SPECIFICATION TITLEOFINVENTION: POSITIVEPHOTOSENSITIVERESINCOMPOSITION,
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 peguent the-detegigration 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 wayeguide herwsen@n.optical sensosiarioynia polorfilters Exareples ot acemmon method
of preparing the collecting lens or the optical waveguide include a method in which an inorganic film
formed by a CVRpretessmanthedika iNpmces sew: by Ang etciimg amd acnethodwf @pplying a resin to a
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] Heretofore, for example, an alkali-soluble polymer such as
polyamide @il 68fpbahdPaving a phenolic hydroxyl group, a positive photosensitive resin

~ composition contalnlng a quinone diazide compound and inorganic particles (e.g., Patent Document
1), and a slitohe! 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 pﬁ%e?g BRERsedH Btk b i@ iE have af"p%‘Bfé’rﬁ ¥4t the transparency is
msufﬁmentﬁlue to color| of polyamide acid or the henolic hyd oupbé[\T OOQ%; As materials
containingta’si Fo?(%%% cjo pou &Ilgﬁfnf%ct?’ailhtsjp Yendy, @ Lb%w iV & cB¥position
contalnlng a poI cF(ane a qumon diazide comrio%{'ud a solvent and a thermally crosslinkable
compound €. g ent ocufner{f ), ané)gthléh refrac‘ﬁve iIndex 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 refractive index is required.

BACKGROUND ART
f0002]

In recent years, ﬁith the rapid deveﬁopﬁent of digital
camerag and camera cell-phones, a smaller-sized,
high-resolution solid state image sensof 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,g; ollallif314{d chbgtentRocumanty JP2000-223334 Ratell POSHMEDt ¢

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]

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
guinone diazide compound and inorganic particles (e.g., Patent
Document 1), and a silicone copclymer having silsesquioxane
having a phencol unit and a condensed polycyclic hydrocarbon
radical (e.g., Patent Document 2) have been proposed. However,
photosensitive regin compositions or polymers disclosed in
these documents have a problem that the transparency ié
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 guinone 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.qg.,
Patent Document 4) have been proposed, but in recent years, a

material capable of forming a cured film with a higher



4: JP2008-24832A Patent Document 5: JP2007-246877A SUMMARY [0006a] In a first aspect,
there is provided a positive photosensitive resin composition comprising (a) a polysiloxane
synthesized by hydrolyzing and partially condensing an orga.nos i lane represented by the following

general fOILfQUbC(%l :&[ghggld&/ B&S}éﬁﬁ%één (1) \in wherein R represents hydrogen, an alkyl
0

group hawﬁg 1% carbon atoms, an alkenyl group having 2 to 10 carbon atoms or an aryl group
having 6 t? Jot‘bg?rbon atoms, R2 represents hydrogen, an alkyl group having 1 to 6 carbon atoms, an
acyl group %aving 2 to 6 carbon atoms or an aryl group having 6 to 16 carbon atoms, n represents an

integer of O to 3, andwhennis 2-06105e, plural R's mayhe the samerorgifferent-and when n is 2 or
less, plural R2s may be the same or different, and an organosilane oligomer; (b) aluminum compound

particles, tin gompauad pasticies. dikanign sompeundpariicles ziseanitm-compaune paditles, complex
particles of the compounds or complex particles of any of the compounds and a silicon compound; (c)

a naphthagringaediazide corapalindirand (raysatveat, heyeinthe @rgancsiape eigomer contains an
organosilane represented by the following general formula (2):
of metal compound particles {e.g., Patent Document 5) has been
digsclosed. However, gince such a resin compesition has
insufficient sengitivity at the time of exposure and produces
a minute residue of portion remaining undissclved in
development, the resolution is insufficient.

PRIOR ART DOCUMENTS
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[Chem. 2] OR4 1M)0Si-OR6(2) Im ORQ wherein R3 to R5 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 and when m is 2 or more, plural
R4s and R5s may each be the same or different. (0006b] In a second aspect, there is provided 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 folmula (1): [Chem. 3] (R.1) Si ( OR2 )4-n 0) wherein Ra represents hydrogen, an
alkyl grouprhaving; 1 to 10 carbon atoms, an alkenyl group having 2 to 10 carbon atoms or an aryl
group having 6 to 16 carbon atoms, Ra represents hydrogen, an alkyl group having 1 to 6 carbon
atoms, an acyl grodpthading 28 cafsgir Gloms 6Faharyl ‘goup haVvirig 8 to 36 cRforr &iéms, n
representscéuvinteges of Ovto 3pand whepasis2 o morecplialRas may be the same or different and
when n is 2 or less, plural Ras may be the same or different, and an organosilane oligomer [0006c]

In a third akpec tREreYis btEvwaes SYEsive pRePsénsitueicehyedmposmidn RaRipHRIY (a) a

polysiloxane sg{nthe,sized by hydrolyzing and partially
condensing an‘organcsilane represented by the following general

formula (1}:

[Chem. 1]
| (R*};Si'—EORZ ) (D

wherein R' represents hydrogen, an alkyl gréup having 1 to 10
carbon atoms, an alkenyl group having 2 to 10 carbon atoms or
anarylgroﬁphavings1u>l6carbonatcms,Rzrepresentshydrogen,
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 représents an integer of 0 to 3, andwhenn is 2 or more, plural
Iﬁs may be the same or different and when n is écnfless, plural
R’s may be the same or different, and an organosilane oligomer;
{b) aiumiﬁum 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; (¢} a
naphthoquiﬁonediazide compound; and (d} a solvent, whersin the
organosilane oligomer contains an organcsilane represented by
the following general formula (2):

[Chem. 2]

3a



condensing an organosilane represented by the general formula (1) and an organosilane represented
by the general formula (2), (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 haphthoquinonediazide compound
and (d) a solvent. [00p6d] In a fourth aspect, there is provided a positive photosensitive resin
composition comprising (a') a polysiloxane containing metal compound particles, which is synthesized
by hydrolyzing and iglly condensing an organosilane represented by the general foxmula (1) and
an organosilane rep&?e ted by the general formula (2) in the presence of aluminum compound

particles, tin,compound partjcles, titanjum compound particles, zirconium compound particles, complex
particles cﬂﬁ: n@}-tmﬂﬁkg partir(l of any of the compounds and a silicon compound, (c)
a naphthoguinon dia[zide compound and (d) a solvent. [0006e] In a fifth aspect, there is provided
a cured film formed %Esing the positive photosensitive resin composition as defined above. [0000f1
In a sixth aspect, there'is provided an optical device comprising the cured film as defined above.
PROBLEI}IA\?gE‘I’rO BERS%LVED BY THE INVENTI 31 nop%%#egs It iﬁghn object of the present invention

Sitit SIS SRt fBr 5S8RSR faolution

to provide apositive pho?o%e%saiﬁvelr%Q composi
without deteriorating fugly tefiactive ndex andihigh trangpareney, MEANS FOR SQLYING THE
PROBLEMS -

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.

fo006h]
In a second aspect, there 1z provided a positive
photosensitive resin composition comprisging

(a') a polysiloxane containing metal compound particles
synthesized by hydrolyzing and partially condensing an
org,anoéilane represented by the following general fomula (i)

[Chem. 3]

(RYFsi—oRr?), (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 atome or an aryl group having € to 16 carbon atoms,
n represents an integer of 0 to 3, andwhenn 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
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[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
containin (a%a olysiloxane synthesized by hydrolyzing and partially condensing an organosilane
represen 9‘%Ee following general formula (1) and an organosilane oligomer, (b) aluminum
compound particles, tirncompouad pattieles, titaniuwm €ompseund-partictrs; zirgonipss compound

partlcles %%rpggeg(n?gth)gsrog ﬁm% CQ&HBSHQQ% Qr cc%rpn%lex artlcles of any of the compounds and a

silicon compound, (c) a naphthoquinonediazide compou and (d) a solvent, wherein the organosilane
oligomer EBhtanPan BrgaiSHaRe TEPeIRRicPhy Ms BIGHRG YeAeRl Pé‘rﬁmﬂé%ﬁ)l@%é}/bresent
invention also_pertains to a positive photosensitive resin composition containing (a') a polysiloxane
conta|n|h§?ﬁ§tﬁF§&ﬁ%&ﬁ1&5§ﬁf&%§%ﬂ%ﬁ?@& %?ﬁ%‘ﬁﬂ%/z%ﬁ”g &8 ﬁé’rﬂﬁﬁ@fohagﬁ%ﬁ@ an

organosil sented b th]ui ||OWI eneral formula (1) and an organosilane oligomer in the
presence%)*r ?ﬁlnog Bgr?’& %Sggfﬁ&é%\ﬁ) cR8 fithAium CoPpGund barticles,

zirconium,compound artlcles comé atlcl of the compounds or.complex articles of any of the
compoun(gl?sbcgan%ga slﬁ%on compoun Qér%lap oquig‘noneé)azﬁe comp%u%% &aefsd) a solvent,

wherein t % Qf E&gn?oél%m) n&aéri gn o%gﬁ%o@%@%re@r% ent%% th@ foI owmg general

formula ( OR2 e above generéﬁofmula (1),R1

represeméctw%g@g&aef&yégr%lfpméﬂ%9; @fnc%agse%n&é@yé %@BP&@Q 210 10

carbon atoms or an‘aryl group having 6 to 16 carbon atoms. R represents hydrogen, an alkyl group

having 1 t9-6 caban-atoms, & acyh gEouphaving 21e:8-carhen atoms gr an aryl group having 6 to 16
carbon atoms. n represents an integer of 0 to 3. When n is 2 or more, plural Rls may be the same or

different. When-nis:3 oidess phurakR2s say-badhe same oy diffesent: 1001 1] [Chem. 2] OR4 R-0/ Si
0(2) I OR[lolg%,G[%Olz] In the above general formula (2), R3 to R6 each

In a fourth aspect, there is provided a positive

photosensitive resin composition comprising

(a') a peclysiloxane containing metal compound particles, which
is synthesized by hydrolyzing and partially condensing an
organesilane represented oy 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, () a

naphthoguinonediazide compound and (d) a solvent.

{0005e]

In a fifth aspect, there is provided a cured film formed
by curing the positive photosensitive resin composition as
defined above,

[0C06F]
In a sixth aspect, there 1s provided an optical device

comprising the cured film as defined above.
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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 aspect of the positive photosensitive resin composition of the present
inventionXopEaiES!a) 0 pBly sEoXare s ithE8sized BY BydBIzing and partially condensing an
organosilane represented by the following general formula (1) and an organosilane oligomer, (b)
aluminuml 88fpbund particles, tin compound particles, titanium compound particles, zirconium
compound particles, complex particles of the compounds or complex particles of any of the
compounds and & Siliésn BnPolRat (O rafhtRbEHRBRediazige cbipotmdRiRY i 2 Solvent,
wherein the organosilane oligomer contains an organosilane represented by the general formula (2) .
Further, &S& Sspdtt bP HRFFASIHVE phEosenSve resht ¢ompositiohif T/ B tinvention
contains (a') a polysiloxane containing metal compound particles synthesized by hydrolyzing and
partially ORRRRSIG S oreBHOB e abtSSertad b the FoMArg BEAGRY b (1) and an
organosilane oligomer in the presence of 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) a naphthoquinonediazide
compound and (d) a solvent, wherein the organosilane oligomer contains an organosilane represented
by the general formula (2). [0015] [Chem. 3] Ri) Si ( OR2) 4-n (1) [0016] In the above general
formula (1) , 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 to 16 carbon atoms. R2 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 R2s may be the same or different. [0017]
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[Chem. 4] OR4 Si 0(2) oR5 [0018] In the above general fonula (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 R6s and R6s 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 apofgangsilage repeesenied mg}g generaliormyla,(2). [0020] In the general formula (1)
, 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 to 16 carbon atoms, and when n is 2 or more, plural R's may
be the same or different. Further, 22 represents hydrogen, an alkyl group having 1 to 6 carbon atoms,
an acyl grotgrhaviegR el vaenmensryEEay| group having 6 to 16 carbon atoms, and when n is
2 or less, plural R2s may be the same or different. [0021] Any of the alkyl group, the alkenyl
group, the B¢dFbUp and the acyl group :nay be substituted, and specific examples of a substituent
include a hydroxy group, an alkoxy group, an epoxy group, an oxetanyl group, a fluoro group, an
amino group, a meFeaptodfroupcas isbecgandte grbaycamastyioxysgtonpod hasthacryloxy group and a
carboxy group. Herein, the number of carbon atoms of the alkyl group, the alkenyl group, the aryl
group andBKE BERtgidiEaseSRtaTclide fRldavbes steatid BohisicontBintdd 1§ thelsubstituent.

Specific examples of the alkyl group and a substituted product thereof include a methyl group, an ethyl

group, an AT groBpERh $SpRpYIEGHNP, B ARRF drous, RADAAYRSd JafentedMgroup, an
n-decyl group atrifluoromethél giroug, a 3é3,3-trifluoroprq yl group, a gf-%l%/cid‘oxypropyl group, a

2-(3,4-epoX§ BRIy BB G FoUE. H1P3-otHy1-3- SR Ry TPYORYI G A $%minopropyl
group, a 3hm%rcg¥t0}t3{o%yl %{8u% agglia %—isoc gﬂgteegrgp}yl garlou%rs a%:gisci(ixanrgples of the alkenyl
group and & substituted productinereot include a Vlny?gr p.%pec IC exampafes of the aryl group and
aSUbStitUtggﬁ%@é‘Hted by the following general formula (1) and an
organcsilane oligomer, (b) aluminum compound particles, tin
compound particles, titanium compound particles, zirconium’
compound particlesg, cﬁmplex 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 organcsilane oligomer containsg 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 condensging
an organosilane represented by the following general formula
(1} and an organosilane oligomer in the presence of aluminum
compcund particles, tin compound particles, titanium compound

particles, zirconium compound particles, complex particles of

the compounds or complex particles of any of the compounds and



thereof include a phenyl group, a tolyl group, a p-hydroxyphenyl group, and anaphthyl 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] 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 polysiloxang, tBSr&S?B&&{H of 'Ptgmmot%%?ﬁﬁggizsi%ea?é %%l{pﬂ s preferably 30

mol% or more, and more preferably 40 mol% or more o content o toms originated from
the organosiiane, By.coataininghe Si atems bound te Rlawhichds anand.group, in;an.amount of 30
moil- or more, it is possible to inhibit phase separation between (a) the polysiloxane and (c) the
naphthoquinenediazide: sempasindJartbe steps i apRiication Adesapd thespal owing during cured
film formation to form a uniform cured film with ease. [0023] It is more preferred from the viewpoint
of further irbpe@dAng the refractive index of the cured film and the sensitivity and resolution that part of
or all of the aryl groups are condensed polycyclic aromatic hydrocarbon radicals. When the
condensed{polgwyclielaromatic hydrocarbon radicals with a high ,t-electron density are contained, the
cured film can be provided with a high refractive index. Further, since the condensed polycyclic
aromatic h ﬁp%@g.rad'caéﬁgx an effe j)f’]inhibiting dissolution of an unexposed area in
developm y the [e_rg%t it _Wthocé ihonediazide , the contrast between the exposed area
and the unexposdd area becomes larger. 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. AL %ondensed polycyclic aromatic hydrocarbon radical, a naphthyl group is preferred.

Moreover, in (a) thi}?(pclxsilo ane, the cont n%of Si atoms bound to RI, which is a condensed polycyclic
aromatic hydrocarbdn Fadica ﬂgepl%?gr%ﬁﬁﬁl RB9E Br thore Bt fHERbET COhRAYGTSIHEmS originated

from the otcgignzgﬂ e%?l%:}@'@g Si ft%msf)é)und tgoFﬁl iq:%rlglsamount ocii#% m%I% or more, the

sensitivity and resdluti e posmge pho?osensﬁf% resmacompdsiﬁgn% &'t rtﬁgf’ﬁﬁproved and

th refactiyg adgotibe usd i canhe Wither inpioved Ot sljechand e cotent of

atoms bound to R1 is preferably 60 mol% or less, and"more préfera or1&ss from the

viewpoint gftwresﬁh%ﬁygg&r%iqwdq_fggqn éﬂﬂéwug%ﬁﬂvﬁQMH vglopment and

further improving the resolution of the positive photosensitive' resin composition.70024] The
content of & ataths Hourd fo &, whieh igacendensed polyeyslie argmatic hydracarbon gadical, can be
determined by measuring 29Si-NMR spectrum of a polysiloxane and calculating the ratio between the
resulting paai Argaswb Sishoimg soracoadensedrpalyeysic arpmeatie bydrocarhan radical and Si not
bound to a condensed polycyclic aromatic hydrocarbon radical. [0025] In the general formula (1),
n represer$ af intedger ofihtn3nWiser nds Ondhe organosiang’is anteprafenctienalsilanexWhen nis 1,
the organosilane is a trifunctional silane. When n is 2, the organosilane is a bifunctional silane. When n
is 3, the orghRéSTRENs a WnofantsoRabsilates f0026]uralSpésifitaexdmptEsoktmeorganosilane
represented by the general formula (1) include tetrafunctional silanes such as tetramethoxysilane,
tetraethox?éﬁl%yﬁ%],f fdtfaacetoxysilane and tetraphenoxysilane; trifunctional silanes such as
methyltrimethoxysilane, methyltriethoxysilane, methyltr isopropoxysilane, methyltri-n-butoxysilane,
ethyltrimetﬁg%%lline, ethyltriethoxysilane, ethyltriisopropoxysilane, ethyltri-n-butoxysilane,
n-propyltrriTT(?ﬁhoxysg ne, n-propyltriethoxysilane, n-butyltrimethoxysilane, n-butyltriethoxysilane,

e

n-hexyltri 8)5?ysila e, n-hexyltriethoxysilane, decyltrimethoxysilane, vinyltrimethoxysilane,

R4

0
|
R30+-Si-O RE (2
‘{"l )m— (2)
OR®

[0012]

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



vinyltriethoxysilane, 3-methacryloxypropyltrimethoxysilane, 3-methacryloxypropyltriethoxysilane,
3-acryloxypropyltrimethoxysilane, phenyltrimethoxysilane, phenyltriethoxysilane,
p-hydroxyphenyltrimethoxysilane, 1-(p-hydroxyphenyl)ethyltrimethoxysilane,
2-(p-hydroxyphenyl)ethyltrimethoxysilane,
4-hydroxy-5-(p-hydroxyphenylcarbonyloxy)pentyltrimethoxysil ane, trifluoromethyltrimethoxysilane,
trifluoromethyltriethoxysilane, 3,3,3-trifluoropropyltrimethoxysilane, 3-aminopropyltrimethoxysilane,
3-aminopr Isthoxysi 135 ' p I oxysil - [daxypr. triethoxysilane,
2-(3,4-epo%%%%hexy%ﬁgﬁt%%%gﬁﬁarﬁ%%g%%pé%ﬁcgg%h%ﬁ){%ﬁgtr}ﬁe%h&(?% ilgng,o
[(3-ethyl-3-oxeiamdinathoxlprapybiRrethaighangy ing 2 to 6 carbon atoms or an
[(3-ethyl-3-oxetanyl)methoxy]propyltriethoxysilane, 3-mercaptopropyltrimethoxysilane,
3-(trimethaxysilyBprapylisuecingte thnapbthylametbexysilane - Epapbtinidethaxysiiang;
1-naphthy1tri-n-propoxysilane, 2-naphthyltrimethoxysilane, 1-anthracenyltrimethoxysilane,
9-anthracengltimetifoxystkane, 9-phenanthtenyitrimrethoxysijlapeu2-4Lorépyliiretifoxyailane,
2-fluorenyltrimethoxysilane, 1-pyrenyltrimethoxysilane, 2-indenyltrimethoxysilane and
5-acenaphsiseiyltrienethexysinge bifuddtivietsitanes 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
trimethylmE%@@%ﬁ%  trEREb U TERBE/Sane, (3-glycidoxypropyl)dimethylmethoxysilane and
(3-g|ycidoxqurop ldimethylethoxysilane. Two or more of these organosilanes may be used in
combinatioh’ & 3ng these organosilanes, a trifunctional silane is preferably used from the viewpoint of

improving the hydrolyzability and condensation reactivity at the time of palysiloxane synthesis to
further improve thegcr:};g‘cicr%%%?élﬁc% "glﬁ(t:lqhé:r %&E%?ﬁ%cﬁ%ﬁzﬁﬁ%rtﬁgf 1s possible

1-naphthylfri iJane, 1- Itriet ilane, 1-naphthyltri-n-propoxysilane, . .
AT T A b e SRR R e
>-phenantheenvimethiarysians S flurenyimelioneians dlommdiinahoysiane,
2-fluorenonyl trimethoxysilane, 1-pyrenyltrimethoxysilane, 2-indenyltrimethoxysilane and
5-acenaphgheryliimeathexysilane fpavhich sach L R'sisa ﬁp@ﬁeeﬁ%%yﬂéﬂ'@gromaﬂc
hydrocarbon radical, are preferred. [0027] In the general formula (2), R2 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, and plural R4s and 12.2s may each be the same
or differenMARE ST HieRalRPRRYINGthetrcyrgRouNarERteoaryl group may be substituted, and specific
examples of a substituent include groups mentioned as the specific examples of substituents of R2.
Specific exa@hiplés of the alkyl group, the acyl group, the aryl group and substitution products thereof
include groups mentioned as the specific examples of R2. Among these groups, the alkyl group having
1 to 6 carbon atords i§ pFéferrEPeyusiiy ARorgarosiane representedsiy thecgermsaiformula (2), a
positive photosensitive resin composition having excellent sensitivity and resolution can be obtained
while mairftSAREHGRA tFanSpareiyPIODRBEC IR PositiveTsHbtasamsitivd resin composition of the
present invention develops solubility in an alkali by a silanol group produced by the hydrolysis of an
organosilai@ Bfitce W RaReTyrBas trsp pRar ¥y Eondenddion Hithaké HRddréss of condensation,

conventionalllx nown po‘_lysiloxanes mdaLlyj/ibecome %oorl t—sol ble in an alkali, resulting in a reduction of

sensitivity o7 a redaction of r%rs%ﬁj%ﬁl_ ent% Eﬁ?ﬁ I3 Sof BSrfEI&Jr }&Wéﬁ%g%ﬁﬁ%lved. On the
e B e o O R e R e oy e
e flo fiorate

iy
lowered, and therefore pattern re may occur during curing to dete eFeselation. In the

present inyention. adarge ameuntof silanol grqups.are pr 99&)9&%’%%5 fg%g%%?gs

represented by the general formula (2) and carrying out hydrolysis. Th anol groups remain in
an amountlpige.enokgh-fartbeResiive phetesensitiyegesn composiiritafze dissolved in an alkali
even in a state of a polys loxane having a high glass transition point whose

compounds or complex particles of any of the compounds and a

silicon compound, (c) a naphthogquinonediazide compound and (d}

& solvent, wherein the organosilane oligomer contains an



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 naphthoquinonediazide 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 Cait et J00281n o SRS EXANDIES oL OIgaNosfane piasepted by the

general formula (2) include Methyl silicate 51 (R3 to"R6: methyl group, m: 4 on average) -
manufactugeds By bugo£aunicabos hid p M silicate SRI-RE: methyl group, m: 3to 5on
average), Silicate 40 (R3 to R6: ethyl group, m: 4 to 6 on average) and Silicate 45 (R3 to R6: ethyl
group, m: éémBaxt avesagermangfastweshy TAVMMEHEMICM:S €, LED), apd Methyl silicate 51
(R3 to R6: methyl group, m: 4 on average), Methyl silicate 53A (R3 to R6: methyl group, m: 7 on
average) amoliEthylLsitieate 4b(R2imRAg ettt gloumnpoben awerage)lmansiaciuwesihegOLCOAT
CO., Ltd. Two or more of these organosilanes may be used in combination. [0030] The content of
Si atoms origirzed frbrrthecorgadositarieimplesaered by shiagenerab foyania {2eindhe organosilane
oligomer in (a) the polysiloxane is preferably 67 mon; or more and 100 mo196- or less of the total
content of StBISHIS BRGM AR frbm thelorguhsd aprerstigomet drta)ithe Polysingans When Si atoms
originated from the organosilane represented by the general formula (2) are contained in an amount of
67 mol-1.C8FRIPE theRenStivEPERd résolGhiéh BrERYRBSEIAG pRiRePHbICSEIRItVedesin
composition can be further improved. The content of the Si atoms is more preferably 80 mol% or more,
and most &ae?étr%\ﬁ%efoo%& tOTRAPRY BT thelpais Siotdre Whith S Es R Bad by Ry&fblyzing and
partially condens{,rggu%n or%altnosil ere reS(inted b theageneral formula (1) and an organosilane

a

represer)tezdlgf fhe general ormura £ is oSt prétefig %@%ﬁﬁé@i%&rﬂg origfhated from the
organ05|la@8r£§8@§§§1t%ﬂ:é)¥ (ggl%ggge%{%rfg%{ﬂ% égk%reaf(;}?ntg@e&llg a}fnoamount of 100,mol% or less,

production of a gel-like substance canbe inhibited in synthesizinga po y%%lﬁlgsaﬁld‘l%e%fore
SOl L N e S LR PR R A
content of Si atoms originated from the organosilane represented by the general formula (2) in (a) the
polysiloxage iscnreferably.maalirorimnare.agd 594n0i%h or lesspfithe tofaheantant of Si atoms
originated from an organosilane. When Si atoms originated from the organosilane represented by the
general forpatan(@} ale:eentaineddp an-amopyt efile mpleldormeteythe sensitivity and resolution of
the resulting positive photosensitive resin composition can be further improved. The content of the Si
atoms is migréJg¥éferably 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 subStagse cah 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 originajed fr .t_h_%owi}ane reprﬁjgnted by the general formula (2) in (a) the polysiloxane
can be de ined By deterifiing h&- truc of an organosilane raw material by 1H-NMR,
19C-NMR, 29Si-KIMR, IR, TOF-MS 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 of a peak originated from Si-O bonds in
2n IR speddUme(033]

In the above 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. R® represents hydrogen, an alkyl group having 1 to 6
carbon atomg, an acyl group having 2 to 6 carbon atoms or an
aryl group having é 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



The weight-average molecular weight (Mw) of (a) the polysiloxane is not particularly limited, but it is
preferred that the molecular weight on 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 or less, and more preferably 50000 or less from
the viewpoint of the solubility in a developer. [0034] (a) the polysiloxane in the present invention is
synthesized by hydrolyzing and partially condensing an organosilane represented by the general
formula (1an¢ ap&arganogiiane eligamer JiHefein the.erganesiiape aligomer sontains an prganosilane
represented by the general formula (2) . Herein, partial condensation refers to leave part of Si-OH,
which is a Byamdysate, 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 invemtion} the amount of the left Si-OH is not limited. In addition to the organosilanes
represented by the general formulas (1) and (2), still other organosilanes may be used. For the
hydrolysis &ftdgpartialicondensation, a common method can be used. For example, there is a method
in which a solvent, water and, as required, a catalyst are added to the mixture of organosilanes, and
the resulting mixture js, hegated and stirred at 50 to 150C for about 0.5 to about 100 hours. During
stirring, as required, @ lysis byproducts (alcohols such as methanol ) and condensation byproducts
(water) may also be distilled ©ff by distjlation. [0035] The solvent is not particularly limited, but
usually (d)[R sdnt& ke fR%sed. '( )addition amount of the solvent is preferably from 10
to 1000 parts by igq‘mt relativento 100 parts by weight of the organosilane. Further, the addition
amount of water use tFQS 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 ﬁﬁg%?pecific 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_ anhydri% @ﬁéeoiﬁ}g%io&%m% J?ﬁi@faSQ?Sific £8X r’gpk@cs %1:3 tgﬁ b_ase catalyst
include triethylamine, tripropylamine; tributylamine, tripentylamine, trihexylamme, triheptylamine,
rioctylamine, Ugtnlaminey idBandaming debiposianines sy m budigxide, pofassiug hydroxide,
alkoxysilanes having an amino group and ion exchange resins. The addition amourit of the catalyst is
preferably fromn Sk ta 40martsby avajahbrelaty e 10,100 parishy weighiof the Qrganpesilane. [0037]
Furthermore, from the viewpoint of the storage stability of the positive photosensitive resin
composition-jtisspieigriesibastheRolysitoxanersakutap obtainegatiechydralysisard partial
condensation does not contain the catalyst, and the catalyst can be removed as required. The method
for removing:thescathlyst tinét. particatarly limited chutnwashing Withadatetandicr ateatment using an
ion exchange resin is preferred from the viewpoint of ease of operation and removal performance.
Washing vighohates i¢hanethiod ivwhiciEthengalysiloxane solution is diluted with an appropriate
hydrophobic solvent and is washed with water several times, and the resulting organic layer is
concentraté@%?ﬂg 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] The PositilR/pHdtEs i FsEh BEnHoR HORTF 256 prasenidaearitortebntains (0)
aluminum co[ypound icles, tin.compound particles, titanium compound particles, zirconium
compounoaﬁlartia%g,té)% x SAHEBS bPthe CompIaRES di- B8R plexpricias B aky of e |
compounds and %fiIiﬁggrgg?i)ogf;aghagginafter maI}/be .rfferred .as metal compaound particles).

Examples Of the fietal compoun ¢ safﬁlclﬁgg%aﬁiscjresagfe m&tal E8Mpoulits suBh as oxides,
sulfides a%w%i&??. ofﬁg%@iqym,ttﬁé ticg 'gmo%qcﬁ}g%onci)liry aﬂ% 3?0”}?'%)& ;iar%rsticges of any of these
metal compounds and a silicon compound.”Examples of the con?pcfex par(flc es of any oF these metal
compounds,ancha silicgn£o Qéﬂelgaeéyiceﬂé)g%%@ﬁa' cempeund Goplex particles in which
metal particles are synthesized in the presence of a silicon oxide compound, and metal compound
particles whesesurface is covered with silane formed by reacting metal particles with a silane coupling
agent. The positive photosensitive resin composition of the present invention may contain two or more
of these particles. YWhemtheyabeve:neftionad angtal comparnshRasticles arg-geptpined,dhe cured film
can be provided with a high refractive index. [0039] Specific examples of (b) the metal compound
particles incligel "@RTPLAKE rggisteretiotrademanky t bR =502 ard 1R T O LAKEL TR-b04gwhich are tin
oxide-titanium oxide complex particles, "OPTOLAKE" TR-503, "OPTOLAKE" TR-513, "OPTOLAKE"

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



TR-520, "OPTOLAKE" TR-527, "OPTOLAKE" TR-528, "OPTOLAKE" TR-529, "OPTOLAKE" TR-543
and "OPTOLAKE" TR-544, which are silicon oxide-titanium oxide complex particles, and "OPTOLAKE"
TR-505 which is titanium oxide particles (trade names, manufactured by JGC Catalysts and Chemicals
Ltd.), zirconium oxide particles (manufactured by Koj undo Chemical Laboratory Co., Ltd.), tin
oxide-zirconium oxide complex particles (manufactured by JGC Catalysts and Chemicals Ltd.), and tin
oxide particles (manufactured by Koj undo Chemical Laboratory Co., Ltd.). [0040] The number
average pafigle,sizg of () hepetalcompeynd paticles s preferably, 1 o orymere from) the viewpoint
of inhibiting cracks to be produced in forming a thick film.”The number average particle size is
preferably 2004we o1 less rapd-muse pre BSONMQ Igsg-fronythe yemppint pffuptheg improving
the transparency of a cured film to visible light. Herein, the number average particle size of the metal
compounddzariielas Lembe, meassesd by ags adsorpon methedca dypamic bight seattering method,
an X-ray small angle scattering method, a method of directly measuring the particle size using a
transmissiamrglectranimibrostngesor a Scanningete ettampiceasdofies nrithedike 0¥l I he content of
(b) the metal compound particles in the positive photosensitive resin composition of the present
invention i® praferaldtysl Ongartdby Wetgltamanore, ahd fearerpreferably 25 parts by weight or more
relative to 100 parts by weight of the polysiloxane in the component (a). Further, the content of (b) the
metal com;ﬁ@@ﬁé]particles is preferably 250 parts by weight or less, and more preferably 200 parts by
weight or less. When the content is within this range, the transmittance and refractive index of a cured
film can be further 3Br8vebifnfd MaNTEIRE the R gh S RIBHIEEaWP re SS16tBAOE BEPERItive

photosensitive resin comzosition. [0042] Next, (a) the polysiloxane containing metal compound

particles, Vifich 1Sy AREsi U BIPhIRSIVI FHRE phriH Tortfefs it drgartshiie Fehresented

by the general formula (1) and an organgsilane oligomer in the presence of aluminum compound
e Sql‘lbsaa%ga{%ﬁate:s,l | %%%‘r%c%pnh o%%%’%’aﬁﬁ%%?zir'ﬁlgni?ﬁﬁ{%cﬁﬁp%’ﬂﬂﬁ%arﬁaes, complex

particles, tin cOmpoun

particles o %]5)( ds arti of of the compounds and.a silicon compound, will
be describ% . H?rgﬁc?‘!t};?e' o%%{a%%g%%giﬁgﬁc’or%g%g Sﬁ%r%:‘éﬁ%&aﬁél r%%lrle%%rﬁga 1‘%erf/’the general
formula (2), [ B ng (a).h I &g&;g{'pin ﬁpﬂggg rticles, a positive
photosensﬁiv%%ﬁ%pctooméggggﬁ gﬁeggggg(%%%%ﬁ n dispe’rs%)g:?'gbi ity C %%%t ined. Itis
thought thaitheexeelientdispeision stahilibs isRbtainadsipce the polysiloxanepfa matyix is bound to
metal compound particles. This bound state can be seen by observing the boundary portion between
the metal ecemppornd paiticles ant ¢he. priysilem@ngwithraseaniing elegtondnicrescope,ar a
transmission electron microscope. If the polysiloxane is bound to metal compound patrticles, the
interface bgtween dnentiscurctedr. J@dd4] doe®heanetalcbadeound: patidies-useddartaohthe
polysiloxane containing metal compound particles are the same as those exemplified as the
component {iPmEurthiet athesstganostiane véssre sentedtby tiipgendrat-farmma (Bsorc@)das¢he same as
the organosilanes exemplified for the polysiloxane in the component (a). Herein, the content of the Si
atoms orighiatgd fErAuResIgan cEHRAE Hpresenksd By the Yensrs foimalbu@y in the Bryanosilane
oligomer is preferably 67 mol% or more and 100 mol% or less of the total content of Si atoms
originated Froftihe By & OSTAnSSHEB ME \VINER By Si SHHHE oriyihdtEaRiEPHe BRGAHvSIlane
represented tr)f\{_tgagyegeral formula (2) are contained in an amount of 67 mol% or more, the sensitivity
0 r

and resolutid SR po8itvePHoldsERsHFe RN caRHEsitBrrekh bR R fproved. The

content of the Si atoms is more gref%@biy 80 mol% or more, and most preferably 100 mo196. That is,
(@) the oup, a trifluorbmethyt group, a 3,3, 3-triflucropropyl group,

a 3-glycidoxypropyl group, a 2-(3,4-epoxycyclohexyl)ethyl
group, a [{3-ethyl-~3-oxetanyl)methoxylpropyl group, a
3-aminopropyl group, a 3-mercaptopropyl group and a
3-isocyanatepropyl group. Specific examples of the alkenyl
group and a substituted product thereof include a vinyl group.

Specific examples of the aryl group and a substituted product



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, is most preferred. When the Si
atoms originated from the organosilane represented by the general formula (2) are contained in an

amount of 190 maltoardasss piodicliep o gkl sbtanse aan beniblied iy sinesizing a

polysiloxane, and therefore coatability ‘of the resulting positi sensitive resin tomposition can be

improved. Herrip, the:gontanbak i atems Qrginatadkramthe argangsilane repeasented by the general
formula (2) in (a") the polysiloxane containing metal compound partiCles iS preferably 5 moll or more
and 50 moi#sautesaopihetoral cantent obthe: Siriaps grginated Hoanthe-e siang,in the
polysiloxane containing metal compound particles. When the Si atoms originated from the
organosilage cegresertell kyrthecgenkrakfotmplal()aca tentainshinian apeusteia10/% or more,
the sensitivity and resolution of the resulting positive photosensitive resin composition can be further
improved. Thd toaleht ofthe Siatonsscermarmspréfetab iy dplnoibuprandre. Mben the:Siedtoms
originated from the organosilane represented by the general formula (2) are contained in an amount
of 50 mol9%»BPIES tpioefkietion of Ageifike 3ubsaREY Eagtberinhibited in synthesizing a polysiloxane,
and therefare coatability of the resulting positive photosensitive resin composition can be improved.
The contert®% htoms originated from the organosilane represented by the general formula (2) in (a)
the polysiloxane containing metal compound particles can be determined in the same manner as in the
polysiloxane in the%oﬁ?b&%ﬁ?ﬁé}?f@%iﬁom%?a‘)%h&ﬁ&?ﬁﬁﬁ@%lé CotitamintPnidtat Empound
particles, n i@cme %eanve{iall fogneulaigl) islggeferab%( 1, gnd moreover, the content of Si atoms bound to
R1, which 5 & cbndensed polyeydiic ardmatic hydiscdrboh fatfcdi: Bhetetanhf 158HbREBr more of

the total confent.Qf Si s orjginated from the organosilane. B taining Si atgms hound to RI,
which is a co% gnsled%o ycycgﬁ}(?%%%r%ga%c? %ﬁr‘g&e}r o(ncr?a %Slﬂ%pﬁ%r% Vit 8?%%1%7‘%‘% more, the
sensitivity apd resolutian of the pasitive photogensitive.resin gomposition fither improved and
the refractive irglsdex of the cured film can be further imp?rm?ed. O@h? %%15%%1%2%#%‘ content of Si

atoms boupgdo Kinwhich is & eandansed polyeyslie grematighydrogarban radical, is preferably 60

14

mol% or less, and more preferably 50 mol% or less from the viewpoint of suppressing a minute
residue of peraremsmaibng wndissolyedinmdevsloprentend urber mproyingtheresolytion of the
positive photosensitive resin composition. The content of Si atoms bound to R1, which is a condensed
polycyclic ammaticthydrecarmlradicat @an ket determinankindipe same-@annepas Hhine polysiloxane
in the component (a). [0046] (@) the polysiloxane containing metal compound particles in the
present invergisnds syathesizéy by bypdrolyrzimy antipagtiallyrcons ensingdhe alove-mentinned
organosilanes in the presence of the above-mentioned metal compound particles. Preferred reaction
“conditions }¥ tA8 Ryarbl\EieaRd partal Gariensamibs arathe sameeissthose irsthepslibilexane in the
component (a). [0047] The positive photosensitive resin composition of the present invention
contains (O% REPRAGHURIEHESISABRS E6mbBEnBSBY 8RtalAihg BT toAasHithoganenatidzide
compound tUe r%;in composition exhibits the positive photosensitivity to the extent that an exposed
area is renioved-With 2CRVGIRH RRARE haB kD qTRTRRERGidec5MBodRERE cofpound having
naphthoquinonediazide sulfanic acid ester-bonded to a compound having a phenolic hydroxyl group is
preferred. féﬁ%@j %Eﬁ)%%ﬁ%’eérﬂﬁgg oﬁhge E&Q’fﬁﬁgﬁr‘f}d ﬁlégiﬁéjga SHérdiR hvdtyfgrtfip include the

following compaungs,(all 6f s ate markiagiured, By Hepshu Ghemigal Jpdustry Co., Ltd.) . [0049]
[Chem. 5] criCFCH3

[0023]
It is more preferred from the viewpoint of further
improving the refractive index of the cured film and the

sensitivity and resolution that part of or all of the aryl groups

are condensed pclycyclic aromatic hydrocarbon radicals. When

10



HO aCOH HOCOH HOCOH Ill CH3CF3CH3 t-Bu[-Bu B isP -A FB isO TB P-A Eisphenol-A
t-Bu[-BUCHCH CHHOC 3,0H HOC eOH HOCOHII 1?H2?H2 OH 3,CHCH3 t-But-Bu H3C tH3 B is26B
-AB isP -B B isP-M EK CH3 1

the condensed polycyclic aromatic hydrocarbon radicals with a
high m-electron density are contained, the cured f£ilm can be
provided with a high refractive index. Further, since the
condensed polycyclic aromatic hydrocarbon radicals exert an
effect of iﬁhibiting dissolution of an unexposed area in
development by the interaction with naphthoquinonediazide, the
contrast between the exposed area and the unexposed area becomes
larger. Thereby, the sensibility can be further improved, and
moreover, a reduction in resolution due to azniﬁute residue of
portion remaining undissolved can be inhibited. BAs the
éondensedjpolycyclic aromatic hydrocarbon radical, a naphthyl
group 1s preferred. Moreover, in (&) the polysiloxane, the
content of 31 atoms bound to- R*, 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 £ilm can be further improved.
On the other hand, the content of 8i 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]

ii



CH20H3CH HO aCOH HOCOH HOC S OH | Il yH2COOHCH2 CH302 B isP-PR B isP-DEKCOOH B
'isP-LV cH3CHCH HOOH HOOH HO p 60H 0H2)5(H2)6 CH3CH3CH3 B isP -0 TB isP-NB isP-D E
[0050] 30

The content of Si atoms bound to R', which is a condensed
polycyclic arcmatic hydrocarbon radical, can be determined by
measuring ““Si-NMR spectrum of a polysiloxane and calculating
the ratio bétwéen the resulting peak areas of 38i bound to a
condensed pélycyclic aromatic hydrocarbon radical and Si not
bound to a condensed polycyclic aromatic hydrocarbon radical.
{oo25]

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

[o026]

‘Sp@cific examplés 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,
methyltriigopropoxysilane, methyltri-n-butoxysilane,
ethyltrimethoxysilane, ethyltriethoxysilane,
ethyltriisopropexysilane, ethyltri-n-butoxysilane,
n-propyltrimethoxysilane, n-propyltriethoxysilane,
n-butyltrimethoxysilane, n-butyltriethoxysilane,
n-hexyltrimethoxysilane, n-hexyltriethoxysilane,

decyltrimethoxysilane, vinyltrimethoxysilane,

iz



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. A 4-naphthoquinonediazide sulfonic
ester compound is suitable for i-line exposure since it has an absorption band in an -line (wavelength

365 nm) regiqryﬂlftbsﬁmegs,saﬁ-m@ht@%@@%@wﬂ?{g@%gﬁ&gﬁgmw”di‘ig%‘ﬂéab'e for

. ; A . Q =
exposure in a wide range of wavelengths since it has an a I a witle range of

wavelength regienalt is prefefradio selesta Anaphiheguinonediazide sulfonic ester compound or a
5-naphthoquinonediazide sulfonic ester compound in accordance with the wavelength used for

exposure. A-4:oaphibegpinepediezide-sultoniesesiencompayng apd aa nspRihoauinpnediazide
sulfonic ester compound can be used in combination. [0052] The content of (c) the
naphthoquirrosedliszides toroppaid inthe pesitvir-photosensitve-resit Bompesitionof the present
invention is not particularly limited, and is preferably 1 part by weight or more, and more preferably 3
parts by wéighpohirdrexeintivetol 16T paits himesighkef(a) sheepolysiloxane or (a') the polysiloxane
containing metal compound particles. Further, the content is preferably 30 parts by weight or less, and
more prefetably 2uvearesbp weight ot 1dssl rermpbiviewgditofsuppressing a reduction in
compatibility with a polysiloxane or coloring due to decomposition in thermal curing, and further
improving the¥ar&parency! B R BustRSHbio S S ety arApssifisa netifeertiimi 10053]

The positive photosenﬁ:}ilve resin composition of the present invention contains (d) a solvent. The

solvent is tparficiia ﬁr}ﬁﬁ@&,tﬁé’t]agﬁ&‘ﬁﬁl?ﬂﬁ&fﬁ%i}@% alcoholic hydroxyl group is preferred.

When the %(%Iv%qtu%avigr%gg aictoholi‘% hgdrox%/L%roup Is used, the solubility of (a) the polysiloxane or

(@) the polysifoxanerc% aln?ﬁg mata %o}ﬁ?f)% 1’b%l’rticles and (c) the quinone diazide compound can

be imprqy%q, ﬁ@_@f%@gggﬁﬁ% §I ggatén&lfg}rp ypsrlefglr,le@d’ from the positive photosensitive resin

composition can be further imp ovep.% Zﬁ
3-aminopropyltrimethoxysilane, 3-aminopropyltriethoxysilane,
3-glycidoxypropyltrimethoxysilane,
3-glycidoxypropyltriethoxysilane,
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,
2-(3,4-epoxycyclohexyl)ethyltriethoxysilane,
[(3-ethyl-3-oxetanyl)methoxy]propyltrimethoxysilane,
[(Swethyl—B—oxetanyl)methoxy]propyltriethoxysilane,
3-mercaptopropyltrimethoxysilane, 3- (trimethoxysilyl)propyl
succinate, l-naphthyltrimethoxysilane,
l-naphthyltriethoxysilane, l-naphthyltri-n-propoxysilane,
Z-naphthyltrimethoxysilane, l-anthracenyltrimethoxysilane,
9-anthracenyltrimethoxysgilane,
9-phenanthrenyltrimethoxysilane,

9-fluorenyltrimethoxysilane, 2-fluorenyltrimethoxysilane,

i-pyrenyltrimethoxysilane, 2-indenyltrimethoxysilane and
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The solvent having an alcoholic hydroxyl group is not particularly limited, but a compound having a
boiling point of 110 to 250C at atmospheric pressure is preferred. When the boiling point of the solvent
is 110C 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 250C 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: 147C)
3-hydroxy-3- ; il] int: - 4 -3- 24 e (bailing point:
730C), 5-hy%i§§%%§e%§%g§2%b%%%§%? El%ﬁ%?ﬂ%}?ﬁéﬁ%%@%?%ép?&%n%%g diacetone
alcohol) (beifing pejntaleeChetpd lactate, (Q@ﬂiﬁ@t@%@%éé%ﬂ&'ﬂ%@e (boiling point: 186C),
propylene glycol monomethyl ether (boiling point: 118C), propylene glycol monoethyl ether (boiling
point: 132@)i peapyjend glyeebmppo=peopykethertheling paintrabopt 1596, propylene glycol
mono-n-butyl ether (boiling point: 170C), diethylene glycol monomethyl ether (boiling point:
194C),diethylphemgiyicd merioettyd elerdboiling point: 202C), dipropylene glycol monomethyl ether
(boiling point: about 190C), 3-methoxy-1-butanol (boiling point: 161C)
and3-methy2-Jmeatheiopizburanyll (bodingypelnmd ZUCYEhe. positive photosensitive resin composition
of the present invention may contain two or more of these solvents. [0056] Further, the positive
photosensifive FéFiRi&prpEsRiRYéf the Predehitda@tiohirhayeontain other solvents together with the
above-mentioned solvents or in addition to the above-mentioned solvents. Examples of the other

solvents intfhéfe Eteittich S5 B yhacatatel #osropYPacetate, isopropyl lactate, n-butyl acetate,
isobutyl ac ta@t’ %ro %Iene quc,ol monomethyl ether acetate, 3-methoxy-1-bqt£%§.tcetate,
3-methy1-3-meth 9§ Sh St AR AR athy P Ece Rt aRe Ketries izh 84 heatRyl &oBltyl ketone,
diisopropyl_ketone, diisobutyl ketone and acetylacetone; ethers such as diethyl ether, diisopropyl
ether, di-n-a-‘guf%lré”mee?haligﬂér{éﬁ%t &L URRY e GyRoPEhYMTEHGFEtRE: RE diethylene glycol

dimethyl ether; 09 \ e, y-valerol 5-valerolactone, propylene carbonate,
N-methylpyﬁ?oli n%?%%ﬁ%?r%%ﬁ%ﬁglﬁyc 0 g%%%ﬁ%?%’ﬁ&%?&%hé‘&%none. [0057] The content of
(d) the solvent 4 it ASitl ' ition of t esent jnvention is not
particularly%rr]n %gé{%r%g%%%r%%ggtﬁi%%%gt\gﬁz{g(%ggaﬁ%f gv%%%t re ggc\g/e%[% %%r%ar?sgby weight of (a)
the polysilexane-oLia)dhe Polvsiexans goptaining netal GQ%QQHQg:paﬁti.(:legm@IQdéSl:h@se_b,/loreover’
the positive photosensitive resin composition of the present invention, as required; may contain
additives steb@ascas sitaneseoupling-agent: icsasslinking.agent getossinlking promoter,Gsensitizer, a
thermal radical generator, a dissolution promoter, a dissolution inhibitor, a surfactant, a stabilizer and
an antifoarhing abent 40059 £ 1 mNext; argethedgtasing-thp fosttiye phaiesersitive- rasin
composition of the present invention to obtain a cured film will be described by way of examples.
[0060] Thensesitivie phgtosénsitive tasie cofhpositipsidfthe rmesenttineernitiontis apptiet@nto a
substrate by a conventionally known method such as spin coating or slit coating and heated
(prebaked-0SIKG EEhER Fapsaratinedgdinasa rarplarshmesvart Riebakingsid piéforably carried
out in a temperature range from 50 to 150C for 30 seconds to 30 minutes. A prebaked film preferably
has a thickness#7:1 fo I5psveL L trimethoxysilane,

l1-naphthyitriethoxysilane, l-naphthyltri-n-propoxysilane,

2-naphthyltrimethoxysilane, l-anthracenyltrimethoxysilane,
9-anthracenyltrimethoxysilane,
9-phenanthrenyltrimethoxysilane,
9-fluorenyltrimethoxysilane, 2-fluorenyltrimethoxysilane,
2-fluorenonyl trimethoxysilane, 1-pyrenyltrimethoxysilane,
2-indenyltrimethoxysilane and

S-acenaphthenyltrimethoxysilane, in which each of R's is a
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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/m2 (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 p.m
or less. As the developing method, it is preferred to immerse the substrate in a developer for 5
seconds tq.10, snutes tgoa quéua*}@aa?@%%gar@w%?{ Qiaéjéj:l'ggﬂ'?‘s e developer, a
conventionally known alkaline developer can be used. Examples of the alkaline developer include
aqueous sghitiens-pEinorganic alkalis such as alkali metal hydroxides, carbonates, phosphates,
silicates and borates; amines such as 2 -diethylaminoethanol, monoethanolamine and diethanolamine
; and quateotery lammonium salts such as tetramethylammonium hydroxide (TMAH) and choline. Two
or more of these maybe used in combination. After completion of development, it is preferred to rinse
the substrate usingiwatér: aneribmedeSSaryya hedting apparatus®seelt As Arieiddale=ern,oven can be
used for baking with dewatering and drying in a temperature range from 50 to 150C. [0063]
Thereafterrengdravioleydsibeexpesurelinathinesgchas aBLA iscuseddalexpose ¢hieaching
exposure) the entire film surface to light at about 100 to 20000 J/m2 (in terms of the exposure amount
at a wavel@fghTot3653HE) DATiERDIe dehifgeadosira toperformntst saryingeastpdhaving
naphthoquinonediazide compound remaining in the developed film can be photo-decomposed to
further impfov@ tHePrSASHSBNEY BRfhe RREIRGWIRed Rilp. fOUBAR s "B ARTBuUbRCHEEto bleaching
exposure, if necessary, is heated (soft-baked) in a temperature range from 0 to 250C for 30 seconds
to 30 minutéd Tsitg g%‘uggﬁﬁﬁﬁbparﬁﬂg QUcHBE PHEDIafF 8MBNn dvaR, andlisHeatdd 38Fred) in a
temperaturtepgnaqre f_{om 150 tg 450C for a}}ﬂ)out 30 segc?nds to 2 hours using a heating apparatus such

as a hot plate of an o&%%%ﬁoﬁ%yg R RRT 10065 an?h@%%%ﬁ%%ﬁ@i@%ﬁﬁlé’ &in
o, Sualdhe Auesert NAer BIelSiab i diae A o el ol o0 T Spes i more

preferably a photosensitivity o r less at the timé of exposure Trof tié v

productivi in aging @ gatie. Sugh 2 high sensiiv cap be pasiy aghieued for ol by o

positive photosensitive resin composition containing a polysiloxane forme sm% an 8|’gan05|lane

representechby-the genesabiormula (2110408l andlbeRbolesansillyibL I RXPOSWELAD e

determined by the following method. The positive photosensitive resin composition is applied onto a

silicon wafenby spin ¢eating alanabiieyarotatingsneedusing.agpin £oater gnd thepprgbaked at
120C for 3 minutes by use of a hot plate to prepare a prebaked film with a thickness of 1 I_tm. The

prebaked filheissexposeddhrotigh agiaylseatermaskdaving a line apdspasepastesmef 140 10 kim for
photosensitivity measurement to an ultra high pressure mercury lamp using a PLA (PLA-501F
manufactupa by Czaton Ity Jsdand develogechosthle skonerioé 2638 wil 36, acjue ausEMAH solution for
60 seconds using an automatic developing machine (AD-2000 manufactured by Takizawa Sangyo
Co., Ltd. ) f@aniYhen Bnsed RAK Wakdefon 3¢ eseawds: I thededmetoputtssn ttherekpusure amount at
which a 10 IIITI line and space pattern can be resolved at a width ratio of 1 : 1 is determined as the
phoKBensﬁﬁﬂ?;lent 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 hydrclysis 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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[0067] Further, the positive photosensitive resin composition of the present invention preferably
has a resolution after curing of 10 gm or less, and more preferably 5 gm 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
folmula (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 10,0 fine-apd space-pafierniisteselyed at g width satio of Jairéiﬁﬁéée@&e%%j the

photosensitivity. Thereafter, a hot plate is used for soft baking at 200C for 5 minutes, and then used for

curing at 38@Goler biminutesdq RieRAe cHiash flay andtharghy o ipimyRspatigwm sizeat the
sensitivity after curing is determined as the resolution after curing. [0069] A cured film formed by

curing the pesitieephetosensitive sesin Tompositionofing presentinvention preferably has a light
transmittance per a thickness of 1 gm of 90% or more at a wavelength of 400 nm, and furthermore
preferably had adighttransmitignbe of 8284 e mered Stichlighdransmigance €anohereasily
achieved, for example, by a positive photosensitive resin composition using a polysiloxane with high
transpareneg @ista sin sampengng [0070le terTeraarsrhiitance of the: cured fillmpeha thickness of
1 pm at a wavelength of 400 nm is detetinined by the following method. The positive photosensitive
resin composftivRIs aPHIRECGHE af EMEReRpan § adsplarislspirotisting atarpdritesry rotating
speed using a spin coater and then prebaked at 120C for 2 minutes by use of a hot plate. Thereafter,
as bleachify’ éﬁ%@ﬁr@%@@&%ﬁéﬁrﬁ@e‘%@§@ AR R EHIrR I FseEei2dn TMFARIgh pressure
mercury IamrP at 5000 J/m2 (in terms of the exposure amount at a wavelength of 365 nm), and then, a
hot plate i€USed BT HerTaRF UG e fifirat- 308683565 FinGikan tle S PTepERd Bured film

having a th}i%k%%sa n% 1 rB:t'lTahe absorg{tiio&%pecg%m in thetultra\gﬂlret and visible region of the obtained
cured film is measured using MaltiSpecs1500 mantfatifed By SHimadgd eorp L Bnd fietffansmittance

ata Wavelgqg&; é)é f@@cmneg qgée@igggjﬁ% gni)}lh%rnm?elfr%o%dl :tLh% tlglqsgnittanc% ¢ § boefdetermined by

measuring theextinction coeffect of an objective cured fi y each wave _e%g &nd te fit thickness

by using a,specizescapic ellipsgmeterFE P0A0 manufactired by QIsuka Flectropics Co., Ltd. and

substituting the measurements into the folldwing equation.
condensation has been progressed. For this reason, it is
concelved that the high sensitivity and resolution can be
achieved. Further, by using an organosilane represented by the
general formula (2), the silancl groups are located at positions
close to one another, and therefore the interaction with (c)
the naphthoguinonediazide compound described later ig enhanced.
Thereby, the contrast between the exposed area and the unexposed
area becomes large, and thereby, the sengibility can be further
improved, and moreover, a reduction in resolution due to a
minute residue of portion remaining undissolved can be
inhibited.
[002¢9]

Specific examples of the organosilane represented by the

general formula (2) include Methyl silicate 51 (R® to R®: methyl
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Transmittance = exp(-4likt/2c) In the above equation, k represents an extinction coeffect, t represents
a film thickness, and k represents a measured wavelength. [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 Gii,afa e systabdisplay paclariliLpng a-piaselyficr. Amgng hese, the positive

photosensitive resin composition and the cured film of the present invention are particularly suitably

used fora gpliecting Aieroiens formed gn. aﬁgﬂ@@gat@}@@gg senser and @rbgptéq@éiaggﬁ/ggyide which
connects the collecting microlens to an optical sensor part since they can achieve high transparency

and high refiactivededeosiriltaneadslye The pogitivedphaiosansitive resin soampagitionsaied the cured
film of the present invention can also be used as a buffer coat, an interlayer insulation film and various
protective 8lhisiobd sertcotiiuctor @dvicetytheqpositive photasensitiveciesivearagesition of the
present invention, works can be simplified and the degradation of a wiring part due to an etching liquid
or plasma Ban becsoidetisivic cTpdite GHBYRERGE bYCan elching peocisésis unhesddsaryt EXAMPLES
[0072] Hereinafter, ghe present invention will be described in more detail by way of examples, but
the present inveRtidrPisthot MAREY to BEs&exdnplesoT o sewRTs) forleibl hnsdbibresiation is used,
of the compounds used.in synthesis examples and examples are shown below. PGMEA: propylene
glycol mo thyl &tRet acAatd BESERBRY Blac téie PEAIHSefiHe Blebrél S11t&pondence
between organpsilanes used in synthesis examples and the general formula (2) is shown below. M
silicate 51 AanUfacttfed by FAMA CEERFCALS CO . CETRY REIHhelPFPYRBEHFES B on average
Silicate 40 factured by TAMA CHEMICALS CO., LTD.: R3 to R6 = ethyl group, m =4 to 6 on
average Sl#ég%g) nﬂé%‘ufaclfﬁ?%\'/(lj b)g/;%l\ﬂﬁ SHERMICALDERS Efgﬁrﬁ%sfblﬁég%sefﬁﬂ’g%%p, m=6to

g on avera@feg in combination.
[0030]

The content of Si atoms originated from the organosilane
represented by the general formula (2) in the organosilane
cligomer in (a) the polysiloxane is preferably 67 mol% or more
and 100 mel% 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
organcsilane represented by the general formula (1) and an

organosilane represented by the general formula (2), is most
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[0073] The solid content concentration of the polysiloxane solution was determined by the
following method. 1.5 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
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 deterpuiped by {he tollowingmethod, Assiming gt e used oF %S%'%?Sr‘{"as

completely condensed, an amount of Si-0 bonds not €ontaining Si-C bonds was calcu ategfrom the

ratio of an jniggeal vale ofia Peatcodginateshfram,SiG honds to,a integral yalug of.a peak originated

from Si-0 bonds in an IR spectrum, and thereby the content of Si atoms originated from the

organosilaggsepriessnted byribepenena fymyladdhwas sietermined 10048l sudbeLnentent of Si
atoms bound to R1, which is a condensed polycyclic aromatic hydrocarbon radical, in a polysiloxane or

a polysiloxaae tenthittiridp inetdl campaitidpartidles, wasdetetminesthy, nneaSWiRg-29%2 NMR
spectrum of a polysiloxane or a polysiloxane containing metal compound particles and calculating the
ratio betwesrathelresalting ptaklzeas sh St bogngtosa condendestpalyayclic avematie hydrocarbon
radical and Si not bound to a condensed polycyclic aromatic hydrocarbon radical. [0076] The
weight averag@afolécitar waighpeViiyt eheetbsulting trifunctional silane oligomer was measured by
use of tetrahydrofuran as a developing solvent using GPC (gel permeation chromatography)
HLC-8220 kﬁ%ﬁ}actured by TOSOH Corp.) and the weight average molecular weight (Mw) was
calculated on the polystyrene equivalent basis. [0077] Synthesis Example 1Synthesis of Polysiloxane
Solution (P5-1) Tkﬁﬁt&%ﬁI?&%%-ﬁ%@ﬁ‘ﬂa%ﬁ}@&ﬂ%tge@.ﬁéqﬁ‘o\'j?kﬁ MetRAREtRGE silane,
99.15 g (0.50 mol) of phenyltrimethoxysilane, 12.32 g (0.05 mol) of ,
2-(3,4-epo§§gyrc?ogheel§<yf3§{rg tr%gt%%}é/%ﬁgrrfe,fl@g@#(aeq&ﬁiafeﬁt %bﬁ%?n%?&f@i%ﬁﬁ%ﬁ)f M silicate
51 (manufagt TAMA ALS CO., LTD. 155.04 g of PGMEA e charged (initial
monomer g%n%%%?%%ﬂzlgg% ?/\é/tujgsf) gﬁdma%rgqﬁéﬁjrygh%gp °o%cragﬁss%lﬁt%vng %%)eﬁtt%(a 6i/fldissolving

0515 g (030,199 Wih (550CL R U SUBIRCLROREIETS) O AB3BNORG A .45 of wter

was added over 10 minutes while stirring at room temperature. was immersed in an oil

bath of 40 while siriag the salutienfor60 Minwes.and theltempsrature of thegil bath was raised up
to 115C over 30

general formula (2) are contained in an amount of 5 mol% or more,
ﬁhe senéitivity and reseclution 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 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 ocrganosilane

represented by the general formula (2) in (a) the polysiloxane
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minutes. One hour after the start of temperature rise, the internal temperature of the solution reached
100C, and the solution was heated and stirred for further 2 hours (the internal temperature of the
solution in the duration was 100 to 110C) to obtain a polysiloxane solution (PS-1) . In addition, 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,96. In addition,

the content.of Sj ato Tol]s ilan pr th eral formula (2) in the
polysiloxar%eg évai;%g%n%c%%éﬁ[}%g Sér%%ﬁ%ﬁgl%?rgplg%%y%ﬁgggg? of;%?%?(iane Solution (P3-2)

Into a 500 sl e NeckdlaskAR:864-(%:30 Bip!) 6f Methyltimethexysiane. §9x15 ¢ £0.50 mol) of
phenyltrimethoxysilane, 12.32 g (0.05 mol) of 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 17.63 g

(equivalenttarOitd mel«h Siatams) ohd silicate 8 (Manufactuetyn TAMAGHEMIGALSLO., LTD.)
and 153.669 of PGMEA were charged (initial monomer concentration = 52.5 wt%), and an aqueous
phosphorie &citsalutienryformedshy: dissohving 884 Oog (& 30 avtdawithgaspactdorhe supplied
monomers) of phosphoric acid in 53 55 g of water was added over 10 minutes while stirring at room
temperatugs: Thers theSolvtidnsvastheatpeean dostirgechancihé Sanven nfannerasidSynthesis Example 1
to obtain a polysiloxane solution (PS-2). During the reaction, 97.58 g in total of methanol and water
were distilled GiResHBroducts. The obtained polysiloxane solution (PS-2) hada solid content
concentration of 40 wt%. In addition, the content of Si atoms originated from the organosilane
represente@@)}?rife general formula (2) in the polysiloxane was 12.4 molW. [0079] Synthesis Example
3Synthesis of Polysiloxane Solution (P5-3) Into a 500 mL three-neck flask, 27.24 g (0.20 mol) of
methyltrimethoxysitatie, oL 88 G B ADH Stpherphimetiokgbitan@b. $2Lg (6.05%H6) of

2-(3,4-epoxycyclahexyl)ethyltrimethoxysilane, 29.38 g_(equivalent to 0.25 mol of Si atoms) of M silicate
51 (manuf&%%’es %ﬁ? %A%H%‘?ﬁl@g&%&f?ﬁsﬁ’) 5&@&%@%%‘6#@%&;&%5@%% ed (initial

monomer goncent tion.= 52. 96), and.an aqueous phosphoric acid salutign formed by dissolving
0.504 g (0.30 wt ,%vﬁ%?e%%%%tg‘% %%lﬁrlhptpl%%qr#)en C%lrg)qg?’ 6ﬁ€sepr‘?éﬁ%:‘"é’&g‘?ﬁo§z. é‘%f water was
heat %and stirred in

added overaé&gn&%eﬁyva@»%Skigéqgﬁéf&%@&g}?%ﬁ%ﬁa&%@ggg#@99ov§ &

g o
the same manner as in"Synthesis Example 1 to obtain a po olution E’jss ). During the

reaction, 95:94-@ i Jotalvf meéd@a&@ angwateryveregdistilied oytas bysproducts, JThe obtained
a

polysiloxane solution (PS-3) had a solid content concentration of 40 wt. In addition, the content of Si

atoms origirated from thesgrganosiiane sepresegiad by the geser formplag(@) in the pelysiloxane was
21.1 mol%. [0080]
and more preferably 50000 or less from the viewpoint of the
solubility in a developer.
[0034]

(2) the polysiloxane in the present invention is
synthesized by hydrelyzing and partially condensing an
organosilane represented by the general formula {1) and an
organosilane oligomer. Herein, the organosilane cligomer
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-0H. If common condensation conditions

described later are employed, in general, the Si-OH is partially
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Synthesis Example 4Synthesis 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 140.579 of PGMEA were charged (initial
monomer concentration = 52.6 wt96), and an aqueous phosphoric acid solution formed by dissolving
0.469 g (0.30 wt96- with respect to the supplied monomers) of phosphoric acid in 49.95 g of water was
added over 46 mines. e sgriag ehioom emnaratuie, 1an. dic solution was heated gnd stied in
the same manner as in Synthesis Example 1 to obtain a polysiloxané solutlonv%ﬁ -4€1Dur|ng the

reaction, 9192,g4n tatal ebmethanoland watsy were distiled ot as ngfggdy%_&@sﬁé@”ed
n addal

polysiloxane solution (PS-4) had a solid content concentration of 40 wt%. ion, the content of Si

atoms originatetidrefaribe o1ganesilanegepresented by the generakdfpenula-(2)in the palysiloxane was
49.4 mo196. [0081] Synthesis Example 5Synthesis of Polysiloxane Solution (P5-5) Into a 500 mL

three-neckiftaskhd 9158 (0. 25cmotief phehyltimeihoxystane 4233 0OLREmONfon, 5
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 82.37 g (equivalent to 0.70 mol of Si atoms) of M silicate
51 (manufastonetbpdEMA CHEMIEALSCO., D $anddPZ 2% haf PGMEAmetBsharged (initial
monomer concentration = 53.1 wt.%), and an aqueous phosphoric acid solution formed by dissolving
0.433 g (080 viAtHF EespeEEto Hrtsuppiied, mononsers ) 1ot Ghosphatie bgiskined®: 68dgietiwater was
added over 10 minutes while stirring at room temperature. Then, the solution was heated and stirred in
the same rhanhBR a8 SYhth&dis BseMie Llrrsiftairrafolystoxama soimgnRs-Byurng the
reaction, 88.56 g in total of methanol and water were distilled out as by-products. The obtained
polysiloxah&&siatoA 8 S Hadre sBlid 28ntent EoRtenfatiorbpud wit- Sintadditiom the @ontent of Si
atoms orig%pated fror’Bthe Oéganosilane represented by the general formula g%’%l the polysiloxane was

65.1 mol%. [0082] Synthasie Exampie 85yntiesis SPP B Siloxaha Saiifior (B3R UGk a 500 mL
three-neck f 30 mol). of methyltrimethoxysilane,.99.15 g (0.50 mol) of

phenyltriméﬁ§§§%a€€%%§ é%)&%arlﬁ]&;l ofaf%?ﬁg%?y%?/%%ﬂg%ﬁﬁ%#%fiﬁ%hb%gﬁﬁe, 22.35¢
(equivalery 2,0 5poLaf S alome) of Sileats, 40 dmapyelired by TAMA CHEMICALS CO., LTD)
and 159.43 g of PGMEA were charged (initial monomer concentration = 52.3 wt%), and an aqueous

phosphoriq ggigl=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. Thenriee solution:vas heateskand stirted-inthe samemagner-asa Sypthasis Example 1
to obtain a polysiloxane solution (PS-6). During the reaction, 97.58 g In total of methanol and water

were distilledsoatasby g educits=Theohtained pelysiloxanessakution {BS-hbad @ seli¢ gantent
concentration of 40 wt%-. In addition, the content of Si atoms originated from the organosilane
representetbBy #1e-géneraldbamala(2) fir the polysioxane was 12.46metA6;H00831 Synthesis Example
7Synthesis of Polysiloxane Solution (PS-7)

to 100 parts by weight 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, sulfuricacid, hydrofluoric acid, phosphoric acid, acetic

acid, trifluorocacetic acid, formic acid, polycarboxylic acids

and anhydrides thereof, and ion exchange resins. Specific
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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, 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 were charged (initial monomer concentration = 52.3 wt%), and an agueous
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

temperaturg, Thignhesolytipn was beated aad stiggd 4n fie %%%{%%ﬁner as in Synthesis Example 1

to obtain a polysiloxane solution (P5-7). During the reaction, 9 gin fotal of nethanol and water
were distilled-out-8s-bysproducts: Theekiained-polysiloxane splution{PS+7) had:a salid cantent
concentration of 40 wt%. In addition, the content of Si atoms oOriginated from the organosilane
representeghihynifiergenaratiormeda ()dg the palysilgxane wagd2-4 Mel¥e.J0084-Suuthesis Example
8Synthesis of Polysiloxane Solution (PS-8) Into a 500 mL three-neck flask, 40.86 g (0.30 mol) of
methyltriméthexisitarien 69k, g $a35umobpi pbeaylimeboxysilang, 52320:(85 mol) of
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 37.25 g (0.15 mol) of naphthyltrimethoxysilane, 17.65 g
(equivaleneik@ABanokofssi dtemshof ME silicate 5 ¢nyanafattiredby T AMAGHEMIGALS CO., LTD.)
and 163.02 g of PGMEA were charged (initial monomer concentration = 52.1 wt%), and an aqueous
phosphorid8&icesslificieTommetby didsimng e 355y (0.26 wivs fvthalebpetrionttie Slppked
monomers) of phosphoric acid in 53.55 g of water was added over 10 minutes while stirring at room
temperature® TR thePSoltifcPias Feaddd HRd SHrre8n B sambynaisiertss infSyrsesis Example 1
to obtain a polysiloxane solution (PS-8). During the reaction, 97.58 g in total of methanol and water
were distill84 GUEIE BYARDducts. The obtained polysiloxane solution (PS-8) hada solid content
concentratig o%f 0 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%. Further, the content of Si
atoms bound to a E‘ﬂdﬁﬂéﬁg éyc rIic(): ar&rréaticg drojpr%bo raﬁical in the goéysiloxglne was 14.0
esis 9Syrith f P @CT S SSMitoR PES° 5“2t 4500 mL

mol%. [0085] Synt xample 9 esis of PolysiloXane 'Solu

iree neck fiask,40,36.0 (090 el of melimethoyslane, 2,066 020 ma) o

phenyltrimethoxysilane, 12.32 g(0.05 mol) of 2-(3,4-epoxycyc ?/f’flr’lmet o&?/silane, 74519

(0.30 mol) pf appbthyiirimethoxysilane, 117,69 geAuivalent £q 81 5 mok et Siptoms) of M silicate 51
(manufacturedbyTAMACHEMICALS CO., LTD.) and 172.28 g of PGMEA were charged (initial

monomer egrEEATRAI0ON = bk 8omide) Andararureus BROSRHEHC Asid 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 ovecd Oaninstes while stiingsatadortenzperstire enibeadthessohatian wasg heated and stirred

in the same manner as in Synthesis Example 1 to obtain a polysiloxane solution (PS-9). During the
reaction, 978819 dh fotal vémethapitdrs vaterlwerte distiled qudasbyproduets. Teceltained
but washing with water and/or a treatment using an ion exchange
resin is preferred from the viewpoint of ease of operation and
removal performance. Washing with water is a method in which
the polysiloxane solution is diluted with an appropriate
hydrophobic solvent and is washed with water severél 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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polysiloxane solution (P5-9) hada 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%. Further, the content of Si atoms bound to a condensed polycyclic aromatic hydrocarbon
radical in the polysiloxane was 28.0 mol%. [0086] Synthesis Example 10Synthesis 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, 124.189 (0.50 mol) of

naphthyltrimethoxysilan . (%5@5@@' : Sia ilica anufactured
by TAMA CH EMICALQS %Cb%a€1§'VDge) and 184.66% %%é%%%v?élreggﬁgé%%%%%l trt%ffn]%%ger

concentratignez &dt+4:wide): e0dAR eeoHs RIsBhoke adk seltien forpgd by dissoving,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 mipgigsouhite stripgElseomiemperaidre;dthen e palution was heated snegtirred in the
same manner as in Synthesis Example 1 to obtain a polysiloxane solution (PS-10). During the
reaction, 9% gimtbtpbofmethanpl anthpbier \perecdistilted auft asHay-prasivstesddesabtained
polysiloxane solution (P5-10) hada solid content concentration of 40 wt%. In addition, the content of Si
atoms origivated fropahe vrdanosifaneyepfesbated byt gerrend foemliag2) indhepatydiloxane was
12.4 mol%. Further, the content of Si atoms bound to a condensed polycyclic aromatic hydrocarbon
radical in the PR & WAL H6LE¥61%6 1008 [ Syathesis Exanple sy mhesis of #wlysiloxane
Solution (PS-11) Into a 500 mL three-neck flask, 13.62 g (0.10 mob) of methyltrimethoxysilane,
12.32 g (0B5MBH T 23 AEn BRI ¢ HEG NERYIRFIEIRGARAakBC L P8 oRp I 70 besl) ®f
naphthyltrimethoxysilane, 17,65 g (equivalent to 0.15 mol of Si at(;%% of M silicate 51
(manufactﬂﬁ%%%@TﬁRﬁ%@H%ﬂ/ﬁ &R, CipYand Pt g5 EARER RS Ged initial

monomer cqncentration = 50. v.vE%?l,iand an aqueous phosphoric.acid solution formed_by dissolving

0.109 g (005 Wtvs With respect to the sUpptiad ARG Hers) or phaSphoRE At MEZEE 455t water was

added ovey 10 minufes while sti tr t ature. Then, the solution was heated and stirred in
the same manne asei'c‘n‘3 Syn%es%ggﬁgmglge%é oC%ir:a é%oﬁ/sﬁéx%hceoéiolﬁﬁ}énr? 85@ 1). During the
reaction, 9¢,58,g in lotal-ofnethanal,aad water were distilled ut aseby-products. The obtained
polysiloxane so%tion (PS-11) hada solid c\g%ent concentration %tf 40 wt%. In z:é%ition, the content of Si

atoms originsied feas the.araanosilane sepesentadidy the garera] formula £2):igdhe pplysiloxane was

12.4 mol%. Further, the content of Si atoms bound to a condensed polycyclic aromatic hydrocarbon
radical in tberedyiailaxarmpns:653 Moldtd0088]Byrthesis Examnple 128yathesisof Polysiloxane
Solution (PS-12) Into a 500 mL three-neck flask, 61.29 g (0.45 mol) of methyltrimethoxysilane,
99.15 g (050rmbhof phénytrimeth@eysiane <l 2329 (.05 o) okide compound, and
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane and 155.73 g of PGMEA were charged (initial monomer
concentratisr=a32@wWkirehpan tuéeasvphospherc feitksdlationfermsed ynitdissdlving=0.518 g
(0.30 wt96- with respect to the supplied monomers) of phosphoric acid in 54.90 g of water was added
over 10 min@EReR e SRATHIAT Ohadnigerhfuté eFheht the solltios wasthdated agdstirred in the
same manner as in Synthesis Example 1 to obtain a polysiloxane solution (PS-12). During the
reaction, 1060PGIr tOraPoPRRUPH Tk E WiteF fete dFMBABLE 48 By Yrodaet L T@esitained

polysiloxane solution (P8-122 had a solid content concentration of 40 wt%.
inventlion may contaln two or more of these particles. When the

above-mentioned metal compound particles are contained, the
cured f£ilm can be provided with a high refractive index.
[0039]

Specific examples of (b) the metal compound particles
include "OPTCLAKE (registered trademark)}" TR-502 and
"OPTOLAKE" TR-504, which are tin oxide—titanium oxide complex

particles, "OPTOLAKE"™ TR-503, “OPTOLAKE" TR-513, "OPTOLAXE"®
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[0089] Synthesis Example 13Synthesis of Polysiloxane Solution (P5-13) 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-512 (Mw: 400 to 700) manufactured
by Gelest Inc. as a linear polysiloxane and 14 6 . 05 g of PGMEA were charged (initial monomer

concentratign.= 5.9 Wi)shciitkan agreaus phasphasic,aeid S%Mig%fzfm%?%sﬂkgéﬁlvi“g 04919
(0.30 wt% with respect to the supplied monomers) of phosphoric acid in 46.80 g of water was added
over 10 mingtesawhile gfirring at roomtemperatiie. heroihegolutan was hepted and stirred in the
same manner as in Synthesis Example 1 to obtain a polysiloxane solution (PS-13). During the
reaction, 88i69ig #htetal ok methanol andwatrr were distilleshout ashy-preductseTheabtained
polysiloxane solution (PS-13) hada solid content concentration of 43 wt96. [0090] Synthesis Example
14SynthesizretDifunttiarial Silané tQligomercSdldéop4tS-) les Intorad80mamiyee-neck flask,
54.48g (0.40 mol of silane atoms) of methyltrimethoxysilane, 118.98 g (0.60 mol of silane atoms) of
phenyltrimatioxisifaneradd 45 7839 Gf RGMEPawers chigretd@itallmonomer concentration = 52.4
wt%), and an aqueous phosphoric acid solution formed by dissolving 0.173 g (0.10 wt% with respect to
the supplictFiBfoRTerS) 6 SiFostttie faetd 54 0oy BPivarsiavas ardea bvbrLominates while
stirring at room temperature. Then, the flask was immersed in an oil bath of 40C while stirring the
solution fof 80 mikiités! an8Re &Mk PEraRIrEETIREBI BaHI R aS TRREEH PRI 8Fer 30 minutes.
One hour after the start of temperature rise, the internal temperature of the solution reached 100C,
and the som%ﬂ FSHEARY &0 ited RortdriérsL ABGr (HETHERLF tdheratur@ Bt trdRolution in
the duration was 100 to 110C) to obtain a trifunctional silane qligomer solution (TS-1). During the
reaction, 88.10°G i ?‘ortg o n%%thaﬁh% %1?1 WAtEF ﬁ[l/g}?é’ olfs?ﬁlga%%t%@W&%ﬁu%@?%ﬁ%t&ﬁgined
trifunctione&gi_lgniegg?mer solution (TS-1) had a solid content concentration of 38 wt96. In addition,
the weight average molecular weight (Mw) of the obtained trifunctional oligomer was 630. [0091]
Synthesis Exampie 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, 118.98 g (0.60 mol of
silane atoms) of phenylimethexysliang angk 157 4900f RGME A werg. chargad (initial menomer

concentration = 52.4 wt%), and an aqueous phosphoric acid solution formed by dissolving 0.520 g

(0.30 wt% péthdespeet todhe supplietbmenomershef phespherigrcichin 54080 watgrwas added
over 10 minutes while stirring at room temperature. Then, the flask was immersed in an oil bath of 40C
while stirringithicosalition don6d minvtes ardthestemperatoenatihesoit hathkwasiraisedrup to 115C
over 30 minutes. One hour after the start of temperature rise, the internal temperature of the solution
reached 100@pandavesalikiarewas héated and istirpecefoe faitier 2 hounr(therintersal temperature of
the solution in the duration was 100 to 110C) to obtain a trifunctional silane oligomer solution (TS-1).
During theesgtidh, D843 § il tatel 8fmethakoF and vrateitWwere disvithsulott as by prédissts. The
obtained trifunctional silane oligomer solution (TS-1) had a solid content concentration of 40 wt96. In

addition, tHERE[Mt AFeratfe MASERELHEEH QWG GTikE Bbfaired Bffurétiorizl ®ligémieE was 1800.

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
txansmission electron microscope or a scanning electron
microscope, or the like.

[0041]

The content of (b) the metal compound particleg in the
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[0092] Synthesis Example 16Synthesis of Trifunctional Silane Oligomer Solution (TS-3) Into a 500
mL three-neck flask, 54.48g (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 aqueous phosphoric acid solution formed by dissolving 0.520 g
(0.30 wt9,5 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 stirri ti I the temperature of the oil hath was raised up to 115C
over 30 m%%’%g%qr% %@%ﬁ%ﬁ%ﬁ%ﬁﬁ tgr%%érgﬁrrng ﬁs%ét"‘,et’[ﬁg ]’Tlntgﬁgtﬁ?eemgé"%?&%tof the solution
reached 10Q0G,and;the salutign was nd sti r furt L }Qfe in emperature of
the solution in the duration v%ggé 100to 1 O(EL:)étcﬁg fgtgi%dg%i%ﬁ% |or%:as%luaﬁcé( 0 i@o#%@i%%}tﬁlgon (TS-3).
During thegeagtionad04.55 gin-tetaliof methgne! andnuater werg disiled pytoas Dysargdycts. The
obtained trifunctional silane oligomer solution (TS-1) had a solid content concentration of 42 wt%. In
addition, the=welght@veragepoalestbsyeaight My ofdbemebiained tdfunctippakeligpmerwas 4700.
[0093] Synthesis Example 17Synthesis of Polysiloxane Solution (PTS-1) Into a 500 mL three-neck
flask, 40.86Qr(0e30-muf) ¢binethytrimetioxysitane;99. b5 gH{OE0-malopphanyitimethoxysilane,
12.32 g (0.05 mol) of 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 13.74 g (equivalent to 0.05 mol of
silane atorRg)ydfEHevtrifeAcivhalr siaae oligohiee selgioni@S: b gbrdingobintSyhthesis Example 14 as
a trifunctionaloligomer, 11.77 g (equivalent to 0.10 mol of silane atoms) of M silicate 51 (manufactured
by TAMA CHEMEALS BENLTDS &vE2662 FoMRCVIEAWSeschizagoe (inftkaémonomer
concentration = 52.2 wt%), and an aqueous phosphoric acid solution formed by dissolving 0.508 g
(0.30 wi% With Te¥p&caBTRe JUPphstf frdhbmers AR SHgeinets)drbshhonc gaid iRS1.30 g of
water was gddelqll over, 10 minutes while stirring at room temperature. Then, the solution was heated
and stirred"in the Same FRanNErad h-sHnthRSR BENRE 1sfotiita BEREicahetsolaish (PTS-1).
During thelfgggf 'qﬂilggﬁ% iQ total of rq:eithanol ar]cd water were distilled out as by-products. The
obtained polyaloxane solafion (DT T hads sBIT CORENt concantraton bl RS, int&ddition, the

content of S gioms originated from the organosilane represented by the general formula (2) in the
polysiloxane was 8.2 mol%. [0094] Synthesis Example 18Synthesis of Polysiloxane Solution (PTS-2)

Next, (a') the polysiloxane containing metal compound
particles, which is synthesized by hydrolyzing and partially
condensing an organosilane represented by the general formula
(1} and an organosilane cligomer 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 organcsilane 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, 41.21 g
(equivalent to 0.15 mol of silane atoms) of the trifunctional silane oligomer solution (TS-1) obtained in
Synthesis Example 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 wt96 with respect to the supplied monomers and oligomers) of phosphoric
acid in 46.8Q gqf \A@{gh\gﬁﬁ agdded aver 1Q}£’gigﬂeesn\gh%§ 'réiﬁ lact) rogm atgin?e{atur% Then, the
solution was heated andstirred in the same manner as in %nt eS|sDExampIe T {0 obtain a

polysiloxangselutiens (RTS:2) Reripg 1he raastion. 93 68,9-a total of methanal and water,were

distilled out as by-products. The obtained polysiloxane solution (PTS-2) had a solid content

concentratiapgicAZat96..10085ksynthesissExample J95vathesisef Balysilexang SOtign(PTS-3)
Into a 500 mL three-neck flask, 40.86 g (0.30 mol) of methyltrimethoxysilane, 99.15 g (0.50 mol) of

phenyltrimetheXysitarss 1. 82 01005 raljek- (h4 -epexycyeiahexyhethylitmnethoxysidane , 39.15
g (equivalent to 0.15 mol of silane atoms) of the trifunctional silane oligomer solution (TS-2) obtained
in SynthesigExamplests as artefunctibnal aigameirande134:53 groiRG A wese chacged (initial
monomer and oligomer concentration = 51.5 wt96) , and an aqueous phosphoric acid solution foitued
by dissolvif§TEE § 56 30 wilectwih respacesodresupfliedeinenpmeys ahdaligemess) of
phosphoric acid in 46.80 g of water was added over 10 minutes while stirring at room temperature.
Then, the §5Ufich WRASRESE AP SHREd M Hie iR mBhfel BS 1 Syathewid Bremjiddnto obtain a
polysiloxane solution (PTS-3). During the reaction, 88.48 g in total of methanol and water were distilled
out as by-prodHBEFAE obtained polysiloxane solution (PTS-3) had a solid content concentration of 43
wt%. [0096[]f S&/nthesis Example 20Synthesis of Polysiloxane Solution (PTS-4) Into a 500 mL
three-neck flask, 110.86 g (0.30 mol) of methyltrimethoxysilane, 99.15 g (0.50 mol) of

phenyltrimethoxysilane, 12.32 g (0.05 molfg of 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 37.28 ¢
(equivalent to O.lSﬁ%l 0 estllaa%eéa Oma) of the i uin% |§ﬁa¥s§|/acr?e%ﬁéorﬁn rgsoFJﬁ%n (TS-3) obtained in

Synthesis Fxaple 56 25 difiactiondl oligomer )%?gﬁé%%né?*gggfcﬁ’GNEAa%f%ﬁhaf gd (initial

s eg me
monomer and oligomer concentration =51.5 wt%), an aqueous p():hosphorlc acia Satlition formed

by dissolvigg 034 (2,302 willirespectio the,supRliet mpppmers and aligorgrs) of phosphoric

acid in 46.80 g of water was added over 10 minutes while stirring at room temperature. Then, the

solution wag-geatedant-stireg nsthensarnenyanner asie Synthesis\Exampls 14p qbtain a

polysiloxane solution (PTS-4). During the reaction, 85.28 gin total of methanol and water were distilled

out as by-prioductsed bes ofit@inecpelysiioxane selwlieml i fied for the polysiloxane
in the component (a). Herein, the content of the Si atoms
originated from the organosilane represented by the general
formula (2} in the organosilane oligomer is preferably'67 mol%
or more and 100 mol% or less of the total content of Si atoms
originated from the organosilane oligomer. When the Si atoms
originated from the organosilane represgented 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
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(PTS-3) had a solid content concentration of 44 wt%. [0097] Synthesis Example 21Synthesis 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 M silicate 51 (manufactured by TAMA CHEMICALS CO., LTD.) and 153.69 g of PGMEA
were charged (initial monomer concentration= 52.5 wt%), and 340.82 g (the amount of particles is 100

parts by wejght telative.to-1QQ.parts by yeeight,of the el 0§§ﬁg&éﬂé@% case whetg the

organosilane is completely condensed) 6f "OPTOLAKE"™ TR-513 (trade name, manufactured by JGC

Catalysts and-ehemicalsiLig,). ihich is,a 304 with GEl-dispeisiop of gemplexparticles of titanium

oxide and silicon oxide, was further added to the system. An aqueous phosphaoric acid solution formed
by dissolviag §bikg (8.30 Wil withaespactdp thesugplied-monemersef phosphakc agid in 53.55 g
of water was added over 10 minutes while stirring the resulting mixture at room temperature. Then, the
solution was-heated idnahstireshinethe:saate manties agdmSyathesisrmxamplezd toebtainea solution of
polysiloxane containing metal compound particles (MPS-1). During the reaction, 97.58 g in total of
methanol akwatersvefeadistilieauout astbyprd grcts. ifhiee obtaine d sojubiondbpalyitaxane
containing metal compound particles (MPS-1) hada solid content concentration of 35 wt9e. In addition,
the contentf 8o oNgintRd Ranthe trgandsianerépesentpchyntheqgarieralifermula (2) in the
polysiloxane containing metal compound particles was 12.4 mon-. [0098] Synthesis Example
22SynthesFEBIPISHitIORI0T Polfs oxarid e GiRERfigIHetaCeRToLRY Paticls®PS2pny Into a
1000 mL three-neck flask, 61.29 g (0.45 mal) of methyltrimethoxysilane, 99.15 g (0.50 mol) of
phenyltrim8thokJ§ildridT B9 B¥ S (G108 foff of 253U-EpBRRIR ek StRTtriREMbRy&itthe and 155.73

g of PGMEA were,charged (initial monomer concentratjon= 52.6 wt%), and 344.27 g (the amount of
particles iE’é pgrr]t% %’r)g Vigig H’tsrecfgﬁ\?el%afﬁﬁ? Séﬁ%“bi? b\%iaﬁﬁgﬂﬂg 0 &Gft TERE 66 9 irtthe case

where the o atﬂ%si?g%%ﬁfggm%e{%g}cgn(;lfﬂs_gg}eo% "%@é%ég%gg—élgm%@de na),:m_el,owgnufactured

by JGC Catalysts a emicals , which isa30.4'w rsion o c%?nﬁex particles of

titanium oxjda and silicon oxide, yias further added 4o the system, An.agiieous phogphoric acid

solution formed by dissolving 0.518 g (0.30 wt% with respect to the suppliedmonomers) of phosphoric
acid in 54.999:0fwaler WasAddedaver ﬂ%’“&[‘%‘%‘i%ﬂ%éﬂﬁm, thefgsuifing myixture at room
temperature. Then, the solution was heated and stirred in the same manner as in Synthesis Example 1

to obtain acssdution: Df polyskoxane eeamintmetalcompaungparticles {MPS-2).Laying the reaction,
100.04 g in total of methanol and water were distilled out as by-products. The obtained solution of

polysiloxanetpatairirigmetahcompotpndpasticleSHMRSR) hada Setid santent concgatsation of 35
wt%. [0099] Synthesis Example 23Synthesis of Naphthoquinonediazide Compound (QD-1) Ina
dry nitrogepzstesEam,tESI32 90(0. 081motjrofePlo-st AR E @radesearmedntanufasturgerimrdonshu
Chemical Industry Co., Ltd.) and 37.62 g (0.14 mol) of 5-naphthoquinonediazide sulfonic acid chloride
were dissohReEdinl450 §/of T 4ldiokdHee Al irelrbeking soltten waskaept ta Toonmepypatature. To
the solution, a mixture of 50 g of 1,4-dioxane and 15.58 g (0.154 mol) of triethylamine was added

dropwise tB&hRstife Bt Hie RERHEIRGAirPtHECHSte/M WEHRI Feth&come S hiper oAfter
completion of dropwise addition, the mixture was stirred at 30C for 2 hours. The triethylamine salt was
filtered awky Sard Bl RENRES cRardeifinto-wat™ Fherebftrahe prédiptattifas collected by

filtration. The Ereci%iit te was dried using a vacuum dryer to obtain the naphthoquinonediazide

AOBHY Ravingthd Tollowing St hﬁrS?{[?ﬁ%of@?é?ﬁﬁ%Pg metal compound

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 mel% or more. When the Si atoms originated from
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[0101] Synthesis Example 24Synthesis of Naphthoquinonediazide Compound (QD-2) Ina 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

cOmpIetiont@{edrgpéiggogqqggl% t%ﬂjé@é’ﬁé@? %e'%r(_er%\%t S’g%% &{rﬁ%h%%rlsmﬂl?e tr'%tpylamine salt was

filtered away, and the filtrate was charged into wat ere e prempﬁé & wis' cdiiected by

filtration. The preciniatewas driaghysing & yasuum dryerjo optaip the paghthoguinonediazide
compound (QD-2) having the following structure: [0102] [Chem. 8] [0103] Photosensitivity and

cured film geoperties-okthescompesitiemineachefigxanples and-comparative, examples were
evaluated by the following methods. A silicon wafer substrate was used for the following evaluations
(1) to (5) apdayBEMRAXE|oatgiasssihstiaie wasatsedfor the fokowing evaliation () . (1)
Measurement of Film Thickness Using Lambda-Ace STM-602 (trade name, manufactured by
Dainippon Seréén Marptactoseg €ot, ivd. yethicknessesefia prebaked file angbasueed film was
measured at a refractive index of 1.70. (2) Determination of Remaining Film Ratio The remaining
film ratio weScateiardsrom thd fellowisg egdatios iRem&inimy fillreratiog#ro Eilfethickness of
unexposed area after development/Film thickness after prebaking x 100 (3) Determination of
Photosensfiffitye Sen e BXpbEGrdanfsimt &avmeda 18 bmtlineandspace patercisdoened at a

width ratio of 1 : 1 after develogment (hereinafter, the exposure amount is referred to as an optimum
exposure containing metal compound particles can be determined in the

same manner as in the peclysiloxane in the component {a).
[0045]

In (a') the polysiloxane containing metal compound
particles, n in the general formula (1) is preferably 1, and
moreover,.the content of Si atoms bound to R*, which is a
condensed polycyclic aromatic hydrocarbon radical, is
preferably 10 mol% or more of the total content of 8i atoms
originated from the organosilane. By containing Si atoms bound
to R*, which ig a condensed pelycyclic aromatic hydrocarbon
radical, in an amount of 10 mol% or more, the sensitivity and
resclution 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 polyeyeclic aromatic
hydrocarbon radical, is preferably 60 mol% or lessg, and more
preferably 50 mol% or less from the viewpoint of suppressing

a minute residue of portion remaining undissolved in
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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 22C at a wavelength of 633 nm (using a He-Ne laser) by use of a prism coupler Model 2010

(manufactyred b Mesicon.Gar) and he i ks (6) MsAsement o igoh Transmitance

First, only a TEMPAX Float glass substrate was measured using MultiSpec-1500 (trade name,
manufactu}_m-@xﬁr&m@@a&@mi@@%@@ﬁﬁr%&%&%m the,ultiayigletand pisible region
thereof was employed as a reference. Next, a cured film of the composition was formed on the

TEMPAX Eleatglassstbstraterpatienn expasure wamnetperformet).and tis sagpie-was measured
with a single beam to determine the light transmittance per 1 gm at a wavelength of 400 nm, and the

difference hetiveer ttisclightdransaiittanemand the teferdnceivas taken asthe lightisansmittance of
the cured film. [0104] Example 1 23.53 g of the polysiloxane solution (PS-1) obtained in Synthesis
Example 11130t96:g of 1@PTOIAKE" TR-518:(trastepsamme;:maaufactured 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 §%# #he naphthoquinonediazide compound (QD-1) obtained in Synthesis Example 14,
14.45 g of GEL, 12.00 g of DAA and 17.88 g of PGMEA were mixed and stirred under a yellow lamp to
form a uniform soldffor, drieethen ¥ifiFsdaatra FRECRRR Bsbraskal o PR MAto prepare a
composition 1. [0105] | The composition 1 was applied onto a 6 inch silicon wafer by spin coating
using a sphFedater B 123605 harFEi e d By FkasRCd S LY ARG HertRe&téd at 120C for 3

minutes by use of a hot plate (SCW-636.manufactured by Dainippon Screen Mfg. Co., Ltd.) to prepare
aprebake)é“ﬁ n%c\i\];l P& M CRASESEG1-0 2 he SRBaRE A it Wi é’)%f:%é%ﬂﬁfb%b‘i’??éray scale mask

for photosgﬁ%ﬁ%mfﬁggr??{:ég (agr%}l%gge i hepgegsEﬁeema r%%é%%]t g/otu&)r}geg P&%\%iLA-SOlF

manufacture anon Inc eveloped with'a shower 6 agueous H) solution

for 60 Secondiusing a0LauomAS devslaning machine, (AD2000 maTUAgiured by Takizawa Sangyo

Co., Ltd.) , and then rinsed with water for 30 seconds. Thereafter, as bleaching exposure, a PLA

(PLA-501mpanufaciured by Ganep:ng.) Masiesachioiexposedhenentigfim.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 haiipateavass usedfnisoftbaking ab2RRdertd minutes, and then used for curing at 300C for

5 minutes -
[0047]

The positive photosensitive resin composition of the
present invention contains {c) a naphthoquinonediazide
compound. By containing (¢} the naphthogquinonediazide
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 naphthoguinonediazide sulfonic acid
ester-bonded to a compound having a phenclic hydroxyl group is
preferred.

[0048]

Specific examples of the compound having a phenolic
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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] [Table 1] Addition amount of polysiloxane

solution (ap-¢ep

condensed polycyc ic aromatic hydrocarbon

manufactured by Honshu Chemical Industry Co.,

[0048]

[Chem. 5]
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radical) Addition amount of dispersion of metal compound particles (parts by weight of solids relative to
100 of polysiloxane) Addition amount of haphthoquinonediazide compound (parts by weight of solids
relative to 100 of polysiloxane) Addition amount of solvent Composition 1 PS-1:23.53g (a .--4.0mol%)
(b -0 m01%)

[0050]
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TR-512:30.96 g (100 parts by weight) QD-1)1.18g (12.5 parts by weight) GEL:14.45 g DAA:12.00 g
PGMEA:17.88 g Composition 2 P8-2:23.53¢g (a -12.4 m01%) (b = 0 001%) TR-513:30.96 g (100 parts

by weight)

[Chem. 5]

HO OH HO OH
t-Bu l l t-Bu l I
B0 TBP-Z B isP~FL

HQO OH HO OH

4 O D w, D
_ Dand
2 Q 2 O

HO TekP-4HBP TekP—4HBPA OH

OH

[o051]

The naphthoquinonediazide compound can be synthesized by
a conventiocnally known esterification reaction between a
compound having a phenclic hydroxyl group and
naphthoguinonediazide sulfonic acid chloride. As the
naphthogquinonediazide sulfonic acid c¢hloride to be used ag a
raw material, 4-naphthoquinconediazide sulfonic acid chloride

or S5-naphthoguincnediazide sulfonic acid chloride can be used.
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QD-1(1.18g (12.5 parts by weight) GEL:14.45 g DAA:12.00 g PGMEA:17.88 g Composition 3
P8-3:23.53g (a = 21.1 mol%) (b =0 mol%) TR-513:30.96 g (100 parts by weight) QD-1:1.18g (12.5
parts by weight)

A 4-naphthoguincnediazide 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
S5-naphthoguinonediazide 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-naphthogquinonediazide sulfonic ester
compound or a 5-naphthoguinonediazide sulfonic ester compound
in accordance with the wavelength used for exposure. A
4-naphthoguinonediazide sulfonic ester compound and a
5-naphthoquinonediazide sulfonic ester compound can be used in
combination.

[0052]

The content of (c) the naphthoguinonediazide compound in
the positive photosensitive resin cbmposition 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 particies. Further,
the content ig 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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GEL:14.45 g DAA:12.00 g PGMEA:17.88 g Composition 4 P8-4:23.53g (a = 49.4 mol%) (b =0 mol%)
TR-513:30.96 g (100 parts by weight) QD-1:1. 189 (12.5 parts by weight) GEL:14.45 g DAA:12.00 g
PGMEA:17.88 ¢

[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') the polysiloxane containing metal compound
particles and (¢} the quinone diazide compound can be improved,
and the transparency of a coating film pf@pared from the
positive photosensitive resin composition can be further
improved.

[0054]

The solvent having an alcoheolic 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 beiling peint 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
nydroxyl 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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Composition 5 P8-5:23.53¢ (a -, 65.1 mol%) (b - 0 001%) TR-513:30.96 g (100 parts by weight) |
QD-1:1.18g (12.5 parts by weight) GEL:14.45 g DAA:12.00 g PGMEA:17.88 g Compaosition 6
P8-6:23.53¢g

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 glyccl monoethyl ether
(beoiling point: 1325C), 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 ethex
(boiling point: 202°C), dipropylene glycol monomethyl ether
(boiling point: about 180°C), 3-methoxy-l-butanocl (beiling
point: 161°C) and 3-methyl-3-methoxy-1-butanol (boiling pocint:
174°C) . The positive photosensitive resin composition of the
present inventioﬁ 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, iscbutyl acetate,
propylene glycol monomethyl ether acetate, 3-methoxy-1l-butyl
acetate, 3-methyl-3-methoxy-l-butyl acetate and ethyl
acetoacetate; ketones such as methyl isobutyl ketone,

diisopropyl ketone, diisobutyl ketone and acetylacetone;
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(@ =12.4 molt) (b = 0 molt) TR-513:30.96 g (100 parts by weight) QD-1:1.18g (12.5 parts by weight)
GEL:14.45 g DAA:12.00 g PGMEA:17.88 g Composition 7 P8-7:23.53g (a =12.4molt) (b = 0 m01%)
TR-513:30.96 g

ethers such as diethyl ether, diisopropyl ether, di-n-butyl
ether, diphenyl ether, diethylene glycol ethylmethyl ether and
diethylene glycol dimethyl ether; v-butyrclactone,
y-valerolactone, o-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 pogitive 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.

[06060]

The pesitive photosensitive resin composition of the
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(100 parts by weight) QD-1)1.18g (12.5 parts by weight) GEL:14.45 g DAA:12.00 g PGMEA:17.88 g
Composition 8 P8-8:23.53g (a . 12.4 molt) (b = 14.0 mei%) TR-513:30.96 g (100 parts by weight)
QD-1:1.18¢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 gseconds to 30 minutes.

A prebaked film preferably has a thickness of 0.1 to 15 um.

[6061]

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
lesg. 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 aqueocus solutions of
inorganic alkalis such as alkali metal hydroxides, carbonates,
phosphates, silicates and borates; amines such as

2-diethylaminoethancl, monoethanolamine and diethanolamine;

36



(12.5 parts by weight) GEL:14.45 g DAA:12.00 g PGMEA:17.88 g Composition 9 P8-9:23.53¢g (a -12.4
mol%) (b =,28.0 molt) TR-513:30.96 g (100 parts by weight) QD-1:1.18g (12.5 parts by weight)
GEL:14.45¢g

and guaternary 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 cor 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 naphthoquinconediazide
compound remaining in the developed film can be
photo-decomposed to further improve the transparency of the
resulting cured f£ilm.

[0064]

The film subjected to bleaching exposure, if necessary,
is heated (soft-baked) in a temperature range from ¢ 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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DAA:12.00 g PGMEA:17.88 g Composition 10 PS-10:23.53g (a - 12.4 mol%) (b = 46.7 molt)
TR-513:30.96 g (100 parts by weight) Go-1:1.18 g (12.5 parts by weight) GEL:14.45 g DAA:12.00 g
PGMEA:17.88 g Composition

The positive photosensitive resin compeosition 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'ajpolysiloxanerformed.by'using an
organosiliane 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-S501F
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. 1In the formed
pattern, the exposure amount at which a 10 um line and space
pattern can be resolved at a width ratic of 1 : 1 is determined

as the photosensitivity.
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11 P8-11:23.53 g (a =12.4 molt( (b = 65.3molt) 05-513:30.96 g (100 parts by weight) QD-1:1.18g (12.5
parts by weight) GEL:14.45 g DAA:12.00 g PGMEA:17.88 g Composition 12 P8-2:23.53g (a
=12.4molt)

[0067]

Further, the positive photosensitive resin cémposition
of the presént invention preferably has a resolution after
curing of 10 pm 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 géneral 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 pm line and space pattern is resolved at
a wicdth ratioc 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 sengitivity after curing ig determined as the resolution
after curing.

[cCBY]

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

transmittance of 92% orx more. 3uch a high transmittance can
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(b = 0 mol%) 05-513:20.64 g (50 parts by weight) QD-1:1.18g (12.5 parts by weight) GEL:14.45 g
DAA:12.00 g PGMEA:17.88 g Composition 13 P8-2:23.53¢g (a =12.4 molt( (b = 0 molt) 05-513:37.15 g
(150 parts by weight)

be easily achieved, for example, by a positive photosensitive
resin.éomposition using a polysiloxane with high transparency
as a resin component.
{00701

The transmittance of the cured film per a thickness of
1 pm 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, ag
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 ym. 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
Electronicg Co., Ltd. and substituting the measurements into

the following equaticn.
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QD-1:1.18 g (12.5 parts by weight) GEL:14.45 g DAA:12.00 g PGMEA:17.88 g [0108] [Table 2]
Addition amount of polysiloxane solution (a = content of Si atoms originated from formula(2)) (b =
content of Si atoms bound to condensed polycyclic

Transmittance = exp(-4nkt/A}

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

[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
sclid state image sensor or the like, an anti-reflection f£ilm
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 alsc 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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aromatic hydrocarbon radical) Addition amount of dispersion of metal compound particlt_-:'s (parts by
weight of solids relative to 100 of polysiloxane) Addition amount of naphthoquinonediazide cqmpound
(parts by weight of solids relative to 100 of polysiloxane) Addition amount of solvent Composition 14
P8-2:23.53g (a =12.4 mol%)

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

processg is 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: y-butyrclactone
DAA: diacetone alcchol

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 Rf
= 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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(b = 0 mol%) TR-513:30.96 g (100 parts by weight) QD-1:0.47 g (5 parts by weight) GEL:14.45 g
DAA:12.00 g PGMEA:17.88 g Composition 15 PS-2:23.53¢g (a = 12.4 mol%) (b = 0 mol%)
TR-513:30.969g (100 parts by weight)

pelysiloxane solution was weighed out in an aluminum cup and
heated at 250°C for 30 minutes by use of a hot plate to evapcerate
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 particies was
determined by the following method. Assuming that the used
organcsilane was completely condensed, an amount of Si-0 bonds
not ceontaining 8i-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 péak originated from Si-0 bonds in an IR
spectrum, and thereby the content of Si atoms originated from
the organosilane represgented by the general formula (2) was
determined.

[0075]

The content of Si atoms bound to R*, which is a condensed
pelycyclic 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
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QD-1:1.88g (20 parts by weight) GEL:14.45 g DAA:12.00 g PGMEA:17.88 g Composition 16'
P0-2:23.53g (a = 12.4 mol%) (b = 0 mol%) TR-513:30.96 g (100 parts by weight) QD-1:2.35 g :(25
parts by weight) GEL4.45 g DAA:12.00 g

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

The weight average melecular 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 (0.5C 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 agueous phosphoric acid solution formed by dissoclving 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 minutesg while stirring
at room temperature. Then, the flask wag 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
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PGMEA:17.88 g Compositio 17 P8-2:23.53¢g la = 12.4 mo1%) (b = 0 mol%) TR-513:30.96 g (100 parts
by weight) Q13-2:1.18g (12.5 parts by weight) GEL:14.45 g DAA:12.00 g PGMEA:17.88 ¢
Composition 18

minutes. One hour after the start of temperature rise, the
 internal temperature of the solution reached 100°C, and the
golution was heated and stirred for further 2 houre {(the
internal temperature of the solution in the duration was 100
to 110°C) toobtainapolysiloxane 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 sclid 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%.
[6078]

Synthesis Example 2 Synthesis of Polysgiloxane
Soclution (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
(egquivalent to 0.15 mol of Si atomg) of M gilicate 51
(manufactured by TAMA CHEMICALS CO., LTD.) and 152.66 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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MPS-1:26.89g (a = 12.4 mei%) (b = 0 mol%) QD-1:1.18g (12.5 parts by weight) GEL:14.45 g
DAA:12.00 g PGMEA:17.88 g Composition 19 P5-12:23.53¢g (a.=0%) (b =0%) TR-513:30.969g (100
parts by

acid in 53.55 g of water was added over 10 minutes while stirring
at room temperature. Then, the golution was heated and stirrsd
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 organcsilane represented by the general
formula (2) in the polysiloxane was 12.4 mol%.

[0078]

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

Into a 500 mL three-neck flask, 27.24 g (0.20 mol) of
methylﬁrimethoxysilane, 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 gilicate 51
(manufactured by TAMA CHEMICALS CO., LTID.) and 152.28 g of PGMEA
were 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 supplied monomers) of phosphoric
acid in 52.62 g of water was added over 10 minutes while stirring
at room temperature. Then, the sclution 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) Q0-1:1.18g (12.5 parts by weight) GEL:14.45 g DAA:12.00 g PGMEA: 17.88 g Composition 20
P8-2:23.53g (a -12.4 mole) (b = 0 mai%) QD-1:1.18g (12.5 parts by weight) GEL:14.45 g

total of methanol and water were distilled out as by-products.
The obtained pclysiloxane solution (PS-3) had a solid content
concentration of 40 wt%. In addition, the content of 8i 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, 792.32 g (0.40 mcl} of
phenyltrimethoxysilane, 12.32 ¢ (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 agueous 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 8i atoms
originated from the organosilane represented by the general

formula (2) in the polysiloxane was 49.4 mol%.
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DAA:12.00 g PGMEA:17.88 g Composition 21 P8-10:23.53¢g (a =12.4 mol%) (b = 46.7 mol%)
QD-1:1.18 g (12.5 parts by weight) GEL:14.45 g DAA:12.00 g PGMEA:17.88 g Composition 22
MPS-2:26.89 g

[0081]

Synthesis Example 5 Synthesgis of Polysiloxane
Soiution (PS-5}

into a 500 mL three-neck flask, 49.58 g (0.25 mol) of
phenylitrimethoxysilane, 12.32 g {0.05 mol) of
2-(3,4-epoxycyclohexyl) ethylitrimethoxysilane, 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 agueous phosphoric acid sclution formed by dissolving 0.433
g(O.30wt%withrespect1&3thesuppli@dnmmomexs)ofphosphoric
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 Synthesié 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—S) had a sclid 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%.
[oosz2]

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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(a = 0 mol%) (b = 0 mol%) QD-1:1.18g (12.5 parts by weight) GEL:14.45 g DAA:12.00 g _
PGMEA:17.88 g Composition 23 P8-12:21.89 g (a=0%) (b =0%) TR-513:30.96 g (100 parts by weight)

phenyltrimethoxysilane, 12.32 g (0.05 mol) of
2-1{3,4-epoxycyclohexyl)ethyltrimethoxysilane, 22.35 g
(equivalent to 0.15 mol of Si atoms) of Silicate 40
(manufactured by TAMA CHEMICALS CC., LTD.) and 159.43 g of PGMEA
were charged (initial monomer concentration = 52.3 wt%), and
an agueous phosgphoric acid solution formed by dissolving 0.524
g(O.BOwt%withreSpecttx:thesuppliednmnomers)oprosphoric
acid in 53.55 g of water was added over 10 minutes while stirring
at room temperature. Then, the sclution was heated and stirred
in the same manner as in Synthesis Example 1 to obtain a
polysiioxane soclution {PS-6). During the reaction, 97.58 g in
total of methancl 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 8i atomsg
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
phenylt%imethoxysilan@, 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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QD-1:1.18g (12.5 parts by weight) GEL:14.45 g DAA:12.00 g PGMEA:19.52 g Composition 24
PTS-1:22.41g (a =8.2 mol%) (b = 0 mol%) TR-513:30.96 g (100 parts by weight) QD-1:1.18g (12.5
parts by weight)

were charged (initial monomer concentration = 52.3 wt%), and
an agueous phosphoric acid solution formed by disgolving ¢.522
g {0.30 wt% with respect to the supplied monomersg) of phosphoric
acid in 53.55 g of water was added over 10 minutes while stirring
at room temperature. Then, the solution wag heated and stirred
in the same manner as in Synthesis Example 1 to obtain a
polysilbxane 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 8i atoms
originated from the organcsilane represented by the general
formula (2) in the polysiloxane was 12.4 mol%.

[0084]

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

Into a 500 mL thr@e—neck'flask, 40.86 g (0.30 mol) of
methyltrimethoxysilane, 69.41 g (0.35 mol) of
phenylitrimethoxysilane, 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 81 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 aqueous phosphoric acia
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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GEL:14.45 g DAA:12.00 g PGMEA: 19.00 g Composition 25 P18-2:22.41g (a = 0 mol%) (b = 0 mol%)
TR-513:30.96 g (100 parts by weight) QD-1:1.169g (12.5 parts by weight) GEL:14.45 g DAA:12.00 g
PGMEA:19.00 g

was added over 10 minutes while stirring at room temperature.
Then, the soliution was heated and stirred in the sawe manner
as in Synthesis Example 1 to obtain a polysilexane solution
(PS-8). During the reaction, 95.58 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%. Inaddition, 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 Polysgiloxane
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 agueous phospvhoric 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.
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Composition 26 P15-3:21.89 g (a = 0 mol%) (b . 0 mol%) TR-513:30.96 g (100 parts by weight)
00-1:1.18g (12.5 parts by weight) GEL:14.45 g DAA:12.00 g PGMEA:19.52 g Composition 27
P18-4:21.39 g

Then, the solution was heated and stirred in the same manner
as in Synthesis Example 1 to obtain a pelysiloxane solution
(PS-9). During the reaction, 97.58 g in total of methanol and
water were distilled out as by-products. The obtained
polysiloxane sclution (PS-2) had a solid content concentration
of 40 wt%. Inaddition, the content of Si atoms originated from
the ocrgancsilane 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%.

[008g]

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

Into a 500 mL three-neck flask, 40.86 g (0.30 mél) of
methyltrimethoxysilane, 12.32 g (0.05 mol) of
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 124.18 g {0.50
mcl) of naphthyltrimethoxysilane, 17.65 g (equivalent to 0.15
mel of Si atoms) of Msilicate 51 (manufactured by TAMA CHEMICALS
CC., LTD.) and 184.60 g of PGMEA were charged {(initial monomer
concentration = 51.4 wt%), and an agueous phosgphoric 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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(a = 0 m01%) (b - 0 mol%) TR-513:30.969 (100 parts by weight) QD31:1.18 g (12.5 parts by weight)
GEL:14-45 g DAA:12.00 g PGMEA:20.02 g Cured film properties Light transmittance (9)

(PS-10) . During the reaction, 97.58 g in total of methanol and
water were distilled out as by-products. The cbtained
polysiloxane solution (PS-10) had a soclid content concentration
of 40 wt%. Inaddition, 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 mcl) of
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 178.85 g (0.70
mol) of naphthyltrimethoxysilane, 17.65 g (egquivalent to 0.15
mol of 51 atoms) of Msilicate 51 (manufactured by TAMA CHEMICALS
CC., 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 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
ag 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

53



on 1 pm equivalent basis) 56 56 56 56 06 56 1 56 56 96 P6 PG 96 6

polysiloxane solution (PS-11) hada 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%. Further, the content of $i atoms
bound to a condensed polycyclic aromatic hydrocarbon radical
in the polysiloxane was 65.3 mol%.

[0088]

Synthegis 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 tc 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 methancl and water were distilled
cut 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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96 56 06 96 96 56 Refractive index (550 nm)OL 1 0L'LOL"TOLTOL TOLT

Solution {P5-13)

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 (egquivalent to (.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 aqueous phosphoric acid
solution formed by dissclving 0.491 g (0.30 wt% with respect
to the supplied monomers) of phosphoric acid in 46.80 g of water
wag 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-13). During the reaction, 88.6% g in total of methanol and
water were distilled out as by-products. The obtained
pclysiloxane solution (PS-13) had a solid content concentration
of 43 wt%.
[0090]

Synthesis Example 14 Synthesis of Trifunctional
Siilane Oligomer Sclution (TS-1)

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

atomg) of methyltrimethoxysilane, 118.98 g (0.60 mol of silane
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ZL-TELTSG TLL ELOLTOL IOLTOL TO1/110LT Resolution after curing

atoms) of phenyltrimethoxysilane and 157.83 g of PGMEA were
charged {initial mohomer concentration = 52.4 wt%), and an
agueous 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 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 1 hour (the internal
temperature of the solution in the duration was 100 to 110°C)
to obtain a trifunctional silane oligomer sgolution {(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 golid content
concentration of 38 wt%. In addition, the weight average
molecular weight (Mw) of the obtained trifunctional oligomer
was 630.
[0081]

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

Intoa 500 mL lthreewneck 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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(pm)coen N en

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 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
sclution 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 cligomer solution (TS-1}.
During the reaction, 98.40 g in total of methancl and water were
distililed out as by-products. The obtained trifunctiocnal
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 Synthesig of Trifunctional
Silane Oligomer Sclution (TS-3)

Into a 500 mL three-neck £lask, 54.48 g (0.40 mel of silane
atoms} of methyltrimethoxysilane, 118.98 g (0.60 mol of silane
atomsg) of phenyltrimethoxysilane and 157.49 g of PGMEA were

charged (initial monomer concentration = 52.4 wt%), and an
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agueous phosphoric acid solution formed by digsolving 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
fo 110°C) to obtain a trifunctional silane oligomer solution
{I'S-3). During the reaction, 104.55 g in total of methanocl and
water were distilled out as by-products. The obtained
trifunctional silane oligomer solution (TS-1} had a2 solid
content concentration of 42 wt%. In addition, the weight
average molecular weight {(Mw) of the obtained trifunctional
oligomer wasg 4700.

[0083]

Synthegis Example 17 Synthesis of Polysiloxane
Soiution (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

(egquivalent to 0.05 mol of silane atoms) of the trifunctional
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silane oligomer solution {TS-1) obtained in Synthesis Example
14 as a trifunctional oligomer, 11.77 gx(equivalent to 0.10 mol
of gilane 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 agueous 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 Synthesigs 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 cbtained polysiloxane golution {(PT8-1) 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%.

f0094]

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

Intc a 500 mL three-neck flask, 40.86 g (0.30 mol) of
methyltrimethoxysilane, $9.15 g (0.5C 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 Synthesisg Example
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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 digssolving 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
15 as a trifunctional oligomer and 134 .53 g of PGMEA were charged
(initial monomer and oligomer concentration = 51.5 wt%), and
an agueous phosphoric acid solution formed by dissolving 0.504
g (0.30wt% 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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while stirring at room temperature. Then, the solution was
heated and stirred in the same manner as in Synthesisg Example
z.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
Sclution (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
16aseatrifunctionaloligomerand134.53g;ofPGMEAwerecharged
{initial monomer and oligomer concentration = 51.5 wt%), and
an agqueous phosphoric acid solution formed by dissolving ¢.504
g(O.BOwt%withxespecttxnthesuppliednmnomersandoligomers)
of phogphoric 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 sclution (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 Compouna Particles {(MPS-1}

Into a 1000 mL three-neck flask, 40.86 g (D.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
ig 100 parts by weight relative to 100 parts by weight of the
welght (103.61 g) in the case where the organosilane is
completely condensed) of "OPTOLAKE® TR-513 (trade name,
manufactured by JGC Catalysts and Chemicalg 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 agqueous
phosphoric acid solution formed by dissolving 0.510 g (0.20 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 to obtaina sclution of polysiloxane containing metal compound
particles (MPS-1}. During the reaction, 97.58 g in total of

methancl and water were distilled out as by-products. The
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obtained solution of polysiloxane containing metal compound
particles (MPS-1) had a sclid content concentration of 35 wt.
In addition, the content of 8i atoms originated from the
organosilane représ;nted by the general formula (2) in the
pelysiloxane containing metal compound particles was 12.4 mol%.
[ccss]

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

Into a 1000 mL three-neck flask, 61.2%9 g (0.45 mol) of
methyltrimethoxysilane, $9.15 g (0.50¢ mol) of
phenyltrimethoxysilane, 12.32 g {0.05 mol) of
2-{3,4-epoxycyclchexyl)ethyltrimethoxysilane and 155.73 g of
PGMEA were charged (initial monomer concentration = 52.6 wt%),
and 344.27 g (the amount of particles ié 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 gilicon oxide, was
further added to the system. An agueous 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 sclution 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 methancl and water
were distilled out as by-products. The obtained solution of
polysiloxane containing metal compound particles (MPS-2) had
a scolid content concentration of 35 wt%.

[0082]

Synthegis Example 23 Synthesis of
Naphthoquinonediazide Compcund (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 sclution, 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

gtructure:
[0100]
[Chem. 7]

64



0"T 0 1:n09s9sodwo0 composition 1 composition-2 composition 3 composition 4 composition 5
composition 6 composition 7 composition 8 composition 9 | composition 10 | composition 11 |
composition 12 | composition 13 | composition 14 |

0Q 0
(‘:Hg N2
@? < j o Q= O‘ H
/! s
\ ?02
oQ 2.8 © 0.2
{0101

Synthesis Example 24 Synthesis of
Naphthoguincnediazide 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 Ce.,
Ltd.) and 37.62 g (0.14 mol) of S-naphthogquinonediazide
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. B]
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[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 TEMPZX
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 £ilm was measured at a refractive index
of 1.70.

(23 Determination of Remaining Film Ratio

| The remaining £ilm ratio was calculated from the
following eguaticn.
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 line and space pattern
is formed at awidthraticof 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 c¢f 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 resclution 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 £ilm 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
Coxp.}, and the absbrption spectrum in the ultraviolet and
visible region thereof was employed as a reference. Next, a
cured £ilm of the composition was formed on the TEMPAX Float
glass substrate (pattern expogure waé 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 ag the light transmittance bf the cured f£ilm.

[c104]
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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
andsilicdnoxide,l.lBg;oftherwphthoquinonediazidecompound
(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 I 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
pm. 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-5C1F manufactured by Canon Inc.) was used to expose the
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entire f£ilm 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 resultg of evaluationg of
photosensitivity and cured film properties are shown in Table
2.
[0166}

Examples 2 to 19 and Comparative Exampleg 1 to 8

Compositions 2 to 27 each having the compositions shown
in Tables 1 and 2 were prepared in the same manner asg 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 resgults of evaluations are shown in Tables 2 and 4.

[0107]
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Addition amount of
polysiloxane solution
{a = content of S§i
atoms originated from
formula {2))

Additicn amount of
dispersicn of metal
compound particles

Addition amount of
naphthoquinonediazide
compound

Addition amount cf

(b = content ©f 8i (parts by weight of [parts by weight of solvent
atoms bound to salids relative to 100) solids reliative to 100
condensed polycyelic of pelysiloxane) of polysiloxane)
aromatic hydrocarbon
radical)
s P5-1: 23.52 g TR-513: 30.96 g QD-1: 1.8 g GBL: 14.45 g
COmpOflthE (@ = 4.0 mol%) {10¢ parts by (12.5 parts by DAA: 12.00 g
(b = 0 mol%) weight) waight) PGMEA: 17.88 g
- PS-2: 23.53 g TR-513: 30.5%6 g QDh-1i: 1.i8 g GBL: 14.45 g
Compozltlon {a = 12.4 mold) (160 parts by (12.5 parts by DAR: 12.00 g
(b = 0 mol%) weight) welght) PGMEL: 17.88 g
- PS-3; 23.53 g TR-513: 30,96 g OD-1: 1.18 g GBL: 14.45 g
Compojltlon {a = 21.1 mol%) (100 parts by (12.5 parts by DAR: 12.00 g
(b = 0 mol%) wealight} weight) PGMEA: 17.88 g
o PG-4; 23.53 g TR-513: 30,96 g OD-1: 1.18 g CGBL: 14.45 g
compojltlon {8 = 49.4 mol%) {160 parts by {(12.5 parte by DAR: 12.00 g
b = 0 mol%) waight) welight} PGMEA; 17.88 g
oSt ion PS-5; 23.53 g TR-513: 30,96 g Qp-1: 1.18 g GBL: 14.45 g
B i {a - 65.1 mol%) {100 parts by (12.5 parts by DAA: 12.00 g
(b = 0 mol%) weight) weight) PGMER: 17.88 g
s BS-6: 23.53 g TR-513: 30.9%96 g QD-1: 1.i8 g GBL: 14.45 g
it
Compoz¢ ron {a = 12.4 mol%) {100 parts by (12.5 parts by DAR: 12.00 g
{b = 0 mol%) waight) weight) PGMEA: 17.88 g
e BPS-7; 23.53 g TR-513: 30,96 g OD-1: 1.18 g GBL: 14.45 ¢
Compoi*tlon {a = 12.4 mol%; (100 parts by (12.5 parts by DAZ: 12.00 g
{b = 0 mol%) waight) waight) PGMER: 17.88 g
Conposition P8-8; 23.53 g TR-513: 30.96 g QC~-1: 1.18 g GBL: 14.45 g
b é (8 = 12.4 mol%) (100 parts by (12.5 parts by DAA: 12.00 g
{h = 12.0 mol%) weight) walght) DGMEA: 17.88 g
Composition PS-%: 23.53 g TR-513: 30.96 g gD-1: 1.18 g GBL: 14.45 g
B 5 {a = 12.4 mol%) {100 parts by (12.5 parts by DEA: 12.00 g
{b = 28.0 mol%) welght) weight) PGMEA: 17.88 g
es P8-10: 23,53 ¢ TR-513: 30.8¢ g Qb-1: 1.18 g GBL: 14.45 g
cc’"‘pols;“mn {a = i2.4 mol%) (100 parts by (12.5 parts by DAA: 12.00 g
(b = 46.7 mol%} welght) weight) PGMEA: 17.88 g
Composition BS-11: 23.83 g TR-S13: 30.9%6 g QD-1: 1.18 ¢ GBL: 14.45 g
pl; {a = 12.4 mol%) {100 parts by {12.5 parts by DAR: 12.00 g
- (b = 65.3 mol%) weight) weight) PGMEA: 17.88 g
s BS-2: 23.53 g 0D-1: 1.18 g GBL: 14.45 g
-B13; .
Compof;m“ {8 = 12.4 mol%!} (SQTR ;’rts b20 ws:% g{m) (12.5 parts by DAA: 12.00 g
(b = 0 mol%) P Y weig welght) PGMER: 17.88 g
Composition PS-2: 23.53 g TR-513: 37.15 g QD-1: 1.18 g GBL: 14.45 g
b 15 (& = 12.4 mol%) {150 parts by (12.5 parts by DaA: 12.00 g
(b = 0 mol%) weight) weight} PEMEA: 17.88 g
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[0108]
[Table 2]
Addition amount of
polysilexane solution
{a = content of Si Additien amount of sddivion amount of
atoms originated from dispersion of metal naphthoguinonediazide
formula (2}) compound particies compound hddition amount of
{b = content of 81 (parts by weight of {parte by weight of solvent
atoms bound to golids relative to 100 | solids relative to 100
condensed polyoyvelic of polysiloxane) of peolysiloxane)
aromatic hydrocarbon
radical)
C P&-2: 23.53 g TR-513: 30.9%96 g . “ GBl.: 14.45 g
t =i AT
compciluloﬂ (& = 12.4 mol%) {100 parts by (5 ertS bO weig e DAR: 12.0C g
: B S0 mols) weight) B ¥ VLSS peMER: 17.88 g
~2: 23.5 TR-513: . BL: 14.4%
Compogition PE-2 3.53 g 5l3: 30.36 g QD-1: 1.88 g G i4.45 g
15 (a = 12.4 mol%} 1100 parts by (20 parts by weight) DAA: 12.00 g
b = ¢ mol%) weight parts by g PGMEA: 17.88 g
. -21 23. - H . 12 .45
Composition Pg-2: 23 53‘13 TR-513: 30.9%¢6 g Ob-1: 2.35 g GBL E.fi 549
16 fa = 12.4 mol%) (100 parts by (25 parts by weight) DRA: 12.00 g
(b = 0 mol%) weight} p Y welg POMEA: 17.88 g
Composition PS§-2: 23.53 g TR-513: 30.%6 ¢ RD-2: 1.18 g GRL: 1l4.45 g
‘pw‘ (& = 12.4 mol%) {100 parts by {(12.5 parts by DAR: 12.00 g
(b = 0 mol¥%) weight) weight) PGMEA: 17.88 g
o MPS-1: 26.89 g Qp-3: 1.18 g GBL: 14.45 g
Compcfsluon (8 = 12.4 mol%) - (12.5 parts by DAR: 12.00 g
o = 0 mol%) waight} PGMEA: 17.88 g
cs P8-12: 23.53 g TR-513: 30.96 g Qo-1: 1.18 g GBL: 14.45 g
Compols;.tlon (& = 0%) (100 parts by {12.5 parts by DAR: 12.00 g
{b = 0%) welght) waight} PGMFEA: 17.88 g
P P3-2: 23.53 g QD-1: 1.18 g GBL: 14.45 g
Compofol“m“ (a = 12.4 mol®) . (12.5 parts by DEA: 12.00 g
" b = 0 mol%} weight} PGMEA: 17.88 g
e P5-10: 23.53 g gbh-1: 1.18 ¢ GBL: 14.45 g
Compozslltlon {a = 12.4 mols) - {12.5 parts by DAR: 12.00 g
(b = 46.7 mol%) welght) POMEA: 17.88 g
. MPS-2: 2£.8% g QD-1: 1.18 g GBL: 14.43 g
-~ e
“D“‘?O;’;“mn {a =« 0 mol%) - {12.5 parts by DAR: 12.00 g
(b = 0 mol%) welight) EGMEA: 17.88 g
e P8-13: 21.8% g TR-8132: 30.%6 g Cb-1: 1.i8 g GEBL: 14.45 g
Compc’;*t‘on (& = 0%) {100 parts by {(12.5 parts by DAR; 12.00 g
(b = 0%) weight) welght) PGMEA: 19.52 ¢
Composition PTS-1: 22.41 g TR-513: 30.%6 g RD-1: 1.18 g GBL: 14.4% g
924 ' (3 = 8.2 mol%) {100 parts by (12.5 parts by DAB: 12.00 g
b = 0 mol%) weight) welght) POMEA: 19.00 g
e PTS-2: 22.41 g TR-513: 30.%96 g QD-1: 1.18 g GRL: 14.45 g
Comp‘];;tlon {a = 0 mol%) {100 parts by (12.5 parts by DAZA: 12.00 g
b = 0 mol%) weight) walght) PGMEA: 19.00 g
Composition PT8-3: 21.89% g TR-513: 30.96 g Qh-X: 1.8 g GBL: 14.45 g
o 'po26 (a = 0 mols%) {100 parts by {12.5 parts by DAA: 12.00 g
b = 0 mol%) weight) weight) PGMEA: 19.52 g
Composition PIS-4: 21.39 g TR-513: 30.96 ¢ QD-1: 1.18 g GRL: 14.45 ¢
R o (& = 0 mol%) (160 parts by {12.5 parts by DAR: 12.00 g
(b = 0 mol%) waight) welght) PGMER: 20.02 g
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composition 20

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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composition 21 composition 22 composition 23 composition 25 composition 26 composition 27
Comparative Example 1 Comparative Example 2 Comparative Example 3 C t i ompara ve Example 4
IComparative Example 5 Comparative

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 tc 10 carbon atoms or
anarylgrouphaving6?x>l6carbonatoms,Rzrepresentshydrogen,
an alkyl group having 1 to 6 carbon atoms, an acyl group having
2 to 6 carbon atomsg 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 zess; 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
naphthoguinonediazide compound; and (d) a solvent, wherein the
organosilane cligomer contains an organosilane represented by
the following general formula (2):

[Chem. 2]
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Example 6 Comparative Example 7 Comparative Example 8 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) a polysiloxane
synthesized by hydrolyzing and partially condensing an organosilane represented by the following
general formula (1): [Chem. 1] Ri ) Si (OR2) 4-n (1) wherein R2 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, mrg resentshydrogen, an alkyl group having 1 to' 6 carbon atoms, an acyl group
having 2 to 6 carbon toms or an aryl group having 6 to 16 carbon atoms, n represents an integer of 0

to 3, and Iura mayg ie same or different and when n is 2 or less, plural
R2s maybe the ii nt and an organosilane oligomer; (b) aluminum compound particles,
it

tin compound partlcle gnlu compound particles, zirconium compound particles, complex particles
of the compounds or plex particles of any of the compounds and a silicon compound; (c) a
naphthqu|noned|aZ|de comp ound; and (d) a solvent, wherein the organosilane oligomer contains an
organosﬂaﬁé&éﬁﬁe&éﬁnté@ﬁy thadllondrpgensakymmda 2y ¢Chdny@logen, 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.

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

[Chem. 3]

[Ri)-si—tor?), (1

wherein R' represents hydrogen, an alkyl group having 1 to 10
carbon atoms, an alkenyl group having 2 to 10 carbon atoms or
anarylgrouphaving6jx>16carbonatoms,Rzr@presentshydrog@n,
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 whenn 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
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OR4 \ ROc Si 0)R6(2) Im OR wherein 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 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') a
polysiloxane containing metal compound particles synthesized by hydrolyzing and partially condensing
an organosilane represented by the following general formula (1) : [Chem. 3] Ri ) Si ( OR2 )4-n (1)

wherein R1 sepresepisauliogen -n el Sroun-baying.ldo L0 carbpp atoms,, ap alkenyl group having

2 to 10 carbon atoms or an aryl group having 6 to 16 carbon atoms, R2 represents hydrogen, an alkyl

group havipg:A:tocf earbop;atems.an AsHbeeye having 21e 6 cazbon st Ok aRyaoup having 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 diffeternt @bdayheronps 2:orgess; plirabR3s mayebe thesameorsifferent aad an
organosilane oligomer in the presence of aluminum compound particles, tin compound patrticles,
titanium corapuLindl particfe syrgircohiume ampgundpartictes, coampléx partcles ot the; cdmpounds or
complex particles of any of the compounds and a silicon compound; (c) a naphthoquinonediazide
compounda aRaxt)-healiameneldreni the oganosiuhe sligbniél centadids/ambrganissilans
represented by the following general formula (2): [Chem. 4] OR4 \ IR.0Si 0)R6(2)

the organocsilane oligomer contains an organosilane represented

by the following general formula (2):

{Chem. 4]
o
R3O+Si-O—Rf (2
TSOR @)
OR®

wherengRstoRFeachindependentlyzepresemthydrogen,analkyl
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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Im OR wherein 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 and when m is 2 or more, plural R4s 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 foimula (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 okigipated. frog tll%ogggng%%%@‘ repy %eentg?.b the genetal formula (2) in the organosilane
oligomer is 67 mol% or more and 10 mc?ﬁ)/o or%ess of t Otrg‘taaﬁgczosntg:%t%? Ta%(m%sogﬁg%% ed from the
organosilane pligemer oi-Ayaasitive: phatesegsibve aesin comRgsition campdsing, ()2 palysiloxane
synthesized by hydrolyzing and partially condensing an organosilane represented™y the general

formula (1)ranrghar Reganesilane fepresenteddynibe general formula (2), (b) aluminum compound
particles, tin compound particles, titanium compound particles, zirconium compound particles, complex

particles of the compounds or complex patrticles of any of the compounds and a silicon compound, (c)
a naphthoquinonediazide compound and (d) a solvent. 6.A positive photosensitive resin composition
comprisings(a’) a pélystexariereontaiing aretalcorspaerd padietes, whichis syntbesizechy
hydrolyzing and partially condensing an organosilane represented by the general formula (1) and an
organosilariié tegreseatedibyrhensereralfosadiias@) vtheysteséned obalamingmcohapaund particles,
tin compound particles, titanium compound particles, zirconium compound particles, complex particles
of the comPBIRES G- E6hPleR PARTERSIPAI BEEcEHRBEEh#Y afldea SHticenabnigound, 4c) a
naphthoquinonediazide compound and (d) a solvent. 7.The positive photosensitive resin composition
according to-dlfiMCL 38, A AHBRAHE BSRERTSES] Btbimao AgRateilibariielsrgahosilane
represente yg{e[LgFeneral formula (2) in the polysiloxane (a) is 5 mol% or more and 50 mol% or less
t

of the total B S Brigitated O &1 Bfgariositafe™8 FehddtivelsHdt§sensitive resin
Composmopf%§ggﬂ%gcompound particles, zirconium compound particles,
complex particles of the compounds or complex particles of any

of the compounds and a silicon compound, (¢) a

naphthogquinonediazide compound and (d) a solvent.

6. A positive photosensitive resin compesition 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 particleg,
complex particles of the compounds or complex particles of any

of the compounds and a silicon compound, (¢} a

naphthogquinonediazide compound and (d) a solvent.
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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 Ri,

which is a gondensedpalyeydlinalgmaicBudiocaon Jadicdl, L3l armote of e, lotal conten

of Si atoms originated from the organosilane. 10. A cured film y curing positive '

photosensitiye- 1esifi GOMposition accarding 16, any.0ne,0f glaimseldo 9.+ 11 Ag.onficaldevice
comprising the cured film according to claim 10.
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
organogilane in the polysiloxane containing metal compound

particles.

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

compound particles (a'), the content of Si atoms bound td 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 £ilm 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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