1 DESCRIPTION Silane Coupling Agent, Negative Tone Photosensitive Resin Composition, Cured
Film, and Component for Touch Panel TECHNICAL FIELD [0001] The present invention relates
to a silane coupling agent suitable for a resin compdsition or forming a planarization film for a thin-film
transistor OTT) substrate in, for example, a liquid crystal display device or an organic EL display
device, a protective film or an insulating film in, for example, a touch panel sensor 10device, and an
interlayer insulating film for a semiconductor gexiee: jphgdpesent invention also relates to a
negative-tone photosensitive composition using the same, a cured film formed therefrom, and a
component for gitahelt panalhaving, tkegured BACK{GRANIR AR A 080k tion,&uireatly, hard
coating materials find use in various applications. For example, they are used to improve surface
hardness, for example, of automotivérpaats] Contpémens for Cosrhdticsland the like, sheets, films, optical
disks, and flat displays. Examples of the properties required for hard coating materials include heat
resistance, Za\ﬁ&gﬂ@%iﬁtﬁlﬁéﬂj adhesion as well as hardness and abrasion resistance.

Repres ntati\rflgz) mples of hard coating materials include radical polymerizable and UV-curable hard
coating mate ? >i ee, for example, Non-patent Document I). The constituents of the hard coating
materials are a polymgrizable group-containing. oligomer, a mgnomer, a photepoelymerization initiator,
and other additives. 25 5(?&%&%%%@%%?2% a??n%o%rﬁ;ar%%?%%@lr% ?c%ﬁl? Toué ?ﬁgﬁ%}(eadrﬁ?ﬁv irradiation
and thus crosssifagtitsn abtaiafim with gl hardness: Thisbare caatng,2 traterial req es little time
for curing, and therefore the use thereof improves productivity. In addition, a negative-tone
photosensitiveuhateidah bfased anpiecommancigdisedpplymanzation ameehanispl. casphe used, and
therefore it has an advantage of reduced production cost. [0004] A capacitive-type touch panel,
which has beéeviesaivingeatientidmiarrecestiams fikrome appheativs oftber woslisgnsvaterials. The
capacitive-type touch panel has a pattern formed from an I.T‘Cli)élk?dium Tin Oxide) film on a glass. To
protecdtthis IT48Y RnaAAHBIHIEH Hardhess o il mdissnvar cpislvelos sy iscdiffitift e Slultaneously
achieve high lh%drt]ess nd good adhesiop to_tITO, ﬁng hardtcoatin materials.that overcome this
problem have beah demanded: 100051 8 VA A RN Sa 8 HhSroVitg SHN8BREHYE ¥&¥od of adding
a Stane couphng RaefihisHaldNRI GO SAMBIS DR ARG SOURpsadeREARHDG dRdmide group
15(see Patent Document 1 and Patent Document 2? has been proposed as a silane coupling agent. In
these Documgmts, it is recommended to use a compound that has not an amic acid structure but an
imidc group in order to improve adherence while having good planarization properties. As a silane
coupling agemAUKbROONI2 AR ESistant resin precursor compositions, a compound having a carboxyl
groupland

5 [0002]

Currently, hard coating materials find use in various applications. For
example, they are used to improve surface hardness, for example, of automotive parts,
containers for cosmetics and the like, sheets, films, optical disks, and flat displays.
Examples of the properties required for hard coating materials include heat resistance,

20 weatherability, and adhesion as well as hardness and abrasion resistance.
Representative examples of hard coating materials include radical polymerizable and
UV-curable hard coating materials (see, for example, Non-patent Document 1).  The
constituents of the hard coating materials are a polymerizable group-containing
oligomer, a monomer, a photopolymerization initiator, and other additives.

25 [0003]

An oligomer and a monomer are radically polymerized by UV irradiation

and thus cross-linked to obtain a film with high hardness. This hard coating



70an ester group or a carboxyl group and an amide group (see Patent Document 3) has been
proposed. [0006] However, none of the silane coupling agents had sufficient adhesionproving effect
when used as a hard coating agent for a touch panél. 25[0007] Further, the addition of an organic
silicon compound having an amide acid structure to a polyimide resin composition (Patent Document
4) has also been 3 proposed. However, this organic silicon compound has a structure in which an

amino group'ﬁ%@éﬁ@%ﬁl@@%tﬁ%ﬂﬂ@?&%‘é%g Frdedioan aromeatgding - naphydate. This organic

silicon compound is not suitable for touch panel application because of its high colorability and also

provides insuffistertasthesinnatopieviag effecte-RIRIQRARINEBRE HIENT BRATERENT DOCUMENTS
[0008] Patent Document 1: WO 2008-065944 A 10Patent Document 2: WO 2009-096050 A Patent
Document 3: dR2006:3d:6032 ARateat Docynientst I 0@-22217 20dANONP ATENT DOCUMENTS
[0009] 15Non-patent Document 1: "Material design, coating technique, and hardness improvement in
hard coating filtifRpfaRitic dutsstiiduRaPMoboru et al., TECHNICAL INFORMATION INSTITUTE
CO..LTD., A{%ﬂé% 2005, p 301. SUMMARY OF THE INVENTION PROBLEMS TO BE SOLVED BY
THE INVEN 0[0010] An object of the present invention is to provide a cured film having

celentaiheson ¢ S8 ORI My oosans R by o
low cure shrinkage R 9994 iPlaRaTAaleN &ARFAPRIIESals. The capacitive-type touch panel
has a pattern formed from an [TO (Indium Tin Oxide) film on a glass. To protect
this ITO, films having high hardness are demanded. However, it is difficult to
10 simultaneously achieve high hardness and good adhesion to ITO, and hard coating
materials that overcome this problem have been demanded.
[0005]
As a method of improving adhesion, the method of adding a silane coupling
agent is well known. For example, the silane coupling agent having an imide group
15 (see Patent Document 1 and Patent Document 2) has been proposed as a silane
coupling agent. In these Documents, it is recommended to use a compound that has
not an amic acid structure but an imide group in order to improve adherence while
having good planarization properties. As a silane coupling agent suitable for
heat-resistant resin precursor compositions, a compound having a carboxyl group and
20 an ester group or a carboxyl group and an amide group (see Patent Document 3) has
been proposed.
[0006]
However, none of the silane coupling agents had sufficient
adhesion-improving effect when used as a hard coating agent for a touch panel.
25 [0007]
Further, the addition of an organic silicon compound having an amide acid

structure to a polyimide resin composition (Patent Document 4) has also been



MEANS FOR SOLVING THE PROBLEMS [0011] 4 To achieve the objects described above, the
present invention has a constitution below. Thus the present invention is a silane coupling agent
represented by Formula (1) below. 5[0012] 0 HCNR23Si R33 1nz- R (3_n HO) 0 (1) [0013] (Each R1
may be the same or different from each other and represents Ci-Co alkyl; the alkyl may further have a
substituent(s); n represents 0 or 1; R2 represents a C3-C30 10trivalent organic group: and R3 may be

the same or %ﬁ?ﬁé&d‘fm'ﬁ&@&h&%‘?{ AU RRIBRERS fab GO A Gl A KXMhiBRGRY!, hydroxyl, and

phenoxy, among which groups for R3 groups other than hydroxyl may further have a substituent(s)).

EFFECTS ORhtib INWENIAQMNiI0dH A pHed JilinGontriaing the.gllagcoupling agent of the

present invention has the effect of having superiority in improving adhesion to a substrate surface
made of metaling-morgaitaaatidis bighrarsdnesscangdexcelenit resabitdior Moca@aekithe cured film
containing the silane coupling agent of the present invention also has the effect of having low cure
shrinkage andrjosdtptamsszetion 2opispealesn BRI TN ODERO”E AREYING OUT THE INVENTION

[0015] The silane coupling agent of the present invention has a structure represented by Formula
1) beléw adhesion-improving ¢ettect.

PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[0008]

Patent Document 1: WO 2008-065944 A

10 Patent Document 2: WO 2009-096050 A

Patent Document 3: JP 2006-316032 A

Patent Document 4: JP 09-222729 A
NON-PATENT DOCUMENTS
[0009]

15 Non-patent Document 1: "Material design, coating technique, and hardness
improvement in hard coating film on plastic substrate", Ohara Noboru et al.,
TECHNICAL INFORMATION INSTITUTE CO., LTD., Apr. 28, 2005, p 301.
SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

20 [0010]

An object of the present invention is to provide a cured film having
excellent adhesion to a substrate surface made of metal or inorganic matter, high
hardness, and excellent resolution.  Further, another object of the present invention
1s to provide a cured film having low cure shrinkage and good planarization

25 properties.

MEANS FOR SOLVING THE PROBLEMS

[0011]



10016) 0 R2-SiR33(1) 10 in-"-HO (3 n) [00 1 7] (Each Rl may be the same or different from each other
and represents C1-C6 alkyl; the alkyl may further have a substituent(s); n represents 0 or 1; R2
represents a C3-Q30 trivalent organic group; and R3 may be the same or different from each other
and represents C.-C6 alkyl, C1-C.6 alkoxy, phenyl, hydroxyl, and phenoxy, among which groups for
R3 groups other than hydroxyl may further have a substituent(s)). R is preferably methyl, ethyl, and
butyl, and. in particulay, {eyk ARV AL BLATRERE. Lot of sRmalgTiRlvallabilty. R.1 may
have a substituent(s) such as alkoxy, aryl, phenoxy, or halogen. R2 is preferably a C3-C30 trivalent
organic group:afndimesa peaferably a C3-C10 trivalent organic group in terms of solubility in an organic
solvent. 100 | 81 15Examples ofthe silane coupling agent of the present invention represented by
Formula (1) iAdiudéhdftestinutyteanbamoy dijbi trimplingasihiGdpexamoid hgilprmula (1)
2-(2-(tert-butylamino)-2-oxoethyl)-5-(trimethoxysilyi) pentane acid,

3- (|sopropylcé>ﬂiﬁ}’ﬁoy1) 6-(trimethoxysily1l) hexanoic acid,

2-(2-(is propi @B gjﬁ) -2-oxoethyl)-5-(trimethoxysilyi) pentane acid,

203-(isobutyl oyl)-6-(trimethoxysily1l) hexanoic acid,
2-(2-(isobutylamino)-2-oxoethyl)-5-(trimethoxysilyl) pentane acid,
3-(tert-pentylcarbamoy1)-6-(frimethoxysilyl) hexanoic acid,
2-(2-(tert-pentylamino)-2-oxgethyl)-5-(trimethoxysilyl) pentane acid,

3-(tert-butylcarbamo: ietRéxgriiLl) hexanoic acid, 6 (1)

2-(2-(tert-buty|amh%)-24 yl)-5-(triethoxysilyl) pentane acid,

6-(dimethoxy(ﬁ@hypsilyl)-B (tert-butylcarbamoyl) hexanoic acid,
5-(dimethoxy(methypsily1-2x2-(tert-butylamino)-2-oxoethyl) pentane acid,
3-(tert-butylcarbamoy1)-6-(trimethoxysilyl) pentane acid,

52-(2-(tert- bu{)(;)%]rﬁino) 2-oxoethyl)-5-(trimethoxysily1) butanoic acid,

2ttbt1b 1)-4-(2-(trimeth thypcycl arboxy!
2-tor bty S .15 (0 T A BN e, 55 B Sey e i, S e foonon
OAbove all, the compopnd @t &or '%L{Jé‘a“s);t?s@%&@’@‘)%ﬂ%p’?ese%@"ﬁ?o?rPfW?QpPe‘%‘éﬁ‘&%ed%'ﬁcreases the

effect of improving adheS|on to ITO. [002 ecificall

3-(tertrbutylcarhameay d)onitigrepoxiaiRY MiliexanRiGagidor different from each other and
2-(2-(tert-butylainino)-2-oxoethyl)-5-(trimethoxysilyl) pentane acid,
represents C;-Cg alkyl, C,-Cq alkoxy, phenyl, hydroxyl, and phenoxy, among which

groups for R’ groups other than hydroxyl may further have a substituent(s)).
EFFECTS OF THE INVENTION
[0014]

15 A cured film containing the silane coupling agent of the present invention
has the effect of having superiority in improving adhesion to a substrate surface
made of metal or inorganic matter, high hardness, and excellent resolution.
Moreover, the cured film containing the silane coupling agent of the present
invention also has the effect of having low cure shrinkage and good planarization

20 properties.

BEST MODE FOR CARRYING OUT THE INVENTION
[0015]
The silane coupling agent of the present invention has a structure

represented by Formula (1) below



153-( isopropylcarbamoyl)-6-(trimethoxysi lyl) hexanoic acid,
3-(tert-pentylcarbamoy1)-6-(trimethoxysilyl) hexanoic acid,
2-(2-(tert-pentylamino)-2-oxoethyl)-5-(trimethoxysilyl) pentane acid,
3-(tert-butylearbamoy1)-6-(triethoxysily1l) hexanoic acid,
2-(2-(tcrt-butylamino)-2-oxoethyl)-5-(triethoxysilyl) pentane acid, 206-(dimethoxy(methyl)s
Iyl)-3-(tert-bL{Qy(lﬁ%|jbamoyl) hexanoic acid, 5-(dimethoxy(rnethyl)sily1-2-(2-(tert-butylamino)-2-oxoethyl)
pentane acid, 3-(tert-butylcarbamoy1)-6-(trimethoxysilyl) pentane acid,
2-(2-(tert-butylamino)-2-oxogghyl)-5-(trimethoxysily1) butanoic acid,
2-(tert-butylearbamoy1)-4-(2§(trimethoxysilyl)ethypcyclohexane carboxylic acid, and
2-(tert-butylea,rp@y1)-S-Qﬂ(\(rimethoxysiIytethyl)cyclohexane carboxylic acid fall thereunder. [0021]

7 These s lane-Bouphhly aBénSiRtmy be used alone or as & mixture when added to a
negative-tone otoseh@ﬂw{rﬁasin. [0022] As a method of preparing these silane coupling agents,
a preparation metod by theoreaction of a silane coupling agent containing acid anhydride and alkyl
amine is preferred in terms of case of preparation. In this case, depending on the structure of the
silane coupli @]gfjnt containing acid anhydride, two types of silane coupling agent of the present
invention willrg)ene ate at the same time. However, they can be used as a mixture without particular
separation or pyefigetiany BurietsAlusilthissnihasinmathossanaessinly cawse replication of,
for example, a small amount of oligomers, this does not significantly affect the adherence-improving
effect ahd neeit: nditderegrisidereday0@23bstituent(s )T he ettt of @dditdnds arafarally-T ip 15% by
mass and more preferably li3 to 10% by mass, based on the resin component in a negative-tone
photosensitivé inadimicogposizionphend il mmobathsf By anralitiiras|iole reshadmd (@) a polyfunctional
acryl monomer. When the amount is less than 1% by mass, the adhesion-improving effect is not

sufficient, and SRFSAMIdre Y bds by AR viRBtidwl arel B bPRIAKIKaAHEEYBISPment, which

leads to decregggdsroa{uti?& ZSO %%%%Aémle ne atli\{gétoﬁl% &I;] t%gg‘s%’ﬁi &s&h Sg?gmposition using the
silane couplin%; adoent Of the prgsen invention is characterized y constalnlng atleast (A) a silane

coupling agent represeniechbi FRITI ). 5 raalalia ol G551 (f & Ralyineranzh o

monomer, and (P) a photo-radical polymerization initiator. [0025] Each componént of the negative-tone
photosegnsitiverkesisrGeranasitian using thasianeeaupling. agental the presantitaventipn will now be
described. 8 [0026] The negative-tone photosensitive composition of the present invention
contains (B) the-hlkatilsolybieyie pirrByhaving arralkati-sohbfernbsin theCalkalvsbivbility
(developability) of the negative-tone photosensitive resin composition will 5be excellent, and residue
after developRTEAREHT BB WLIBER B fo2FA DAY b b et Patferril i rekesnisye Ay etRylenically

unsaturated double bond group, the crosslink density can be enhanced, and the hardness of a cured
film can be enR &,}HI In an organic solvent.

[0018]

15 Examples of the silane coupling agent of the present invention represented
by Formula (1) include 3-(tert-butylcarbamoyl)-6-(trimethoxysilyl) hexanoic acid,
2-(2-(tert-butylamino)-2-oxoethyl)-5-(trimethoxysilyl) pentane acid,
3-(isopropylcarbamoyl)-6-(trimethoxysilyl) hexanoic acid,
2-(2-(isopropylamino)-2-oxoethyl)-5-(trimethoxysilyl) pentane acid,

20 3-(isobutylcarbamoyl)-6-(trimethoxysilyl) hexanoic acid,
2-(2-(1sobutylamino)-2-oxoethyl)-5-(trimethoxysilyl) pentane acid,
3-(tert-pentylcarbamoyl)-6-(trimethoxysilyl) hexanoic acid,
2-(2-(tert-pentylamino)-2-oxoethyl)-5-(trimethoxysilyl) pentane acid,

3-(tert-butylcarbamoyl)-6-(triethoxysilyl) hexanoic acid,



[0027] Examples of (B) the alkali-soluble resin include polysiloxanes, acrylic resins, 10vinyl ether
resins, polyhydroxystyrenes, novolac resins, polyimides, polyamides, and the like. In (B) the
alkali-soluble resin, an ethylenically unsaturated double bond group is preferably introduced into at
least a portion thereof in order to increase hardness oft cured film. Among these polymers,
polysiloxanes and acrylic resins are more preferred in terms of ease of introduction of an ethylenically

unsaturated 125@-%@-9%?%9{8892E&5Q3{3M9 @ é‘ﬂg)r)gygﬁtﬁ) &&%/ga%s may be contained.

Preferred examples of (B) the alkali-solublé resin include the following, bt are not limited thereto.

[0028] As a pelysilaxaney(sretinsyedugisebiainestinkydyaleis apda@condensation reaction of

trifunctional alkoxysilane compounds are particularly preferred. Examples of trifunctional alkoxysilane
compounds irfcluliiedthe follawnting ) {0029 Secifiouepdamiples thekeolf yhchedeaneethivltrimethoxysilane,
75methyltriethoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane, hexyltrimethoxysilane,
octadecyltriméthexysilatearpraayiritmeétosisitatdy prsniattetaidxysilane, naphthyltri ethoxysilane,
anthracenyltrimethogﬁ]silane, 9 3-aminopro?yltriet_h%zxsilan,e,

N-(2-aminoethiF- 3 nHORraEY R SR and NGRSV R BY NP fopytrimethoxysilane,
3-elycidox Itri xysil lycidox hyltri il lycidox hyltriethoxysil ,
€lyclaoxypr H%%-’E‘L?ttﬁq(@a%s 1%5‘(;%vd%g@é%%lM@%ﬁ%%%@%%ﬁsc orh%?ér}%ccar 3’@6%%15}’ ffjethoxysilane

a-gl?/cidoxyethyltrimethoxysilane, oxyet ifane, glycidox yftlnr’nethoxysilane,

P-echidoxyet@xktéi@.%mw&%Qﬁo§rgly.@d@efxﬂéamgrém§emﬁx%m&a%{wméwwm?mxysi'ane,
f3-glycidoxypropyltrimethoxysilane, P-glycidoxypropyltriethoxysilane,

y-glycidoxypregylikienethoxysilane, y-glycidoxypropyltriethoxysilane, y-elycidoxypropyltripropoxysilane,
y-glycidoxypropyltriisopropoxysilane, 10y-glycidoxypropyltributoxysilane,
a-glycidoxybuittihhethoxysilanc, a-glycidoxybutyltriethoxysilane, P-elycidoxybutyltrimethoxysilane,
p-alycidoxybutyltriethoxysilane, y-glycidoxybutyltrimethoxysilane, y-alycidoxybutyltriethoxysilane,
6-glycldoxybutyltrimethBRy&dn ,WE&%%}{%%‘% ) above wherein n =0 are preferre

(3,4-epoxycyclohexyl)methyltrimethoxysilane, 15 (3,4-epoxycyc xyl)methyltriethoxysilane,
(5.4-hory oy LIS RTINS ST S rmethyltethoxyaiane,
2-(3,4-epoxy Qg]exyDethyltripropoxysilane, 2-(3,4-epoxycyclohexypethyltributoxysilane,

2-(3,4-epoxycyclohexypethyltrimethoxysilane, 2-(3,4-epoxycyclohexyl)ethyltriethoxysilane,
3-(3,4-epoxycyclohexghpraryliimethexysiangban3.dhenexysydekexy Dorepyitisthqyysilane,

4-(3,4-epoxycyclohexyDbutyltrimethoxysilane, 254-(3,4-epoxycyclohexyl)butyltriethoxysilane,
trilluoromethyMrirethrokysyianeno)-2-oxoethyl)-5-(trimethoxysilyl) pentane acid,

15 3-(isopropylcarbamoyl)-6-(trimethoxysilyl) hexanoic acid,
3-(tert-pentylcarbamoyl)-6-(trimethoxysilyl) hexanoic acid,
2-(2-(tert-pentylamino)-2-oxoethyl)-5-(trimethoxysilyl) pentane acid,
3-(tert-butylcarbamoyl)-6-(triethoxysilyl) hexanoic acid,
2-(2-(tert-butylamino)-2-oxoethyl)-5-(triethoxysilyl) pentane acid,

20 6-(dimethoxy(methyl)silyl)-3-(tert-butylcarbamoyl) hexanoic acid,
5-(dimethoxy(methyl)silyl-2-(2-(tert-butylamino)-2-oxoethyl) pentane acid,
3-(tert-butylcarbamoyl)-6-(trimethoxysilyl) pentane acid,
2-(2-(tert-butylamino)-2-oxoethyl)-5-(trimethoxysilyl) butanoic acid,
2-(tert-butylcarbamoyl)-4-(2-(trimethoxysilyl)ethyl)cyclohexane carboxylic acid, and

25 2-(tert-butylcarbamoyl)-5-(2-(trimethoxysilyl)ethyl)cyclohexane carboxylic acid fall

thereunder.

[0021]



trifluoromethyltriethoxysilane, trilluoropropyltrimethoxysilane, trilluoropropyltriethoxysilane, and the like.
10 [00301 Further, by using a tri functional alkoxysilane containing an ethylen eally unsaturated
double bond group, an etliylenically unsaturated double bond group can be readily introduced into a
polysiloxane, and the hardness of a cured film can be 5increased, which is more preferred. [00311
Specific examples thereof include vinyltrimethoxysilane, vinyltriethoxysi lane,

y'methaery'oxypropy“l‘ﬂ&%@f?&%E@-{}r%inggggéﬁé%%QWQ&ﬂ%ﬁg‘QB‘Xéﬂ%ﬂ&cé(fé”‘&?yé%%ﬁ’&%y'mmemo S

ane, | Oy-acryloxypropyitriethoxysila the like. [0032] As an acrylic resin, those obtained by

radical polymesizationRt(tosthreidie asid eedmeth)acrylic acid ester are preferred. As a (meth)acrylic
acid ester, methyl (ineth)acrylate, ethyl (meth)aerylate, propyl (meth)acrylate, cyclopropyl
15(meth)acryl@&dyclopentyl (meth)acrylate, cyclohexyl (meth)acrylate, cyclohexenyl (meth)acrylate,
4-methoxycyclohexyl (meth)acrylate, 2-cyclopropyloxycarbonylethyl (meth)acrylate,

2-cyclopentyloxycarbdryietiijhoshetiyseanatetheseyilapesgiotieabomy| iy gaeia)aesibed,
2-cyclohexenyloxycarbonylethyl (meth)acrylate, 2-(4-methoxycyclohexyDoxycarbonylethyl
(meth)acrylat®Y iBFBERAYP ibth HRRTIAt PREBBFTI ERRt Gttt eIt aed A s acrylate,

tetracyclodecanyl (neth)acrylate, dicyclopentenyl (meth)acrylate, adamantyl (meth)acrylate,
i G A S RS s S R

e .
damanty acryiate, ike are Used. Aromatic

vinyl compouRgs3UGRRSBMSRAE o ReMRUMIAHERNG 9 BM'&&YE%?B&'&?%%M@G&&%‘ister
i

u-methylstyrene may he copolymerized with 25the (meth)acrylic acid or tmeth)acrylic ac

described abayen{Q03d] prasethylariaadly wnsatueieddaubiehorichgrouposan élsadieckiireguced by
addition reaction of an epoxy compound having an ethylenically unsaturated double bond group with

(meth)acrylic asid aEsamples ofitheue pasticcomppard taving af ethyrenitalithemsituraghd double bond
group include the compounds below. [00341 5Specific examples include glycidyl (neth)acrylate,

u-ethyl Glycidyigseahass maedosd saprBpyH By crIA(FRBbssAC rfiefon RBURF gl tetHacrylate,
3,4-epoxybutyl (meth)acrylate, 3,4-epoxyheptyl g,w acrylate, a-ethyl-6,7-epoxyheptyl émeth)acrylate,
aiy1 gycicyl GThal ST R ST OIS ASH o Al M LHeF SSOmY S S G other.
p-vinylbenzyl glygidy] 10ether, amethyl-o-vinylbenzyt glycidyl ether, a-methyl-m-vinyibenzyl glycidyl
ether, a-methyl-p-vinylbenzyl alycidyi ether, 2,3-dialycidyl oxymethylstyrene, 2,4-diglycidyl
oxymethylstyngiez 2,5-diglycidyl oxymethylstyrene, 2,6-dig ycidyl oxymethylstyrene, 2,3,4-triglycidyl
oxymethylstyrene, 2,3,5-triglycidyl oxymethylstyrenc,oxymethylstyrene,
oxymethylstyrene,oxyrhethylstyitarfeidditibths pkeferably 1 to 15% by mass and more preferably
15 3 to 10% by mass, based on the resin component in a negative-tone photosensitive
resin composition, i.e., the total amount of (B) an alkali-soluble resin and (C) a
polyfunctional acryl monomer. When the amount is less than 1% by mass, the
adhesion-improving effect is not sufficient, and when more than 15% by mass, fine
patterns are absent in alkaline development, which leads to decreased resolution.
20 [0024]
The negative-tone photosensitive resin composition using the silane
coupling agent of the present invention is characterized by containing at least (A) a
silane coupling agent represented by Formula (1), (B) an alkali-soluble resin, (C) a
polyfunctional acryl monomer, and (D) a photo-radical polymerization initiator.
25 [0025]

Each component of the negative-tone photosensitive resin composition

using the silane coupling agent of the present invention will now be described.



[0035_1 In the negative-tone photosensitive resin composition of the present invention, the
content of (B) the alkali-soluble resin is not particularly restricted and can be arbitrarily selected
depending on the desired film thickness and application. 20(B) the alkali-soluble resin is preferably
added in an amount of 10 to 60% by mass based on the solid content of the negative-tone
photosensitive resin composition. [0036] The negative-tone photosensitive composition of the
present inven%g}ontains (C) the polyfunctional monomer. Polyfunctional monomer refers to a
compound having in its molecule at least two or more ethylenically unsaturated double bonds. In view
of radical polymerizabilitynacp@yusstionalJneRAne chayhgRn 3EnioeQup isveretaired. [0037]
Specific examples include oligomers such as bisphenol A diglycidyl ether meth)acrylate,
poly(ineth)acrydatercafBamhatakatoshfidd doisphcndd yAhepoya(indkh)acoidate redipithaaiit l;6-hexanediol
(meth)acrylic acid ester, phthalic 5anhydride propylene oxide (meth)acrylic acid ester, trirnellitic acid
diethylene glyeduprhatiysrsiheaiityestethe dsgnmsdifetirpssgrifistiderstaecstamaNg/d-modi lied
(neth)acrylate, or tripropylenc glycol dg(meth)acrylate, 1,6-hexanedjol dUmeth)acrylate, bisphenol A

dialycidyl eth&F GRATEHYaBRAATE! VIO IRE it BEHUSAAE, 105M A RARY Hitmeth)acrylate”
triacryllormal, pentaerythritol 10tetra(meth)acrylate, dipentacrythritol hexa(meth)acrylate,
i il aldlc Tt R S S A R L el

oeta(meth)acqyaley (9,9 isidiRRanday iR itiorRRe AR Eigdikeal0038] The

negative-tone photosensitive resin composition of the present invention 15contains (D) the
photo-radical jpolymerization initiator. (D) the photo-radical polymerization initiator may be any initiator
as long as it is decomposed and/or reacted by light (including ultraviolet light and electron beam) to
generate radicals. T fumiEesndrddséhaligriess!ofla msrednidinddtps! psdferalske 4orybe resins,
u-aminoalkylphenone compounds, acylphosphine oxide compounds, oxime ester 20 compounds,
benzolhenond B8 HBE LY ek % RRNHY GotUp o8P BE RS HRS el EBigr L aMyBIRgRS hashg an amino

group. Further, two or more.of these co unds may he contajned. [0039 cific examples of
o amimoskyHoNBbe QA BONA BRSOty AR RIS $8EhSR B Hpropan-one.
2-di meth yl a o'%?i%‘é?a} Iy ReRavCE ki morRel '&Y&%P&%Pé’o’f)rﬁ?%ﬁ% {5 HMease .

2-benty1-2-dimethylamino-1-(4-morpholinophenyl)-butanone-1, and the like. 13 [0040] Specific
examples of agylphesphina.Rddacompaidsiiasiusia 4:Q- tsimethbsazayd rhgnylphgsphine oxide,

bis(2,4,6-trimethylbenzoyl)-phenylphosphine oxide, 5bis(2,6-d
methoxybenzay(x(@;d ptetftmethyl penty b j<o sghine dxitdenartcithehikenj@0¥4 Insaturated
15 double bond group. Further, two or more of these polymers may be contained.
Preferred examples of (B) the alkali-soluble resin include the following, but are not
limited thereto.
[0028]
As a polysiloxane, reaction products obtained by hydrolysis and
20 condensation reaction of trifunctional alkoxysilane compounds are particularly
preferred. Examples of trifunctional alkoxysilane compounds include the
following.
[0029]
Specific examples thereof include methyltrimethoxysilane,
25 methyltriethoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane,

hexyltrimethoxysilane, octadecyltrimethoxysilane, phenyltrimethoxysilane,

phenyltriethoxysilane, naphthyltrimethoxysilane, anthracenyltrimethoxysilane,



Specific examples of oxime ester compounds include
1-phenyl-1,2-propanedione-2-(o-ethoxycarbonypoxime,
1,2-octanedione,144-(phenylthio)-2-03-benzoyloxim&t 101-phenyl-1,2-butad ione-2-(o-
methoxycarbonyl )ox ime, 1,3-diphenylpropanetrione-2-(o-ethoxycarbonypoxime,
ethanone,149-ethyl-6-(2-methylbenzoyl)-9H-carbazol-3-y111-,1-(0-acetyloxime), and the like. [0042]

15Specific exat po INgsanamn '
4,4-bis(dimetF?%Brﬁgg%%%@%%ﬁ%%%%%?@fb%(%?ﬁﬁ%@%)benz%@%ﬂ%ﬂ%ﬁ%ﬁ?ﬁ& [0043]

Specific exampissreldianzhigl AsidROHFAMAOBILSIAMEI B aNRIANG, SraMRARIBHULeatnd,

p-dimethylam tobenzoate, 2-ethylhexyl-p-dimethylaminobenzoate, ethyl p-diethylaminobenzoate, and
the like. [0044]ycidokmedigtennoth@) shierphotperddical pbiymetizatyoniamitiator is preferably 0.01% by
mass or more and more preferably 0.1% by mass or more and preferably 75not more than 20% by
mass and moteZbreRMAHhNBtmeotYaHa09s18yHiaesy hxEa BhomedsIvl content of the

negative-tone photosensitjve resin composition. When the content is within the above range, sufficient
progress of rgdgéfﬁ?ﬁﬁﬁtl&@fH’éet%x%?éﬁg?a@f@lﬁffé%@%%qmﬁél? R BBy merization initiator can be
prevented from, for.example, di in thereby ensure solvent resistance. [0045] The
negative-tonewp%{ t%%%%’ |tFi)(\)/%(=:y ﬁéz%\%%oor)r%ggéﬁg’ngﬁf I/ﬁééB’r‘gEén‘%)f%&‘eeﬁ%%‘ gr'?:l]f%\?/eéontain a polymerization

inhibitor. By qouiaining frRYymarizaiian nikitar, SIORES SiGRIlef dhespapaposition is improved, and
resolution after development is improved in applications that require pattern processing. Specific
examples of pelyyeetzatespyinibiats cilde pheheldoatgebpl ieabrsinglahydroquinone
4-t-butylcatechol, 2,6-di(t-butyl)-p-eresol, phenothiazine, 4-methoxyphenol, and the 10like. 100461
The content of ghecplslyypesizatioprimlititolais prefbrabdiyx oroass byismprep orysibrecand more preferably
0.1% by mass or more, based on the solid content of the negative-tone photosensitive resin
compdfition. DR YKEBXHEFIAHAI DBV ENS St e Mo bH R EHRE RNy B Mardness of a cured film at a

0 e o S e e 053 R s T rfereby ol more hian 15
B-glycidoxybutyltriethoxysilane, y-glycidoxybutyltrimethoxysilane,
v-glycidoxybutyltriethoxysilane, 6-glycidoxybutyltrimethoxysilane,
o-glycidoxybutyltriethoxysilane, (3,4-epoxycyclohexyl)methyltrimethoxysilane,

15 (3,4-epoxycyclohexyl)methyltriethoxysilane,
(3.,4-epoxycyclohexyl)methyltrimethoxysilane,
(3,4-epoxycyclohexyl)methyltriethoxysilane,
2-(3,4-epoxycyclohexyl)ethyltripropoxysilane,
2-(3,4-epoxycyclohexyl)ethyltributoxysilane,

20 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,
2-(3,4-epoxycyclohexyl)ethyltriethoxysilane,
3-(3,4-epoxycyclohexyl)propyltrimethoxysilane,
3-(3,4-epoxycyclohexyl)propyltriethoxysilane,
4-(3,4-epoxycyclohexyl)butyltrimethoxysilane,

25 4-(3,4-epoxycyclohexyl)butyltriethoxysilane, trifluoromethyltrimethoxysilane,
trifluoromethyltriethoxysilane, trifluoropropyltrimethoxysilane,

trifluoropropyltriethoxysilane, and the like.



20may contain a thermal acid generator. The thermal acid generator can further increase the
adhesion-enhancing effect of a silane coupling agent. Specific examples of thermal acid generators
that are preferably used include triphenylsulfonium,4-hydroxyphenyldimethylsulfoniurn,
benzyl-4-hydrox yph en yl meth yl sul loni um, 252-methylbenzyl-4-hydroxyphenylmethylsulfonium,
2-methylbenzyl-4-acetylphenylmethylsulfonium, 2-methylbenzy1-4-benzoyloxyphenylmethylsulfonium,
their methan gn ¢ acid 15 salts, trifluoromethanesulfonic acid salts, camphorsulfonic acid salts,
p-toluenesulfonic acid salts, and the like. [0048] SI-60, SI-80, SI-I 00, SI-110, Shl 45, ST-150, Sh200,

SI-60L, S1-80L, 5S1-F0RheSbylikdhg Strifhks Sal BRoxHikBOkoafachHl-48eh{@hrfavhich are
available from SANSHIN CHEMICAL INDUSTRY CO., LTD.) are also preferably used. Two or more of

them may be oontamnedl 004R]boind gantpriroé thddhenthaliasidigead fatdrl ishoreferably @id to 3% by
mass 10based on the resin component of the negative-tone photosensitive resin composition, i.e., the
total amount 8F (BR¢H HIKA Biore 8t dHaTartia bl finenssiad b apradonbmian Pehen the content
is less ?an 0.1% by mass, the adhesion-enhancing effect is small, and when more than 3% by mass,
pattern beco%céelg%iﬁgr‘mé dER bAIEME Which leads to decreased resolution. 15[0050] The
siloxane resi osition of the present invention may contain an UV absorber. By containing an UV
absorber, light resistance of a resulting cured film is improved, and resolution after development is

improved in applicatiof}s-thiat ERaHipR-Patierd Mmseasingy lhsddb ArsarRer is not particularly limited,
and a known 20absorber can be used. [0051] In terms of transparency and uncolorability,

benzotriazolc\dampatinsis;shienzophenaneytonypaipidsimat dkadiagecompounds are preferably used.
[0052] 25 Examples of the UV absorber of a benzotriazole compound include

2-(211benzotrarethroyhiohEpusip 2L Xithbeyst b zoby e e pspendieansllane,
2-(211benzotriazo|—2-y1)-4-(1,1,3,3-tet_ramethy|buty[LphcnoI, 16
2(2H-BBnzotria26MINF Y ProRIHEL ) ashahyARR hfol ke
2-(2'-hydroxy-[%ajg%ethacryloxyethylphenyl)-2H-benzotriazole, and the like. [0053]

As an acrylic resin, those obtained by radical polymerization of
(meth)acrylic acid or (meth)acrylic acid ester are preferred. As a (meth)acrylic acid
ester, methyl (meth)acrylate, ethyl (meth)acrylate, propyl (meth)acrylate, cyclopropyl
15 (meth)acrylate, cyclopentyl (meth)acrylate, cyclohexyl (meth)acrylate, cyclohexenyl
(meth)acrylate, 4-methoxycyclohexyl (meth)acrylate, 2-cyclopropyloxycarbonylethyl
(meth)acrylate, 2-cyclopentyloxycarbonylethyl (meth)acrylate,
2-cyclohexyloxycarbonylethyl (meth)acrylate, 2-cyclohexenyloxycarbonylethyl
(meth)acrylate, 2-(4-methoxycyclohexyl)oxycarbonylethyl (meth)acrylate, norbornyl
20 (meth)acrylate, isobornyl (meth)acrylate, tricyclodecanyl (meth)acrylate,
tetracyclodecanyl (meth)acrylate, dicyclopentenyl (meth)acrylate, adamantyl
(meth)acrylate, adamantylmethyl (meth)acrylate, 1-methyladamantyl (meth)acrylate,
and the like are used. Aromatic vinyl compounds such as styrene, p-methylstyrene,
o-methylstyrene, m-methylstyrene, and a-methylstyrene may be copolymerized with
25 the (meth)acrylic acid or (meth)acrylic acid ester described above.
[0033]

An ethylenically unsaturated double bond group can also be introduced by



Examples of the UV absorber of a benzophenone compound include
52-hydroxy-4-methoxybenzophenone and the like. [0054] Examples of the 1.1V absorber of a
triazine compound include 2-(4,6-dipheny1-1,3,5 tridkin-2-y1)-5-khexyl)oxyj-phenol and the like. [0055]
10The negative-tone photosensitive resin composition of the present invention may contain solvents.
Compounds having an alcoholic hydroxyl group or cyclic compounds having a carbonyl group are

preferably usgd AeGAYSE tEY.FaR GiSIONVS GANARDERT 'fgﬁ%ylg'ﬁ%mﬂﬁ?&@&%Qafency ofa

resulting coated film. Two or more of them may be contained. Compounds having a boiling point of

110 to 250C yader-atmespnaitcRiResyie ARl Marepisferedh09RRl compdaan Heikgiling point is
110C or higher, drying proceeds moderately during coating, and a good coated film without uneven
coating is obteiingdn ©Oal Ithenstinantzdnthulvieero thiechoiling ghodattis 2603GCunrkdvwérthe amount of
residual solvents 20in a film can be kept small, and film shrinkage upon heat curing can be reduced
furthermore; tlf¥ekbre better planarization properties can be obtained. [0057] Specific examples of
compounds having an alcoholic hydroxwroup and a boiling point of 110 to 250C under atmospheric

pressure include acetoN S8 AYHENGS3 Emﬁ%ﬁé%ﬁ@)éﬁ%‘ﬂ%fy@m@t]ﬁfsziﬂbutanone,
o hychoxy-2 el Ao Rt penanone (diaceions ol sl ecile, bu

lactate, propylene mono er, propylene glycal | er, propylené glycol

mono Nn-propy ether. PraryIGRE: g&%g{@@g[&;@&%gﬂ@ﬁﬁgﬁp&g@pg@ycol mono t-butyl ether,
e

3-methoxy- | -butanol; 3-methyl-3-méthoxy-I-butanol, and ike. Among them diacetone alcohol is

preferred frora-thaystadpainy pésiaragealstakilitte and, psopytene gbcolronigddutyikether is preferred
in terms of step coverage. [0058] Specific examples of cyclic compounds having a carbonyl group

and a boiling poimydfchr®ltelptids0Chandervairbsphd itysrdsbetteineiutey pdmatyirolacidyie,
y-valerolactone, 8-valerolactone, propylene carbonate, N-methylpyrrolidone, JOcyclohexanone,
cyclohéptanofi@Carfetisd ke Wmdhe e aly yidbtsratactonethy brefemsde oo el cidy I Fieer
oo pholeensi o SPTRealen o e eren et gy g conan vros
2,4-diglycidyl oxymethylstyrene, 2,5-diglycidyl oxymethylstyrene, 2,6-diglycidyl
oxymethylstyrene, 2,3,4-triglycidyl oxymethylstyrene, 2,3,5-triglycidyl
oxymethylstyrene, 2,3,6-triglycidyl oxymethylstyrene, 3,4,5-triglycidyl
15 oxymethylstyrene, 2,4,6-triglycidyl oxymethylstyrene, and the like.
[0035]
In the negative-tone photosensitive resin composition of the present
invention, the content of (B) the alkali-soluble resin is not particularly restricted and
can be arbitrarily selected depending on the desired film thickness and application.
20 (B) the alkali-soluble resin is preferably added in an amount of 10 to 60% by mass
based on the solid content of the negative-tone photosensitive resin composition.
[0036]
The negative-tone photosensitive composition of the present invention
contains (C) the polyfunctional monomer. Polyfunctional monomer refers to a
25 compound having in its molecule at least two or more ethylenically unsaturated

double bonds. In view of radical polymerizability, a polyfunctional monomer

having an acrylic group is preferred.



ISethers. [0060] The content of solvents is not particularly restricted, and the solvents can be used
in any amount depending, for example, on the coating method. For example, in the case where films
are formed by spin coating, the solvent amount is géherally 2050 to 95% by mass based on the total
negative-tone photosensitive resin composition. [0061] The negative-tone photosensitive resin
composition of the present invention may contain various curing agents that promote or facilitate
curing of the igytfomposition. The curing agent is not particularly limited, and a known curing agent
25can be used. Specific examples thereof include nitrogen-containing organic matter, silicone resin

curing agents variousgpetal clsahpiriescvadiodsdaatal shalateigmpesinds; dspeyanate.compounds
and polymers thereof, methylolated melamine 18 derivatives, methylolated urea derivatives, and the

like. Two or nforglohtihglienay Wenctntainyéde Adrtemgpthemmdifetdbédpbliatel coappeunds, methylolated
melamine derivatives, and rnethylolated urea derivatives are preferably used in terms, for example, of
stability of a duRRih agetitardlipie cssbatitigwhgsbot daib iRy bo esiestjomdalic  The negative-tone
photosensitive re?[%n. omposlf"tion o%sr?e present invention maéjgngntain varjous surfactants such as

4

fluorine’based™it RiSRAndsifie é‘BS@ﬁC%{;ﬁﬁq%?§tﬁﬁ’ T AL Ji ibusaigly @Rlring coating.

The type of surfagtants is not particularly restricted, and, for example. fluorine:
mggsl%ﬁghc agld esﬁeréﬁ(%ﬁn){ mo&ﬁc eg ePoOX gﬁ?gctzanct%%te ya(ncp eln

based surfactants,
10silicone-base ctants, poly ene oxide-base , poly(me k)ya%gg?/%cfg{g%ased

surfactants, aflife, ke R8N PRSI TNQR ORI NS THRY P6-HeeshelROS] Examples or

commercially availablé products of fluorine-based surfactants 15that are preferably used include
"MEGAFACEdi(regisiesadaiadespaekd 71 42Dy drdyl 2 et @3k BRichddR, FiOhFbIropadd=477
(available from Dainippon Ink and Chemicals, Incorporated); and NBX-15 and FTX-218 (available from
NEOS COMPANNthiuED). Extarpidsiofl commdneiatyatditabte! frodeictsofsifichnebased
surfactants that are preferably used include BYK-333, BYK-30I, 20BYK-331, BYK-345, and BYK-307
(availaBle frofSEREPRGHIE Sa gl tpsOEATI] hexpanathRasshtsidimetrod e dreparing the
negative-tone photosensitive resin composition aof the present invention will be described. For
example, () B S A xR ) B 05 S KA Eble resin. (C)
polyfunctional,aeryl manamer. (R)ARateradicnl RAlvmRrzaRa DiRerADG,AihRL Additives as
required are add(-g-d %%n%ol%’e%f andgl(s}is?szol\%% byﬁ/)s wring@%d th%& t eesol’ution o%)tainéd is filtered to
obtain a negafingdpne photosensitive resin 19 composition.

The negative-tone photosensitive resin composition of the present invention
15 contains (D) the photo-radical polymerization initiator. (D) the photo-radical
polymerization initiator may be any initiator as long as it is decomposed and/or
reacted by light (including ultraviolet light and electron beam) to generate radicals.
To further increase hardness of a cured film, it is preferable to use
a-aminoalkylphenone compounds, acylphosphine oxide compounds, oxime ester
20 compounds, benzophenone compounds having an amino group, or benzoic acid ester
compounds having an amino group. Further, two or more of these compounds may
be contained.
[0039]
Specific examples of a-aminoalkylphenone compounds include
25 2-methyl-[4-(methylthio)phenyl]-2-morpholinopropan-1-one,
2-dimethylamino-2-(4-methylbenzyl)-1-(4-morpholin-4-yl-phenyl)-butan-1-one,

2-benzyl-2-dimethylamino-1-(4-morpholinophenyl)-butanone-1, and the like.



[00651 A method of forming a cured film using the negative-tone photosensitive resin composition
of the present invention will be described by way of example. The negative-tone photosensitive resin
composition of the present invention is applied ontol & base substrate by a known method such as
microaravure coating, spin coating, dip coating, curtain flow coating, roll coating, spray coating, or slit
coating, and pre-baked with a heating apparatus such as a hot plate or an oven. It is preferred that the
pre-baking begaypied out in the range of 50 to 150C for 30 10seconds to 30 minutes and that the film
thickness after the pre-baking be 0.1 to 15 um. [0066] After the pre-baking, exposure is
performed using an expasatc-apRIIaWT st s FhiteRR]Te oMipERMALajRetian mask aligner (MPA), or
a parallel light mask 15alianer (PLA). At an exposure intensity of about 10 to 4000 ,Lim2 (in terms of
exposure at waalemgtty k886G, hphkithiplibephsneraxiidted with this light through or not through a
desired mask. The exposure light source is not limited, and UV rays such as i-ray, g-ray, and h-ray,
KrF (wavelenBtH 2248 virctasErenxay e esphos ariddaser, and the like can be used, [0067]

he exposed portign is.dissolved by development tg obtain pegative-tone pattern. A preferred method
for devalopmB UL T RV ToA SBREOR B RO 16 ih B Fneans of, for
example, shott%ﬁi , dipping, or puddling. As a developing solution, a known alkaline 25developing
solution can be used. Specific examples include, for example, an agueous solution containing one, or

two or more of inorgagie alkalig sHER AsHwGRRXIdRS. CREBONRIS Sndh@sPhates, silicates, and borates of
alkali metals; amines "10 such as 2-diethylaminoethanol, monc thanolamine, and diethanolamine; and

quartemary amphenyn, 3lissueliasdetianedibylambwniyoxinygroxide and choline. After the
development, it is preferable to rinse with water, and then dry baking can also be carried out in the

range of 50 td 250CB{0088] -[4-(phkheykhfter? s Hitnréy lesamedlwith a heating apparatus such as a
hot plate or an oven in the range of 150 to 450C for about 20 minutes to 1 hour. [0069] The cured film
obtainkl by cliffi§the msGHtrEoRmé PhBteLORERTB YL NGomposition of the present invention is
used as a tou rg_%?r}]elngliotectlve lihn ?:&%?ﬁcg Xarggrlggsﬂftm% 61:|Im, various hard coating materials, an

antirellection film, or ﬁ;“aﬁtﬂffg?_‘ ter(, it 1€ Uit ?/deed as a planarization film for a TET in a

liquid crystal display,of 29.organis Eingispla, 2R inswlating.fimsans an anfielestian filghean overcoat

for a color filter, a column material, and the like because it has 15negative-tone photosensitivity.
Among them iheqmde suitably used particularly as a touch panel protective film and a touch panel
insulating film that require adhesion to a substrate that does not have Si such as rro and molybdenum
after heat treaOvit and after chemical treatment. Examples of types of a touch panel include the
resistive type, the optical type, the electromagnetic induction type, the capacitive 20type, and the like.
Since 12 capacitive-typ@estichepamel¢e gl pakgeongripaigprnds having an amino group

include 4,4-bis(dimethylamino)benzophenone, 4,4-bis(diethylamino)benzophenone,
and the like.
[0043]
Specific examples of benzoic acid ester compounds having an amino group
20 include ethyl p-dimethylaminobenzoate, 2-ethylhexyl-p-dimethylaminobenzoate,
ethyl p-diethylaminobenzoate, and the like.
[0044]
The content of (D) the photo-radical polymerization initiator is preferably
0.01% by mass or more and more preferably 0.1% by mass or more, and preferably
25 not more than 20% by mass and more preferably not more than 10% by mass, based
on the solid content of the negative-tone photosensitive resin composition. When

the content is within the above range, sufficient progress of radical curing can be



hardness, the cured film of the present invention can be suitably used therefor. [0070] When the
cured film of the present invention is used as a protective film for a touch panel, the film, when having
a thickness of 1.5 um, preferably has a hardness 2B'of 4H or more, a transmittance of 95% or more,
and a resolution of not more than 20 um. The hardness and the transmittance can be controlled by

selection of exposure amount and heat-curing temperature. 21 EXAMPLES [0071] The present

invention will pawebgndereribadimaresRegificaby.ian phiExamplRD e RIRSEALIRVERTion is not
limited to these Examples. Among the compounds used in Synthesis Examples and Examples, those

indicated by abbrepiatitins hre showerbejans 003} 8eMEAaRpylene Glycol Monomethyl Ether
Acetate DAA: Diacetone Alcohol 10[0073] Synthesis Example 1: Synthesis of Mixed Silane Coupling
Agent Solutiol?¢41) To 200 g of PGMEA, 41.97 g (160 mmol) of 3-trimethoxysilylpropylsuccinic

anhydride and 11.70 g (160 mmol? of t-butylamine were added, and the resulting mixture was stirred at
room temperature for St 1857 BRAGRCERHEE Heube TR B THONR! thReTESHE AN i perature

was ra(igsed to ggcdoqrgq rmle rg]ixr%urre Waos aquI%\%/ﬁcojrto @acczt}‘1 rigigours. 1Trr}le rsoI tion tatined was diluted
with PGMEA 13 Sohd'edhtent'd i@% b'ObtAIN"a mi eqosoalutio%a(gﬂ 3/0]@ tzation matbrar,

3-(tert-b Uty'e%EQPa@PM%E%%’F‘@@Q&%ﬂ&MJ?P?éé}ﬁ%b@@éﬂ f}ﬂfjresolution after development is
2-(2-(tert-butylamino)-2-oxoethy0-5-(trimethoxysilyl) pentane acid. 20[0074] Synthesis Example 2:

Synthesis of Mixeeh&danefpRURing AQeRt R HeR@-plotes280. 9 ShRGNMERMdI&/ g (160 mmol) of
3-trimethoxysilylpropylsuccinic anhydride and t-pentyl amine 9.45 g (160 mmol) were added, and the
resulting mixtpogywas stirvedrédii boors ierhplerplane forasaing, tinveran tHenistifuéchat 40C for 2 hours.
Thereafter, the temperature was raised to 80C, and the mixture was allowed to react for 6 hours. The
solution obtaifiédPuals eiahed dhIRGMEN 1o & eselidbentdhean2odonetborairhanaliédl sbtution (a-2) of
2-(2-(t-pentylamino)-2-oxoethyl)-5-(trimethoxysilyl) pentane acid and
3-(tertl-gentyljﬁ‘r‘f)amoyl)-6-(trimethoxysi|y1) hexanoie acid. [0075] Synthesis Example 3: Synthesis of
Mixed Silane Qyﬂling Agent Solution (a-3) To 200 g of PGMEA, 41.97 a (.160 mmol) of
3nethoxysilylpropylsuceinic anhydride and 9.45 a (160 mmol) of isopropyl amine were added, and the

resulting mixture wasmkr@%@h{%@mégm%{at%&rﬁ%_@o&i%&@MB@%@{%%&Q@M 2 hours.
thereafter, the temperature was raised to 80C, and the mixture was allowed to react for 6 hours. The
solution more and more preferably 0.1% by mass or more, based on the solid content of the
negative-tone photosensitive resin composition. On the other hand, from the
15 standpoint of maintaining the hardness of a cured film at a high level, the content is
preferably not more than 5% by mass and more preferably not more than 1% by
mass.
[0047]
The negative-tone photosensitive resin composition of the present invention
20 may contain a thermal acid generator. The thermal acid generator can further
increase the adhesion-enhancing effect of a silane coupling agent.  Specific
examples of thermal acid generators that are preferably used include
triphenylsulfonium, 4-hydroxyphenyldimethylsulfonium,
benzyl-4-hydroxyphenylmethylsulfonium,
25 2-methylbenzyl-4-hydroxyphenylmethylsulfonium,

2-methylbenzyl-4-acetylphenylmethylsulfonium,

2-methylbenzyl-4-benzoyloxyphenylmethylsulfonium, their methanesulfonic acid



10obtained was diluted with PGMEA to a solid content of 20% to obtain a mixed solution (a-3) of
2-(2-(isopropylamino)-2-oxoethyl)-5-(trimethoxysilyl) pentane acid and
3-(tert-isopropylcarbamoy1)-6-(trimethoxysily1l) hex&hoic acid. [0076] Synthesis Example 4:
Synthesis of Mixed Silane Coupling Agent Solution (a-4) 15To 200 g of PGMEA, 41.97 g (160 mmol)
of 3-trimethoxysilylpropylsuccinic anhydride and 9.45 41 (160 mmol) of n-propylamine were added,
and the resuIgggsm%ﬁg@rmwégg@M@Q%tgmgﬁe@%&g%ﬁgmggypaesgmc,i then stirred at 40C for 2
hours. Thereafter, the temperature was raised to 80C, and the mixture was allowed to react for 6
hours, The sojuiidieadiaingdcwar diteandanitiiRGMEA to a solid content of 20% to obtain a mixed
solution (a-4) of 2-(2-oxo-2-(propylamino)ethyl)-5-(trimethoxysilyl) pentane acid and
3-(propylearbHiéy1)-6-(trimethoxysily1l) hexanoic acid. [0077] Synthesis Example 5: Synthesis of
Mixed Silane Coupling Agent Solution g}SSJ 25T0 200 g of PGMEA, 41.97 g (160 mmol) of
3-trimethoxysilylpropytifétinicS&n fidiide dntd 44360 42, C1- 68nhé biArfiike Wetdladded, and the

Thereafer, tha e SHUr el Mt B0 A1) 00 AT LG GG 18 R or 6 hours, The
solution Obtaigg%%ﬁgiﬁ%%‘&gﬂﬁ@&%\hﬁ@ﬁomﬁ%%ﬁ%ﬁg%?ﬁ.S’Q%@iaﬁ‘is% Mg gpution (a-5) of

2-(2-oxo0-2-(p trimetboxysilyl) pentane aci

3-(phenylcarbampy ie-4tomethoxysilyd) heyaeicreaigd: J0078] Synthesis Example 6: Synthesis of
Mixed Silane Coupling Agent Solution (a-6) To 200 u of PGMEA, 41.97 g (160 mmol) of

3-trimethoxysjlydgedpylsuceinic anhydride and 7.37 g (160 mmol) of ethanol were 10added, and the
resulting mixture was stirred at room temperature for some time and then stirred at 40C for 2 hours.
Thereafter, the tempetaturenizas ehivedho BoCicathdattrsatoixie rrairagtdli GWed &/ rdaomfss6 hours. The
solution obtained was diluted with PCIMEA to a solid content of 20% to obtain a mixed solution (a-6) of

4-ethd)-4-0 XSSP A TINONEN STc Bt R &Y 15206 (Y S£ISKE S G ERHBRAINT) butanoic

id. [0079] Synt i le 7: t is of Si C li t Sqlution (a-7. To 400 f

acid. [0079] Synthesis Exam uﬁg_ﬁ% SR A&%BI%I Feanping ?%r%ogy“fﬂ%E‘T%ggc&é 04Uvgo
f

PGMEA, 41.9’76’9t 60 Mo eoxyslfﬁpropy sticeinie anhy an 0 mmol) of
t-butylamine wese addedyand, e (BRHIANG MIKE WasSHIRARL ROMMTRMRRERIME. for, Some time and

then stirred at 60C for 2 hours. Thereafter, the temperaturé was raised to 140C, and the mixture was

allowed to reagtdarié heursanbiiehazentiepha PG MEARNDYae The selulios abiaipadwas diluted
with PGMEA to a solid content of 20% to obtain a | -(tert-butyl)-3-trimethoxysilyl pyrrolidine-2,5-dione

solution (a-7) p25¢0080]sintbasisEdanepte BreSyhthasis of S loxane Resin Solution (b-1) Into a 500-ml
three-necked flask, 13.62 g (0.1 mol) of 24
15 [0050]

The siloxane resin composition of the present invention may contain an UV
absorber. By containing an UV absorber, light resistance of a resulting cured film is
improved, and resolution after development is improved in applications that require
pattern processing. The UV absorber is not particularly limited, and a known

20 absorber can be used.
[0051]

In terms of transparency and uncolorability, benzotriazole compounds,
benzophenone compounds, and triazine compounds are preferably used.
[0052]

25 Examples of the UV absorber of a benzotriazole compound include
2-(2Hbenzotriazol-2-yl)phenol, 2-(2H-benzotriazol-2-yl)-4,6-t-pentylphenol,

2-(2Hbenzotriazol-2-yl)-4-(1,1,3,3-tetramethylbutyl)phenol,



methyltrimethoxysilane, 118.98 g (0.6 mol) of phenyltrimethoxysilane, 39.39 g (0.15 mol) of
3-trimethoxysilylpropyl succinic acid, 35.16 g of Thmethacryloxypropyltrimethoxysilane, and 140.87 g
of DAA were added. Thereafter, while stirring the mi%ed solution at room temperature, an aqueous
phosphoric acid solution obtained by dissolving 0.106 g (0.05% by mass based on the monomer
charged) of phosphoric acid in 59.4 g of water was added over 30 minutes. Thereafter, the flask was
immersed in apeilRathatA8F200.-stired St A piNuesnand then the temperature of the oil bath was
raised to 115C over 30 minutes. After 1 hour from the start of temperature rise, the inner temperature
of 10the soluttef? ragdheg-F0a aneytbeylidsk piasyhpated amndet siilkingntothiutiker 45 minutes (the
inner temperature was 100 to 110"C). During the reaction, by-products, methanol and water, in a total
amount of 89[g0&éfe distilled out. To the polysiloxane solution in DAA obtained, DAA was added to a
polymer concentration of 40% by mass to obtain a siloxane resin solution (b-1). The weight 15average
molecular weight of th&#BRIATEH Shidineabiribersia penanhsyntseaR et psadsynthesis of Acrylic
Resin %olutio?h}gb- &TO_ZE 500-ml flask, 3 2. of 2,2('1- z?f)'s(isobutyronitrile) and 50 g of PGMEA
(Propylene G ycB Pé}'hyllﬁffﬁeorx c%?é?@?‘\e/\?éjpee@ﬂargg “fhereafter, 30 g of 70methacrylic acid, 22.48 g
of styrene, aqg(%i. 3 g of cyclohexyl methaerylate were added. Thereafter, the mixed solution was
stirred at room temperature for some time, and the flask was purged with nitrogen and then heated
under stirring at 70C forampryrst INextV1SHgoebGlyeieylimetbasryiaignd aabdéimethylbenzylaminc, 0.2 g
of p-tnethoxyphenol, and 100 g of PCIMEA were added to the solution obtained, and 25the resulting
mixture was Regt@adiptdery tirfirigat A0C-id)-4-hidurs! PEMHERewdsuadided ic:obtain an acrylic resin
solution (b-2) such that the acrylic resin solution obtained had a solid content of 40% by mass. The
weight averag@mdlecular weight 25 of the acrylic resin was 13500, and the acid number was 100 mg
KOH/g, [0082] Synthe?is Example 10: Synthesis of Qu.ionediazide Compound (g-1) . Under a
strearh’of dry nitroger], 8 152§ Y0 0B RON BICRHLIB B A (B SR RRHHE Al Alia Bis FrohnYesieriu
CHEMICAL INDUSTRY, Caid) 300,37,2,00. 14 Mo ofisephihoayinens diagids sulfonyl acid
chloride were digsolved in %d’g'of ,2-cﬁoxane, andthe emperature was §d‘j)ugted to room
temperature. J-{higRAIUHOMelp Af8dP Lrsup el pfdristhlamins sxed with 20 aigflva-dioxane was
added dmpwise such that the temperature in the system did not increase to 35C. or | Ohigher. After
completion oktha dsapuiseaddiiien ihadasipting mixiipasias stisredatid@Cotac 2 fiaurs. A
triethylamine salt was filtered off, and the filtrate was poured into water. Thereafter, the precipitates
obtained werd\zoligcteddyffilteationy eecpnéuipithte § wepewhils dhavitheze rmclingrpdiyer fid dbtain a

quinoncdiazide compound (g-I). 15[0083] Evaluation methods in each Example/Comparative
Example will Be?d8serBsa B Phe) vBESSHER R T HBeisESE-
[0056]

When the boiling point is 110°C or higher, drying proceeds moderately
during coating, and a good coated film without uneven coating is obtained. On the
other hand, when the boiling point is 250°C or lower, the amount of residual solvents

20 in a film can be kept small, and film shrinkage upon heat curing can be reduced
furthermore; therefore better planarization properties can be obtained.
[0057]

Specific examples of compounds having an alcoholic hydroxyl group and a
boiling point of 110 to 250°C under atmospheric pressure include acetol,

25 3-hydroxy-3-methyl-2-butanone, 4-hydroxy-3-methyl-2-butanone,
5-hydroxy-2-pentanone, 4-hydroxy-4-methyl-2-pentanone (diacetone alcohol), ethyl

lactate, butyl lactate, propylene glycol monomethyl ether, propylene glycol



For a cured film with a film thickness of 1.5 pm prepared on a 5-cm square 20glass substrate, the
pencil hardness was measured in accordance with "HS K5600-5-4 (1999)". The applied load was
500g. [0084] (2) Evaluation of Adhesion to ITO 1A substrate was formed such that ITO had a film
thickness 01200 Angstrom and a resistance value of 100 11/0 on an alkali-free glass substrate (glass
thickness: 0.7 mm). For a cured film with a film thickness of 1.5 pm formed on this substrate

(hereinafter r o I f jjlm was evaluated
in accordancgﬁég%lﬁgl%zg%l%g%%gg %%9%%3)1 g%i)s%s%cﬁ ?{@pﬁ%ﬁéﬁh%%@%gg }gdlﬁlgg?ﬁr%n surface on the
glass substraﬁe‘y,gfgicai@@qgwygm%h)laop@r@{tg{mgig@{lhléﬁeﬁ@@mggdip@lgﬁﬁ@l,each other were drawn

with a cutter knife at 1-mm intervals in such a manner that the cutter knife reached the base of the
glass 5plate t3-foath1l0D sgtianes bbitanwimmd hcilophanemghbsivediapedunidichdi8snm, adhesive
strength - 3.7 N/10 mm) was applied to the cured film surface with cuts and rubbed with an eraser
(meeting JIS 560U seesarstw ndnésioretremitine tadewaspickddamd meoné erdland held
perpendicular to the @?I%%e, and the nunéger of the squares survived after instantaneous peeling was

visuallyevaluSted. 4 GTHE BEL B SHRh P AP HAE 45 m the peeled area of the squares as follows: 5
Peeled area, f%di% Peeled area, 0 to less than 5% 3: Peeled area, 5 to 15% 2: Peeled area, 15 to
35% 151: Pee€le a]rea, 35 to 65% 0: Peeled area, 65 to 100% [0085] (3) Resolution A

ine-and-space patrer guast kil A LohpimieehiA MeaHIR AURRYIMN! 2 mask pattern

that is able to form a minimum pattern. 100861 (4) Evaluation of Planarization Performance Fora
cured film formeitianmisilicon \Wadel: 2y ohe metiadniastitbediostrabavadeyrsushirinkagadrom before
to after the curing was calculated. When the value is 0 to 15%, the planarization performance can be
said to be goadyatbes legrenshiinkdgelortssncalvviitbaacobaing td thetbytionitetow Cure shrinkage

(%) = fl - Film thickness of cured film obtained by curing / 27 Film thickness after development) x 100
0 cyclohexanone, cycloheptanone, and the like. ~ Among them, y-butyrolactone is

preferred.
[0059]

The negative-tone photosensitive resin composition of the present invention

may also contain various solvents other than the above, such as acetates, ketones, and
15 ethers.
[0060]

The content of solvents is not particularly restricted, and the solvents can be
used in any amount depending, for example, on the coating method. For example,
in the case where films are formed by spin coating, the solvent amount is generally

20 50 to 95% by mass based on the total negative-tone photosensitive resin composition.
[0061]

The negative-tone photosensitive resin composition of the present invention
may contain various curing agents that promote or facilitate curing of the resin
composition. The curing agent is not particularly limited, and a known curing agent

25 can be used. Specific examples thereof include nitrogen-containing organic matter,
silicone resin curing agents, various metal alcoholates, various metal chelate

compounds, 1socyanate compounds and polymers thereof, methylolated melamine



When calculating cure shrinkage of a non-photosensitive resin composition, the calculation was
performed by substituting "Film thickness after pre-baking" for "Film thickness after development”
because a developing process is not performed. 5F6t the film thickness measurement, Lambda Ace
ST:M-602 (trade name, manufactured by Dainippon Screen Mfg. Co., Ltd.) was used. The refractive
index was set at 1.52 for every measured object, and film thickness after pre-baking, film thickness
alter developgent,@nd filfethicinessRLAEHIGH LN ARIBIEGH LY CHINGMHRSR: MERSHIGHay 0[0087]
Example 1 Under yellow light, 1..557 g of
2-methyl-[4-(metayithiephenyldng- menphabnoprepas doans (Hasaame eastrAthe’ available from
Ciba Specialty Chemicals K. K., (hereinafter referred to as 151C907)) and 0.173 g of
4,4-bis(diethydarminbysermobhetiyhd {tedreieaften yefowedr topad &) weraldissotueddn 21.618 g of DAA
and 34.489 g of PGMEA. To this solution, 10.382 g of dipentaerythritol hexaacrylate (trade name
"KAYARAD DBRPlenRfisBiaor] Nipe K&Vﬁ@@éﬁ?‘@ﬁ?hﬁ@ﬁéRféh%ﬁ?é?é‘?r@gft@%IDM—lA), 4.326 g
of the @ixedjﬁggﬁ coupling agent solution (a-1), 8.652 g of a 1% by mass 20solution of

4-t-butylcate i PGMEA, 17.303 g of the siloxane resin solution (b-1), and 1.500 g of a 1% by

mass solution of Si'iC%%‘Qé’ﬁﬁ%é‘ﬂ&%@&&é%fﬁ%@Y@QS‘%‘&E’Q{&L%%‘&%}%@'}% di%‘%%% PGMEA

were added, and the resulting mixture was stirred. Then, the resultant was filtered through a 0.45-um

filter to obtaing PeeativetensuRRatesensiive resimaemRosiien (Nt B IARB8icone-bh&d
negative-tone photosensitive resin composition (N-1) obtained was spin-coated on a glass substrate

and on an ITGusfabstnadeneadhrusingrasifl coatelit 8l 360G gmarliiaciyked byrlbAaSA CO., LTD.)
at any rotation speed. Thereafter, these substrates were pre-baked at 110C Ibr 2 minutes using a hot
plate (SCW-636¢hantifedatsdasyiciathippbrics creerpiidluconetbdsy dospradtieésa film with a film
thickness of 1.5 um. 5[0089] Using a parallel light mask aligner (PLA-501F manufactured by
canohlnc.) ahticqrcuRtseAig ipreudsredhalilsafiidaasig it Eda¥s the film produced was exposed

to light at an expasure amount of 200 inJ (i-ray) usi -, 10-, 20-, 30:, 40:, and 50-um.wide masks at
@ width ati0 O B G 5 PO L ) e S B an SR Sbeloping
apparatus (A@l-ggqgamr{g@gtured by Takizawa Sangyo Co., Ltd.), the film was developed by
showering of an aqueous solution of 0.4% by mass tetramethylammonium hydroxide, ELM-D
(available fropp®E[SUBISHI GAS CHEMICAL COMPANY, INC.), for 90 seconds and then rinsed with
water for 30 seconds. Finally, the film was cured in air at 220C for 1 hour 15 using an oven
(111PS-222 manufacttxethply ESRHECRRRY) dvapldde peodwctyed filmrifhbasaded it aitained was
evaluated for hardness, adhesion, and resolution by the method described above. 0090% Example 2

20A nkyativelighar ﬁﬁ&&éﬁ%ﬁﬁé@éﬁﬁé@ﬁ%@ Wéi%téﬁﬁamw{hé%&}% »rﬁé. Aer asin
coupling agel NN (-0 USE 1 e RO BHONGSEF R0 ERAT i dBion (-2) obtaned,
evaluations waje periRried LINE ST NBNTS AR IFERIIR L £RK029Hm NEOS
COMPANY LIMITED). Examples of commercially available products of
silicone-based surfactants that are preferably used include BYK-333, BYK-301,
20 BYK-331, BYK-345, and BYK-307 (available from BYK-Chemie Japan).
[0064]
The representative method of preparing the negative-tone photosensitive
resin composition of the present invention will be described. For example, (A) a
silane coupling agent represented by Formula (1), (B) an alkali-soluble resin, (C) a
25 polyfunctional acryl monomer, (D) a photo-radical polymerization initiator, and other
additives as required are added to any solvent and dissolved by stirring, and then the

solution obtained is filtered to obtain a negative-tone photosensitive resin



Example 3 A negative-tone photosensitive resin composition (N-3) was obtained in the 29 same
manner as in Example 1 except using the mixed s lane coupling agent solution (a-3) in place of the
mixed silane coupling agent solution (a-1). Using thE%negative-tone photosensitive resin composition
(N-3) obtained, evaluations were performed in the same manner as in Example 1. 5[0092] Example 4
A negative-tone photosensitive resin composition (N-4) was obtained in the same manner as in
Example 1 excgpbthatdhe amount of the mixed silane coupling agent solution (a-1) was changed to
0.433 g and the amount of PGMEA to 38.382 g. 10Using the negative-tone photosensitive resin
composition (N@hsobtained, evaluations were performed in the same manner as in Example 1. [0093]
Example 5 A negative-tone photosensitive resin composition (N-5) was obtained in the 15same
manner as in Examplé nefteeht fhatinezancotmt oithe imixéd sigate cooptipyagenssolation (a-1) was
1.730 2 and the amount of PGMEA was 37.085 g. Using the negative-tone photosensitive resin
composition (1s5) epEnAEHoBIthetiRissher perarvBHbn dpecshpddmuarnef axamegample 1. 100941
20Exar$1ple 6 A negative-to %ghotosensiti.ve resin composition (N-6) was obtained in the same

manner as in EXalsi1%eRes PR AR SEHE SPIRROHIRCSTAR B ESUPIYAGERt Solution (a-1) was
10.382 a and JI\E%%&Q%%O@@QME@

" HNEs BTG sindi e negaliuesions pholprensifye resin
composition ( tained, evaluations Were per ormed In the same-manner as i E%?ample l.

[0095] ExamRlgafingQlip coafidCOatNBriene RNRISERHINEIRSIRFARARIHE NN Wasgbtained in the

same manner as in Example | except that the amount of the mixed silane coupling agent solution (a-1)
was 14.708 gaaddthearaowitiod RGitizAppasd. J@h as Wathgpthe segativentoni photosensitive resin
composition (N-7) obtained, evaluations were 5performed in the same manner as in Example 1. [0096]
Example 8 preferred that the pre-baking be carried out in the range of 50 to 150°C for 30
10 seconds to 30 minutes and that the film thickness after the pre-baking be 0.1 to 15
pum.
[0066]
After the pre-baking, exposure is performed using an exposure apparatus
such as a stepper, a mirror projection mask aligner (MPA), or a parallel light mask
15 aligner (PLA). At an exposure intensity of about 10 to 4000 J/m? (in terms of
exposure at a wavelength of 365 nm), the film is irradiated with this light through or
not through a desired mask. The exposure light source is not limited, and UV rays
such as i-ray, g-ray, and h-ray, KrF (wavelength: 248 nm) laser, ArF (wavelength:
193 nm) laser, and the like can be used.
20 [0067]
Next, the exposed portion is dissolved by development to obtain a
negative-tone pattern. A preferred method for development is immersion in a
developing solution for 5 seconds to 10 minutes by means of, for example,
showering, dipping, or puddling. As a developing solution, a known alkaline
25 developing solution can be used. Specific examples include, for example, an

aqueous solution containing one, or two or more of inorganic alkalis such as

hydroxides, carbonates, phosphates, silicates, and borates of alkali metals; amines



To 30.000 g of the negative-tone photosensitive resin composition (N-1), 0.052 g of triphenylsulfonium
trithoromethanesulfonate (trade name "WPAG-28 I" 10available from BYK-Chemie Japan (hereinafter
referred to as WPAG-281) was added, and the reslfing mixture was stirred to obtain a negative-tone
photosensitive resin composition (N-8). Using the negative-tone photosensitive resin composition (N-8)
obtained, evaluations were pertbrmed in the same manner as in Example I. [0097] 15Example 9

T030.000 g of the,0egal M%B&RB%%?,W@%W&E}%B18%’?&89%%%&}!&%%18«%9?; g,0f WPAG-28 | was

added, and the resulting mixture was stirred to obtain a negative-tone photosensitive resin composition
(N-9). Using theanegatiyarprsnphatesansitivedesia,aempagitiomiaNyebirinedng@lbations were
performed in the 20same manner as in Example |. [0098] Example 10 Under yellow light, 1.557 2
of 1C907 andAXit7 ?ha efvekwene dissqluedrith 32000sg oith AAtandndltia2AgydfaRGYEA. To this
solution, 8.652 g of DPHA, 254.326 g of the mixed silane coupling agent solution (a-1), 8.652 g of a 1%
by mass solutitse bt 4aatedytehtediotdnge GMIBAS 230609 g of the acrylic resin solution (b-2), and 1.500
g of a 1% by mass solution of BYK-333 in PGMEA were added, and the 31 resulting mixture was
stirred.SThen,[Qw%i%sultant was filtered through a 0.45-um filter to obtain a negative-tone

photosensitive resin cgmposition (N=10). Using the negative-tone photosensitive, resin composition
(N-10) obtained, evalctfgﬁ%r?it\e/\l;’e@ésp%}r o}#éec?%&t ét%ﬁ%%a\{rlr%har%’ﬁ 2 sﬁﬁ}ér‘%\sp el ’f&%éﬁr Example 11

A negative-tops RROIGSANSIINEEFI 6RPASIEADNsdd: DWASRRialaedip ihe same manner as in

Example 10 except using the mixed silane coupling agent solution (a-2) in place of the mixed silane
coupling agentsedytion (a-1). Using the negative-tone photosensitive resin composition (N-11)
obtained, evaluations were performed in the same manner as in Example 1. [0100] Example 12 A
negative-tone photoséhsitivesddsim cbmpesitigreiNaR)hwas Sittairteddplbe samemaesisr as in
Example 10 except using the mixed silane coupling agent solution (a-3) in place of the mixed silane
couplity ageFOERIAEHTLAN UBRIGTHE FHati/B-HoAd ASHOENRINGE REYRs toh{HasiAdAYR-12)
obtained, evaluations were performed in the same manner as in Example 1. [01011 20Example 13
Under yellow Tt T4 B ea07 A L7388 RS AISEBEHSHS2 B0 gt A and 24.108
g of PGMEA. To this:sQluti 382 9.0f 6 the mixed sj aneﬁop ling.agent solution
(a-1), 8.652 g i 5 1%1 by'mg%sr&s% U%o#g%tﬁiﬁﬁéﬁé&gﬁ%r?l%%nﬁﬁlﬁtnl 30 g o%t?iglg%rc)i/rllic resin

solution (b-2)cARehiL L9 f anlSfhy:massizplution of B¥Km338H BRMEAVREadd8di1aNd the
resulting mixture was stirred. Then, the resultant was filtered through a 0.45-um filter to obtain a
negative-toneaphotasensitive ¢ekin fdompositionH Mrdt3)ial) singtHad k¥ ?because it has
15 negative-tone photosensitivity. Among them, it can be suitably used particularly as
a touch panel protective film and a touch panel insulating film that require adhesion
to a substrate that does not have Si such as ITO and molybdenum after heat treatment
and after chemical treatment. Examples of types of a touch panel include the
resistive type, the optical type, the electromagnetic induction type, the capacitive
20 type, and the like.  Since a capacitive-type touch panel requires particularly high
hardness, the cured film of the present invention can be suitably used therefor.
[0070]
When the cured film of the present invention is used as a protective film for
a touch panel, the film, when having a thickness of 1.5 um, preferably has a hardness
25 of 4H or more, a transmittance of 95% or more, and a resolution of not more than 20

pm. The hardness and the transmittance can be controlled by selection of exposure

amount and heat-curing temperature.



negative-tone photosensitive resin composition (N-13) obtained, evaluations were performed in the
same manner as in Example 1. [0102] Example 14 5A negative-tone photosensitive resin composition
(N-14) was obtained in the same manner as in Exatple 13 except that 0.052 g of WPAG-281 was
added to 30.000 g of the negative-tone photosensitive resin composition (N-13). Using the
negative-tone photosensitive resin composition (N-14) obtained, evaluations were performed in the
same manneg.as iy Fxagple 1. 10[0103] Example 15 Under yellow light, 1.557 g of 1C907 and
0.173 g of EK were dissolved in 32.000 a of DAA and 18.917 g of PGMEA. To this solution, 6.921 g of
DPHA, 4,326[gmofithe mixed silane coupling agent solution (a-1), 8.652 g of a 1% by mass 15solution
of 4-t-butyleatechol in PGMEA, 25.955 g of the acrylic resin solution (b-2), and 1.500 g of a 1% by
mass solution of BYKF883ris&GEcAtwereidldded baddstirébedsulinagpaexfurdiwag stisred. Then, the
resultant was filtered through a 0.45-um filter to obtain a negative-tone photosensitive resin
composition (NaBplessinghneraegyatveciing hotbSensitdve reain Bvrmpositior\iNenS Yiabtained,
evaluations were 20performed in the same manner as_in Example 1. [0104] Example 16 Under
yellow fight, £738Y 81 tHEGumoNBGES e eBIodRY f-3T s HISSONIEHH#£8.045 g of DAA and
43.141 a of PgMEﬁat%%stgirsessgloutigrgbﬁ.\%% g of 25the mixed silane coupling agent solution (a-1),
43.258 g of the siloxane résin solution b-1), and 1.500 g of a 1% by mass solution of silicone-based
surfactant BY[ 3 (available from BYK-Chemie Japan) in PGMEA were added, and the resulting 33
mixture was stined. Then, the resultant was filtered through a 0.45-pm filter to obtain a positive-tone
photosensitive resin ¢campeaitiProfRtehe Glycdlheposiiveytanadpraiasensitive resin composition (P-1)
obtained was spin-coated on a glass substrate and on an ITO substrate each using a spin coater
5(111-3605 manufaciosdedl: ByavkioaASAIGDol LTD.) at any rotation speed. Thereafter, these substrates
were pre-baked at 110C for 2 minutes using a hot plate (SCW-636 manufactured by Dainippon Screen
Mfg. g%., Ltd.[f)ﬁ;f)}roduce a film with a film thickness of 1.5 pm. [0105] Using a parallel light mask

li (PLA-501 factyred A . . [tra-high light
cource, the NNV BIGOGEH S dxVEi 16 Py AL e GOTE MAGUAR B 208 RIS oy taing - 10-
20-, 30-, 40-, and 50-Hm, w o'?‘ﬁé'ﬁ@/&?zl"l".ié’? ,r@t& %gl'c'lt)}\]/gifth a mask Rap of 100 um. During the

exposure, an unexposed portion large enough to measure ‘hardness and adhesion 15was ensured.

Thereafter, usingARIRBLAMAIRASYRIONNS ARAFMUSLAPr2009  reenwiastiused by iakizawa Sangyo

Co., Ltd.), the film was developed by showering of an aqueous solution of 0.4% by mass
tetramethylamrrersiddnd) yddokiel e; skl Mg n(avadabde stomd\AtTSUBISH CATCHEM{EAINEOMPANY,
INC.), fbr 90 seconds and then rinsed with water for 30 seconds. Next, using a parallel light mask
aligne® and then stirred at 40°C for 2 hours. Thereafter, the temperature was raised to 80°C,
and the mixture was allowed to react for 6 hours. The solution obtained was diluted
with PGMEA to a solid content of 20% to obtain a mixed solution (a-1) of
3-(tert-butylcarbamoyl)-6-(trimethoxysilyl) hexanoic acid and
2-(2-(tert-butylamino)-2-oxoethyl)-5-(trimethoxysilyl) pentane acid.
20 [0074]
Synthesis Example 2: Synthesis of Mixed Silane Coupling Agent Solution (a-2)
To 200 g of PGMEA, 41.97 g (160 mmol) of
3-trimethoxysilylpropylsuccinic anhydride and t-pentyl amine 9.45 g (160 mmol)
were added, and the resulting mixture was stirred at room temperature for some time
25 and then stirred at 40°C for 2 hours. Thereafter, the temperature was raised to 80°C,

and the mixture was allowed to react for 6 hours. The solution obtained was diluted

with PGMEA to a solid content of 20% to obtain a mixed solution (a-2) of



20(PLA-50117 manufactured by Canon Inc.) and an ultra-high pressure mercury lamp as a light
source, the film was exposed to light at an exposure amount of 6000 LIU (i-ray). Finally, the film was
cured in air at 220C for 1 hour using an oven (IHPS2222 manufactured by ESPEC CORP.) to produce
a cured film. The cured film obtained was evaluated for hardness, adhesion, and resolution by the
method 25described above. [0106] Example 17 34 To 44.871 g of PCIMEA, 6.045 g of DAA was
added. To this solutigt i) of e ik Acsians AupUNg RAGRLOLARa-1). 43.256 g of the
siloxane resin solution (b-1), and 1.500 g of a 104 by masssolution of silicone-based surfactant

BYK-333 (avalakle oy BaKambeme daprmdiryeiGMEéurRNie added, and the resulting mixture was

stirred. Then, the resultant was filtered through a 0.45-um filter to obtain a thermosetting resin
composition (10413] The thermosetting resin composition (U-1) obtained was spin-coated on a
glass substrate and on an ITO substrate each using a spin coater (IH-360S manufactured by M1KASA

CO., LTD.) atathesiatiorapieds RyprorricelMiradvitac1omm tckaaysSefutiondsr 3Thereafter, the

film Wasc, pre-baked at 110C for ' s using a hot plate (SCW-636 manufactured by Dainippon
Sl S S

Screen’Mfg. Co., Ltd. By A récﬁliﬁooaﬁ?lﬁf)%éc for 1 hour using an oven (l1IPS-222

manufacturedjl_% %éﬁg&&g%{ﬁg&%{ﬁ%&g%ﬁﬁ% SHéi%daﬁclf@: &Ué‘&?&;—inka Wwas c%lcu{ated by the
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method described above to eValuate hardness and adhesion. ompar%\% Example 1

Under yellow fighte 1,527.d Rk GO Thane Qs aidf R were dissalveshin 218 8.ofPAA and 38.815
g of PGMEA. To this solution, 10.382 g of DPHA, 8.652 g of a 1% by mass solution of

4-t-butylcatechohinini(s MdAhdY s802 ¢ a4 208 Jaxane resiesaliwiomhxchpandute508sg of a 1% by
mass solution of silicone-based surfactant BYK-333 (available from BYK-Chemie japan) in PGMEA
were added, amdethe EiGtingdniictoreivessvetirreldWElddn rthet res fithounwas Tlhiteselitiorough a 0.45-um
filter to obtain a negative-tone photosensitive resin composition %16). Using the negative-tone

photos@nsitive Fe&R EBRT Y&t b1y MtAitea soBe varistbas AN &opdrihieniits the same manner

in E le I [010 ive E le 2..15 tive-t hot itive. resi
Compositon (91179 e GHIaEa e S TRk ar o) XA ICRS AL RGP el sane

composition (f\?— W

coupling age%%ﬁ%%&@-@@o%@%%rﬂgy?ﬁ@%%%%&%i nggn%gceg&ﬁplution (a-1). Using the

negative-tone photosensitive résin composition (N- 17) obtained, evaluations were 5performed in the
same manner@s7g] Example I. [0109] Comparative Example 3

Synthesis Example 4: Synthesis of Mixed Silane Coupling Agent Solution (a-4)

15 To 200 g of PGMEA, 41.97 g (160 mmol) of
3-trimethoxysilylpropylsuccinic anhydride and 9.45 g (160 mmol) of n-propylamine
were added, and the resulting mixture was stirred at room temperature for some time
and then stirred at 40°C for 2 hours. Thereafter, the temperature was raised to 80°C,
and the mixture was allowed to react for 6 hours. The solution obtained was diluted

20 with PGMEA to a solid content of 20% to obtain a mixed solution (a-4) of
2-(2-0x0-2-(propylamino)ethyl)-5-(trimethoxysilyl) pentane acid and
3-(propylcarbamoyl)-6-(trimethoxysilyl) hexanoic acid.

[0077]
Synthesis Example 5: Synthesis of Mixed Silane Coupling Agent Solution (a-5)

25 To 200 g of PGMEA, 41.97 g (160 mmol) of
3-trimethoxysilylpropylsuccinic anhydride and 14.90 g (160 mmol) of aniline were

added, and the resulting mixture was stirred at room temperature for some time and



A negative-tone photosensitive resin composition (N-18) was obtained in the same manner as in
Example | except using the mixed silane coupling agent solution 10(a-5) in place of the mixed silane
coupling agent solution (a-1). Using the negative-toA& photosensitive resin composition (N-18)
obtained, evaluations were performed in the same manner as in Example I. [01 10] Comparative
Example 4 15To 30.000 a of the negative-tone photosensitive resin composition (N-17), 0.208 g of

WPACI-281 g adledh andthersesulting M nas sieshinahiainanesative-ippe photosensitive

resin composition (N-19). Using the negative-tone photosensitive resin composition (N-19) obtained,

evaluations weie fperferned Whthglsamenanneoas ivxampie koA@{ol bblaGempaativgdxample 5
To 30.000 g of the negative-tone photosensitive resin composition (N-16), 0.208 g of WPAG-281 was

added, and theire$iMy AtixtuselWasstimred tt0obtainteanegativedenk jpirotesenditive resin composition
(N-20). Using the negative-tone 25photosensitive resin composition (N-20) obtained, evaluations were
perthrrned in the?<aife idkAs s IR Eaprd tinfethezy 85 | CepnisaraR/e Exhmple 6 Under yellow

light, 1.557 g of 1C907 and 0.173 g of EK were dissolved jn 32.000 g of DAA and 25.955 g of PGMEA.
To thisiolutio%,(é?%@gcﬁ’rg) %5@(—@5\,6' 'gBY %?Ygll%%&?’fﬁ%%% 85ifition of 4-t-butylcatechol in PGMEA
1.629 g of the[&gi?e}/lic resin solution (b-2), and 1.500 g of a 1% by mass solution ) .BYK-333 in
PGMEA were added, and the resulting mixture was stirred. Then, the resultant was filtered through a

0.45-um filter $9,0REaI0 BxARYALI¥E JPNB RNCLPSERIUSIARSID GRIRRESITER Qligddinlsipg the
negative-tone photosensitive resin composition (N-21) obtained, evaluations were performed in
the same manner as ifrbExamplePIGMH A1 1319Cenpel ative [iExample 7 Under yellow light, 1.557 g
of 1:C907 and 0.173 g of EK were dissolved in 32.000 g of DAA and 28.434 g of PGMEA. To this
solution, 10.382rynstiDRIAAY BBBY gust aritwnbydndsssbllibion of i mbunextedhobiRGMEA, 17.303
g of' the 15acrylic resin solution (b-2), and 1.500 g of a 10/i by mass solution of BYK-333 in PGMEA
were aflded, AHeethe M bifgHIRERES Stirretirehahr AR feRIREsHI TS THIRIAE thFctith a 0.45-um

fiter to obtain g pegalive: ape Photgsencitiveriesin composition. (.22, Lsing {he negative-tone
photosensitive resin composition (‘ﬁ-22) obtained, evariations were performed in the same

manner as in EXaRPlgi o 0103kl owed to react for 6 hours.  The solution obtained was diluted
with PGMEA to a solid content of 20% to obtain a mixed solution (a-6) of
4-ethoxy-4-oxo0-2-(trimethoxysilyl) butanoic acid and
15 4-ethoxy-4-oxo0-3-(trimethoxysilyl) butanoic acid.
[0079]
Synthesis Example 7: Synthesis of Silane Coupling Agent Solution (a-7)
To 400 g of PGMEA, 41.97 g (160 mmol) of
3-trimethoxysilylpropylsuccinic anhydride and 11.70 g (160 mmol) of t-butylamine
20 were added, and the resulting mixture was stirred at room temperature for some time
and then stirred at 60°C for 2 hours. Thereafter, the temperature was raised to
140°C, and the mixture was allowed to react for 6 hours while azeotroping PGMEA
and water. The solution obtained was diluted with PGMEA to a solid content of
20% to obtain a 1-(tert-butyl)-3-trimethoxysilyl pyrrolidine-2,5-dione solution (a-7).
25 [0080]
Synthesis Example 8: Synthesis of Siloxane Resin Solution (b-1)

Into a 500-ml three-necked flask, 13.62 g (0.1 mol) of



Comparative Example 8 Under yellow light, 1.557 g of 1C907 and 0.173 g of EK were dissolved
in 32.000 a of DAA and 23.243 g of PGMEA. To this solution, 6.921 g of DPHA, 8.652 g of a 1% by

mass solution of 4-t-butylcatechol in PGMEA, 25.958 g of the 25acrylic resin solution (b-2), and 1.500
g of a 1% by mass solution of BYK-333 in PGMEA were added, and the resulting mixture was stirred.
Then, the resultant was filtered through a 0.45-um filter to obtain a negative-tone photosensitive resin
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evaluations were performed in the same manner as in Exam Comparative Example 9

A negative-topR phetasaRsithie jesinrepIpesiian (he24 )k was ghtained in the same manner as in
Example 10 except using the mixed silane coupling agent solution (a-4) in place of the mixed silane

coupling agent setutiory (@« {)ripsingriechoegative; tane |FHE0 senSidike resin addaposition (N-24)
obtained, evaluations were performed in the same manner as in Example 1. 0[0116] Comparative
Example 10 Therpafiegatiée haphbostnsdtivel yesinatspapositineraiRs pivaguebrained in the same
manner as in Example 10 except using the mixed silane Cogllﬁf\i/ng agent solution.  (a-5) in place of the

mixed Silane BBAFIHY aGsHt SHitRShotatyed RingditrRd iBa dgdihe (b He phstBKsh tird ¥%in composition

(N-25) obtained, evaluations wer. rformed in the same,manner as in Example I. [0117] Comparative
Example 11 T ORO e e o O g B R Ot Bl et in the

20same mangerasin EXAmARL SXCARUUSINGIHhG iXehsiiRng GAHRING-R98N SQPR,(a-6) in place

of the mixed silane coupling agent solution (a-1). Usin negative-tone photosensitive resin composition

(N-26) obtaingd nevatdationsMer thpasfassedia dhehsameMmannerasineExamplevk:r [01.18]
25C:omparative Example 12 A negative-tone photosensitive resin composition (N-27) was

obtained in theisatae maficel dour Exantbtesugxdapinpsingitheisnixedisilaneopaplingeagent solution
38 10 the solution reached 100°C, and the flask was heated under stirring for further 45
minutes (the inner temperature was 100 to 110°C).  During the reaction,
by-products, methanol and water, in a total amount of 89 g were distilled out. To
the polysiloxane solution in DAA obtained, DAA was added to a polymer
concentration of 40% by mass to obtain a siloxane resin solution (b-1). The weight
15 average molecular weight of the polymer obtained was 7500.
[0081]
Synthesis Example 9: Synthesis of Acrylic Resin Solution (b-2)
To a 500-ml flask, 3 g of 2,2'-azobis(isobutyronitrile) and 50 g of PGMEA
(Propylene Glycol Methyl Ether Acetate) were charged. Thereafter, 30 g of
20 methacrylic acid, 22.48 g of styrene, and 25.13 g of cyclohexyl methacrylate were
added. Thereafter, the mixed solution was stirred at room temperature for some
time, and the flask was purged with nitrogen and then heated under stirring at 70°C
for 5 hours. Next, 15 g of glycidyl methacrylate, 1 g of dimethylbenzylamine, 0.2 g
of p-methoxyphenol, and 100 g of PGMEA were added to the solution obtained, and
25 the resulting mixture was heated under stirring at 90°C for 4 hours. PGMEA was

added to obtain an acrylic resin solution (b-2) such that the acrylic resin solution

obtained had a solid content of 40% by mass. The weight average molecular weight



(a-7) in place of the mixed silane coupling agent solution (a-1). Using the negative-tone photosensitive
resin composition (N-27) obtained, evaluations were performed in the same manner as in Example 1.
[01191 5Comparative Example 13 A positive-tdhe photosensitive resin composition (P-2) was
obtained in the same manner as in Example 16 except using the mixed sitane coupling agent solution
(a-7) in place of the mixed silane coupling agent solution (a-1). Using the positive-tone photosensitive

resin composiiqndB:2) aainet eyakyRigns etk A0paTRIIed ibge SRR manner as in Example

16. [0120] Comparative Example 14 A thermosetting resin composition (0-2) was obtained in the
same mannef@sin) Example 17 except using the mixed silane coupling agent solution (a-7) in place
15 of the mixed silane coupling agent solution (a-1). Using the thermosetting resin composition (11-2)
obtained, evahyationss\iarenpér fointgahiimctiresapoenmadnei dstnbp@mple-17. .39 [0121] Composition
Results | Weight Ratio Hardness Adhesion LW-WILLI RIII (E)/{(B) * (nn) (C)1- Ct119] H9 011'1!119
1- IH9 ! OEcr119001}fnder a stream of dry nitrogen, 21.23 g (0.05 mol) of TrisP-PA (trade name,
5 available from HONSHU CHEMICAL INDUSTRY Co., Ltd.) and 37.62 g (0.14
mol) of 5-naphthoquinone diazide sulfonyl acid chloride were dissolved in 450 g of
1,4-dioxane, and the temperature was adjusted to room temperature. To this
solution, 15.58 g (0.154 mol) of triethylamine mixed with 50 g of 1,4-dioxane was
added dropwise such that the temperature in the system did not increase to 35°C or
10 higher. After completion of the dropwise addition, the resulting mixture was stirred
at 30°C for 2 hours. A triethylamine salt was filtered off, and the filtrate was
poured into water. Thereafter, the precipitates obtained were collected by filtration.
The precipitates were dried with a vacuum dryer to obtain a quinonediazide
compound (g-1).
15 [0083]
Evaluation methods in each Example/Comparative Example will be
described below.
(1) Measurement of Hardness
For a cured film with a film thickness of 1.5 um prepared on a 5-cm square
20 glass substrate, the pencil hardness was measured in accordance with "JIS K5600-5-4
(1999)".  The applied load was 500 g.
[0084]
(2) Evaluation of Adhesion to ITO
A substrate was formed such that ITO had a film thickness of 200 Angstrom
25 and a resistance value of 100 /0 on an alkali-free glass substrate (glass thickness:

0.7 mm). For a cured film with a film thickness of 1.5 pum formed on this substrate

(hereinafter referred to as an ITO substrate), adhesion between ITO and the cured
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film was evaluated in accordance with JIS "K5400" 8.5.2 (1990) Cross-cut tape
method. On the cured film surface on the glass substrate, vertical and horizontal 11
parallel straight lines perpendicular to each other were drawn with a cutter knife at
I-mm intervals in such a manner that the cutter knife reached the base of the glass
plate to form 100 squares of 1 mm x 1 mm. A cellophane adhesive tape (width =
18 mm, adhesive strength = 3.7 N/10 mm) was applied to the cured film surface with
cuts and rubbed with an eraser (meeting JIS S6050) to cause a close adhesion.
Then, the tape was picked up at one end and held perpendicular to the plate, and the
number of the squares survived after instantaneous peeling was visually evaluated.
The assessment was made from the peeled area of the squares as follows:
5: Peeled area, 0%
4: Peeled area, 0 to less than 5%
3: Peeled area, 5 to 15%
2: Peeled area, 15 to 35%
1: Peeled area, 35 to 65%
0: Peeled area, 65 to 100%
[0085]
(3) Resolution

A line-and-space pattern mask at a width ratio of 1:1 was used to measure
the width of a mask pattern that is able to form a minimum pattern.
[0086]
(4) Evaluation of Planarization Performance

For a cured film formed on a silicon wafer by the method described in (1)
above, cure shrinkage from before to after the curing was calculated. When the
value 1s 0 to 15%, the planarization performance can be said to be good. The cure
shrinkage was calculated according to the equation below.

Cure shrinkage (%) = (1 - Film thickness of cured film obtained by curing /
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Film thickness after development) x 100
When calculating cure shrinkage of a non-photosensitive resin composition,
the calculation was performed by substituting "Film thickness after pre-baking" for
"Film thickness after development" because a developing process is not performed.
5 For the film thickness measurement, Lambda Ace STM-602 (trade name,
manufactured by Dainippon Screen Mfg. Co., Ltd.) was used. The refractive index
was set at 1.52 for every measured object, and film thickness after pre-baking, film
thickness after development, and film thickness of a cured film obtained by curing
were measured.
10 [0087]
Example 1
Under yellow light, 1.557 g of
2-methyl-[4-(methylthio)phenyl]-2-morpholinopropan-1-one (trade name "Irgacure
907" available from Ciba Specialty Chemicals K. K., (hereinafter referred to as
15 [C907)) and 0.173 g of 4,4-bis(diethylamino)benzophenone (hereinafter referred to
as EK) were dissolved in 21.618 g of DAA and 34.489 g of PGMEA. To this
solution, 10.382 g of dipentaerythritol hexaacrylate (trade name "KAYARAD
DPHA" available from Nippon Kayaku Co., Ltd. (hereinafter referred to as DPHA),
4.326 g of the mixed silane coupling agent solution (a-1), 8.652 g of a 1% by mass
20 solution of 4-t-butylcatechol in PGMEA, 17.303 g of the siloxane resin solution (b-1),
and 1.500 g of a 1% by mass solution of silicone-based surfactant BYK-333
(available from BYK-Chemie Japan) in PGMEA were added, and the resulting
mixture was stirred.  Then, the resultant was filtered through a 0.45-um filter to
obtain a negative-tone photosensitive resin composition (N-1).
25 [0088]
The negative-tone photosensitive resin composition (N-1) obtained was

spin-coated on a glass substrate and on an [TO substrate each using a spin coater
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(1H-360S manufactured by MIKASA CO., LTD.) at any rotation speed. Thereafter,
these substrates were pre-baked at 110°C for 2 minutes using a hot plate (SCW-636
manufactured by Dainippon Screen Mfg. Co., Ltd.) to produce a film with a film
thickness of 1.5 um.

[0089]

Using a parallel light mask aligner (PLA-501F manufactured by Canon Inc.)
and an ultra-high pressure mercury lamp as a light source, the film produced was
exposed to light at an exposure amount of 200 mJ (i-ray) using 5-, 10-, 20-, 30-, 40-,
and 50-pm wide masks at a width ratio of 1:1 with a mask gap of 100 pm.
Thereafter, using an automatic developing apparatus (AD-2000, manufactured by
Takizawa Sangyo Co., Ltd.), the film was developed by showering of an aqueous
solution of 0.4% by mass tetramethylammonium hydroxide, ELM-D (available from
MITSUBISHI GAS CHEMICAL COMPANY, INC.), for 90 seconds and then rinsed
with water for 30 seconds. Finally, the film was cured in air at 220°C for 1 hour
using an oven (IHPS-222 manufactured by ESPEC CORP.) to produce a cured film.
The cured film obtained was evaluated for hardness, adhesion, and resolution by the
method described above.

[0090]
Example 2

A negative-tone photosensitive resin composition (N-2) was obtained in the
same manner as in Example 1 except using the mixed silane coupling agent solution
(a-2) in place of the mixed silane coupling agent solution (a-1). Using the
negative-tone photosensitive resin composition (N-2) obtained, evaluations were
performed in the same manner as in Example 1.

[0091]
Example 3

A negative-tone photosensitive resin composition (N-3) was obtained in the
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same manner as in Example 1 except using the mixed silane coupling agent solution
(a-3) in place of the mixed silane coupling agent solution (a-1). Using the
negative-tone photosensitive resin composition (N-3) obtained, evaluations were
performed in the same manner as in Example 1.
5 [0092]
Example 4
A negative-tone photosensitive resin composition (N-4) was obtained in the
same manner as in Example 1 except that the amount of the mixed silane coupling
agent solution (a-1) was changed to 0.433 g and the amount of PGMEA to 38.382 g.
10 Using the negative-tone photosensitive resin composition (N-4) obtained, evaluations
were performed in the same manner as in Example 1.
[0093]
Example 5
A negative-tone photosensitive resin composition (N-5) was obtained in the
15 same manner as in Example 1 except that the amount of the mixed silane coupling
agent solution (a-1) was 1.730 g and the amount of PGMEA was 37.085 g. Using
the negative-tone photosensitive resin composition (N-5) obtained, evaluations were
performed in the same manner as in Example 1.
[0094]
20 Example 6
A negative-tone photosensitive resin composition (N-6) was obtained in the
same manner as in Example | except that the amount of the mixed silane coupling
agent solution (a-1) was 10.382 g and the amount of PGMEA was 28.433 g. Using
the negative-tone photosensitive resin composition (N-6) obtained, evaluations were
25 performed in the same manner as in Example 1.
[0095]

Example 7
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A negative-tone photosensitive resin composition (N-7) was obtained in the
same manner as in Example 1 except that the amount of the mixed silane coupling
agent solution (a-1) was 14.708 g and the amount of PGMEA was 24.107 g. Using
the negative-tone photosensitive resin composition (N-7) obtained, evaluations were
performed in the same manner as in Example 1.

[0096]
Example 8

To 30.000 g of the negative-tone photosensitive resin composition (N-1),
0.052 g of triphenylsulfonium trifluoromethanesulfonate (trade name "WPAG-281"
available from BYK-Chemie Japan (hereinafter referred to as WPAG-281) was
added, and the resulting mixture was stirred to obtain a negative-tone photosensitive
resin composition (N-8). Using the negative-tone photosensitive resin composition
(N-8) obtained, evaluations were performed in the same manner as in Example 1.
[0097]

Example 9

To 30.000 g of the negative-tone photosensitive resin composition (N-1),
0.208 g of WPAG-281 was added, and the resulting mixture was stirred to obtain a
negative-tone photosensitive resin composition (N-9).  Using the negative-tone
photosensitive resin composition (N-9) obtained, evaluations were performed in the
same manner as in Example 1.

[0098]
Example 10

Under yellow light, 1.557 g of IC907 and 0.173 g of EK were dissolved in
32.000 g of DAA and 21.629 g of PGMEA. To this solution, 8.652 g of DPHA,
4.326 g of the mixed silane coupling agent solution (a-1), 8.652 g of a 1% by mass
solution of 4-t-butylcatechol in PGMEA, 21.629 g of the acrylic resin solution (b-2)

k

and 1.500 g of a 1% by mass solution of BYK-333 in PGMEA were added, and the
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resulting mixture was stirred.  Then, the resultant was filtered through a 0.45-pm
filter to obtain a negative-tone photosensitive resin composition (N-10). Using the
negative-tone photosensitive resin composition (N-10) obtained, evaluations were
performed in the same manner as in Example 1.
5 [0099]
Example 11
A negative-tone photosensitive resin composition (N-11) was obtained in the
same manner as in Example 10 except using the mixed silane coupling agent solution
(a-2) in place of the mixed silane coupling agent solution (a-1). Using the
10 negative-tone photosensitive resin composition (N-11) obtained, evaluations were
performed in the same manner as in Example 1.
[0100]
Example 12
A negative-tone photosensitive resin composition (N-12) was obtained in the
15 same manner as in Example 10 except using the mixed silane coupling agent solution
(a-3) in place of the mixed silane coupling agent solution (a-1). Using the
negative-tone photosensitive resin composition (N-12) obtained, evaluations were
performed in the same manner as in Example 1.
[0101]
20 Example 13
Under yellow light, 1.557 g of IC907 and 0.173 g of EK were dissolved in
32.000 g of DAA and 24.108 g of PGMEA. To this solution, 10.382 g of DPHA,
4.326 g of the mixed silane coupling agent solution (a-1), 8.652 g of a 1% by mass
solution of 4-t-butylcatechol in PGMEA, 17.303 g of the acrylic resin solution (b-2),
25 and 1.500 g of a 1% by mass solution of BYK-333 in PGMEA were added, and the
resulting mixture was stirred.  Then, the resultant was filtered through a 0.45-pm

filter to obtain a negative-tone photosensitive resin composition (N-13).  Using the
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negative-tone photosensitive resin composition (N-13) obtained, evaluations were
performed in the same manner as in Example 1.
[0102]
Example 14
S A negative-tone photosensitive resin composition (N-14) was obtained in the
same manner as in Example 13 except that 0.052 g of WPAG-281 was added to
30.000 g of the negative-tone photosensitive resin composition (N-13). Using the
negative-tone photosensitive resin composition (N-14) obtained, evaluations were
performed in the same manner as in Example 1.
10 [0103]
Example 15
Under yellow light, 1.557 g of IC907 and 0.173 g of EK were dissolved in
32.000 g of DAA and 18.917 g of PGMEA. To this solution, 6.921 g of DPHA,
4.326 g of the mixed silane coupling agent solution (a-1), 8.652 g of a 1% by mass
15 solution of 4-t-butylcatechol in PGMEA, 25.955 g of the acrylic resin solution (b-2),
and 1.500 g of a 1% by mass solution of BYK-333 in PGMEA were added, and the
resulting mixture was stirred.  Then, the resultant was filtered through a 0.45-pm
filter to obtain a negative-tone photosensitive resin composition (N-15).  Using the
negative-tone photosensitive resin composition (N-15) obtained, evaluations were
20 performed in the same manner as in Example 1.
[0104]
Example 16
Under yellow light, 1.730 g of the quinonediazide compound (g-1) was
dissolved in 6.045 g of DAA and 43.141 g of PGMEA. To this solution, 4.326 g of
25 the mixed silane coupling agent solution (a-1), 43.258 g of the siloxane resin solution
(b-1), and 1.500 g of a 1% by mass solution of silicone-based surfactant BYK-333

(available from BYK-Chemie Japan) in PGMEA were added, and the resulting



utin In Inin

10

15

20

25

Adhesion0-- 0-0r-4CIrl0

33

mixture was stirred.  Then, the resultant was filtered through a 0.45-um filter to
obtain a positive-tone photosensitive resin composition (P-1).

The positive-tone photosensitive resin composition (P-1) obtained was
spin-coated on a glass substrate and on an [TO substrate each using a spin coater
(1H-360S manufactured by MIKASA CO., LTD.) at any rotation speed. Thereafter,
these substrates were pre-baked at 110°C for 2 minutes using a hot plate (SCW-636
manufactured by Dainippon Screen Mfg. Co., Ltd.) to produce a film with a film
thickness of 1.5 um.

[0105]

Using a parallel light mask aligner (PLA-501F manufactured by Canon Inc.)
and an ultra-high pressure mercury lamp as a light source, the film produced was
exposed to light at an exposure amount of 200 mJ (i-ray) using 5-, 10-, 20-, 30-, 40-,
and 50-pm wide masks at a width ratio of 1:1 with a mask gap of 100 um. During
the exposure, an unexposed portion large enough to measure hardness and adhesion
was ensured. Thereafter, using an automatic developing apparatus (AD-2000,
manufactured by Takizawa Sangyo Co., Ltd.), the film was developed by showering
of an aqueous solution of 0.4% by mass tetramethylammonium hydroxide, ELM-D
(available from MITSUBISHI GAS CHEMICAL COMPANY, INC.), for 90 seconds
and then rinsed with water for 30 seconds. Next, using a parallel light mask aligner
(PLA-501F manufactured by Canon Inc.) and an ultra-high pressure mercury lamp as
a light source, the film was exposed to light at an exposure amount of 6000 mJ
(i-ray). Finally, the film was cured in air at 220°C for 1 hour using an oven
(IHPS-222 manufactured by ESPEC CORP.) to produce a cured film. The cured
film obtained was evaluated for hardness, adhesion, and resolution by the method
described above.

[0106]

Example 17
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To 44.871 g of PGMEA, 6.045 g of DAA was added. To this solution,
4.326 g of the mixed silane coupling agent solution (a-1), 43.258 g of the siloxane
resin solution (b-1), and 1.500 g of a 1% by mass solution of silicone-based
surfactant BYK-333 (available from BYK-Chemie Japan) in PGMEA were added,
and the resulting mixture was stirred.  Then, the resultant was filtered through a
0.45-um filter to obtain a thermosetting resin composition (U-1).

The thermosetting resin composition (U-1) obtained was spin-coated on a
glass substrate and on an I'TO substrate each using a spin coater (1H-360S
manufactured by MIKASA CO., LTD.) at any rotation speed to produce a film with a
film thickness of 1.5 um. Thereafter, the film was pre-baked at 110°C for 2 minutes
using a hot plate (SCW-636 manufactured by Dainippon Screen Mfg. Co., Ltd.).
Finally, the film was cured in air at 260°C for 1 hour using an oven (IHPS-222
manufactured by ESPEC CORP.) to produce a cured film. Cure shrinkage was
calculated by the method described above to evaluate hardness and adhesion.

[0107]
Comparative Example 1

Under yellow light, 1.557 g of IC907 and 0.173 g of EK were dissolved in
21.618 g of DAA and 38.815 g of PGMEA. To this solution, 10.382 g of DPHA,
8.652 g of a 1% by mass solution of 4-t-butylcatechol in PGMEA, 17.303 g of the
siloxane resin solution (b-1), and 1.500 g of a 1% by mass solution of silicone-based
surfactant BYK-333 (available from BYK-Chemie Japan) in PGMEA were added,
and the resulting mixture was stirred. Then, the resultant was filtered through a
0.45-um filter to obtain a negative-tone photosensitive resin composition (N-16).
Using the negative-tone photosensitive resin composition (N-16) obtained,
evaluations were performed in the same manner as in Example 1.

[0108]

Comparative Example 2
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A negative-tone photosensitive resin composition (N-17) was obtained in the
same manner as in Example 1 except using the mixed silane coupling agent solution
(a-4) in place of the mixed silane coupling agent solution (a-1). Using the
negative-tone photosensitive resin composition (N-17) obtained, evaluations were
performed in the same manner as in Example 1.

[0109]
Comparative Example 3

A negative-tone photosensitive resin composition (N-18) was obtained in the
same manner as in Example 1 except using the mixed silane coupling agent solution
(a-5) in place of the mixed silane coupling agent solution (a-1). Using the
negative-tone photosensitive resin composition (N-18) obtained, evaluations were
performed in the same manner as in Example 1.

[0110]
Comparative Example 4

To 30.000 g of the negative-tone photosensitive resin composition (N-17),
0.208 g of WPAG-281 was added, and the resulting mixture was stirred to obtain a
negative-tone photosensitive resin composition (N-19).  Using the negative-tone
photosensitive resin composition (N-19) obtained, evaluations were performed in the
same manner as in Example 1.

[0111]
Comparative Example 5

To 30.000 g of the negative-tone photosensitive resin composition (N-16),
0.208 g of WPAG-281 was added, and the resulting mixture was stirred to obtain a
negative-tone photosensitive resin composition (N-20).  Using the negative-tone
photosensitive resin composition (N-20) obtained, evaluations were performed in the
same manner as in Example 1.

[0112]
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Comparative Example 6

Under yellow light, 1.557 g of IC907 and 0.173 g of EK were dissolved in
32.000 g of DAA and 25.955 g of PGMEA. To this solution, 8.652 g of DPHA,
8.652 g of a 1% by mass solution of 4-t-butylcatechol in PGMEA, 21.629 g of the
acrylic resin solution (b-2), and 1.500 g of a 1% by mass solution of BYK-333 in
PGMEA were added, and the resulting mixture was stirred. Then, the resultant was
filtered through a 0.45-pm filter to obtain a negative-tone photosensitive resin
composition (N-21).  Using the negative-tone photosensitive resin composition
(N-21) obtained, evaluations were performed in the same manner as in Example 1.
[0113]
Comparative Example 7

Under yellow light, 1.557 g of IC907 and 0.173 g of EK were dissolved in
32.000 g of DAA and 28.434 g of PGMEA. To this solution, 10.382 g of DPHA,
8.652 g of a 1% by mass solution of 4-t-butylcatechol in PGMEA, 17.303 g of the
acrylic resin solution (b-2), and 1.500 g of a 1% by mass solution of BYK-333 in
PGMEA were added, and the resulting mixture was stirred. Then, the resultant was
filtered through a 0.45-pm filter to obtain a negative-tone photosensitive resin
composition (N-22).  Using the negative-tone photosensitive resin composition
(N-22) obtained, evaluations were performed in the same manner as in Example 1.
[0114]
Comparative Example 8

Under yellow light, 1.557 g of IC907 and 0.173 g of EK were dissolved in
32.000 g of DAA and 23.243 g of PGMEA. To this solution, 6.921 g of DPHA,
8.652 g of a 1% by mass solution of 4-t-butylcatechol in PGMEA, 25.955 g of the
acrylic resin solution (b-2), and 1.500 g of a 1% by mass solution of BYK-333 in
PGMEA were added, and the resulting mixture was stirred.  Then, the resultant was

filtered through a 0.45-um filter to obtain a negative-tone photosensitive resin
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composition (N-23).  Using the negative-tone photosensitive resin composition
(N-23) obtained, evaluations were performed in the same manner as in Example 1.
[0115]
Comparative Example 9

A negative-tone photosensitive resin composition (N-24) was obtained in the
same manner as in Example 10 except using the mixed silane coupling agent solution
(a-4) in place of the mixed silane coupling agent solution (a-1). Using the
negative-tone photosensitive resin composition (N-24) obtained, evaluations were
performed in the same manner as in Example 1.
[0116]
Comparative Example 10

A negative-tone photosensitive resin composition (N-25) was obtained in the
same manner as in Example 10 except using the mixed silane coupling agent solution
(a-5) in place of the mixed silane coupling agent solution (a-1). Using the
negative-tone photosensitive resin composition (N-25) obtained, evaluations were
performed in the same manner as in Example 1.
[0117]
Comparative Example 11

A negative-tone photosensitive resin composition (N-26) was obtained in the
same manner as in Example 1 except using the mixed silane coupling agent solution
(a-6) in place of the mixed silane coupling agent solution (a-1). Using the
negative-tone photosensitive resin composition (N-26) obtained, evaluations were
performed in the same manner as in Example 1.
[0118]
Comparative Example 12

A negative-tone photosensitive resin composition (N-27) was obtained in the

same manner as in Example 1 except using the mixed silane coupling agent solution
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(a-7) in place of the mixed silane coupling agent solution (a-1). Using the
negative-tone photosensitive resin composition (N-27) obtained, evaluations were
performed in the same manner as in Example 1.
[0119]
Comparative Example 13

A positive-tone photosensitive resin composition (P-2) was obtained in the
same manner as in Example 16 except using the mixed silane coupling agent solution
(a-7) in place of the mixed silane coupling agent solution (a-1). Using the
positive-tone photosensitive resin composition (P-2) obtained, evaluations were
performed in the same manner as in Example 16.
[0120]
Comparative Example 14

A thermosetting resin composition (U-2) was obtained in the same manner
as in Example 17 except using the mixed silane coupling agent solution (a-7) in place
of the mixed silane coupling agent solution (a-1). Using the thermosetting resin
composition (U-2) obtained, evaluations were performed in the same manner as in

Example 17.
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Comparative | Example 10 Comparative | Example it Comparative Example 12 Comparative Example
13 Comparative Example 1 4 41 [0122] To compare the difference in cure shrinkage and in
planarization capability depending on the type of resin compositions to which the silane coupling agent
of the present invention is added, the following refarence experiments were performed. 5[0123]
Reference Example 1 The negative-tone photosensitive resin composition (N-1 (using the silane
coupling agent (a-1))) was spin-coated on a silicon wafer substrate using a spin coater (1H-360S
manufacture(ﬂQi)z%}llKASA CO., LTD.) at any rotation speed. 10Thereafter, the resultant was pre-baked

at 110C for 2 minute usmg a h (SCW-636 manufactured by Dainippon Screen Mfg Co., Ltd.)
to produce a film with S TR HBL B B oo Rt YRR PRI AY501F

manufacture and ultr essure |l ht source, the film
produced wacé1 g(pose% qIE tﬁ%%%&?%oé)r%g%%t o?@b(ﬁ ltlh% iaéa(“orayu% t%r %Fs}tjlng an
automatic deﬁ%@&&@%@&ﬁ%ﬁ%%&é@ %99%1(8@‘”&%%?@@%9& KZRNR W éh@ﬁ‘nehtd ), the film was
developed by showering of an aqueous solution of 0.4% by mass tetramethylammonium hydroxide,
ELM-Ds (availgileffom MITSUBISHI GAS CHEMICAL COMPANY, INC.), for 90 seconds and then
rinsed with water for 30 seconds. Finally, the film was cured in air at 70220C for | hour using an oven
(IHPS-222 mBnridrteadakbykSPEC CORP.) to produce a cured film. Cure shrinkage was calculated
by the method described above to evaluate planarization capability. The results were that the cure
shrinkage was 11% aﬁ&etﬁ%gb‘lé’ﬁéﬂﬁéﬂ?@ﬁtem}@ RRE8 @%ﬂofﬁl%q%é%m&ﬁ%éﬂ\%’é‘?e performed

in the same man er as des “W above exc usmg (}N 272? of the negative-tone
photosensiive TEUR BB (T FrR RIS Gt QPR HRAGEAAE 006 and the

planarization &@a?&bdﬁH-Wéb% ﬁ%nufactured by MIKASA CO., LTD.) at any rotation speed.

10 Thereafter, the resultant was pre-baked at 110°C for 2 minutes using a hot plate
(SCW-636 manufactured by Dainippon Screen Mfg. Co., Ltd.) to produce a film with
a film thickness of 1.5 pm. Using a parallel light mask aligner (PLA-501F
manufactured by Canon Inc.) and an ultra-high pressure mercury lamp as a light
source, the film produced was exposed to light at an exposure amount of 200 mJ

15 (i-ray). Thereafter, using an automatic developing apparatus (AD-2000,
manufactured by Takizawa Sangyo Co., Ltd.), the film was developed by showering
of an aqueous solution of 0.4% by mass tetramethylammonium hydroxide, ELM-D
(available from MITSUBISHI GAS CHEMICAL COMPANY, INC.), for 90 seconds
and then rinsed with water for 30 seconds. Finally, the film was cured in air at

20 220°C for 1 hour using an oven (IHPS-222 manufactured by ESPEC CORP.) to
produce a cured film. Cure shrinkage was calculated by the method described
above to evaluate planarization capability. The results were that the cure shrinkage
was 11% and the planarization capability was good.
[0124]

25 Evaluations were performed in the same manner as described above except
using (N-27) in place of the negative-tone photosensitive resin composition (N-1).

The results were that the cure shrinkage was 9% and the planarization capability was



good. [0125] In other words, with respect to negative-tone photosensitive resin compositions, the
addition of the silane coupling agent of the present invention (a-1) 5in place of a conventional silane
coupling agent caused almost no reduction in cure shrinkage or planarization capability. [0126]
Reference Example 2 The positive-tone photosensjjve resin composition (P-1 (using the silane
10coupling agent (a-1))) was spin-coated on a silicon wafer substrate using a spin coater (1H-360S
manufactured by MIKASA CO LTD.) at any rotation speed to produce a film with a film thickness of 1.5
pm. Thereaftegotide film was pre-baked at 110C for 2 minutes using a hot plate (SCW-636
manufactured by Dainippon Screen Mfg. Co., Ltd.). Using an automatic developing apparatus
(AD-2000, 15[ﬁ¥3§hfactured by Takizawa Sangyo Co., Ltd.), the film was developed by showering of
an aqueous solution l?f O.A%/o by mass.tetramethylammonium hydroxide, ELM-D, (available from
MITSUBISHI GAS CHERf }Aty‘&‘éﬁt\mﬂé@l\‘n?épﬁﬁ Sﬂ%ﬁaéﬁ%é‘?}b%éoé%&‘%ﬂé‘ﬁerﬁ?ééﬁ with water for 30
seconds. Nex Ing: ralle] ight ligner (PLA-501F manufactured by Canon Jnc,) and an
ultra-high presggﬁé%r%gﬁg%ﬂgé#g ggg‘?g(fg\?gﬁgsggu%%u%ﬁg ?’l%r%nw(gﬁ{éex %SS%%Y%}%{O&{SE?T ixposure
amountsof 60QR b€y hdninatisrihe film. Was e ddtmal.at 220G bef doheundRingAn.Aven
(IHPS-222 manufactured by ESPEC CORP.) to produce a cured film. Cure shrinkage was calculated
by the methodidesicsfrest phous iatievalusdbiptgnarization capability. The results were that the cure
shrinkage was 16% and the planarization 25capability was poor. Evaluations were performed in
the same marifiée@s described above except using (P-2) in place of the positive-tone photosensitive
resin composition (P-1). 43 The results were that the cure shrinkage was 13% and the planarization
capability wasi§eganfs X AMAlsther words, with respect to positive-tone photosensitive resin

5compositions, the addition of .the silane coupling agent of the preseny invention (a-1) in place of a
conventional silane c?)ﬁhpﬁi & Y EHP RS ?Sﬁ%ggﬁé?tfﬁﬂ%’ﬁﬁlwéh%ﬁa(ﬁcQ)W%QW Bfice. [0128]

Referqnee Example,3 40T0E Memaseinciesn SRTeRsiien (il ising e slang goupling agen

(a-1))) was spin-coatedon a silicon wafer substrate using a spin coater 698 thanufactured by

MIKASA CO.cFlr) phians sfgiienssaned by MORUEAN W) pufln kg sakd  gm. Thereatter,
the film was pre-baked at 110C for 2 minutes using a hot plate (SCW-636 manufactured by Dainippon
Screen Mfg. Goodutet. h film with a film thickness of 1.5 um. Thereafter, the film was pre-baked
at 110°C for 2 minutes using a hot plate (SCW-636 manufactured by Dainippon
Screen Mfg. Co., Ltd.). Using an automatic developing apparatus (AD-2000,
15 manufactured by Takizawa Sangyo Co., Ltd.), the film was developed by showering
of an aqueous solution of 0.4% by mass tetramethylammonium hydroxide, ELM-D
(available from MITSUBISHI GAS CHEMICAL COMPANY, INC.), for 90 seconds
and then rinsed with water for 30 seconds. Next, using a parallel light mask aligner
(PLA-501F manufactured by Canon Inc.) and an ultra-high pressure mercury lamp as
20 a light source, the film was exposed to light at an exposure amount of 6000 mJ
(i-ray). Finally, the film was cured in air at 220°C for 1 hour using an oven
(IHPS-222 manufactured by ESPEC CORP.) to produce a cured film. Cure
shrinkage was calculated by the method described above to evaluate planarization
capability. The results were that the cure shrinkage was 16% and the planarization
25 capability was poor.
Evaluations were performed in the same manner as described above except

using (P-2) in place of the positive-tone photosensitive resin composition (P-1).



15Finally, the film was cured in air at 260C for 1 hour using an oven (11-IPS-222 manufactured by
ESPEC CORP.) to produce a cured film. Cure shrinkage was calculated by the method described
above to evaluate planarization capability. The results were that the cure shrinkage was 18% and the
planarization capability was poor. 20[0129] Evaluations were performed in the same manner as
described above except using (U-2) in place of the thermosetting resin composition (U-1). The results
were that the cure shrinkage was 14% and the planarization capability was good. [0130] 25In other
words, with reSpretststotsheeradhettingaesishcogassitionk; Yhensldditiphuofribeistanpaolipling agent of
the present invention (a-1) in place of a conventional silane coupling agent tended to reduce cure
shrinkage and"pi#4zation 44 performance. INDUSTRIAL APPLICABILITY [0131] The present
invention is s g@} used in a silane coupling agent, a 5negative-tone photosensitive resin composition
containing the same, a cured film using the same, and a touch panel device having the same. 45

CLAIMS 1.A silane coppliig Ageni GRigseniee by ogmgogggﬁzo@&%a% R HOLO (1) wherein

y be the same or different from each other and 5represents Ci-Ce alkyl; the alkyl may

further have asrbstitien(Sle Ad8RIGSBAIBIsAkne coupling agent of the present invention (a-1)
in place of a conventional silane coupling agent tended to reduce particularly
planarization performance.

[0128]
Reference Example 3

10 The thermosetting resin composition (U-1 (using the silane coupling agent
(a-1))) was spin-coated on a silicon wafer substrate using a spin coater (1H-360S
manufactured by MIKASA CO., LTD.) at any rotation speed to produce a film with a
film thickness of 1.5 um. Thereafter, the film was pre-baked at 110°C for 2 minutes
using a hot plate (SCW-636 manufactured by Dainippon Screen Mfg. Co., Ltd.).

15 Finally, the film was cured in air at 260°C for 1 hour using an oven (IHPS-222
manufactured by ESPEC CORP.) to produce a cured film. Cure shrinkage was
calculated by the method described above to evaluate planarization capability. The
results were that the cure shrinkage was 18% and the planarization capability was
poor.

20 [0129]

Evaluations were performed in the same manner as described above except
using (U-2) in place of the thermosetting resin composition (U-1).  The results were
that the cure shrinkage was 14% and the planarization capability was good.

[0130]

25 In other words, with respect to thermosetting resin compositions, the

addition of the silane coupling agent of the present invention (a-1) in place of a

conventional silane coupling agent tended to reduce cure shrinkage and planarization



I; R2 represents a C3-C30 trivalent organic group; and R3 may be the same or different from each
other and represents CI-05 alkyl, C;-05 alkoxy, phenyl, hydroxyl, and phenoxy, among which groups
for 12.3 groups other than hydroxyl may further have a substituent(s). 102.The silane coupling agent
according to claim 1, wherein n = 0 in Formula (1).43.A negative-tone photosensitive resin composition,
comprising at least (A) the silane coupling agent according to claim 1 or 2, (B) an alkali-soluble resin,
(C) a polyfunctional acryl monomer, and (D) a photo-radical polymerization initiator. 154.The
negative- tonet’ﬁff@fﬁ“é’éﬁgltlve resin composition according to claim 3, wherein (B) the alkali-soluble
resin is a siloxane resm having an ethylenically unsaturated group. 5. The negative-tone
photosensmvm é&% &&B& to claim 3, wherein (B) the alkali-soluble resin is an acrylic
resin having et i ylenically 20unsaturated group. 6. A cured film obtained by curing the
negative-tone p]h sensitive resin composition according to any one of claims 3to 5. 7. A

component for a toucihpanel faving the 1 ed b, %gggrgj@%itlgrg%mp(?ing agent, a

5 negative-tone photosensitive resin composition containing the same, a cured film

using the same, and a touch panel device having the same.
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CLAIMS
1. A silane coupling agent represented by Formula (1),
O
—c— i R2-SiR3, (1)
R}Q HO

wherein each R may be the same or different from each other and
represents C;-Cs alkyl; the alkyl may further have a substituent(s); n represents 0 or
1; R? represents a C;3-Cs trivalent organic group; and R’ may be the same or
different from each other and represents C;-Cg alkyl, C;-Cy alkoxy, phenyl, hydroxyl,
and phenoxy, among which groups for R groups other than hydroxyl may further

have a substituent(s).

2. The silane coupling agent according to claim 1, wherein n = 0 in Formula
(D).
3. A negative-tone photosensitive resin composition, comprising at least (A)

the silane coupling agent according to claim 1 or 2, (B) an alkali-soluble resin, (C) a
polyfunctional acryl monomer, and (D) a photo-radical polymerization initiator.

4. The negative-tone photosensitive resin composition according to claim 3,
wherein (B) the alkali-soluble resin is a siloxane resin having an ethylenically
unsaturated group.

5. The negative-tone photosensitive resin composition according to claim 3,
wherein (B) the alkali-soluble resin is an acrylic resin having an ethylenically
unsaturated group.

6. A cured film obtained by curing the negative-tone photosensitive resin
composition according to any one of claims 3 to 5.

7. A component for a touch panel having the cured film according to claim 6.



