut 48 12 prodtcts e vbtained
trifunctional silafllg_%l'tggorpvgri gglu{ignt(TtSazlghl%doa}< §8|eid cogEelnctlceosncT@}raaéignn%fmdéos wt%. In addition, the
weight average molecular weight (Mw of the obtained trifunctional o igomer was 1800. [0092] Synthesis
Example 16SynthesisLLftliifuactionatSilape Qligomes Rolutien {E513) Ltd. Intoa 508mbthree-neck
flask, 54.48g (0.40 mol of silane atoms) of methyltrimethoxysilane, 118.98g (0.60 mol of silane atoms) of
phenyltrimethoxysilaaecand 15749 greRGMEArwerée ghargiec (initiad endnemeradoncentration = 52.4
wt%), and an aqueous phosphoric acid solution formed by dissolving 0.520 g (0.30 wt% with respect to
the supplied mdrfomers)bf phdsphotitiaEd 3/ 52206 FofFatkt Wwasadasdiover 19 Aiinutes while stirring
at room temperature. Then, the flask was immersed in apldoilC ath of AEOSC Wrgle stirrin%the solution for 60

minutes, and th& teMP&ratiresr the sil batWas Taisedup to 115 8ver 36Mmihutéd: Oné hour after the

start of temperaiyreisg , the infernal femperature of the slutign seaghad 100G, nd the solution was

heated and stirred for further 3 hours (the internal temperature of the solution in the duration was 100 to
110C) to obtainm trifunetional silane oligomer solution (TS-3). During the reaction, 104.55 g in total of
methanol and water were distilled out as by-products. The obtained trifunctional silane oligomer solution
(TS-1) had a solid®@htent concentration of 42 wt%. In addition, the weight average molecular weight
(Mw) of the obtained trifunctional oligomer was 4700. [0093] Synthesis Example 17Synthesis of

Polysiloxane Solution (PASPHPCT RS BSTORAE thies: fedie sk 240786 §'36.3b maly ornd

methyltrimethoxysilane, 99.15 g (0.50 mal) of phenyltrimethoxysilane, 12.32.9 (0.05 mol)_of
(3 A-epony oy IR Ty TSI, 13 T £ eAEts 508 ooy SF S aroms) o the

trifunctional inhibiting cracks to be produced in forming a thick film. The
number average particle size is preferably 200 nm or less, and
more preferably 70 nm or less from the viewpoint of further
improving the transparency of a cured film to visible light.
Herein, the number average particle size of the metal compound
particles can be measured by a gas adsorption method, a dynamic
light scattering method, an X-ray small angle scattering method,
a method of directly measuring the particle size using a
transmission electron microscope or a scanning electron
microscope, or the like.
[0041]

The content of (b) the metal compound particles in the

23



silane oligomer solution (TS-1) obtained in Synthesis Example 14 as a trifunctional oligomer, 11.77g
(equivalent to 0.10 mol of silane atoms) of M silicate 51 (manufactured by TAMA CHEMICALS CO., LTD.)
and 146.62 g of PGMEAwere charged (initial monomer concentration = 52.2 wt%), and an aqueous
phosphoric acid solution formed by dissolving 0.508 g (0.30 wt% with respect to the supplied monomers
and oligomers) of phosphoric acid in 51.30 g of water was added over 10 minutes while stirring at room
temperature. Then, the solution was heated and stirred in the same manner as in Synthesis Example 1 to
obtain a polysilexane sekition(Plssdy i butiagrtbe reactopo93 480g in totahef petbanel and water were
distilled out as by-products. The obtained polysiloxane solution (PTS-1) hada solid content concentration
of 42 wt%. In additienttencontentof Siatdms! Origivated frormaheorganositane represented by the

general formula (2) in the polysiloxane was 8.2 mol%. [0094] Synthesis Example 18Synthesis of
Polysiloxane Séﬂﬁﬁéﬁr(l%‘?g‘l > Pafitd §BOE A thrde-REEK sk 4bvS6 'd(0.30 Rty 6f °Y
methyltrimethoxysilane, 99. 50 mal) of phenyltrimethoxysilane, 12.32 .05 mol) of

(3 4-6ponyCy ey T eth R ST A D1 § et 1o 516 maref Siate Sioms) of the
trifunctional silapg-eligamet splytien £Tas1) obtaingdin Syathesis Exampler 445, txfunational oligomer
and 132 . 47 g of PGMEA were charged (initial monomer and oligomer concentration = 51.5 wt%), and an
aqueous phospbericacid selution formedhy aissoltvirgd.504g (0.82 W% aviths respect ¢ the supplied
monomers and oligomers) of phosphoric acid in 46.80 g of water was added over 10 minutes while
stirring at room $&mpetature’THent e SotitRN-was Hedted and stiréd ¥ the S&fe manner as in
Synthesis Exarr%ple 1lto g@tain a polé(silo ane golution TS-2). During tgege?ction, 91.68 g in total of
methanol and watér wers distiifed’out as byprodicts. The obtained polysiloxaiie solution (PTS-2) had a
solid content copgeniiation, .47 u1%,10985} Sythesis Faample 195y nibesis:gf Ralysiigeane Solution
(PTS-3) Into a 500 mL three-neck flask, 40.86 g (0.30 mol) of methyltrimethoxysilane, 99.15 g (0.50
mol) of phenyltrimethaxysianes 12:32 . 05 vaohraf 263, 4=apaxycyeiohexy)etbyltrimethaxysilane, 39.15
(equivalent to 0.15 mol of silane atoms) of the trifunctional silane oligomer solution (TS-2) obtained in
Synthesis Example4Es as a trifunctional oligomer and 134.53 g of PGMEA were charged (initial monomer
and oligomer concentration = 51.5 wt%), and an aqueous phosphoric acid solution formed by dissolving
0.504 g (0.30 wt% with'fe&pect'td the"SGppild mblioférs &nd ofigBristsy 6t phoSpREITE aid in 46.80 g of
water was addedag\éeirc %Ce) Sminl,lr'gels k\{vhile stirrinkg ast.roo]C-Er}[ée eC{atLﬁre. Thenél tlae soILgiioﬁrH( as heated and

stirred in the same manner'as in §yn%hsesslgnéxaemrl) e %%%mrg p%?)}sr}%xarﬁe 5§61utio S-3). During

the reaction, 88.43 gJndotal efimethanal-and water weredistilled outias by-products, The obtained
polysiloxane solution (PTS-3) had a solid content concentration of 43 wt%. [0096] Synthesis Example
20Synthesis of Pojysiloxane Solitions(PES«t)oligomer in the presence of aluminum

compound particles, tin compound particles, titanium compound

particles, zirconium compound particles, complex particles of

the compounds or complex particles of any of the compounds and

a silicon compound, will be described. Herein, the

organosilane oligomer contains an organosilane represented by

the general formula (2).

[0043]

By using (a') the polysiloxane containing metal compound

particles, a positive photosensitive resin composition

extremely excellent in dispersion stability can be attained.
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Into a 500 mL three-neck flask, 40.86 g (0.30 mol) of methyltrimethoxysilane, 99.15 g (0.50 mol) of
phenyltrimethoxysilane, 12.32 g (0.05 mol) of 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 37.28 g
(equivalent to 0.15 mol of silane atoms) of the trifunctional silane oligomer solution (TS-3) obtained in
Synthesis Example 16 as a trifunctional oligomer and 134.53 g of PGMEA were charged (initial monomer
and oligomer concentration = 51.5 wt%), and an aqueous phosphoric acid solution formed by dissolving
0.504 g (0.30 wt% with respect to the supplied monomers and oligomers) of phosphoric acid in 46.80 g of
water was addertover 10 misiites wiiletstisring @ roenttempekatyres T haty dhe sojution was heated and
stirred in the same manner as in Synthesis Example 1 to obtain a polysiloxane solution (PTS-4). During
the reaction, 85028 glinadtaliofanethanolcdnd Wateprnerefdistilled oix aissbyproduets Ele bbtained
polysiloxane solution (PTS-3) had a solid content concentration of 44 wt%. [0097] Synthesis Example

21Synthesis of SYGTOI SfPdIy<ifoxahe Comaininy MetddonTiouRE BaficI8E RSS9  Into a 1000
ml. three-neck Uask,,40,9.9 (0,30 mol).of meihvirimetnoxysiians, 89,45.0,(0,50 mol) ol
phenyltrimethoxysilane, 12.32 g 60.05 mol) of 2- 3,4-epoxycyc|ocf‘|exy8eﬂ1yl rimethoxysilane, 17.65 g (0.15
mol) of M silicate,al fmapufactired by TAMA CHEMIGALS €Q: b Dy) and 483:69 g-of,PGMEA were
charged (initial monomer concentration = 52.5 wt%), and 340.82 g (the amount of particles is 100 parts by
weight relative tor306pastsiloy weightrofcthemieight ¢2038.61 OF irttire pase wiheredhe organosilane is
completely condensed) of "OPTOLAKE" TR-513 (trade name, manufactured by JGC Catalysts and
Chemicals Ltd.PetHiEhts &304 vAOS B disgersioh: 6F comflekPatiERSoPaniah 6Xie® and silicon
oxide, was further added to the system. An aqueous phosphoric acid solution formed by dissolving 0.510
g (0.30 wt% withte&P&ctd the supplied monomers) of phosphoric acid in 53.55 g of water was added
over 10 minutes yhilg;stirring the resulting mixture at room temperature. Then, the solution was heated
and stirred in the same manner as in Synthesis Example 1 to obtain a solution of polysiloxane containing
metal compound partictese(MBS=1). Eutfiagh the reaction, &7.58 ghinetal of methanol and water were
distilled out as by-products. The obtained solution of polysiloxane containing metal compound particles
(MPS-1) hada sotitlveonterntoencentrationof 36 Wil cleradditiony dhre cohtentofeSE atomsoriginated from
the organosilane represented by the general formula (2) in the polysiloxane containing metal compound
particles was 123 mdRA 0098 RV hinEsts Examiple 2XSyhthiSis 6f Sollititr BF Polysioxane Containing
Metal Compound Particles (MPS-2 Into,a 1000 mL three-neck fla? 61.29 g (0.45 mol) of

ety et oS NG S5 15 o (56 5815 6 phbns (S SILRe. 153 5 (G 35 ooy
2-(3,4-epoxycyelpbexyhethyitimethoxysilane ands1a2<43.9 of RGMEA werecharged (injtial monomer
concentration = 52.6 wt%), and 344.27 g (the amount of particles is 100 parts by weight relative to 100
parts by weightiof theaveight (1266 @))in thescasenwhetie the otganosianeis completely condensed) of
"OPTOLAKE" TR-513 (trade name, manufactured by JGC Catalysts and Chemicals Ltd.), which is a 30.4
wt% GEL dispepsibfiigfaioriplexPartibrescoftaAkim dxide apasifcorroxide, Wes firthefabded to the

system. An aqueous phosphoric acid solution formed by dissolving O.518§ (0,30 wt% with respect to the

supplied monom&Fsj orpHEdphBric &l iR S4 80 g BF Wate? WaE adddd 6Vér 16 Minuteiwhile stirring the
resulting mixturg at room tempergiyre, Then, the solution wag heated and stirged 4 the same manner as
in Synthesis Example 1 to obtain a solution of polysiloxane containing metal compound particles
(MPS-2). During #he reaetion £109.04 g intgtal ©f methanol anshwater wese distilled aut @ssby-products.
The obtained solution of polysiloxane containing metal compound particles (MPS-2) had a solid content
concentration obp85aat%t [3099] GynthesistExamplel 28Synthesis eh Nephthhodquinonedfazide Compound
(QD-1) In a dry nitrogen stream, 15.32 g (0.05 mol) of Ph-cc-AP-MF (trade name, manufactured by
Honshu Chemid&liitdstryaC o2 1GdPanad 37562 g1 (01 RO 6f Sinaphidguirrigdigzide Sulfonic acid
chloride were dissrtl)lsv.ecdii\pASO of 1,4-dcij£)xgri1ghan?j tlgg resultin% solution was., keept at room temperature.

To the sqution,S§ m|>l<turelotf% g%f]ie,f-o ioxane an .§8rge(gdl. Einrﬂoﬁ%ﬁnéfﬁylamine was added

dfOPWiSE‘_ to e”g&%{@ég%%@mg%@%‘{% i@o%o%’ﬁ%@n‘“@éﬂ%%%@%ﬁ@le%_Q\V/QJQ.he"ﬂPJt?r completion
of dropwise addition, the mixture was stirred at 30C for 2 hours. The triethylamine salt was filtered away,
and the filtrate wascharged ite water: divereaftery the preeipitate, veascollectednyr-fliratian. The
precipitate was dried using a vacuum dryer to obtain the naphthoquinonediazide compound (QD-1)
having the followirtg struefigeably 100 mol% or more. That is, (a') the
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[0100] [Chem. 7] [0101] Synthesis Example 24Synthesis of Naphthoquinonediazide Compound (QD-2)
In a dry nitrogen stream, 21.23 g (0.05 mol) of Tris P-PA (trade name, manufactured by Honshu Chemical
Industry Co., Ltd.) and 37.62 g (0.14 mol) of 5-naphthoquinonediazide sulfonic acid chloride were
dissolved in 450 g of 1,4-dioxane, and the resulting solution was kept at room temperature. To the
solution, a mixture of 50 g of 1,4-dioxane and 15.58 g (0.154 mol) of triethylamine was added dropwise to
ensure that the temperature in the system would not become 35C or higher. After completion of dropwise
addition, the mixture svas stirredaird0G fiomz heats.1 Thethiethytamine:salt was filtered away, and the
filtrate was charged into water. Thereafter, the precipitate was collected by filtration. The precipitate was
dried using a vacuurheifryectd dltainy e haphtitoquidonediazide corpotmas(@B-2)rhaving the following
structure: [0102] [Chem. 8] [0103] Photosensitivity and cured film properties of the composition in
each of exampl85 HHY Somparative® EXRSAPIES wee BVal FateT By tHe fdiowing Mefiods A silicon wafer
substrate was used for Strﬁ Egollowin eevsaeIH%ti%n% igl)El;i(l:)ﬁ(Sgeand ajl I%l\élfrﬁl)gglp(azt)glﬁs lertrate was used

for the foIIowingOé\?gIr&%tlon (ré)e 1) Measurement of Film Thickness Using Lambda-Ace STM-602

(trade name, mapufactuted by RainpER eeenManufactiuing Go. Jddds 3 u thicknessesof a prebaked

film and a cured film was measured at a refractive index of 1.70. (2) Determination of Remaining Film
Ratio The rémaining firmatdionwas catcutates, framrihenfollowingnequationaRemdiamg film ratio (%) =
Film thickness of unexposed area after development/Film thickness after prebaking x 100
complex particles of the compounds or complex particles of any
of the compounds and a silicon compound, is most preferred.
When the Si atoms originated from the organosilane represented
by the general formula (2) are contained in an amount of 100
mol% or less, production of a gel-like substance can be
inhibited in synthesizing a polysiloxane, and therefore
coatability of the resulting positive photosensitive resin
composition can be improved. Herein, the content of Si atoms
originated from the organosilane represented by the general
formula (2) in (a') the polysiloxane containing metal compound
particles is preferably 5 mol% or more and 50 mol% or less of
the total content of the Si atoms originated from the
organosilane in the polysiloxane containing metal compound
particles. When the Si atoms originated from the organosilane
represented by the general formula (2) are contained in an
amount of 5 mol% or more, the sensitivity and resolution of the
resulting positive photosensitive resin composition can be

further improved. The content of the Si atoms is more

preferably 10 mol% or more. When the Si atoms originated from
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(3) Determination of Photosensitivity The exposure amount at which a 10 gm line and space pattern
is formed at a width ratio of 1 : 1 after development (hereinafter, the exposure amount is referred to as an
optimum exposure amount) was taken as the photosensitivity. (4) Determination of Resolution The
minimum pattern size at the optimum exposure amount after development was referred to as a resolution
after development and the minimum pattern size at the optimum exposure amount after curing was
referred to as a resolution after curing. (5) Determination of Refractive Index The cured film formed
on the 6 inch silicen wadanhwasiused to-meassire sde refractiveyndexa (T Bdarandiectzon pegpendicular to a
film surface at 22C at a wavelength of 633 nm (using a He-Ne laser) by use of a prism coupler Model
2010 (manufactired byMetricorr Corpwrd thie filtn thickness. (63 Measuréntentof LdgheTransmittance
First, only a TEMPAX Float glass substrate was measured using MultiSpec-1500 (trade name,
manufactured By SRilt&dz EothI aRd IR difsorplidl? spttrum fMYthe Gitra%idlét &nd visible region
thereof was emg(l)ciyesd. as Qargégreggg. Next, a gyéed <f)i!ﬂrga f.tlf? tcom@;%osciggn was, EQJ%%d on the. TEMI_DAX
Float glass subbtrate (lpattern exposure was not performe f and this sample was measured with a single

beam to determing the lighttrapsmittance per 1RMatanyavelength eb4000mqand the difference
between the light transmittance and the reference was taken as the light transmittance of the cured film.

[0104] Examplete con2@:53 @of the polysioxane solutiah (RS+1)oktameghimoSynthesis Example 1,
30.96 g of "OPTOLAKE" TR-513 (trade name, manufactured by JGC Catalysts and Chemicals Ltd.) which
is a 30.4 wt% GEIPHEPEISPN BY cotfplex paniclesdrifanidm oXidé ahd Bfticsn BRitk01318 g of the

naphthoquinonediazide Compoundl(%Daélg) obtglned in S}/nthesw %xeargglle 14, 14.45,9 c1):thEL, 12.00 g of

DAA and 17.88% 8 PEMEA Werd mixdiaid stifad undér®a Sallow 1ammp 6 Tofma uhiforit solution, and

then filtrated with, a filter wyith a pore size, of 0,20, pm ta.prepare a campasition 1. [0105]  The

composition 1 was applied onto a 6 inch silicon wafer by spin coating using a spin coater (1H-3605
manufactured byodlikasa Co., Ltd.) and then heated at 120C for 3 minutes by use of a hot plate
(SCW-636 manufactured by Dainippon Screen Mfg. Co., Ltd.) to prepare a prebaked film with a thickness
of 1.0 RM. The prebakéd film Was exposed througina gray sealel masksfor photosensitivity measurement

to an ultra high pressure mercury lamp using a PLA (PLA-501F manufactured by Canon Inc.), and
developed withfSHower 8t 2738 With aqeebts T MAH) $bfution fdrSG(?E%ESﬁagiﬁsiﬂg aff&utomatic

developing machinee (g@D-ZOQQ manufactt,lcregfb)é'lragjczawa %arfio Co 1Ltdv.) ..and then rinsed with water

for 30 seconds.mf)ﬁerea?tre'r, as bleac tlr% exposure, a PLA (PL Otl(f: %énu%ﬁﬁﬂeésbyaCanon Inc.) was

UsedujeXposeébﬁdensed polycyclic aromatic hydrocarbon radical, is
preferably 10 mol% or more of the total content of Si atoms
originated from the organosilane. By containing Si atoms bound
to R', which is a condensed polycyclic aromatic hydrocarbon
radical, in an amount of 10 mol% or more, the sensitivity and
resolution of the positive photosensitive resin composition can
be further improved and the refractive index of the cured film
can be further improved. On the other hand, the content of Si
atoms bound to R', which is a condensed polycyclic aromatic
hydrocarbon radical, is preferably 60 mol% or less, and more
preferably 50 mol% or less from the viewpoint of suppressing

a minute residue of portion remaining undissolved in
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entire film surface to an ultra high pressure mercury lamp at 5000 J/m2 (in terms of the exposure amount
at a wavelength of 365 nm). Then, a hot plate was used for soft baking at 200C for 5 minutes, and then
used for curing at 300C for 5 minutes to prepare a cured film. Composition of the composition 1 is shown
in Table 1 and the results of evaluations of photosensitivity and cured film properties are shown in Table
2. [0106] Examples 2 to 19 and Comparative Examples 1 to 8 Compositions 2 to 27 each having the
compositions shown in Tables 1 and 2 were prepared in the same manner as in the composition 1. A
cured film was preparedrir the same qianner asiprbxample d<by use nieaeh ofthenebtained
compositions. The results of evaluations are shown in Tables 3 and 4. [0107] [Table 1] Addition amount
of polysiloxane Bofutior(a PEoritent of St atemsseriginates froht formuld(Ry) dyndontent bfSi atoms bound

to condensed polycyclic . , , . ,
atoms bound to R°, which is a condensed polycyclic aromatic

hydrocarbon radical, can be determined in the same manner as
in the polysiloxane in the component (a).
[0046]

(a') the polysiloxane containing metal compound
particles in the present invention is synthesized by
hydrolyzing and partially condensing the above-mentioned
organosilanes in the presence of the above-mentioned metal
compound particles. Preferred reaction conditions in the
hydrolysis and partial condensation are the same as those in
the polysiloxane in the component (a).

[0047]

The positive photosensitive resin composition of the
present invention contains (c¢) a naphthoquinonediazide
compound. By containing (c) the naphthoquinonediazide
compound, the resin composition exhibits the positive
photosensitivity to the extent that an exposed area is removed
with a developer. As the naphthoquinonediazide compound, a
compound having naphthoquinonediazide sulfonic acid
ester-bonded to a compound having a phenolic hydroxyl group is
preferred.

[0048]

Specific examples of the compound having a phenolic
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aromatic hydrocarbon radical) Addition amount of dispersion of metal compound particles (parts by
weight of solids relative to 100 of polysiloxane) Addition amount of naphthoquinonediazide compound
(parts by weight of solids relative to 100 of polysiloxane) Addition amount of solvent Composition 1
PS-1:23.53g (a = 4.0 =1%) (b = 0 mol%) TR-513:30.969g

hydroxyl group include the following compounds (all of them are
manufactured by Honshu Chemical Industry Co., Ltd.).

[0049]

[Chem. 5]

CHy CF3 CHs
AT ron oo oIy
CH CF; CH
3 8 t-Bu 8 t-Bu

Bisphenol-A BisP-AF BisOTBP-A
t-Bu t-Bu 9H3 (I;HS
o o~ =6 _p-on mo )¢~ )-on
" gH o GH CHe
3 CH CH
-B -B i 3
- B £26B A o G G, B isP-B
B iP-M BK
GHs
GH GHs
oo 0O Ko oD
GHe COOH
crts B isP-PR CH2
P
B &P-DEK . COOH
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CHZ) 5 CHz) 5 CHQ) .
CHS CHs CH3
BsP-0T BisP-NO BisP-DE

HO@
O
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(100 parts by weight) QD-1:1.18 g (12.5 parts by weight) GEL:14.45 g DAA:12.00 g PGMEA:17.88 g
Composition 2 P5-2:23.53g (e =12.4 mol%) (b = 0 mol%) TR-513:30.969 (100 parts by weight) QD-1:1.18

g

[0050]
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(12.5 parts by weight) GEL:14.45 g DAA:12.00 g PGMEA:17.88 g Composition 3 P5-3:23.53g (e =21.1
mol%) (b = 0 mol%) TR-513:30.96g (100 parts by weight) QD-1:1.18 g (12.5 parts by weight) GEL:14.45

g

[Chem. 6]
HO ] ] OH HO l ] OH
t-Bu’ I i' I “t-Bu
B 0 TBP -7 B P—FL
HO OH HO OH
Q) (D o O
()~ |
S ) SRS
HO TekP—4HBP OH HO TekP—4HBPA OH

TrisP-TC

[0051]

The naphthoquinonediazide compound can be synthesized by
a conventionally known esterification reaction between a
compound having a phenolic hydroxyl group and
naphthoquinonediazide sulfonic acid chloride. As the
naphthoquinonediazide sulfonic acid chloride to be used as a
raw material, 4-naphthoquinonediazide sulfonic acid chloride

or 5—naphthoquinonediazide sulfonic acid chloride can be used.
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DAA:12.00 g PGMEA:17.88 g Composition 4 P5-4:23.53g (e =49.4 mol%) (b = 0 mol%) TR-513:30.969g
(100 parts by weight) QD-1:1.18 g (12.5 parts by weight) GEL:14.45 g DAA:12.00 g PGMEA:17.88 g
Composition

A 4-naphthogquinonediazide sulfonic ester compound is suitable
for i-line exposure since it has an absorption band in an i—-1line
(wavelength 365 nm) region. Furthermore, a
5-naphthoquinonediazide sulfonic ester compound is suitable
for exposure in a wide range of wavelengths since it has an
absorption band in a wide range of wavelength region. It is
preferred to select a 4-naphthoquinonediazide sulfonic ester
compound or a S—naphthoquinonediazide sulfonic ester compound
in accordance with the wavelength used for exposure. A
4-naphthoquinonediazide sulfonic ester compound and a
5-naphthoquinonediazide sulfonic ester compound can be used in
combination.

[0052]

The content of (c) the naphthoquinonediazide compound in
the positive photosensitive resin composition of the present
invention is not particularly limited, and is preferably 1 part
by weight or more, and more preferably 3 parts by weight or more
relative to 100 parts by weight of (a) the polysiloxane or (a')
the polysiloxane containing metal compound particles. Further,
the content is preferably 30 parts by weight or less, and more
preferably 20 parts by weight or less from the viewpoint of
suppressing a reduction in compatibility with a polysiloxane
or coloring due to decomposition in thermal curing, and further
improving the transparency of the positive photosensitive resin

composition or cured film.
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5 P5-5:23.53g (e =65.1 mol%) (b = 0 mol%) TR-513:30.969g (100 parts by weight) QD-1:1.18 g (12.5 parts
by weight) GEL:14.45 g DAA:12.00 g PGMEA:17.88 g Composition 6 P5-6:23.53g (e =12.4 mol%)

[0053]

The positive photosensitive resin composition of the
present invention contains (d) a solvent. The solvent is not
particularly limited, but a compound having an alcoholic
hydroxyl group is preferred. When the solvent having an
alcoholic hydroxyl group is used, the solubility of (a) the
polysiloxane or (a') thepolysiloxane containingmetal compound
particles and (c) the quinone diazide compound can be improved,
and the transparency of a coating film prepared from the
positive photosensitive resin composition can be further
improved.

[0054]

The solvent having an alcoholic hydroxyl group is not
particularly limited, but a compound having a boiling point of
110 to 250°C at atmospheric pressure is preferred. When the
boiling point of the solvent is 110°C or higher, drying in
forming the coating £film proceeds moderately and a coating film
having good surface appearance can be easily attained. On the
other hand, when the boiling point of the solvent is 250°C or
lower, the solvent remaining in the film can be easily removed.
[0055]

Specific examples of the solvent having an alcoholic
hydroxyl group include acetol (boiling point: 147°C),
3-hydroxy-3-methyl-2-butanone (boiling point: 140°C),

4-hydroxy-3-methyl-2-butanone (boiling point: 73°C),
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(b = 0 mol%) TR-513:30.969 (100 parts by weight) QD-1:1.18 g (12.5 parts by weight) GEL:14.45 g
DAA:12.00 g PGMEA:17.88 g Composition 7 P5-7:23.53g (e =12.4 mol%) (b = 0 mol%) TR-513:30.969g
(100 parts by

5-hydroxy-2-pentanone (boiling point: 144°C),
4-hydroxy—-4-methyl-2-pentanone (diacetone alcohol) (boiling
point: 166°C), ethyl lactate (boiling point: 151°C), butyl
lactate (boiling point: 186°C), propylene glycol monomethyl
ether (boiling point: 118°C), propylene glycol monoethyl ether
(boiling point: 132°C), propylene glycol mono-n-propyl ether
(boiling point: about 150°C), propylene glycol mono-n-butyl
ether (boiling point: 170°C), diethylene glycol monomethyl
ether (boiling point: 194°C), diethylene glycol monoethyl ether
(boiling point: 202°C), dipropylene glycol monomethyl ether
(boiling point: about 190°C), 3-methoxy-l-butanol (boiling
point: 161°C) and 3-methyl-3-methoxy-1-butanol (boiling point:
174°C). The positive photosensitive resin composition of the
present invention may contain two or more of these solvents.
[0056]

Further, the positive photosensitive resin composition
of the present invention may contain other solvents together
with the above-mentioned solvents or in addition to the
above-mentioned solvents. Examples of the other solvents
include esters such as ethyl acetate, n-propyl acetate,
isopropyl lactate, n-butyl acetate, isobutyl acetate,
propylene glycol monomethyl ether acetate, 3-methoxy-1l-butyl
acetate, 3-methyl-3-methoxy-1l-butyl acetate and ethyl
acetoacetate; ketones such as methyl isobutyl ketone,

diisopropyl ketone, diisobutyl ketone and acetylacetone;
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weight) QD-1:1.18 g (12.5 parts by weight) GEL:14.45 g DAA:12.00 g PGMEA:17.88 g Composition 8
PS-8:23.53g (e =12.4 mol%) (b =14.0 mol%) TR-513:30.969g (100 parts by weight) QD-1:1.18 g (12.5
parts by

ethers such as diethyl ether, diisopropyl ether, di-n-butyl
ether, diphenyl ether, diethylene glycol ethylmethyl ether and
diethylene glycol dimethyl ether; 7y-butyrolactone,
Y-valerolactone, d-valerolactone, propylene carbonate,
N-methylpyrrolidone, cyclopentanone, cyclohexanone, and
cycloheptanone.

[0057]

The content of (d) the solvent in the positive
photosensitive resin composition of the present invention is
not particularly limited, and is preferably 100 to 2000 parts
by weight relative to 100 parts by weight of (a) the polysiloxane
or (a') the polysiloxane containing metal compound particles.
[0058]

Moreover, the positive photosensitive resin composition
of the present invention, as required, may contain additives
such as a silane coupling agent, a crosslinking agent, a
crosslinking promoter, a sensitizer, a thermal radical
generator, a dissolution promoter, a dissolution inhibitor, a
surfactant, a stabilizer and an antifoaming agent.

[0059]

Next, a method of curing the positive photosensitive
resin composition of the present invention to obtain a cured
film will be described by way of examples.

[0060]

The positive photosensitive resin composition of the
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weight) GEL:14.45 g DAA:12.00 g PGMEA:17.88 g Composition 9 P5-9:23.53g (e =12.4 mol%) (b =28.0
mol%) TR-513:30.969g (100 parts by weight) QD-1:1.18 g (12.5 parts by weight) GEL:14.45 g DAA:12.00

g

present invention is applied onto a substrate by a

conventionally known method such as spin coating or slit coating
and heated (prebaked) using a heating apparatus such as a hot
plate or an oven. Prebaking is preferably carried out in a
temperature range from 50 to 150°C for 30 seconds to 30 minutes.

A prebaked film preferably has a thickness of 0.1 to 15 pm.
[0061]

After completion of prebaking, an ultraviolet-visible
exposure machine such as a stepper, a mirror projection mask
aligner (MPA) or a parallel light mask aligner (PLA) is used
for pattern exposure through a desired mask at about 10 to about
4000 J/m® (in terms of the exposure amount at a wavelength of
365 nm) .

[0062]

After completion of exposure, the exposed area is
dissolved and removed by development to obtain a positive
pattern. The resolution of the pattern is preferably 8 um or
less. As the developing method, it is preferred to immerse the
substrate in a developer for 5 seconds to 10 minutes by a method
such as showering, dipping or paddling. As the developer, a
conventionally known alkaline developer can be used. Examples
of the alkaline developer include aqueous solutions of
inorganic alkalis such as alkali metal hydroxides, carbonates,
phosphates, silicates and borates; amines such as

2-diethylaminoethanol, monoethanolamine and diethanolamine;
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PGMEA:17.88 g Composition 10 P5-10:23.53 g (e =12.4 mol%) (b =46.7 mol%) TR-513:30.96g (100
parts by weight) QD-1:1.18 g (12.5 parts by weight) GEL:14.45 g DAA:12.00 g PGMEA:17.88 g
Composition 11

and quaternary ammonium salts such as tetramethylammonium
hydroxide (TMAH) and choline. Two or more of these may be used
in combination. After completion of development, it is
preferred to rinse the substrate using water, and if necessary,
a heating apparatus such as a hot plate or an oven can be used
for baking with dewatering and drying in a temperature range
from 50 to 150°C.

[0063]

Thereafter, the ultraviolet-visible exposure machine
such as a PLA is used to expose (bleaching exposure) the entire
film surface to light at about 100 to 20000 J/m? (in terms of
the exposure amount at a wavelength of 365 nm). When bleaching
exposure is performed, an unreacted naphthoquinonediazide
compound remaining in the developed film can be
photo-decomposed to further improve the transparency of the
resulting cured film.

[0064]

The film subjected to bleaching exposure, if necessary,
is heated (soft-baked) in a temperature range from 0 to 250°C
for 30 seconds to 30 minutes using a heating apparatus such as
a hot plate or an oven, and is heated (cured) in a temperature
range from 150 to 450°C for about 30 seconds to 2 hours using
a heating apparatus such as a hot plate or an oven to form a
cured film.

[0065]
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P5-11:23.53 g (e =12.4 mol%) (b =65.3 mol%) TR-513:30.969 (100 parts by weight) QD-1:1.18 g (12.5
parts by weight) GEL:14.45 g DAA:12.00 g PGMEA:17.88 g Composition 12 P5-2:23.53g (e =12.4 mol%)
(b = 0 mol%)

The positive photosensitive resin composition of the
present invention preferably has a photosensitivity of 1500 J/m?
or less, and more preferably a photosensitivity of 1000 J/m?
or less at the time of exposure from the viewpoint of
productivity in forming a pattern. Such a high sensitivity can
be easily achieved, for example, by a positive photosensitive
resin composition containing a polysiloxane formed by using an
organosilane represented by the general formula (2).

[0066]

The photosensitivity in exposure can be determined by the
following method. The positive photosensitive resin
composition is applied onto a silicon wafer by spin coating at
an arbitrary rotating speed using a spin coater and then
prebaked at 120°C for 3 minutes by use of a hot plate to prepare
a prebaked film with a thickness of 1 um. The prebaked film
is exposed through a gray scale mask having a line and space
pattern of 1 to 10 um for photosensitivity measurement to an
ultra high pressure mercury lamp using a PLA (PLA-501F
manufactured by Canon Inc.), and developed with a shower of 2.38
wt% aqueous TMAH solution for 60 seconds using an automatic
developing machine (AD-2000 manufactured by Takizawa Sangyo Co.,
Ltd.), and then rinsed with water for 30 seconds. In the formed
pattern, the exposure amount at which a 10 um line and space
pattern can be resolved at a width ratio of 1 : 1 is determined

as the photosensitivity.
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TR-513:20.64 g (50 parts by weight) QD-1:1.18 g (12.5 parts by weight) GEL:14.45 g DAA:12.00 g
PGMEA:17.88 g Composition 13 P5-2:23.53g (e =12.4 mol%) (b = 0 mol%) TR-513:37.15 g (150 parts by
weight) QD-1:1.18 g

[0067]

Further, the positive photosensitive resin composition
of the present invention preferably has a resolution after
curing of 10 Um or less, and more preferably 5 um or less for
fine hole pattern formation. Such a resolution can be easily
achieved, for example, by a positive photosensitive resin
composition containing a polysiloxane formed by using an
organosilane represented by the general formula (2).

[0068]

The resolution after curing is determined by the
following method. By the same method as that of determining
the photosensitivity in exposure described above, the exposure
amount at which a 10 um line and space pattern is resolved at
a width ratio of 1 : 1 is determined as the photosensitivity.
Thereafter, a hot plate is used for soft baking at 200°C for
5 minutes, and then used for curing at 300°C for 5 minutes to
prepare a cured film, and thereby, a minimum pattern size at
the sensitivity after curing is determined as the resolution
after curing.

[0069]

A cured film formed by curing the positive photosensitive
resin composition of the present invention preferably has a
light transmittance per a thickness of 1 um of 90% or more at
a wavelength of 400 nm, and furthermore preferably has a light

transmittance of 92% or more. Such a high transmittance can
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(12.5 parts by weight) GEL:14.45 g DAA:12.00 g PGMEA:17.88 g [0108] [Table 2] Addition amount of
polysilomane solution (a = content of Si atoms originated from formula(2)) OD = content of Si atoms
bound to condensed polycyclic aromatic hydrocarbon

be easily achieved, for example, by a positive photosensitive
resin composition using a polysiloxane with high transparency
as a resin component.
[0070]

The transmittance of the cured film per a thickness of
1 um at a wavelength of 400 nm is determined by the following
method. The positive photosensitive resin composition is
applied onto a TEMPAX Float glass plate by spin coating at an
arbitrary rotating speed using a spin coater and then prebaked
at 120°C for 2 minutes by use of a hot plate. Thereafter, as
bleaching exposure, a PLA is used to expose the entire film
surface to an ultra high pressure mercury lamp at 5000 J/m? (in
terms of the exposure amount at a wavelength of 365 nm), and
then, a hot plate is used for thermally curing the film at 300°C
for 5 minutes in the air to prepare a cured film having a
thickness of 1 um. The absorption spectrum in the ultraviolet
and visible region of the obtained cured film is measured using
MultiSpec-1500 manufactured by Shimadzu Corp., and the
transmittance at a wavelength of 400 nm is determined. As
another method, the transmittance can be determined by
measuring the extinction coeffect of an objective cured film
by each wavelength and the film thickness by using a
spectroscopic ellipsometer FE 5000 manufactured by Otsuka
Electronics Co., Ltd. and substituting the measurements into

the following equation.
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radical) Addition amount of dispersion of metal compound particles (parts by weight of solids relative to
100 of polysilomane) Addition amount of naphthoquinonediazide compound (parts by weight of solids
relative to 100 of polysilomane) Addition amount solvent of Composition 14 PS-2:23.53g (a = 12.9 mol%)
(b = 0 mol%) TR-513:30.96 (100 parts by

Transmittance = exp (-4Tkt/A)

In the above equation, k represents an extinction coeffect, t
represents a film thickness, and A represents a measured film
thickness.

[0071]

The positive photosensitive resin composition and the
cured film of the present invention are suitably used for
optical devices such as solid state image sensors, optical
filters and displays. More specific examples thereof include
a collecting microlens and an optical waveguide formed in a
solid state image sensor or the like, an anti-reflection film
installed as an optical filter, a planarizing material of a TFT
substrate for a display, a protective film of a liquid crystal
display or a color filter, and a phase shifter. Among these,
the positive photosensitive resin composition and the cured
film of the present invention are particularly suitably used
for a collecting microlens formed on a solid state image sensor
and an optical waveguide which connects the collecting
microlens to an optical sensor part since they can achieve high
transparency and high refractive index simultaneously. The
positive photosensitive resin composition and the cured film
of the present invention can also be used as a buffer coat, an
interlayer insulation film and various protective films of a
semiconductor device. In the positive photosensitive resin

composition of the present invention, works can be simplified
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weight) g (5 QD-1:0.47 g parts by weight) GEL:14.45 DAM12.00 PGMEA:17.88 g g g Composition 15
PS-2:23.53g (a = 12.4 mol%) (b = 0 mol%) TR-513:30.96 (100 parts by weight)

and the degradation of a wiring part due to an etching liquid
or plasma can be avoided since pattern formation by an etching

process 1s unnecessary.

EXAMPLES
[0072]

Hereinafter, the present invention will be described in
more detail by way of examples, but the present invention is
not limited to these examples. Compounds, for which an
abbreviation is used, of the compounds used in synthesis
examples and examples are shown below.

PGMEA: propylene glycol monomethyl ether acetate
GBL: Yy-butyrolactone
DAA: diacetone alcohol

Correspondence between organosilanes used in synthesis
examples and the general formula (2) is shown below.
M silicate 51 manufactured by TAMA CHEMICALS CO., LTD.: R’ to
R® = methyl group, m = 3 to 5 on average
Silicate 40 manufactured by TAMA CHEMICALS CO., LTD.: R’ to R°
= ethyl group, m = 4 to 6 on average
Silicate 45 manufactured by TAMA CHEMICALS CO., LTD.: R’ to R®
= ethyl group, m = 6 to 8 on average
[0073]

The solid content concentration of the polysiloxane

solution was determined by the following method. 1.5 g of a
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g (20 QD-1:1.88 g parts by weight) GEL:14.45 DAM12.00 PGMEA:17.88 g g g Composition 16
PS-2:23.53g (a = 12.4 mol%) (b = 0 mol%) TR-513:30.96 (100 parts by weight) g

polysiloxane solution was weighed out in an aluminum cup and
heated at 250°C for 30 minutes by use of a hot plate to evaporate
the liquid portion. The solids left in the aluminum cup after
heating were weighed out to determine the solid content
concentration of the polysiloxane solution.

[0074]

The content of Si atoms originated from the organosilane
represented by the general formula (2) in a polysiloxane or a
polysiloxane containing metal compound particles was
determined by the following method. Assuming that the used
organosilane was completely condensed, an amount of Si-0 bonds
not containing Si-C bonds was calculated from the ratio of an
integral value of a peak originated from Si-C bonds to an
integral value of a peak originated from Si-O bonds in an IR
spectrum, and thereby the content of Si atoms originated from
the organosilane represented by the general formula (2) was
determined.

[0075]

The content of Si atoms bound to R, which is a condensed
polycyclic aromatic hydrocarbon radical, in a polysiloxane or
a polysiloxane containing metal compound particles, was
determined by measuring *Si-NMR spectrum of a polysiloxane or
a polysiloxane containing metal compound particles and
calculating the ratio between the resulting peak areas of Si

bound to a condensed polycyclic aromatic hydrocarbon radical

43



(25 QD-1:2.35 g parts by weight) GEL:14.45 DAM12.00 PGMEA:17.88 g g g Composition 17 PS-2:23.53¢g
(a=12.4 mol%) (b = 0 mol%) TR-513:30.96 (100 parts by weight) g

and Si not bound to a condensed polycyclic aromatic hydrocarbon
radical.
[0076]

The weight average molecular weight (Mw) of the resulting
trifunctional silane oligomer was measured by use of
tetrahydrofuran as a developing solvent using GPC (gel
permeation chromatography) HLC-8220 (manufactured by TOSOH
Corp.) and the weight average molecular weight (Mw) was
calculated on the polystyrene equivalent basis.

[0077]

Synthesis Example 1 Synthesis of Polysiloxane
Solution (PS-1)

Into a 500 mL three-neck flask, 54.48 g (0.40 mol) of
methyltrimethoxysilane, 99.15 g (0.50 mol) of
phenyltrimethoxysilane, 12.32 g (0.05 mol) of
2—(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 5.88 g
(equivalent to 0.05 mol of Si atoms) of M silicate 51
(manufactured by TAMA CHEMICALS CO., LTD.) and 155.04 g of PGMEA
were charged (initial monomer concentration = 52.6 wt%), and
an aqueous phosphoric acid solution formed by dissolving 0.515
g (0.30 wt® with respect to the supplied monomers) of phosphoric
acid in 54.45 g of water was added over 10 minutes while stirring
at room temperature. Then, the flask was immersed in an oil
bath of 40°C while stirring the solution for 60 minutes, and

the temperature of the o0il bath was raised up to 115°C over 30
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QD-2:1.18 g (12.5 parts by weight) GEL:14.45 DAM12.00 PGMEA:17.88 g g g Composition 18
MPS-1:26.89 g (a = 12.4 mol%) (b = 0 mol%) QD-1:1.18 g (12.5 parts by

minutes. One hour after the start of temperature rise, the
internal temperature of the solution reached 100°C, and the
solution was heated and stirred for further 2 hours (the
internal temperature of the solution in the duration was 100
to 110°C) to obtain a polysiloxane solution (PS-1). Inaddition,
a nitrogen gas was flowed at a flow rate of 0.05 1/min during
the temperature rise and stirring with heating. During the
reaction, 98.42 g in total of methanol and water were distilled
out as by-products. The obtained polysiloxane solution (PS-1)
had a solid content concentration of 40 wt%. In addition, the
content of Si atoms originated from the organosilane
represented by the general formula (2) in the polysiloxane was
4.0 mol%.

[0078]

Synthesis Example 2 Synthesis of Polysiloxane
Solution (PS-2)

Into a 500 mL three-neck flask, 40.86 g (0.30 mol) of
methyltrimethoxysilane, 99.15 g (0.50 mol) of
phenyltrimethoxysilane, 12.32 g (0.05 mol) of
2—(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 17.63 g
(equivalent to 0.15 mol of Si atoms) of M silicate 51
(manufactured by TAMA CHEMICALS CO., LTD.) and 153.66 g of PGMEA
were charged (initial monomer concentration = 52.5 wt%), and
an aqueous phosphoric acid solution formed by dissolving 0.510

g (0.30 wt% with respect to the supplied monomers) of phosphoric
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weight) GEL:14.45 DAM12.00 PGMEA:17.88 g g g Composition 19 PS-12:23.53 g (a =0%) (b = 0%)
TR-513:30.96 (100 parts by weight) g QD-1:1.18 g (12.5 parts by

acid in 53.55 g of water was added over 10 minutes while stirring
at room temperature. Then, the solution was heated and stirred
in the same manner as in Synthesis Example 1 to obtain a
polysiloxane solution (PS-2). During the reaction, 97.58 g in
total of methanol and water were distilled out as by-products.
The obtained polysiloxane solution (PS—-2) had a solid content
concentration of 40 wt%. In addition, the content of Si atoms
originated from the organosilane represented by the general
formula (2) in the polysiloxane was 12.4 mol%.

[0079]

Synthesis Example 3 Synthesis of Polysiloxane
Solution (PS-3)

Into a 500 mL three-neck flask, 27.24 g (0.20 mol) of
methyltrimethoxysilane, 99.15 g (0.50 mol) of
phenyltrimethoxysilane, 12.32 g (0.05 mol) of
2—(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 29.38 g
(equivalent to 0.25 mol of Si atoms) of M silicate 51
(manufactured by TAMA CHEMICALS CO., LTD.) and 152.28 g of PGMEA
were charged (initial monomer concentration = 52.5 wt%), and
an aqueous phosphoric acid solution formed by dissolving 0.504
g (0.30 wt% with respect to the supplied monomers) of phosphoric
acid in 52.62 g of water was added over 10 minutes while stirring
at room temperature. Then, the solution was heated and stirred
in the same manner as in Synthesis Example 1 to obtain a

polysiloxane solution (PS-3). During the reaction, 95.94 g in
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weight) GEL:14.45 DAM12.00 PGMEA:17.88 g g g Composition 20 PS-2:23.53g (a = 12.4 mol%) (b =0
mol%) QD-1:1.18 g (12.5 parts by weight) GEL:14.45

total of methanol and water were distilled out as by-products.
The obtained polysiloxane solution (PS-3) had a solid content
concentration of 40 wt%. In addition, the content of Si atoms
originated from the organosilane represented by the general
formula (2) in the polysiloxane was 21.1 mol%.

[0080]

Synthesis Example 4 Synthesis of Polysiloxane
Solution (PS-4)

Into a 500 mL three-neck flask, 79.32 g (0.40 mol) of
phenyltrimethoxysilane, 12.32 g (0.05 mol) of
2—(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 64.63 g
(equivalent to 0.55 mol of Si atoms) of M silicate 51
(manufactured by TAMA CHEMICALS CO., LTD.) and 140.57 g of PGMEA
were charged (initial monomer concentration = 52.6 wt%), and
an aqueous phosphoric acid solution formed by dissolving 0.469
g (0.30 wt® with respect to the supplied monomers) of phosphoric
acid in 49.95 g of water was added over 10 minutes while stirring
at room temperature. Then, the solution was heated and stirred
in the same manner as in Synthesis Example 1 to obtain a
polysiloxane solution (PS-4). During the reaction, 91.02 g in
total of methanol and water were distilled out as by-products.
The obtained polysiloxane solution (PS—4) had a solid content
concentration of 40 wt%. In addition, the content of Si atoms
originated from the organosilane represented by the general

formula (2) in the polysiloxane was 49.4 mol%.
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DAM12.00 PGMEA:17.88 g g g Composition 21 PS-10:23.53 g (a = 12.4 mol%) (b = 46.7 mob%)
QD-1:1.18 g (12.5 parts by weight) GEL:14.45 DAA:12.00 PGMEA:17.88

[0081]

Synthesis Example 5 Synthesis of Polysiloxane
Solution (PS-5)

Into a 500 mL three-neck flask, 49.58 g (0.25 mol) of
phenyltrimethoxysilane, 12.32 g (0.05 mol) of
2—(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 82.37 g
(equivalent to 0.70 mol of Si atoms) of M silicate 51
(manufactured by TAMA CHEMICALS CO., LTD.) and 127.29 g of PGMEA
were charged (initial monomer concentration = 53.1 wt%), and
an aqueous phosphoric acid solution formed by dissolving 0.433
g (0.30 wt® with respect to the supplied monomers) of phosphoric
acid in 48.60 g of water was added over 10 minutes while stirring
at room temperature. Then, the solution was heated and stirred
in the same manner as in Synthesis Example 1 to obtain a
polysiloxane solution (PS-5). During the reaction, 88.56 g in
total of methanol and water were distilled out as by-products.
The obtained polysiloxane solution (PS-5) had a solid content
concentration of 40 wt%. In addition, the content of Si atoms
originated from the organosilane represented by the general
formula (2) in the polysiloxane was 65.1 mol%.

[0082]

Synthesis Example 6 Synthesis of Polysiloxane
Solution (PS-6)

Into a 500 mL three-neck flask, 40.86 g (0.30 mol) of

methyltrimethoxysilane, 99.15 g (0.50 mol) of
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g g g Composition 22 MPS-2:26.89 g (a = 0 mol%) (b = 0 mol%) QD-1:1.18 g (12.5 parts by weight)
GEL:14.45 DAA:12.00 PGMEA:17.88 g g g Composition

phenyltrimethoxysilane, 12.32 g (0.05 mol) of
2—(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 22.35 g
(equivalent to 0.15 mol of Si atoms) of Silicate 40
(manufactured by TAMA CHEMICALS CO., LTD.) and 159.43 g of PGMEA
were charged (initial monomer concentration = 52.3 wt%), and
an aqueous phosphoric acid solution formed by dissolving 0.524
g (0.30 wt® with respect to the supplied monomers) of phosphoric
acid in 53.55 g of water was added over 10 minutes while stirring
at room temperature. Then, the solution was heated and stirred
in the same manner as in Synthesis Example 1 to obtain a
polysiloxane solution (PS-6). During the reaction, 97.58 g in
total of methanol and water were distilled out as by-products.
The obtained polysiloxane solution (PS—-6) had a solid content
concentration of 40 wt%. In addition, the content of Si atoms
originated from the organosilane represented by the general
formula (2) in the polysiloxane was 12.4 mol%.

[0083]

Synthesis Example 7 Synthesis of Polysiloxane
Solution (PS-7)

Into a 500 mL three-neck flask, 40.86 g (0.30 mol) of
methyltrimethoxysilane, 99.15 g (0.50 mol) of
phenyltrimethoxysilane, 12.32 g (0.05 mol) of
2—(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 21.72 g
(equivalent to 0.15 mol of Si atoms) of Silicate 45

(manufactured by TAMA CHEMICALS CO., LTD.) and 158.65 g of PGMEA
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23 P5-13:21.89 g (a =0%) (b =0%) TR-513:30.96 (100 parts by weight) g QD-1:1.18 g (12.5 parts by
weight) GEL:14.45 DAA:12.00 PGMEA:19.52 g g g Composition

were charged (initial monomer concentration = 52.3 wt%), and
an aqueous phosphoric acid solution formed by dissolving 0.522
g (0.30 wt® with respect to the supplied monomers) of phosphoric
acid in 53.55 g of water was added over 10 minutes while stirring
at room temperature. Then, the solution was heated and stirred
in the same manner as in Synthesis Example 1 to obtain a
polysiloxane solution (PS-7). During the reaction, 97.58 g in
total of methanol and water were distilled out as by-products.
The obtained polysiloxane solution (PS-7) had a solid content
concentration of 40 wt%. In addition, the content of Si atoms
originated from the organosilane represented by the general
formula (2) in the polysiloxane was 12.4 mol%.

[0084]

Synthesis Example 8 Synthesis of Polysiloxane
Solution (PS-8)

Into a 500 mL three-neck flask, 40.86 g (0.30 mol) of
methyltrimethoxysilane, 69.41 g (0.35 mol) of
phenyltrimethoxysilane, 12.32 g (0.05 mol) of
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 37.25 g (0.15
mol) of naphthyltrimethoxysilane, 17.65 g (equivalent to 0.15
mol of Si atoms) of Msilicate 51 (manufactured by TAMA CHEMICALS
CO., LTD.) and 163.02 g of PGMEA were charged (initial monomer
concentration = 52.1 wt%), and an agqueous phosphoric acid
solution formed by dissolving 0.355 g (0.20 wt% with respect

to the supplied monomers) of phosphoric acid in 53.55 g of water
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24 PTS-1:22.41 g (a=8.2 mol%) (b = 0 mol%) TR-513:30.96 (100 parts by weight) g QD-1:1.18 g (12.5
parts by weight) GEL:14.45 DAA:12.00 PGMEA:19.00 g g g Composition

was added over 10 minutes while stirring at room temperature.
Then, the solution was heated and stirred in the same manner
as in Synthesis Example 1 to obtain a polysiloxane solution
(PS-8). During the reaction, 97.58 g in total of methanol and
water were distilled out as by-products. The obtained
polysiloxane solution (PS-8) had a solid content concentration
of 40 wt%. 1In addition, the content of Si atoms originated from
the organosilane represented by the general formula (2) in the
polysiloxane was 12.4 mol%. Further, the content of Si atoms
bound to a condensed polycyclic aromatic hydrocarbon radical
in the polysiloxane was 14.0 mol%.

[0085]

Synthesis Example 9 Synthesis of Polysiloxane
Solution (PS-9)

Into a 500 mL three-neck flask, 40.86 g (0.30 mol) of
methyltrimethoxysilane, 39.66 g (0.20 mol) of
phenyltrimethoxysilane, 12.32 g (0.05 mol) of
2—(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 74.51 g (0.30
mol) of naphthyltrimethoxysilane, 17.65 g (equivalent to 0.15
mol of Si atoms) of Msilicate 51 (manufactured by TAMA CHEMICALS
CO., LTD.) and 172.28 g of PGMEA were charged (initial monomer
concentration = 51.8 wt%), and an agqueous phosphoric acid
solution formed by dissolving 0.277 g (0.15 wt% with respect
to the supplied monomers) of phosphoric acid in 53.55 g of water

was added over 10 minutes while stirring at room temperature.

51



25 PTS-2:22.41 g (a = 0 mol%) (b = 0 mol%) TR-513:30.96 (100 parts by weight) g QD-1:1.18 g (12.5
parts by weight) GEL:14.45 DAA:12.00 PGMEA:19.00 g g g Composition

Then, the solution was heated and stirred in the same manner
as in Synthesis Example 1 to obtain a polysiloxane solution
(PS-9). During the reaction, 97.58 g in total of methanol and
water were distilled out as by-products. The obtained
polysiloxane solution (PS-9) had a solid content concentration
of 40 wt%. 1In addition, the content of Si atoms originated from
the organosilane represented by the general formula (2) in the
polysiloxane was 12.4 mol%. Further, the content of Si atoms
bound to a condensed polycyclic aromatic hydrocarbon radical
in the polysiloxane was 28.0 mol%.

[0086]

Synthesis Example 10 Synthesis of Polysiloxane
Solution (PS-10)

Into a 500 mL three-neck flask, 40.86 g (0.30 mol) of
methyltrimethoxysilane, 12.32 g (0.05 mol) of
2—(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 124.18 g (0.50
mol) of naphthyltrimethoxysilane, 17.65 g (equivalent to 0.15
mol of Si atoms) of Msilicate 51 (manufactured by TAMA CHEMICALS
CO., LTD.) and 184.60 g of PGMEA were charged (initial monomer
concentration = 51.4 wt%), and an agqueous phosphoric acid
solution formed by dissolving 0.195 g (0.10 wt% with respect
to the supplied monomers) of phosphoric acid in 53.55 g of water
was added over 10 minutes while stirring at room temperature.
Then, the solution was heated and stirred in the same manner

as in Synthesis Example 1 to obtain a polysiloxane solution
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26 PTS-3:21.89 g (a = 0 mol%) (b = 0 mol%) TR-513:30.96 (100 parts by weight) g QD-1:1.18 g (12.5
parts by weight) GEL:14.45 DAA:12.00 PGMEA:19.52 g g g Composition

(PS-10). During the reaction, 97.58 g in total of methanol and
water were distilled out as by-products. The obtained
polysiloxane solution (PS-10) had a solid content concentration
of 40 wt%. 1In addition, the content of Si atoms originated from
the organosilane represented by the general formula (2) in the
polysiloxane was 12.4 mol%. Further, the content of Si atoms
bound to a condensed polycyclic aromatic hydrocarbon radical
in the polysiloxane was 46.7 mol%.

[0087]

Synthesis Example 11 Synthesis of Polysiloxane
Solution (PS-11)

Into a 500 mL three-neck flask, 13.62 g (0.10 mol) of
methyltrimethoxysilane, 12.32 g (0.05 mol) of
2—(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 178.85 g (0.70
mol) of naphthyltrimethoxysilane, 17.65 g (equivalent to 0.15
mol of Si atoms) of Msilicate 51 (manufactured by TAMA CHEMICALS
CO., LTD.) and 212.10 g of PGMEA were charged (initial monomer
concentration = 50.6 wt%), and an agqueous phosphoric acid
solution formed by dissolving 0.109 g (0.05 wt% with respect
to the supplied monomers) of phosphoric acid in 53.55 g of water
was added over 10 minutes while stirring at room temperature.
Then, the solution was heated and stirred in the same manner
as in Synthesis Example 1 to obtain a polysiloxane solution
(PS-11). During the reaction, 97.58 g in total of methanol and

water were distilled out as by-products. The obtained
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27 PTS-4:21.39 g (a = 0 mol%) (b = 0 mol%) TR-513:30.96 (100 parts by weight) g QD-1:1.18 g (12.5
parts by weight) GEL:14.45 DAA:12.00 PGMEA:20.02ggg

polysiloxane solution (PS-11) had a solid content concentration
of 40 wt%. 1In addition, the content of Si atoms originated from
the organosilane represented by the general formula (2) in the
polysiloxane was 12.4 mol%. Further, the content of Si atoms
bound to a condensed polycyclic aromatic hydrocarbon radical
in the polysiloxane was 65.3 mol%.

[0088]

Synthesis Example 12 Synthesis of Polysiloxane
Solution (PS-12)

Into a 500 mL three-neck flask, 61.29 g (0.45 mol) of
methyltrimethoxysilane, 99.15 g (0.50 mol) of
phenyltrimethoxysilane, 12.32 g (0.05 mol) of
2—(3,4-epoxycyclohexyl)ethyltrimethoxysilane and 155.73 g of
PGMEA were charged (initial monomer concentration = 52.6 wt$%),
and an aqueous phosphoric acid solution formed by dissolving
0.518 g (0.30 wt% with respect to the supplied monomers) of
phosphoric acid in 54.90 g of water was added over 10 minutes
while stirring at room temperature. Then, the solution was
heated and stirred in the same manner as in Synthesis Example
1 to obtain a polysiloxane solution (PS-12). During the
reaction, 100.04 g in total of methanol and water were distilled
out as by-products. The obtained polysiloxane solution
(PS-12) had a solid content concentration of 40 wt%.

[0089]

Synthesis Example 13 Synthesis of Polysiloxane
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[0109] [Table 3] Composition Photosensitivity Curedfilm properties Film thickness after prebaking (Pm)
Remaining Film Ratio (%) photosensitivity (i/m2)

Solution (PS-13)

Into a 500 mL three-neck flask, 40.86 g (0.30 mol (0.30
mol of silane atoms)) of methyltrimethoxysilane, 99.15 g (0.50
mol (0.50 mol of silane atoms)) of phenyltrimethoxysilane,
12.32 g (0.05 mol (0.05 mol of silane atoms)) of
2—(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 11.38 g
(equivalent to 0.021 mol (equivalent to 0.15 mol of silane
atoms)) of silanol-terminated polydimethylsiloxane DMS-S12
(Mw: 400 to 700) manufactured by Gelest Inc. as a linear
polysiloxane and 146.05 g of PGMEA were charged (initial monomer
concentration = 52.9 wt%), and an agqueous phosphoric acid
solution formed by dissolving 0.491 g (0.30 wt% with respect
to the supplied monomers) of phosphoric acid in 46.80 g of water
was added over 10 minutes while stirring at room temperature.
Then, the solution was heated and stirred in the same manner
as in Synthesis Example 1 to obtain a polysiloxane solution
(PS-2). During the reaction, 88.69 g in total of methanol and
water were distilled out as by-products. The obtained
polysiloxane solution (PS-13) had a solid content concentration
of 43 wt%.
[0090]

Synthesis Example 14 Synthesis of Trifunctional
Silane Oligomer Solution (TS-1)

Intoa 500mL three—neck flask, 54.48 g (0.40 mol of silane

atoms) of methyltrimethoxysilane, 118.98 g (0.60 mol of silane
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Resolution after development (Pm) Film thickness after curing (Pm) Resolution after curing (Pm)
Refractive index (550nm) Light

atoms) of phenyltrimethoxysilane and 157.83 g of PGMEA were
charged (initial monomer concentration = 52.4 wt%), and an
aqueous phosphoric acid solution formed by dissolving 0.173 g
(0.10 wt% with respect to the supplied monomers) of phosphoric
acid in 54.00 g of water was added over 10 minutes while stirring
at room temperature. Then, the flask was immersed in an oil
bath of 40°C while stirring the solution for 60 minutes, and
the temperature of the o0il bath was raised up to 115°C over 30
minutes. One hour after the start of temperature rise, the
internal temperature of the solution reached 100°C, and the
solution was heated and stirred for further 1 hour (the internal
temperature of the solution in the duration was 100 to 110°C)
to obtain a trifunctional silane oligomer solution (TS-1).
During the reaction, 86.10 g in total of methanol and water were
distilled out as by-products. The obtained trifunctional
silane oligomer solution (TS-1) had a solid content
concentration of 38 wt%. In addition, the weight average
molecular weight (Mw) of the obtained trifunctional oligomer
was 630.
[0091]

Synthesis Example 15 Synthesis of Trifunctional
Silane Oligomer Solution (TS-2)

Into a 500mL three—neck flask, 54.48 g (0.40 mol of silane
atoms) of methyltrimethoxysilane, 118.98 g (0.60 mol of silane

atoms) of phenyltrimethoxysilane and 157.49 g of PGMEA were
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transmittance (%) Lonlpm equivalent basis] Example 1 composition1 1.0 92 1200 5 0.87 8 1.70 95
Example 2 composition2

charged (initial monomer concentration = 52.4 wt%), and an
aqueous phosphoric acid solution formed by dissolving 0.520 g
(0.30 wt% with respect to the supplied monomers) of phosphoric
acid in 54.00 g of water was added over 10 minutes while stirring
at room temperature. Then, the flask was immersed in an oil
bath of 40°C while stirring the solution for 60 minutes, and
the temperature of the o0il bath was raised up to 115°C over 30
minutes. One hour after the start of temperature rise, the
internal temperature of the solution reached 100°C, and the
solution was heated and stirred for further 1 hour (the internal
temperature of the solution in the duration was 100 to 110°C)
to obtain a trifunctional silane oligomer solution (TS-1).
During the reaction, 98.40 g in total of methanol and water were
distilled out as by-products. The obtained trifunctional
silane oligomer solution (TS-1) had a solid content
concentration of 40 wt%. In addition, the weight average
molecular weight (Mw) of the obtained trifunctional oligomer
was 1800.
[0092]

Synthesis Example 16 Synthesis of Trifunctional
Silane Oligomer Solution (TS-3)

Intoa 500mL three—neck flask, 54.48 g (0.40 mol of silane
atoms) of methyltrimethoxysilane, 118.98 g (0.60 mol of silane
atoms) of phenyltrimethoxysilane and 157.49 g of PGMEA were

charged (initial monomer concentration = 52.4 wt%), and an
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1.0 92 800 3 0.87 3 1.70 95 Example 3 composition3 1.0 91 800 3 0.86 3 1.70

aqueous phosphoric acid solution formed by dissolving 0.520 g
(0.30 wt% with respect to the supplied monomers) of phosphoric
acid in 54.00 g of water was added over 10 minutes while stirring
at room temperature. Then, the flask was immersed in an oil
bath of 40°C while stirring the solution for 60 minutes, and
the temperature of the oil bath was raised up to 115°C over 30
minutes. One hour after the start of temperature rise, the
internal temperature of the solution reached 100°C, and the
solution was heated and stirred for further 3 hours (the
internal temperature of the solution in the duration was 100
to 110°C) to obtain a trifunctional silane oligomer solution
(TS-3). During the reaction, 104.55 g in total of methanol and
water were distilled out as by-products. The obtained
trifunctional silane oligomer solution (TS-1) had a solid
content concentration of 42 wt%. In addition, the weight
average molecular weight (Mw) of the obtained trifunctional
oligomer was 4700.

[0093]

Synthesis Example 17 Synthesis of Polysiloxane
Solution (PTS-1)

Into a 500 mL three-neck flask, 40.86 g (0.30 mol) of
methyltrimethoxysilane, 99.15 g (0.50 mol) of
phenyltrimethoxysilane, 12.32 g (0.05 mol) of
2—(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 13.74 g

(equivalent to 0.05 mol of silane atoms) of the trifunctional
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95 Example 4 composition4 1.0 90 820 3 0.86 3 1.70 95 Example 5 composition5 1.0 90 850 3

silane oligomer solution (TS-1) obtained in Synthesis Example
14 as a trifunctional oligomer, 11.77 g (equivalent to 0.10 mol
of silane atoms) of M silicate 51 (manufactured by TAMA
CHEMICALS CO., LTD.) and 146.62 g of PGMEA were charged (initial
monomer concentration = 52.2 wt%), and an aqueous phosphoric
acid solution formed by dissolving 0.508 g (0.30 wt% with
respect to the supplied monomers and oligomers) of phosphoric
acid in 51.30 g of water was added over 10 minutes while stirring
at room temperature. Then, the solution was heated and stirred
in the same manner as in Synthesis Example 1 to obtain a
polysiloxane solution (PTS-1). During the reaction, 93.48 g
in total of methanol and water were distilled out as by-products.
The obtained polysiloxane solution (PTS-1) had a solid content
concentration of 42 wt%. In addition, the content of Si atoms
originated from the organosilane represented by the general
formula (2) in the polysiloxane was 8.2 mol%.

[0094]

Synthesis Example 18 Synthesis of Polysiloxane
Solution (PTS-2)

Into a 500 mL three-neck flask, 40.86 g (0.30 mol) of
methyltrimethoxysilane, 99.15 g (0.50 mol) of
phenyltrimethoxysilane, 12.32 g (0.05 mol) of
2—(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 41.21 g
(equivalent to 0.15 mol of silane atoms) of the trifunctional

silane oligomer solution (TS-1) obtained in Synthesis Example
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0.86 3 1.70 90 Example 6 composition6 1.0 90 800 3 0.86 3 1.70 95 Example7 composition7 1.0

14 as a trifunctional oligomer and 132.47 g of PGMEA were charged
(initial monomer and oligomer concentration = 51.5 wt%), and
an aqueous phosphoric acid solution formed by dissolving 0.504
g (0.30 wt® with respect to the supplied monomers and oligomers)
of phosphoric acid in 46.80 g of water was added over 10 minutes
while stirring at room temperature. Then, the solution was
heated and stirred in the same manner as in Synthesis Example
1 to obtain a polysiloxane solution (PTS-2). During the
reaction, 91.68 g in total of methanol and water were distilled
out as by-products. The obtained polysiloxane solution
(PTS-2) had a solid content concentration of 42 wt%.

[0095]

Synthesis Example 19 Synthesis of Polysiloxane
Solution (PTS-3)

Into a 500 mL three-neck flask, 40.86 g (0.30 mol) of
methyltrimethoxysilane, 99.15 g (0.50 mol) of
phenyltrimethoxysilane, 12.32 g (0.05 mol) of
2—(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 39.15 g
(equivalent to 0.15 mol of silane atoms) of the trifunctional
silane oligomer solution (TS-2) obtained in Synthesis Example
15as atrifunctional oligomer and 134.53 g of PGMEA were charged
(initial monomer and oligomer concentration = 51.5 wt%), and
an aqueous phosphoric acid solution formed by dissolving 0.504
g (0.30 wt® with respect to the supplied monomers and oligomers)

of phosphoric acid in 46.80 g of water was added over 10 minutes
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90 900 3 0.86 3 1.70 95 Example 8 composition8 1.0 92 600 2 0.86 2 1.72 95

while stirring at room temperature. Then, the solution was
heated and stirred in the same manner as in Synthesis Example
1 to obtain a polysiloxane solution (PTS-3). During the
reaction, 88.48 g in total of methanol and water were distilled
out as by-products. The obtained polysiloxane solution
(PTS-3) had a solid content concentration of 43 wt%.

[0096]

Synthesis Example 20 Synthesis of Polysiloxane
Solution (PTS-4)

Into a 500 mL three-neck flask, 40.86 g (0.30 mol) of
methyltrimethoxysilane, 99.15 g (0.50 mol) of
phenyltrimethoxysilane, 12.32 g (0.05 mol) of
2—(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 37.28 g
(equivalent to 0.15 mol of silane atoms) of the trifunctional
silane oligomer solution (TS-3) obtained in Synthesis Example
16 as atrifunctional oligomer and 134.53 g of PGMEA were charged
(initial monomer and oligomer concentration = 51.5 wt%), and
an aqueous phosphoric acid solution formed by dissolving 0.504
g (0.30 wt% with respect to the supplied monomers and oligomers)
of phosphoric acid in 46.80 g of water was added over 10 minutes
while stirring at room temperature. Then, the solution was
heated and stirred in the same manner as in Synthesis Example
1 to obtain a polysiloxane solution (PTS-4). During the
reaction, 85.28 g in total of methanol and water were distilled

out as by-products. The obtained polysiloxane solution
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(PTS-3) had a solid content concentration of 44 wt%.
[0097]

Synthesis Example 21 Synthesis of Solution of
Polysiloxane Containing Metal Compound Particles (MPS-1)

Into a 1000 mL three-neck flask, 40.86 g (0.30 mol) of
methyltrimethoxysilane, 99.15 g (0.50 mol) of
phenyltrimethoxysilane, 12.32 g (0.05 mol) of
2—(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 17.65 g (0.15
mol) of Msilicate 51 (manufactured by TAMA CHEMICALS CO., LTD.)
and 153.69 g of PGMEA were charged (initial monomer
concentration=52.5wt%), and 340.82 g (the amount of particles
is 100 parts by weight relative to 100 parts by weight of the
weight (103.61 g) in the case where the organosilane is
completely condensed) of "OPTOLAKE" TR-513 (trade name,
manufactured by JGC Catalysts and Chemicals Ltd.), which is a
30.4 wt% GBL dispersion of complex particles of titanium oxide
and silicon oxide, was further added to the system. An aqueous
phosphoric acid solution formed by dissolving 0.510 g (0.30 wt$%
with respect to the supplied monomers) of phosphoric acid in
53.55 g of water was added over 10 minutes while stirring the
resulting mixture at room temperature. Then, the solution was
heated and stirred in the same manner as in Synthesis Example
1 toobtain a solution of polysiloxane containingmetal compound
particles (MPS-1). During the reaction, 97.58 g in total of

methanol and water were distilled out as by-products. The
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2 1.75 94 Example 11 composition11 1.0 92 400 4 0.83 4 1.77 94 Example 12 composition12 1.0 93

obtained solution of polysiloxane containing metal compound
particles (MPS-1) had a solid content concentration of 35 wt%.
In addition, the content of Si atoms originated from the
organosilane represented by the general formula (2) in the
polysiloxane containing metal compound particles was 12.4mol%.
[0098]

Synthesis Example 22 Synthesis of Solution of
Polysiloxane Containing Metal Compound Particles (MPS-2)

Into a 1000 mL three-neck flask, 61.29 g (0.45 mol) of
methyltrimethoxysilane, 99.15 g (0.50 mol) of
phenyltrimethoxysilane, 12.32 g (0.05 mol) of
2—(3,4-epoxycyclohexyl)ethyltrimethoxysilane and 155.73 g of
PGMEA were charged (initial monomer concentration = 52.6 wt$%),
and 344.27 g (the amount of particles is 100 parts by weight
relative to 100 parts by weight of the weight (104.66 g) in the
case where the organosilane is completely condensed) of
"OPTOLAKE" TR-513 (trade name, manufactured by JGC Catalysts
and Chemicals Ltd.), which is a 30.4 wt% GBL dispersion of
complex particles of titanium oxide and silicon oxide, was
further added to the system. An aqueous phosphoric acid
solution formed by dissolving 0.518 g (0.30 wt% with respect
to the supplied monomers) of phosphoric acid in 54.90 g of water
was added over 10 minutes while stirring the resulting mixture
at room temperature. Then, the solution was heated and stirred

in the same manner as in Synthesis Example 1 to obtain a solution
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of polysiloxane containing metal compound particles (MPS-2).
During the reaction, 100.04 g in total of methanol and water
were distilled out as by-products. The obtained solution of
polysiloxane containing metal compound particles (MPS-2) had
a solid content concentration of 35 wt%.

[0099]

Synthesis Example 23 Synthesis of
Naphthoquinonediazide Compound (QD-1)

In a dry nitrogen stream, 15.32 g (0.05 mol) of
Ph-cc-AP-MF (trade name, manufactured by Honshu Chemical
Industry Co., Ltd.) and 37.62 g (0.14 mol) of
5-naphthoquinonediazide sulfonic acid chloride were dissolved
in 450 g of 1,4-dioxane, and the resulting solution was kept
at room temperature. To the solution, a mixture of 50 g of
1,4-dioxane and 15.58 g (0.154 mol) of triethylamine was added
dropwise to ensure that the temperature in the system would not
become 35°C or higher. After completion of dropwise addition,
the mixture was stirred at 30°C for 2 hours. The triethylamine
salt was filtered away, and the filtrate was charged into water.
Thereafter, the precipitate was collected by filtration. The
precipitate was dried using a vacuum dryer to obtain the

naphthoquinonediazide compound (QD-1) having the following

structure:
[0100]
[Chem. 7]
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0Q o
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OFte o CO,
o
0Q 2.8 . 0.2

[0101]

Synthesis Example 24 Synthesis of
Naphthogquinonediazide Compound (QD-2)

In a dry nitrogen stream, 21.23 g (0.05 mol) of Tris P-PA
(trade name, manufactured by Honshu Chemical Industry Co.,
Ltd.) and 37.62 g (0.14 mol) of 5-naphthoquinonediazide
sulfonic acid chloride were dissolved in 450 g of 1, 4-dioxane,
and the resulting solution was kept at room temperature. To
the solution, amixture of 50 gof 1, 4-dioxane and 15.58 g (0.154
mol) of triethylamine was added dropwise to ensure that the
temperature in the system would not become 35°C or higher.
After completion of dropwise addition, the mixture was stirred
at 30°C for 2 hours. The triethylamine salt was filtered away,
and the filtrate was charged into water. Thereafter, the
precipitate was collected by filtration. The precipitate was
dried using a vacuum dryer to obtain the naphthoquinonediazide
compound (QD-2) having the following structure:

[0102]

[Chem. 8]
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O
CH, CHy N,
QO@C@COOO Q= O‘ H
CHs :
R
oQ 2.8 .02

[0103]

Photosensitivity and cured film properties of the
composition in each of examples and comparative examples were
evaluated by the following methods. A silicon wafer substrate
was used for the following evaluations (1) to (5) and a TEMPAX
Float glass substrate was used for the following evaluation (6) .
(1) Measurement of Film Thickness

Using Lambda—-Ace STM-602 (trade name, manufactured by
Dainippon Screen Manufacturing Co., Ltd.), thicknesses of a
prebaked film and a cured film was measured at a refractive index
of 1.70.

(2) Determination of Remaining Film Ratio

The remaining film ratio was calculated from the
following equation.

Remaining film ratio (%) = Film thickness of unexposed area
after development/Film thickness after prebaking x 100
(3) Determination of Photosensitivity

The exposure amount at whicha 10 pm 1ine and space pattern

is formed at awidthratioof 1 : 1 after development (hereinafter,

the exposure amount is referred to as an optimum exposure
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amount) was taken as the photosensitivity.
(4) Determination of Resolution

The minimum pattern size at the optimum exposure amount
after development was referred to as a resolution after
development and the minimum pattern size at the optimum exposure
amount after curing was referred to as a resolution after
curing.
(5) Determination of Refractive Index

The cured film formed on the 6 inch silicon wafer was used
to measure the refractive index (TE) in a direction
perpendicular to a film surface at 22°C at a wavelength of 633
nm (using a He-Ne laser) by use of a prism coupler Model 2010
(manufactured by Metricon Corp.) and the film thickness.
(6) Measurement of Light Transmittance

First, only a TEMPAX Float glass substrate was measured
using MultiSpec-1500 (trade name, manufactured by Shimadzu
Corp.), and the absorption spectrum in the ultraviolet and
visible region thereof was employed as a reference. Next, a
cured film of the composition was formed on the TEMPAX Float
glass substrate (pattern exposure was not performed), and this
sample was measured with a single beam to determine the light
transmittance per 1 um at a wavelength of 400 nm, and the
difference between the light transmittance and the reference
was taken as the light transmittance of the cured film.

[0104]
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1.093 1200 7 0.88 9 1.70 95 [0110] [Table 4] Composition Photosensitivity Cured film properties

Example 1

23.53 g of the polysiloxane solution (PS-1) obtained in
Synthesis Example 1, 30.96 g of "OPTOLAKE" TR-513 (trade name,
manufactured by JGC Catalysts and Chemicals Ltd.) which is a
30.4 wt% GBL dispersion of complex particles of titanium oxide
and silicon oxide, 1.18 g of the naphthoquinonediazide compound
(OD-1) obtained in Synthesis Example 14, 14.45 g of GBL, 12.00
g of DAA and 17.88 g of PGMEA were mixed and stirred under a
yvellow lamp to form a uniform solution, and then filtrated with
a filter with a pore size of 0.20 Um to prepare a composition
1.

[0105]

The composition 1 was applied onto a 6 inch silicon wafer
by spin coating using a spin coater (1H-360S manufactured by
Mikasa Co., Ltd.) and then heated at 120°C for 3 minutes by use
of a hot plate (SCW-636 manufactured by Dainippon Screen Mfg.
Co., Ltd.) to prepare a prebaked film with a thickness of 1.0
um. The prebaked film was exposed through a gray scale mask
for photosensitivity measurement to an ultra high pressure
mercury lamp using a PLA (PLA-501F manufactured by Canon Inc.),
and developed with a shower of 2.38 wt% aqueous (TMAH) solution
for 60 seconds using an automatic developing machine (AD-2000
manufactured by Takizawa Sangyo Co., Ltd.), and then rinsed with
water for 30 seconds. Thereafter, as bleaching exposure, a PLA

(PLA-501F manufactured by Canon Inc.) was used to expose the
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Film thickness after prebaking (Fm) Remaining Film Ratio (%) photosensitivity 62/02) Resolution after
development (Fm) Film thickness after

entire film surface to an ultra high pressure mercury lamp at
5000 J/m* (in terms of the exposure amount at a wavelength of
365 nm). Then, a hot plate was used for soft baking at 200°C
for 5 minutes, and then used for curing at 300°C for 5 minutes
to prepare a cured film. Composition of the composition 1 is
shown in Table 1 and the results of evaluations of
photosensitivity and cured film properties are shown in Table
2.
[0106]

Examples 2 to 19 and Comparative Examples 1 to 8

Compositions 2 to 27 each having the compositions shown
in Tables 1 and 2 were prepared in the same manner as in the
composition 1. A cured film was prepared in the same manner
as in Example 1 by use of each of the obtained compositions.
The results of evaluations are shown in Tables 3 and 4.

[0107]
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[Table 1]

curing (Fm) Resolution after curing (Fm) Refractive index (550nm) Light transmittance (%) [on 1 gm
equivalent basis] Comparative Example 1

Addition amount of
polysiloxane solution
(a = content of Si
atoms originated from
formula (2))

Addition amount of
dispersion of metal
compound particles

Addition amount of
naphthoquinonediazide
compound

Addition amount of

(b = content of Si (parts by weight of (parts by weight of solvent
atoms bound to solids relative to 100 | solids relative to 100
condensed polycyclic of polysiloxane) of polysiloxane)
aromatic hydrocarbon
radical)

Composition PS-1: 23.53 g TR-513: 30.96 g QoD-1: 1.18 g GBL: 14.45 g
P 1 (a = 4.0 mol%) (100 parts by (12.5 parts by DAA: 12.00 g
(b = 0 mol%) weight) weight) PGMEA: 17.88 g
Con ition PS-2: 23.53 g TR-513: 30.96 g QD-1: 1.18 g GBL: 14.45 g
© pozl Lo (a = 12.4 mol%) (100 parts by (12.5 parts by DAA: 12.00 g
(b = 0 mol%) weight) weight) PGMEA: 17.88 g
Composition PS-3: 23.53 g TR-513: 30.96 g QD-1: 1.18 g GBL: 14.45 g
b 3 (a = 21.1 mol%) (100 parts by (12.5 parts by DAA: 12.00 g
(b = 0 mol%) weight) weight) PGMEA: 17.88 g
Composition PS-4: 23.53 g TR-513: 30.96 g QD-1: 1.18 g GBL: 14.45 g
P 4 (a = 49.4 mol%) (100 parts by (12.5 parts by DAA: 12.00 g
(b = 0 mol%) weight) weight) PGMEA: 17.88 g
Composition PS-5: 23.53 g TR-513: 30.96 g QD-1: 1.18 g GBL: 14.45 g
P 5 (a = 65.1 mol%) (100 parts by (12.5 parts by DAA: 12.00 g
(b = 0 mol%) weight) weight) PGMEA: 17.88 g
Composition PS-6: 23.53 g TR-513: 30.96 g QD-1: 1.18 g GBL: 14.45 g
P s (a = 12.4 mol%) (100 parts by (12.5 parts by DAA: 12.00 g
(b = 0 mol%) weight) weight) PGMEA: 17.88 g
Composition PS-7: 23.53 g TR-513: 30.96 g QD-1: 1.18 g GBL: 14.45 g
P 7 (a = 12.4 mol%) (100 parts by (12.5 parts by DAA: 12.00 g
(b = 0 mol%) weight) weight) PGMEA: 17.88 g
Composition PS-8: 23.53 g TR-513: 30.96 g QD-1: 1.18 g GBL: 14.45 g
P s (a = 12.4 mol%) (100 parts by (12.5 parts by DAA: 12.00 g
(b = 14.0 mol%) weight) weight) PGMEA: 17.88 g
Composition PS-9: 23.53 g TR-513: 30.96 g QD-1: 1.18 g GBL: 14.45 g
P 9 (a = 12.4 mol%) (100 parts by (12.5 parts by DAA: 12.00 g
(b = 28.0 mol%) weight) weight) PGMEA: 17.88 g
Composition PS-10: 23.53 g TR-513: 30.96 g QD-1: 1.18 g GBL: 14.45 g
b 10 (a = 12.4 mol%) (100 parts by (12.5 parts by DAA: 12.00 g
(b = 46.7 mol%) weight) weight) PGMEA: 17.88 g
Composition PS-11: 23.53 g TR-513: 30.96 g QD-1: 1.18 g GBL: 14.45 g
P 1 (a = 12.4 mol%) (100 parts by (12.5 parts by DAA: 12.00 g
(b = 65.3 mol%) weight) weight) PGMEA: 17.88 g

PS-2: 23.53 D-1: 1.18 BL: 14.45
Composition s g TR-513: 20.64 g 9 g ¢ g
12 (a = 12.4 mol%) (50 parts by weight) (12.5 parts by DAA: 12.00 g
(b = 0 mol%) p Y g weight) PGMEA: 17.88 g
Composition PS-2: 23.53 g TR-513: 37.15 g QD-1: 1.18 g GBL: 14.45 g
P 13 (a = 12.4 mol%) (150 parts by (12.5 parts by DAA: 12.00 g
(b = 0 mol%) weight) weight) PGMEA: 17.88 g
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composition 19 1.0 92 2000 10 0.86 10 1.70 95 Comparative Example 2 composition 20 1.0 90 600 3
0.86

[0108]
[Table 2]
Addition amount of
polysiloxane solution
(a = content of Si Addition amount of Addition amount of
atoms originated from dispersion of metal naphthoquinonediazide
formula (2)) compound particles compound Addition amount of
(b = content of Si (parts by weight of (parts by weight of solvent
atoms bound to solids relative to 100| solids relative to 100
condensed polycyclic of polysiloxane) of polysiloxane)
aromatic hydrocarbon
radical)
Composition PS-2: 23.53 ? TR-513: 30.96 g OD-1: 0.47 g GBL: 14.45 g
14 (a = 12.4 mol%) (100 parts by (5 ts b i ght) DAA: 12.00 g
(b = 0 mol%) weight) parts by weig PGMEA: 17.88 g
Composition PS-2: 23.53 ? TR-513: 30.96 g QD-1: 1.88 g GBL: 14.45 g
15 (a = 12.4 mol%) (100 parts by (20 rts b ight) DAA: 12.00 g
(b = 0 mol%) weight) parts by weig PGMEA: 17.88 g
PS-2: 23.53 TR-513: 30.96 BL: 14.45
Composition s ? g Qb-1: 2.35 g ¢ g
16 (a = 12.4 mol%) (100 parts by (25 parts by weight) DAA: 12.00 g
(b = 0 mol%) weight) P Y 9 PGMEA: 17.88 g
Composition PS-2: 23.53 g TR-513: 30.96 g QD-2: 1.18 g GBL: 14.45 g
pl7 (a = 12.4 mol%) (100 parts by (12.5 parts by DAA: 12.00 g
(b = 0 mol%) weight) weight) PGMEA: 17.88 g
Composition MPS-1: 26.89 g QD-1: 1.18 g GBL: 14.45 g
p18 (a = 12.4 mol%) - (12.5 parts by DAA: 12.00 g
(b = 0 mol%) weight) PGMEA: 17.88 g
Composition PS-12: 23.53 g TR-513: 30.96 g QD-1: 1.18 g GBL: 14.45 g
plg (a = 0%) (100 parts by (12.5 parts by DAA: 12.00 g
(b = 0%) weight) weight) PGMEA: 17.88 g
cs PS-2: 23.53 g QD-1: 1.18 g GBL: 14.45 g
Compozsoltlon (a = 12.4 mol%) - (12.5 parts by DAA: 12.00 g
(b = 0 mol%) weight) PGMEA: 17.88 g
Composition PS-10: 23.53 g QD-1: 1.18 g GBL: 14.45 g
le (a = 12.4 mol%) - (12.5 parts by DAA: 12.00 g
(b = 46.7 mol%) weight) PGMEA: 17.88 g
- MPS-2: 26.89 g QD-1: 1.18 g GBL: 14.45 g
Compii;tlon (a = 0 mol%) - (12.5 parts by DAA: 12.00 g
(b = 0 mol%) weight) PGMEA: 17.88 g
Composition PS-13: 21.89 g TR-513: 30.96 g QD-1: 1.18 g GBL: 14.45 g
p23 (a = 0%) (100 parts by (12.5 parts by DAA: 12.00 g
(b = 0%) weight) weight) PGMEA: 19.52 g
Composition PTS-1: 22.41 g TR-513: 30.96 g QD-1: 1.18 g GBL: 14.45 g
p24 (a = 8.2 mol%) (100 parts by (12.5 parts by DAA: 12.00 g
(b = 0 mol%) weight) weight) PGMEA: 19.00 g
Composition PTS-2: 22.41 g TR-513: 30.96 g QD-1: 1.18 g GBL: 14.45 g
p25 (a = 0 mol%) (100 parts by (12.5 parts by DAA: 12.00 g
(b = 0 mol%) weight) weight) PGMEA: 19.00 g
Composition PTS-3: 21.89 g TR-513: 30.96 g QD-1: 1.18 g GBL: 14.45 g
p26 (a = 0 mol%) (100 parts by (12.5 parts by DAA: 12.00 g
(b = 0 mol%) weight) weight) PGMEA: 19.52 g
Composition PTS-4: 21.39 g TR-513: 30.96 g QDb-1: 1.18 g GBL: 14.45 g
p27 (a = 0 mol%) (100 parts by (12.5 parts by DAA: 12.00 g
(b = 0 mol%) weight) weight) PGMEA: 20.02 g
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4 1.53 97 Comparative Example 3 composition 21 1.0 92 800 2 0.87 3 1.60 97 Comparative
Example 4 composition 22

[0109]
[Table 3]
Photosensitivity Cured film properties
) ‘ Light
Composition thtilklnmess Remaining |,y i ooncitiviey Resaofltuetrion thtilklnmess Resaofltuetrion Refractive trans'?;?ta“ce
after Film Ratio 2 after . index
prebaking (%) (e deve(luomp)ment curing - (550 nm) eéiﬁvilzit
(pm) (pm) basis]

Example 1 composition 1 1.0 92 1200 5 0.87 8 1.70 95
Example 2 composition 2 1.0 92 800 3 0.87 3 1.70 95
Example 3 composition 3 1.0 91 800 3 0.86 3 1.70 95
Example 4 composition 4 1.0 90 820 3 0.86 3 1.70 95
Example 5 composition 5 1.0 90 850 3 0.86 3 1.70 90
Example 6 composition 6 1.0 90 800 3 0.86 3 1.70 95
Example 7 composition 7 1.0 90 900 3 0.86 3 1.70 95
Example 8 composition 8 1.0 92 600 2 0.86 2 1.72 95
Example 9 composition 9 1.0 93 400 1 0.86 1 1.73 95
Example 10 composition 10 1.0 92 400 2 0.85 2 1.75 94
Example 11 composition 11 1.0 92 400 4 0.83 4 1.77 94
Example 12 composition 12 1.0 93 800 3 0.88 3 1.65 96
Example 13 composition 13 1.0 90 700 3 0.86 3 1.73 93
Example 14 composition 14 1.0 85 1000 5 0.81 5 1.70 96
Example 15 composition 15 1.0 95 700 2 0.90 2 1.70 92
Example 16 composition 16 1.0 96 700 2 0.91 2 1.70 90
Example 17 composition 17 1.0 94 900 3 0.89 3 1.70 96
Example 18 composition 18 1.0 92 1000 5 0.87 5 1.70 96
Example 19 composition 24 1.0 93 1200 7 0.88 9 1.70 95
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1.0 93 2500 10 0.87 10 1.70 96 Comparative Example 5 composition 23 1.0 93 2000 10 0.89

20

[0110]
[Table 4]
Photosensitivity Cured film properties
i ) Light
Lo tthlklm R L Resolution tthlklm Resolution Ref i transmittance
Composition lg ness .elmaml“.g Photosensitivity after l; ness after € .rzc e (%)
after Fi mORatlo (J/m”) development atter curing tnaex [on 1 um
prebaking (%) curing (550 nm)

(1m) (um) (um) (am) equivalent

= basis]
comparative composition 19 1.0 92 2000 10 0.86 10 1.70 95
Example 1
Comparative composition 20 1.0 90 600 3 0.86 4 1.53 97
Example 2
comparative| . mposition 21 1.0 92 800 2 0.87 3 1.60 97
Example 3
comparative| . oosition 22 1.0 93 2500 10 0.87 10 1.70 96
Example 4
comparative| osition 23 1.0 93 2000 10 0.89 20 1.70 95
Example 5
comparative composition 25 1.0 93 2200 10 0.89 12 1.70 95
Example 6
comparative| o osition 26 1.0 95 2500 10 0.90 11 1.70 95
Example 7
comparative composition 27 1.0 95 3000 10 0.91 10 1.70 95
Example 8
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1.70 95 Comparative Example 6 composition 25 1.0 93 2200 10 0.89 12 1.70 95 Comparative Example 7
composition 26 1.0

INDUSTRIAL APPLICABILITY
[0111]

The resin composition of the present invention can
provide a positive photosensitive resin composition having
excellent sensitivity and resolution without deteriorating

high refractive index and high transparency.
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95 2500 10 0.90 11 1.70 95 Comparative Example 8 composition 27 1.0 95 3000 10 0.91 10 1.70

CLAIMS

1. A positive photosensitive resin composition comprising
(a) a polysiloxane synthesized by hydrolyzing and partially
condensing an organosilane represented by the following general
formula (1):

[Chem. 1]

(R'}-si—oR?),, (1)

wherein R' represents hydrogen, an alkyl group having 1 to 10
carbon atoms, an alkenyl group having 2 to 10 carbon atoms or
anarylgrouphaving6ix)16carbonatoms,R?representshydrogen,
an alkyl group having 1 to 6 carbon atoms, an acyl group having
2 to 6 carbon atoms or an aryl group having 6 to 16 carbon atoms,
n represents an integer of 0 to 3, and when n is 2 or more, plural
R's may be the same or different and when n is 2 or less, plural
R’s may be the same or different, and an organosilane oligomer;
(b) aluminum compound particles, tin compound particles,
titanium compound particles, zirconium compound particles,
complex particles of the compounds or complex particles of any
of the compounds and a silicon compound; (c) a
naphthoquinonediazide compound; and (d) a solvent, wherein the
organosilane oligomer contains an organosilane represented by
the following general formula (2):

[Chem. 2]
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95 INDUSTRIAL APPLICABILITY The resin composition of the present invention can provide a
positive photosensitive resin composition having excellent sensitivity and resolution without deteriorating
high refractive index and high transparency. CLAIMS 1.A positive photosensitive resin composition
comprising (@) a polysiloxane synthesized by hydrolyzing and partially condensing an organosilane
represented by the following general formula (1): [Chem. 1] IR14-Si4OR2 ) 4-n CO wherein R1 represents
hydrogen, an alkyl group having 1 to 10 carbon atoms, an alkenyl group having 2 to 10 carbon atoms or
an aryl group having 6 tmarbon atoms, R2 representshydrogen, an alkyl group having 1 to 6 carbon
atoms, an acyl group ha to 6 carbon atoms or an aryl group having 6 to 16 carbon atoms, n
represents an integer of 0|to 3, and when [ is 2 or more, plural Ris may be the same or different and
when n is 2 or IE3SOtiralFi2s@ ﬁé]same(a)jiﬁerent, and an organosilane oligomer; (b) aluminum
compound particles, tin compoundrparticles, titanium compound particles, zirconium compound particles,
complex particles of the c@mﬁunds or complex particles of any of the compounds and a silicon
compound; (c) a naphthoquinonediazide compound; and (d) a solvent, wherein the organosilane oligomer

contains an orgghesilanexrepresentedhby-thefellowing gensrakiormula (@) ofCchems 2k Yk $R-OtSi OHR6
(2) Im

group having 1 to 6 carbon atoms, an acyl group having 2 to 6

carbon atoms or an aryl group having 6 to 16 carbon atoms, m

represents a numerical value of 2 to 8 and when m is 2 or more,

plural R*’s and R’s may each be the same or different.

2. A positive photosensitive resin composition comprising
(a') a polysiloxane containing metal compound particles
synthesized by hydrolyzing and partially condensing an
organosilane represented by the following general formula (1) :

[Chem. 3]

(R'}-si—oR?),, (1)

wherein R' represents hydrogen, an alkyl group having 1 to 10
carbon atoms, an alkenyl group having 2 to 10 carbon atoms or
an aryl group having 6 to 16 carbon atoms, R? represents hydrogen,
an alkyl group having 1 to 6 carbon atoms, an acyl group having
2 to 6 carbon atoms or an aryl group having 6 to 16 carbon atoms,
n represents an integer of 0 to 3, and when n is 2 or more, plural
R's may be the same or different and when n is 2 or less, plural

R”s may be the same or different, and an organosilane oligomer

76



ORS5 wherein R3 to R6 eachindependently represent hydrogen, an alkyl group having 1 to 6 carbon
atoms, an acyl group having 2 to 6 carbon atoms or an aryl group having 6 to 16 carbon atoms, m
represents a numerical value of 2 to 8 and when m is 2 or more, plural R4s and R5s may each be the
same or different. 2.A positive photosensitive resin composition comprising (') a polysiloxane containing
metal compound particles synthesized by hydrolyzing and partially condensing an
organosilanerepresentedby the following general formula (1): [Chem. 3] R1)-Si-( OR2 ) 4-n CO wherein
R1 represents hydrogen, afsalkykgroup bavinguh te dthearhon-atoms; 1as alkenyl gsagp iaving 2 to 10
carbon atoms or an aryl group having 6 to 16 carbon atoms, R2 representshydrogen, an alkyl group
having 1 to 6 carbohigtbats, antaeyligroupdraning @ 1026 cardors atorhs ©ranaryt grogp hdving 6 to 16
carbon atoms, n represents an integer of O to 3, and when n is 2 or more, plural Ris may be the same or

different and wik&r h'i§ °6r 16587 BiiTal R25may B fhe Saine GFEhffaréttt, ahd&iBrgahosilane oligomer

in the presence,of glymjgum, sopound partisies, tn.compgund paricles, tanm gempgynd partcles
zirconium compound particles, complex particles of the compounds or complex particles of any of the

compounds and asificem sgmpeund; {g) anaphthgguinenediazide) campound; and f).a salvent, wherein
the organosilane oligomer contains an organosilane represented by the following general formula (2):
[Chem. 4] | OHRB2)rmORS Wheeein R3toeR 6 eachinde pendendy sepiesent-kydrogen; an alkyl group
having 1 to 6 carbon atoms, an acyl group having 2 to 6 carbon atoms or an aryl group having 6 to 16
carbon atoms, RYrepr8séms e rilfteritat vafde P28 Barid When m is 2 or more, plural R4s and R5s
may each be th same oy different. 3. The positive photosensitive resin composition according to claim 1
or 2, wherein R1'in e gelweral formula (1) contains a condensed polycyclic aromatic hydrocarbon radical.
4. The positive photosensitive fesin composition according to any one of claims 1 to 3, wherein the
content of Si atoms origin@¢q from the organosilane represented by the general

RSO\L:Si—o)m—RG 2)
OR®

wherein.R3to<R6each.independently<represent,hydrogen, an alkyl
group having 1 to 6 carbon atoms, an acyl group having 2 to 6
carbon atoms or an aryl group having 6 to 16 carbon atoms, m
represents a numerical value of 2 to 8 and when m is 2 or more,

plural R*s and R’s may each be the same or different.

3. The positive photosensitive resin composition according
to claim 1 or 2, wherein R! in the general formula (1) contains

a condensed polycyclic aromatic hydrocarbon radical.

4. The positive photosensitive resin composition according
to any one of claims 1 to 3, wherein the content of Si atoms

originated from the organosilane represented by the general
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formula (2) in the organosilane oligomer is 67 mol% or more and 100 mol% or less of the total content of
Si atoms originated from the organosilane oligomer. 5.A positive photosensitive resin compaosition
comprising (@) a polysiloxane synthesized by hydrolyzing and partially condensing an organosilane
represented by the general formula (1) and an organosilane represented by the general formula (2), (b)
aluminum compound particles, tin compound patrticles, titanium compound particles, zirconium compound
particles, complex particles of the compounds or complex particles of any of the compounds and a silicon
compound, (c) &naphtiogrinanetiazidexcompaoundand (dpasolyens. B positive photesensitive resin
composition comprising (a') a polysiloxane containing metal compound particles, which is synthesized by
hydrolyzing and! partiztl/condertsingah dhgaricsikhecrepresénted By the generaliformiiadl) and an
organosilane represented by the general formula (2) in the presence of aluminum compound particles, tin
compound partichéd? titdfiuf EdRpouritl faftittes Zirconium compound particles, complex particles of the
compounds or complex particles of any of the compounds and a silicon compound, (c) a
naphthoquinonediazide compound and (d) a solvent. 7. The positive photosensitive resin composition
according to claim 1, 3,445, wwherein dhe sontentief-Si-atoms asiginatedfrom-the-erganosilane
represented by the general formula (2) in the polysiloxane (a) is 5 mol% or more and 50 mol% or less of
the total content of Si aterhg<originated fromcar organosilarie;d8 oThe jpositivelphetosensitive resin
composition according to any one of claims 2 to 4 and 6, wherein the content of Si atoms originated from
the organosilangYepreserte PhytheajEteraPfstmAR 2} /i e poly sifskarre ebataihfigiiietal compound
particles (a') is Srﬁnol% or more and 5’% mol% or less of trgjebtota content of ij atom orE%i ated from the
organosilane in thé PolySidXATE ERtaIRing hiatarESMpound paticlsd *8° The pBsitive' photosensitive
resin composition according ia claim, 3, wherein n in the gengral farmulay (1) is 1; and.in the polysiloxane
(a) or the polysiloxane containing metal compound particles (a'), the content of Si atoms bound to which is
a condensed pelyeyeliciaramatic hydracarben radical, is dd-maiv-emmena Of the total sentent of Si atoms
originated from the organosilane. 10.A cured film formed by curing the positive photosensitive resin
composition aceording torantadne ©f cldirms< to¥rd1nAis opticaldevécercomprisiag thie eared film

according to claim 10. o
of the compounds and a silicon compound, (c) a

naphthoquinonediazide compound and (d) a solvent.

6. A positive photosensitive resin composition comprising
(a') a polysiloxane containing metal compound particles, which
is synthesized by hydrolyzing and partially condensing an
organosilane represented by the general formula (1) and an
organosilane represented by the general formula (2) in the
presence of aluminum compound particles, tin compound particles,
titanium compound particles, zirconium compound particles,
complex particles of the compounds or complex particles of any
of the compounds and a silicon compound, (c) a

naphthoquinonediazide compound and (d) a solvent.
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7. The positive photosensitive resin composition according
toclaiml, 3, 4 or 5, wherein the content of Si atoms originated
from the organosilane represented by the general formula (2)
in the polysiloxane (a) is 5 mol% or more and 50 mol% or less
of the total content of Si atoms originated from an

organosilane.

8. The positive photosensitive resin composition according
to any one of claims 2 to 4 and 6, wherein the content of Si
atoms originated from the organosilane represented by the
general formula (2) in the polysiloxane containing metal
compound particles (a') is 5 mol% or more and 50 mol% or less
of the total content of Si atoms originated from the
organosilane in the polysiloxane containing metal compound

particles.

9. The positive photosensitive resin composition according
to claim 3, wherein n in the general formula (1) is 1, and in
the polysiloxane (a) or the polysiloxane containing metal

compound particles (a'), the content of Si atoms bound to R%
which is a condensed polycyclic aromatic hydrocarbon radical,
is 10 mol% or more of the total content of Si atoms originated

from the organosilane.

10. A cured film formed by curing the positive photosensitive
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resin composition according to any one of claims 1 to 9.

11. An optical device comprising the cured film according to

claim 10.
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