DESCRIPTION

RESIN COMPCSITION AND DISPLAY DEVICE FORMED USING SAME

FIELD OF THE INVENTION

The present invention relates To resin compositions.
Particularly, it relates to resin compositions suited for
applications such as surface protective films and interlaver
dielectric films of semiconductor elementis, dielectric lavers
of organic electroluminescent (hereinafter referred to as EL)
elements, planarization films of thin film transistor
(hereinafter referred to as TFT) substrates for the driving of
display devices using organic EL elements, wire-protecting
dielectric films of circuit boards, on-chip microlens of solid
imaging elements, planarization films for displays and solid

imaging elements, and solder resists for circult boards.

BACKGROUND ART

Cured films produced by curing compositions containing
polyvimideorpolybenzoxarzolehavebeen usedwidelyfordielectric
films, protective films, planarization films, and the like of
semiconductor elements or display devices. Particularly in
display devices, it is required to reduce the transmittance of
a cured film in order to increase contrast in applications such
as, for example, a dielectric laver of an organic EL display

and a black matrix of a liguid crystal display. In order to



prevent malifunction caused by penetration of light into a TFT
for driving of a display device, a leak electric current, and
the like, 1t 1s required to reduce the transmittance cof a
dielectric layer of an organic EL device or a planarization film
to ke provided on a TFT substrate of an organic EL display.
Examples of a technology of reducing the transmittance of a
visible region greater than a wavelength of 400 nm in a cured
filminclude a method of adding a colovant, such as carbon black,
an organic or inorganic pilgment, and a dysestuff, to a resin
composition like that seen inablack matrix material for liguid
crystal displays, an RGB paste material, and the like. Since
resin compositions containing such colorants have absorption
in a exposure wavelength region of 400 o 450 nm, 1t is difficult
to use them as positive Cype photosensitive resin compositions
which are sensitized by making iight reach to a film bottom and
therefore the use as a negative type photosensitive resin
composition such that a film thereof is photocured from its
surface 1is common.

Examples of & technology of reducing the transmittance of
acured filmof a positive type photosensitive resin composition
include a positive type radiati_ve resin composition comprlsing
an alkali~soluble resin, a quinone diazide compound, and a
ccloring composition of a leuco dye, a developing agent, and
s¢ on (see, for example, patent document 1), a photosensitive

resin in which a heat—-gsensitive material that will become black



upon heating has been added beforehand (see, for example, patent
document 2), andapositivetypephotosensitiveresincomposition
comprising an alkali-soluble resin, a quinone diazide compound,
a thermally coloring compound that colors upon heating and

exhibits an absorbance maximum at 350 nm or more and 700 nm or
less, and a compound that has no absorbance maximum at 350 nm
or more and less than 500 nm and has an absorbance maximum at
500 nmormore and 750 nmor less (see, forexample, patent document
3). These are technologies of reducing the transmittance of
a cured film while keeping the transmittance in the exposure
wavelength region of the resin film before curing high by using
a coloring compound that colors due to energy, such as heat.
Therefore, these can impart both positive photosensitivity and
negative photosensitivity to resin compositions with high

versatility.

Prior art documents
Patent Documents
[Patent Document 1] JP 2008-122501 A
[Patent Document 2] Jp 10-170715 A
[Patent Document 3] US Patent Application Publication No.

2004/197703 Specification

SUMMARY

[Problems to be solved]



Coloring compounds are compounds that will have
intramolecular structural change themselves due to heat to
develop absorption in a specifiedwavelength region. Recently,
not only coloring compounds but also resin compositions capable
of developing absorption in an exposure wavelength region by
other means have been demanded in order to improve versatility.
Then, an object of the present disclosure is to provide a resin
composition that can reduce the transmittance in the visible
region of a cured film by the use of a combination of specific
compounds while maintaining the transmittance of the resin film

before curing.

MEANS TO SOLVE THE PROBLEMS

That is, thepresentdisclosureprovidesaresincomposition
comprising (a) a polyimide, a polybenzoxazole, a polyimide
precursor, or a polybenzoxazole precursor, (b)
1,5-dihydroxynaphthalene, 1, 6-dihydroxynaphthalene,
1, 7-dihydroxynaphthalene, or 2, 3-dihydroxynaphthalene, and (c)
a thermal cross—-linking agent having a structure represented
by the following formula (1) or a thermal cross-linking agent
having a group represented by the following formula (2):
[kagaku 1]

in formula (1), R represents a linking group having 2 to
4 valencies, R!' represents a monovalent organic group having

1l to 20 carbon atoms, Cl, Br, I, or F,Ig and R’ each represent



CH,OR®> (R’ is a hydrogen atom or a monovalent hydrocarbon group
having 1 to 6 carbon atoms), R4 represents a hydrogen atom, a
methyl group or an ethyl group, s represents an integer of 0
to 2 and u represents an integer of 2 to 4;

~N (CH,0R®) ¢ (H) v (2)

wherein in formula (2), R°® represents a hydrogen atom or
a monovalent hydrocarbon group having 1 to 6 carbon atoms, t
is 1 or 2 and v is 0 or 1, provided that t + v is 1 or 2.

In an aspect, there is provided a resin composition
comprising (a) a polyimide, a polybenzoxazole, a polyimide
precursor, or a polybenzoxazole precursor, (b)
1, 5-dihydroxynaphthalene, 1,6-dihydroxynaphthalene,
1, 7-dihydroxynaphthalene, or 2,3-dihydroxynaphthalene, and (c)
a thermal cross—-1linking agent having a structure represented by
the following formula (1) or a thermal cross—1linking agent having

a group represented by the following formula (2):
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wherein in formula (1), R represents amonovalent hydrocarbon
groups having 1 to 6 carbon atoms, Cl, Br, I, or F, R? and R® each
represent CH,OR® (R® is a monovalent hydrocarbon group having 1
to 4 carbon atoms), R’ represents a hydrogen atom, a methy group

or an ethyl group, s represents an integer of 0 to 2 and u represents

an integer of 2 to 4, R’ to R?' each represent a hydrogen group,
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a monovalent organic group having 1 to 20 carbon atoms, Cl, Br,
I, or F;

~N (CH,0R®) ¢ (H) y (2)

wherein in formula (2), R® represents a hydrogen atom or a
monovalent hydrocarbon group having 1 to 6 carbon atoms, t is 1
or 2 and v is 0 or 1, provided that t + v is 1 or 2.

In another aspect, there is provided a positive type
photosensitive resin composition comprising the resin composition
as defined above and further (d) a photo acid generator selected
from any one of gquinone diazide compounds, sulfonium salts,
phosphonium salts, diazonium salts, and iodonium salts.

In another aspect, there is provided a negative type
photosensitive resin composition comprising the resin composition
as defined above and further (e) a photopolymerization initiator
which generates active radicals in the part exposed to light and
(f) a compound having two or more ethylenically unsaturated bonds
selected from any one of ethylene glycol dimethacrylate, ethylene
glycol diacrylate, diethylene glycol dimethacrylate,
trimethylolpropane triacrylate, ethoxylated bisphenol A
dimethacrylate, glycerin dimethacrylate, tripropylene glycol
dimethacrylate, butanediol dimethacrylate, glycerintriacrylate,
pentaerythritol triacrylate, pentaerythritol tetraacrylate,
dipentaerythritol hexaacrylate, ethoxylated pentaerythritol
tetraacrylate, and ethoxylated isocyanuric acid triacrylate.

In another aspect, there is provided a display device
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comprising a substrate in which a thin film transistor has
been formed, aplanarizationfilmand/oradielectriclayerobtained
by curing the resin composition as defined above, and a display

element in this order.

EFFECT

According to the present disclosure, it is possible to
obtain a resin composition that can reduce the transmittance
in the visible region of a cured film while maintaining the

transmittance of the resin film before curing.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a sectional view of a TFT substrate in which a
planarization film and a dielectric layer have been formed.

Fig. 2 is a sectional view of a TFT substrate in which a
dielectric layer has been formed.

Fig. 3 is a transmission spectra of the resin composition
of Example 2 before and after curing.

Fig. 4 is a transmission spectra of the resin composition

of Comparative Example 3 before and after curing.
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MODE FOR CARRYING OUT THE INVENTION

The resin composition of the present invention comprises
(a} a polyimide, a polybenzoxazole, a polyimide precursocr, or
a polybenzozazole precursor, (b) 1,5-dlhydroxynaphthalens,
1, 6-dihydroxynaphthalene, 1,7-dihydroxynaphthalene, or
2, 3~dihydroxynaphthalene, and (¢} athermal cross-linking agent
having a structure represented by the formula (1) provided above
or a thermal cross-linking agent having a group represented by
the formula (2) provided above. The combination of component
(o} and compeonent (c) with the resin of component (a) makes it
possible to make a cured film color at 400 to 450 nm to reduce
the transmittance in the visible range greatly. Lack of any
one of the three compounds (a) to (¢) will result in difficulty
in the intended coloring at 400 450 nm. The components will
be described below.

The resin composition of the present invention includes
{a) a polyimide, a polybenzoxazole, a polyimide precursor, or
apolybenzoxazele precursor. It may include two or more of them
and also may include a copolymar that has twe or more of their
repeating units.

Polyimide andpolybenzoxazole are resins that have a cyclic
structure of an imide ringor an oxazole ring in theirmain chain.
The number of repetitions of the repeating units is preferably
10 te 100000,

Polyimide can be cbtained by reacting a tetracarboxylic



acid cr its corresponding tetracarboxylic dianhydride or
corresponding tetracarboxylic acid diester dichloride with a
diamine or 1ts corresponding diisocyanate compound or
corresponding trimethylsilylated diamine and it has a
tétracarboxylicacidresidueandzidiamineresidue. For example,
it can 5@ obtained by dehydraticn~cyclizing & polyamide acid,
which i1s one of the polyimide precursors producsed by making a
tetracarboxylic dianhydride react with a diamine, by hsating
treatment or chemical treatment. In the hsating treatment, a
solvent that azeotropically boils with water, such as m—xylene,
may be added. The heating treatment may be done at a low
temperature of egual to or lower than 100°C with the addition
of a2 weakly acldic carboxylic acid compound. Examplies of the
cyclization catalyst to be used for the chemical treatment
include dehydration condensation agents such as carbozylic
anhydrides and dicyclohexyl carbodiimide and bases such as
triethylamine. A description of the polyimide precursor will
be made later.
Polybenzoxazole can be obtained by making a bisaminophenol
compound react with a dicarbexylic acid, its cecrresponding
cdicarboxylic acid chloride or corresponding dicarboxylic acid
active ester and i1t has a dicarboxyliic acid residue and a
bisaminophenol residue. For example, it can be obtained by
dehydration-cyclizing a polyvhvdroxvamide, which is one of the

prolybenzoxazcle precursors produced by making a bisaminophencl



compourtd react with a dicarboxylic acid react, by heating
treatment or chemical treatment. In the heating treatment, a
solvent that azeotropically boils with water, such as m—xviene,
may be added. Moreover, the heating treatment mavy be done at
a low temperature of equal tocor lower than200°Cwith the addition
of an acidic compound. EIxamples of the cyclization catalyst
to be used for the chemical treatment include phosphoric
anhydride, bases, and carbodiimide compcounds. A description
of the polybenzoxarzol precursor will be made later.

In the prezent invention, from the viewpoint of sciubility
in an agueocus alkall solution, the polyimide preferably has an
acidic group or an acidic group derivative such as OR’, SOsR’,
CONR'R®, COOR’, and SO.NR'R?, in a tetracarboxylic aclid residue
oradiamine residue, and it morepreferably has a hvdroxvl group.
In addition, the polybenzoxazole preferably has an acidic group
or an acidic group derivative, such as OR', SOsR’, CONR'R®, COCR’,
and SO,NR'R®, in a dicarboxylic acid residue or a bisaminophenol
residue, and it more preferably has a hydroxyl group. R’ and
rR® each repraesent a hydrogen atom or a monovalsent organic group
having 1 te 20 carbon atoms. The acidic group refers to a case
where all of R or R® are hydrogen atoms, and the acidic group
derivative refers to a case where a2 monovalent organic group
having 1 te 20 carbon atoms is contained in R or R,

In the present invention, examples of preferred structures

of a tetracarboxrvlic acid residue of a polyimide and a



dicarboxylic acid residue of a polybenrzoxazole (these are

hereinafter referred to as an acid residue) include structures
provided below or structures resulting from replacing 1 to 4
hydrogen atoms of those structures by an alkyl group having 1
to 20 carbon atoms, a fluorcalkyl group, an alkoxyl group, an
ester group, a nitro group, a cyano group, a flucrine atom, or
a chlorine atom. Two or more of these may be used together.

[kagaku 2]

[kagaku 3]

It is noted that J represents a direct bond, -C00-, —-CONH-,
-CHz-, and -CzH,-, -0-, -CsHg~, ~50.—, -5-, —-S1i(CHzj.~,

-0-51 (CH3) 2-0~, -CgHy—, -CeHy~0-CeHy—, -CeHa-C3He—CeHs—, or
—CegHy—C3EFe—CgHy—.

In the present invention, examples of preferred structures
of a diamine residue of a polyimide and a bisaminophenol residue
of a polybenzoxazole (these are hereinafter referred to as an
amine residue) include structures provided below or structures
resulting fromreplacinglted hydrogenatoms of those structures
by an alkyl group having 1 to 20 carbon atcms, a fluorcalkyl
group, an alkoxyl group, an ester group, a nitro group, a ¢cyano
group, a fluorine atom, cr a chlorine atom. 7Two or more of these
may be used together.

ikagaku 4]

[kagaku 5]

It is neted that J represents a direct bond, ~C00~, ~CONH-,



-CHz—, ~CsHy—, =0~, ~CsHe—, —=S0;—, =8~, =81 (CH3}2~, ~0~8i(CH3)-0—,
~CgHg—, -CeHy~0=CgHy—, -CgHa=C3Hg-CeHy—, or =CgHs—C3Fg—CeHq—. R’
represents a hydrogen atom or a menovalent crganic group having
1 to 20 carbon atoms.

Of the component (a) to be used for the present invention,
the polyimide precursor and the polybenzoxazole precursor are
resins that have an amide bond in theilr main chain and are
dehydration-cyclizedbyheating treatment or chemical treatment
to become the aforementioned polyimide and polybenzoxazole.
The number of repetitions of the repeating units is preferably
10 to 100000. Examples of the polyimide precursor include a
polyamide acid, a polyamide acid ester, a polyamide acid amide,
and a polyiscimide, and a polyamide acid and a polyamide acid
ester arepreferred. Examples of the polybenzoxazole precursor
include a polyhydroxyamide, a polyaminocamide, polyamide, and
a polyamide-imide, and a peclyhydroxyvamide is preferred. In the
present invention, fromthe viewpoint of solubility inanagqueous
alkalisclution, thepolyimideprecursor andthe polybenzoxazole
precurscr preferably have an acidic group cr an acidic group
derivative such as OR’, SOsR’, CONR'RY, COOR’, and SO,NR'R¥, in
an acid residue or an amine residue, and they more preferably
have a hydroxyl group. R’ and R° represent hydrogen atoms or
monovalent crganicgroupshavinglto2Ccarbonatoms. Theacidic
group refers to a case where all of R’ or R are hydrogen atoms,

andtheacidicgroupderivative refers toacasewhereamonovalent
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organic group having 1 to 20 carbon atoms is contained in R’
or RY.

Regarding the acid component that constitutes the acid
residue of the polyimide precurscr and the polybenzoxazclie
precursor, examples of a dicarboxylic acid include terephthaliic
acid, isophthalic acid, diphenylether dicarboxylic acid,
bis (carboxyphenyl)hexafluorcpropane, biphenyldicarboxylic
acid, benzophenone dicarboexylic acid, and
triphenyldicarboxylic acid. Example of a tricarboxylic acid
incliude trimellitic acid, trimesic acid, diphenvl ether
tricarboxvlicacid, and biphenvl tricarboxylic acid. Examples
ofatetracarboxvlicacidincludearomatictetracarboxylicacids,
such as pyromellitic acid, 3,3",4,4"~biphenyl tetracarboxviic
acid, 2,3,3',4"'-biphenvl tetracarboxylic acid,
2,2",3,3'"-biphenyl tetracarboxylic acid,
3,3'",4,4"~penzophenonetetracarboxylic acid,
2,2',3,3"'~benzophenone tetracarboxylic acid,
2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane,
2,2-bis(2,3-dicarboxyphenyl)hexafiuoropropane,
1,1-bis(3,4-dicarboxyphenyl)ethane,
1,1-bis(2,3-dicarboxyphenyl;ethane,
pis {3, 4-dicarboxyphenyl)methane,
bis(Z,3-dicarboxyphenylimethane,
bis (3, 4-dicarboxyphenyl)sulfone,

bis(3,4-dicarboxyphenvl)ether,
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1,2,5,6-naphthalenetetracarboxylic acid,
2,3,6,7-naphthalenetetracarboxylic acid,
2,3,5,6-pyridinetetracarboxylic acid andg 3,4,9%,10-perylens
tetracarboxylicacid, andaliphatictetracarboxylicacids, such
as butanetetracarboxylic acid, a cyclobutanstetracarboxylic
acid, 1,2,3,4d4-cyclopentanetetracarboxylic acid,
cyclohexanetetracarboxylic acid,
bicyclol2.2.1.lheptanetetracarboxylic acid,
bicyclo[3.3. 1. tetracarboxylic acid,

bicyclol[3.1.1. hept-2-ene tetracarboxylic acid,
Picyele[2.2.2. Joctane tetracarboxylic acid, and adamantane
tetracarbaoxylicacid. Twoormoreof thesemay beusedtogethear.
More preferred are the dicarboxyliic acids, tricarboxylic acids
or tetracarboxylic aclds provided above as examples whose 1 to
4 hydrogen atoms have been substituted with an acidic group or
acidic group derivative, such as OR’, SOsR’, CONR'R®, COOR’, and
SO.NR'RY, preferablywithahydroxyl group, @ sulfonicacidgroup,
a sulfonic acid amide group, or a sulfonic acid ester group.

These acids each can be used as 1t i1s or in the form of
an acid anhydride or an active ester.

By the use of & silicon atom-contalining tetracarboxylic
acidsuchasdimethylsilanediphthalicacidandl,3-bls(phthalic
acid) tetramethyldisiloxane, it 1s possible to enhance the
adhesicn property to a substrate and the resistance to oxygen

plasmatobeused forwashingandresistancetecalVozone treatment.

-t
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These silicon atom~containing tetracarboxylic acids are
preferably used in 1 to 30 mel% of the whole aclid compenent.
BExamplesof thediamine component that constitutes theamine
residue of the polyimide precursor and the polybenzoxazole
precursor include hydroxyl group-containing diamines, such as
bis(3-amino-4-hydroxyphenvilhexaflucropropane,
bis(3-amino-4-hydroxyphenyl)sulfene,
bis(3~aminc-4-hydroxyphenyl)propane,
bis(3-amino-4-hydroxyphenyl)methylene,
bis(3-amino-4-hydrozyphenyl)ether,
bis(3-amino-4-hydroxy)biphenvl,
bis(3-aminc-4-hydroxyphenyl)fluorene, carboxyl
group-containing diamines, such as 3, 5-diaminobenzcic acid and
3-carboxy~4, 4'-diaminodiphenyl ether, sulfonic
acid-containing diamines, such as 2-sulfonic
acid-é,@—diaminodiphenyl ether,
dithiohydroxyphenylenediamine, 3,4'-diaminodiphenyl ether,
4,4"-diaminodiphenyl ether, 3,4'-diamincdiphenylmethane,
4,4"-diaminodiphenylimethane, 2,4'-diaminodiphenyl sulfone,
4,4"-diaminodiphenyl sulfone, 3,4'-diaminodiphenylsulfide,
4,4"-diaminodiphenylsulfide, 1,4-bis (4{-aminophenoxy)benzene,
benzine, m-phenylenediamine, p~phenylenediamine,
1, 5-naphthalenediamine, 2,%-naphthalenediamine,
bis{4-aminophenoxyphenyl)sulfone,

bis(3-aminophencxyphenyl)sulfone,
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bis{4d~aminophenoxy)biphenyl, bisi{d4- (4-aminophenoxy)phenyl}
ether, 1,4-bls (4d-aminophenoxy)benzene,
2,2"'-dimethyl-4,4"'-diaminobiphenyl,
2,2"'~diethyl~4,4'~diaminobiphenyl,
3, 3" ~dimethyl-4,4'~diaminobiphenyl,
3,3 -diethyli~4,4'-diaminobiphenyl,
2,27,3,3" -tetramethyl-4,4'-diaminobiphenvyl,
3,3',4,4"-tetramethyl-4,4"'-ciaminobiphenyl,
2,2'-di(triflucromethvl)-4,4 " -diaminochiphenyl, or compounds
each resulting fromreplacing some halogen ateoms of Lhe aromatic
ring of each ¢f the foregecing by an alkyl group or a halogen
atom, aliphatic diamines, such as cyclohexyldiamine and
methvlenebiscyclohexyviamine. Furthermore, these diamines may
be substltuted with an alkyl group having 1 to 10 carbkon atoms,
such as a methyl group and an ethyl greoup, a Llucroalkyl greoup
having 1 to 10 carbon atoms, =such as a trifluoromethyl group,
or a group such as F, Cl, Br, and I. Two or more of these may
be used tegether. For an application in which heat resistance
is reguired, it is preferred to use an aromatic diamine in 50
mol% or more of the whole diamine. In addition, the diamines
provided above as examples preferably have an acidic group or
an acidic group derivative, such as OR’, SOsR’, CONR'R®, COOR’,
and SO;NR'R®, and they more preferably have a hydroxyl group.
These diamines can be used as They are or in the form of

a corresponding diisocyanate compound or trimethylsilylated
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diamine.

The use of a silicon atom-containing diamine, such as
i,3-bis(3~aminopropyl)tetramethyldisiloxane and
1,3-bis{d-anilinc)tetramethyldisiloxane, as a diamine
component can enhance adhesion property te a substrate or
resistance to oxygen plasma to be used for washing and resistance
tcalUVozonetreatment. Thesesiliconatom-containingdiamines
arepreferablyusedinl to30mol% of thewhole diamine component.

It is preferred to cap the end of a polyimide, a
polybenzoxazcle, a polyimide precursor, or a polybenzoxazole
precursor with a monoamine having a hydroxyl group, a carboxvl
group, asulfonicacidgroup, or & thicol group, anacidanhydride,
anacidchloride, or amonocarboxylic acid. 7Two ormore of these
may be used Together. The disscluticn rate of a resin to an
aqueous alkall solution can be adjusted sasily to a preferable
range by the pessession of the aforementioned group at & resin
end.

Preferable examples of a moncamine incliude
S5-amino-8-hydroxzyquinoline, l-hydroxy-7-amincnaphthalene,
I-hydroxy-6-amincnaphthalene, l-hydroxy~D-aminonaphthalense,
l-hydroxy-4-aminonaphthalene, Z2-hydroxy-T-amincnaphthalene,
Z-hydroxy-¢-aminonaphthalene, Z-hvdroxy-b-aminonaphthalene,
l-carboxy-7-aminonaphthalene, l-carboxv-6-aminonaphthalene,
l-carboxy-b-aminonaphthalene, 2Z-carboxy-7-aminonaphthalene,

Z—-carboxy-t-aminonaphthalene, Z-carboxy-5-amincnaphthalens,
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2—aminobenzolc acid, 3-aminobenzoic acid, 4-aminobenzoic acid,
4—aminosalicylicacid, b-—aminosalicylicacid, é-aminosalicylic
acld, 2-aninobenzenesulfonicacid, 3—aminobenzenaesulfonicacid,
4—-aminocbenzenesulfonic acid, 3-amino-4, 6~dihydroxypyrimidine,
Z-amincpnenol, 3-aminophenol, 4-~aminophencol,
Z-aminothiophencl, 3-aminothiophencl, and 4~aminothiocphenol.

Preferable examples of the acid anhvydride, the monoacid
chloride, the monocarboxylic acid, and the mono~active ester
compound include acid anhydrides, such as phthalic anhydride,
maleic anhydride, nasic acid, cyclohexane dicarboxylic acid
anhydride, and 3-hydroxyphthalic acid anhydride;
monocarboxylic acids, such as 3-carboxyphenol, 4~carboxyphencl,
J-—carboxythiophencl, 4-carboxythiophenol,
I-hydroxy-7-carboxvnaphthalens,
l-hydroxv-b-carboxynaphthalens,
l~hydroxy-S~carboxynaphthalene,
l-mercaptce~T~carbozxynaphthalene,
l-mercapto~6-carboxynaphthalene,
l-mercapto-S-carboxynaphthalene, 3-~carboxybenzenesulfonic
acid, and d-carboxybenzenesulfonic acid, and monoacid chloride
compounds resulting from conversion of their carboxyl groups
to acid chlorides; monocacid chloride compounds resulting from
conversion of one carboxyl group of a dicarboxylic acid, such
as terephthalic acid, phthalic acid, maleic acid,

cyclohexanedicarboxylic acid, 1,5-dicarboxynaphthalene,

o
[0t



1, é~dicarboxynaphthalens, 1,7-dicarboxynaphthalene, and
2,6-dicarboxynaphthalene, into an acid chiocride; and
mene-active ester compounds obtained through & reaction between
a monoacid chleride compound and N-hydroxyhenzeotriazole or
N-hydroxy-5-norbornene-2, 3-dicarboxvimide.

The content of the end-capping agent, such as the
aforementioned mencamine, acid anhvdride, acid chloride, and
monccarboxylic acid, is preferably within a range of 0.1 to €0
mol%, more preferably from 5 to 50 mol%, of the number of molss
of the charged acid component monomer to constitute an acid
residue or the charged diamine component monomer to constitute
an diamine residue. By adjusting the content to such a range,
aresin composition that ismoderate inviscosityof its solution
when applving the resin composition and that has superior film
properties can be obtained.

The resin also may have a polymerizable functicnal group
at its end. Examples of the polyvmerizable functlonal group
includeanethylenicallvyvunsaturated linkinggroup, anacetylene
group, a methyloel group, and an alkoxymethyl group.

The end-capping agent having been introduced into & resin
can be detected easily by the following method. For example,
an end-capping agent can be detected easily by dissolving aresin
intowhich the end-capping agent has been introducedinanacidic
sclution to decompose the resin into an amine component and an

acid component which are constitutional units of the resin, and
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then measuring them by gas chromatography (GC) or NMR. Aside
from this, a resin in which an end-capping agent has been
introduced can be detected directly through the measurement of
a pyrolysis gas chromatograph (PGC), an infrared spectrum, and
SC-NMR.

In the present invention, a polyimide precursor or a
polybenzoxazole precursor isg preferred as component (a) and a
polyvimide precursor is more preferred. A polyimide precursor
advances an imidation reaction in which an amide acid moiety
is cyclized by curing calcination at about 200°C, and a
polybenzoxazole precursor advances an oxazolation reaction in
which a hydroxyamide moiety is cyclized by curing calcination
at about 300°C, resulting in remarkable improvement in chemical
resistance. The polyimide precursor makes 1t possible to
obtaline chemical registance at a lower calcination temperature.
A photosensitive resin composition usihg such & precurscr resin
having a property to volumetrically shrink at the time of curing
calcination makes it possible to abtain a pattern in a
forward-tavered form by obtaining a fine pattern by an
gxposure-development step and then performing calcination.
This pattern in a forward-tapered form is superior in abllity
to cover an upper electrode when being used as a dielectric film
of an organic EL element, and 1t can prevent breakage of wiring
and can improve the reliability of an element.

The regsin composition of the present invention may contain

18



alkali-~soluble resins other than component (a). An
alkali-scluble resin refers to any resin having an acidic group
tobecome solupleinalkali andspecificexamples thereof include
radically polymerizable polymers having acrylic acid, a phenol
novolak resin, and polynhvdroxystyrene, polysllcoxane. It Is
also permitted to adjust the alkali solubility by protecting
the acidic groups of these resins. Such a resin 1s a substance
that is soluble in an agueous solution of an alkali, such as
choline, triethylamine, dimethylaminopyridine,
monoethanclamine, disethylamincethanocl, sodium hydroxide,
potassium hydroxide, and sodium carbonate as well as
tetramethylammonium hydroxide. Although two or more such
resins may be contained, their proportion to the whole resgin
incliluding component (a) is preferably up to 50% by weight.
The resin composition of the present invention contains
(b) 1,5-dihvydroxynaphthalene, 1,6-dihvdroxynaphthalens,
1, 7-dihydrozynaphthaiene, or Z,3-dihvydroxynaphthalene. Two
ormore of thesemay be contained. The pessessionof twohydroxyl
groups results in better alkali developability in comparison
to a case of possessing one hydroxyl group and can improve
photosensitivity. The naphthalene structure, which is a fused
polyecyclic structure, is higher in electron density than a
monocyclic compound and 1t comes te have an increased electron
density tThrough its possession of two hydrogen groups and can

effectivelycauseanelectrophilicadditionreactionofathermal
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cross—-linking agent {c¢} described later. Moreover, the
conijugation of m-electrons is prone to spread in two or more
directions to develop color after the formation of a
cross-linking reaction, and therefore, it ispossibletogreatly
reduce the transmittance in the visible regicon of a cured film
by combining it with a thermal cross-1inking agent (c) described
later. Such aneffect becomes particularly remarkable when the
structure has hydroxyl groups at 1, 5-positions, 1,6-positions,
1,7-positions, or 2, 3-positions. Moreover, by a cross-linking
reaction of the thermal cross-linking agent (c} and the
above-mentioned component {(a), itispogsible to fix the compound
of compecnent (b)) to componant {a), which is supericr in heat
resistance, so that the chemical resistance of a cured £ilm can
be improved.

The resin compositionof thepresent inventionmay contain,
in addition to (b} 1,5-dihvdroxynaphthalene,

1, 6~dinydrozynaphthalene, 1,7-dihydroxynaphthalene, or
2, 3~dihydroxynaphthalene, another fused polycyclic arcmatic
compound having two or more hydroxyl groups.

Examples of the skeleton structure of the fused polycyclic
aromatic compound having two or more hydroxyl groups include
carbon fused bicyclic structurse, such as pentalene, indene,
naphthalsne, azulene, heptalene, and octalens, carbon fused
tricyclic structure, such as as-indacenes, s-indacens,

biphenylene, acenaphthylene, flucrene, phenanthrens, and
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anthracene, carbon fusedtetracyclicstructure, suchas trindene,
fluoranthene, acephenanthrvlene, aceanthrylene, triphenylene,
pvrene, chrysene, tetraphene, and naphthacenes, and carbon fused
pentacycolic structure, such as picene, perylene, pentaphene,
pentacene, and tetraphenyiene., A heterocyclic structure
containing nitrogen, sulfur, or oxygen atoms instead of some
carbon atoms of the aforementioned carbon fused polyceyclic
aromatic compounds is also available. Examples of the fused
polyeyelic aromatic heterccompound include fused
heterchicyclic compounds, such as benzofuran, benzothiophens,
indole, benzimidazole, benzothiazole, purine, quinoline,
isoguinoline, cinnoline, and guinoxaline, and fused
neterotricyclic compounds, such as dibenzofuran, carbazole,
acridine, and 1,10-phenanthroline. Compounds each resulting
fromreplacing some hydrogenatoms of a compoundhaving a skeleton
provided above as an example by two or meore hydroxyl groups are
preferred as the fused polyeyelic aromatic compound having two
or more hydroxyl groups.
Specificexamplesof the fusedpolyeyelicaromatic compound
naving two oy more hydroxyvl groups include
1,4-dihydroxynaphthalene, Z,6-dihyvdroxynaphthalene,
2, 7-dihydroxynaphthalene, 1,8-dihydroxynaphthalene,
2,4~dihvdroxyguinoline, 2, 6~dihvdroxyguineline,
Z2,3-dihvydroxyguinoxaline, anthracene-1,2,10-triol, and

anthracene-1,8,9~-triol.
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In the resin composition of the present invention, the
content of (b} 1,5-dihvydroxynaphthalens,
1, 6-dihydroxynaphthalene, or 1,7-dihvydroxynaphthalene is
preferably 5 parts by welght or more, more preferably 10 parts
by weight or more relative te 100 parts by welght of the resin
of component {aj. It ispreferably 120 parts by weight cr less,
and more preferably 100 parts by welght or less., 1 the content
of component (b) 1s b parts by welght or mere, the transmittance
in the visible region of a cured film can be reduced more. If
it 1g 120 parts by weight or less, it is possible to maintain
the strength of a cured film and reduce the percentage of water
abscrption. When containing two or more kinds of component (a)
or component (k), thelir total amount is preferably within the
above-mentioned range.

The resin composition of the present invention contains
{¢) athermal cross-linking agent having a structure represented
by the feollowing formula (1) or a thermal cross~1linking agent
having a group represented by the following formula (2). Two
cor more of these may be contained. The thermal cross-~linking
agent of component () canreduce thetransmittancecf thevisible
range greatly by cross-linking itself to both {a) a polyimide,
z polybenzoxazole, a polyimide precursor, or a polybenzoxazole
precursor, and (k) 1,5-dihydroxynaphthalene,
1, ¢-dihydroxynaphthalene, 1,7-dihydroxynaphthaliene, or

2, 3-dihydroxynaphthalene, thereby linking the three components
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(a), (b}, and (c) together. Morecover, it can lncrease the
chemical resistance of a cured film through a cross-linking
reaction.

[kagaku 6]

In formula (1), R represents a linking group having 2 to
4 valencies. R' represents a monovalent organic group having
1 to 20 carbon atoms, Cl, Br, I, or F. Monovalent hydrocarbon
groups having 1 tec 6 carbon atoems, such as 2 methvl group, an
ethyl group, a propvl group, a butyl group, a pentyl group, a
hexyl group, a cyclopentyl group, and a cyclohexyl group, are
preferred as the monovalent organic group having 1 to 20 carbon
atoms. R’ and R’ each represent CH,OR® (R” is a hydrogen atom
or a monovalent hydrocarbon group having 1 to € carbon atoms) .
Rérepresentseahydrogen atom, a methyl group or an ethyl group.
8 represents an integer of § to 2 and u represents an integer
of 2 to 4. A plurality of R's to R's each may be the same or
different. Examples of the linking group R are provided below.

(kagaku 7]

In the above formula, R® to RY each represent a hydrcgen
group, a menovalent organic group having 1 to 20 carbon atoms,
Cl, Br, I, or F. Amethyl group, anethyl group, a propyl group,
abutyl group, apentyl group, a hexyl group, a cyclopentyl group,
a cyclchexyl group, a benzyl group, and a naphthyl group are
preferred as the monovalent organic group having 1 to 20 carbon

atoms.



=N (CH,0R®) ¢ (H), (2)

In the above formula (2), R® represents a hydrogen atom
or a menovalent hydrocarbon group having 1 to & carbon atoms.
t represents 1 or £ and v represents 0 or 1, provided that t+v
is 1 cor 2.

Intheabove formula (1), R and R® each represent a thermally
cross~linkable group, CH,OR® (R®1is ahydrogenatomor amonovalent
hydrocarbon group having 1 o 6 carbon atoms). R’ is preferably
amonovalent hyvdrocarbon group having 1 to 4 carben atoms because
it leaves amoderate reactivity andexcels in storage stability.
In a photosensitive resin composition containing a photo acid
generator, a photopolymerization initiator, or the like, R® is
more preferably a methyl group or an ethyl group.

In the thermal cross—-1linking agent represented by formula
(1}, the number of the functional groups of the thermally
cross—linkable groups accounting for in one molecule is 4 to
8. If the number of the functional groups is less than 4, it
is impessible to color the resin composition after curing
moderately and also impossible to reduce the Cransmittance in
the visible region of a cured film. On the other hand, if the
number ¢f the functional groups exceeds 8, it is difficult to
obtain a compound that is high in purity and the stability of
the compound itself and the storage stability in a resin
composition deteriorate.

The purity of the compound having a structure represented
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by formula (1} is preferably 75% or more, and more preferably
85% ormore. If thepurityis 85% ormore, the storage stability
is good, a cross~linking reactionof a resincompositionis fully
carried cut, resulting in a superiocr coloring property after
curing, and it is possible to reduce the transmittance in the
visible regicn of a cured £ilm. Since it is possible to reduce
unreacted groups, that serve as water—-absorptive groups, 1t is
possible toreduce thewater absorptivityvofaresincomposition.
Examples of the method for obtaining a thermal cross-linking
agent having a high purity include recrystallization and
distillation. The purity of the thermal cross-linking agent
can be determined by liguid chromatography.

Preferable examples of the thermal cross-linking agent
having a structure represented by formula (1} are given below.

[kagaku &)

[kagaku 9]

Informula{2),Rﬁ,whichjjsahydrogenatommnfamonovalent
hydrocarbon group having I to 6 carbon atoms, preferably is a
monovalent hydrocarbon group having 1 te 4 carbon atoms. From
the viewpoint of the stability of a compound or the storage
stability in & resin composition, it is preferred, in a
photosensitive resin composition containing a photo acid
generator, a photopolymerization initiator, or the like, that
R® be a methyl group or an ethyl group and 1t is preferred that

the number of the (CH,O0R®) groups contained in the compound be
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8 or less.

Preferable examples of the thermal cross-linking agent
having a group represented by formula (2) are given below.

[kagaku 10]

The content of (¢) the thermal cross-linking agent having
& structure represented by formula (1) or the thermal
cross~linking agent having a group represented by formula (2)
is preferably 5 parts by weight or more and more preferably is
10 parts by welght or more relatlive to 100 parts by weight of
the resin of component (a). It ispreferably 120 parts by weight
cr less, and more preferably 100 parts by weight or less. If
the content of component (c¢) is 5 parts by weicght or more, the
transmittance inthevigsible regicnof a cured filmcan be reducead
mere. If it is 120 parts by weight or less, the strength of
a cured £ilm is high and also the resin compogition ig superior
in storage stability. When containing two or more kinds of
component {a} or component (¢, thelr total amount is preferably
wlthin the above-mentioned range.

The resin composition of the present inventionmay further
comprise (d) aphotoacidgenerator, or (&) aphotopolymerization
initiator and (f) a compound having two or more ethylenically
unsaturated bonds and can impart positive type or negative type
photosensitivity.

Due to the inclusion of (d) the photo acid generator in

the resin compesition of the present invention, an acid is
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generated by in a part exposed to light, so that the soliubility
of apart exposedte light inan aqueous alkall solution increases
and a positive type relief pattern in which the part exposed
to light dissolves can bse obtained. Moreover, the inclusion
of (d) the photc acid generator and an epoxy compound makes it
possible to obtain a negative type relief pattern in which acids
generated in a part exposed to light promotes the reaction of
the epoxy compound, so that the part ezposed to light becomes
insoluble.

Examples of (d) the photo acid generator include guinone
diazide compounds, sulfonium salts, phosphonium salts,
diazonium salts, and lodonium salits.

Examples of the gquinone diazide compound include a compound
in which the sulfonic acid of quinone diazide has been bonded
to a polvhydroxy compound via an ester, a conmpound in which the
sulfonic acid of gquinone diazide has been sulfonamide-bonded
to a polyvamine compound, and a compound in which the sulfonic
acid of guinone diazide has been ester-bonded and/or
sulfonamide-bondaed to a polvhydrozypolyamine compound. It is
preferred that 50 mol% or more of the wheole functional groups
of such a polyhydroxy compound or polvamino compound have been
substituted with quincne diazide. It is preferred that two or
more kinds of photo acid generators (d) be contained and a highly
photosensitive resin composition can be obtainsd.

In the present invention, a guinone diazide compound that
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has any of a S-naphthoqguinone diazide sulfonyl group and a
d-naphthoquinene diazide suifonyl group is preferably used. A
d-naphthoguinonediazide sulfonyl ester compound 1s suitakle for
i-line exposure because it has an absorptioninthe i-line region
of a mercury lamp. A S-naphthoquinonediazide sulfonyl ester
compound 1s sultable for g-line exposure because it has an
absorption extending to the g-line region of a mercury lamp.
In the present invention, it is preferred to choose a
4-naphthoguinonediazide sulfonyl ester compound and a
b-naphthoquinonediazide sulfonyl ester compound depending upon
the wavelength of 1light tobe applisd. A naphthoquinonediazide
sulfonyl ester compound that has a 4-naphthoguinene diazide
sulfonyl group and a S-naphthoguinone diazide sulfenyl group
in the same molecule may be contained, and both a
4-naphthoguinonediazide sulfonyl ester compound and a
S—naphthoquinonediazide sulfonyl ester compound may be
contained.

Among photo acid generators (d), sulfonium salt,
phosphonium salts, diazonium salts are preferred because they
moderately stabilize the acid component generated by exposure
to light. Particularly, sulfonium salts are preferred.

Inthepresent invention, fromthe viewpoint of enhancement
in sensitivity, the content of the photo acid generator (d) is
preferably 0.01 to 50 parts by weight relative to 100 parts by

welght of the resin of component (a). Among these, the range
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of 3 to 40 parts by weight is preferred for a guinone diazide
compound. The tcotal amcount cof the sulfconium salt, the
phosphonium salt, and the diazonium salt is preferably within
the range of 0.5 to 20 parts by weight. Furthermcre, a
sensitizing agent or the like can also be contained according
to need. When containing two or more kinds of component (d),
their total amount is preferably within the above-menticned
range.

The photosensitive resin compeosition of the present
invention may further comprise (e) a photopolymerization
initiator and (f) a compound having two or more ethylenlcally
unsaturated bonds. IT is possible to obtain a2 negative type
relief pattern in which active radicals generated in the part
exposed to light advance the radical polymerization of
ethylenically unsaturated bonds, so That tThe part exposed to
light becomes insoluble.

Examples of (e) the photopolymerization initiator include
diethoxvacetophenone,
2-hydroxy-2-methyl-1i-phenylpropan-1-cne, benzyl dimethyl
ketal, 1l-(4é-isopropylphenyl)-Z-hydroxy-Z2-methylpropan-l-one,
d-(Z2-hydroxyethoxy)phenyl-(2-hydroxy-Z-propyl} ketone,
l-hydroxycyclohexyl-phenyl ketone,
l-phenyi-1,2-propanedione~2-{o-ethoxycarbonyl)oxime,
2-methyl-[4- (methylthio) phenyl]-Z¢-morpholinoprepan~l~cone,

2=~benzyl-Z-dimethylamino-1-(4d-morpholinophenyl)-butancne-1,
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benzolin, benzoin methyl ether, benzoin ethyl ether, benzoin
isopreopyl ether, benzoin iscbhutyl ether, benzophenone, methyl
c-benzoylbenzoate, 4-phenylbenzophencne,

4, 4-dichlorobenzophenone, hydroxybenzophencne,
4-pbenzoyl-4'-methyl-diphenyl sulfide, alkylatedbenzophenone,
3,3, 4,4 -tetra(tert-butyvlperoxvcarbonyl)benzophenone,
d-penzoyl-N,N-dimethyl-N-{z-({l-oxo-Z-propenyloxy)ethyl]benz
enemethanaminiumbromide, {(4d-benzovlbenzyl)trimethylammonium
chloride,
2-hydroxy-3-(4d-benzoylphencxy) -N,N, N-trimethyl-1l-propene
aminium chloride monohydrate, Z-isopropylithioxanthone,
2,4-dimethylthioxanthone, 2,4-diethvylthioxanthone,
Z,4=dichlorothioxanthcne,
2-hydrozy-3-{3,4-dimethyl-9%-cxo-9H-Chioxanthen-2-yloxy}-N, N
yN-trimethyl-l-propanaminium chloride,

2,4, 6-trimethylbenzoylphenylphosphine oxide,
1,2-octanedione~1-{4- {phenylthic) -2~ (O-benzoyloxime)],
ethanone, 1-[9-ethyl-6-(Z-methylbenzoyl)~9H~carbazel-3-vy1]-,
1-({C~acetyloxime), 2Z,2'~bis
{o—chlorophenyl)~4,5,4", 5" -tetraphenyl-1,2-biimidazcle,
10-butyl~-2~chloroacridone, Z-sthylanthraquinone, benzil,

9,

3

O-phenanthrenequinone, campherguinone, methylphenylglyoxy
ester,
nS-cyclopentadienyl-etaé-cumenyl-iron(1+) -hexafluocrophospha

te{i-), diphenylisulfide derivatives,
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bis(nb-2Z,4d-cyclicopentadien-i-vl)-kbis (4, 6-difluore-3-{1H-pyrx
ol-I-yl)-phenyl)titanium 4,4-bis{dimethylamino)benzophenone,
4,4-bisg(diethylaminc)benzcephenone, thioxanthone,
Z2~methylthicxanthone, Z-chlorothicxanthone,
4-benzoyl-d-methyiphenyl ketone, dibenzyl ketone, £luorenone,
2, 3~diethoxyacetophenone,

2, 2-dimethoxy-2-phenyl-2-phenylacetophenone,
Z-hydroxy-Z-methylpropiophenone,
p-t-butyldichlorcacetophenone, benzilmethoxyethyl acetal,
anthragquinone, Z-tert-butyl anthraguinone,
Z-amincanthragquinone, f-chleorcanthraquincne, anthrone,
benzanthrone, dibenzsuberone, methylensanthrone,
d~azidobenzalacetophenone,
Z2,0-bils(p-azidobenzyliene)cyclohexane,
2,6-bis(p-azidobenzyliene)-4-methvlcycichexanone,
Z2-phenyl-1, 2~butadicne~2- (o~methoxycarbonyl) oxime,

1, 3-diphenvlpropanetrione~2~ (c~ethoxycarbonyl) oxime,
naphthalenesulfonyl chloride, guinolinesulfonyl chloride,
N-phenylthicacridone, 4,4-azobisisobutyronitrile,
benzthiazoledisulfide, triphenylphosphine, tetrabromocarbon,
tribromephenylsulfcone, benzoyl percxide, and combinations of
photoreductive dyes, such as eosin and methylene blue, and
reducling agent, such as ascorbic acid and triethanolamine. Two
or mcre of these may be contalned.

In the present Ilnvention, the content of the
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photopelymerization initiator {(e) is preferably 0.1 to 20 parts
bywelght relativetol00partsbyweight of the resinof component
(a). If it is 0.1 parts by welght or more, a sufficient amount
of radical is generated by irradiaticn with light and
photosensitivity increases. IfitisZ0partsbywelightor less,
curing of a part unexposed to light caused by the generation
of excesslive radicels does not occur, resulting in increase in
alkali developability. When containing two or more kinds of
component (g), thelr total amount is preferably within the
above-mentioned range.

Examples of the compound having two or more ethylenically
unsaturated bonds (f) include acrylic monomers such as ethylene
glvcol dimethacrylate, ethylene glycol diacrylate, diethylene
glycel dimethacrylate, trimethylolpreopane triacrylate,
sthoxylated bisphenol A dimethacryvlate, glycerin
dimethacrylate, tripropyleneglycol dimethacrylate, butanediol
dimethacrylate, glvcerin triacrylate, pentaervthritol
triacrylate, pentaervthritol tetraacrylate, dipentaerythritol
hexaacrylate, ethoxvlated pentaeryvthritol tetraacrylate, and
ethoxylated isocyanuric acid triacrylate. Two ormore of these
may be contained.

Inthepresent inventiocn, the content of the compound having
two or more ethylenically unsaturated bonds (f) is preferably
1 part by welght or more, and more preferably 5 parts by weight

of more relative £o 100 parts by weight of the resin of component



{a). It is preferably 100 parts by weight or less, and more
preferably 50 parts by weight or less. When containing two or
more kinds of ccomponent (f), their total amount is preferably
within the above-mentioned range.

For the purpose of adjustment of solubliiity or the like,
a compound having only cne ethylenically unsaturated bond may
be contained in an amount of 1 to 50 parts by weight relative
to 100 parts by welght of the resin of component {(a). Examples
of sucha compound inciude acrylicacid, methacrylicacid, methyl
acrylate, methyl methacrylate, butyl acrylate, hydroxyethyl
acrylate, hydroxvethyl methacrylate, dimethylacrylamide,
dimethylaminoethyl methacryliate, acryloylmorpholin,
l-hydroxyethyl alpha-chlorocacrylate, Z-hydroxzyethyl
methacrylate, Z-hydroxyethyl acrylate, 2-hydroxyethyl
a-chlorcacrylate, l-hydroxypropyl methacrylate,
l-nydroxypropyl acrylate, I-hvdroxypropyl a-chloroacrylate,
Z2-hydroxypropyl methacryvlate, Z-hydroxypropyl acrylate,
2-hydroxypropyl o-chlorcacrylate, 3-hydroxvprooyl
methacrylate, 3-hydroxypropyl acrylats, 3-hydroxvpropyl
o-chlorocacrylate, l-hvyvdroxy-l-methylethyl methacrvlate,
l-hydroxy-l-methylethyl acrylate, l-hydroxy-l-methylethyl
a-chloroacrylate, Z-hydroxy-i-methylethyl methacrylate,
2-hydroxy-l-methylethyl acrylate, Z-hydroxy-i-methylethyl
c—-chloroacrylate, I-hydroxybutylmethacrylate, l-hydroxybutyl

acrylate, l-hydroxyvbutyl o-chloroacrylate, Z-nydroxybutyl
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methacrylate, Z2-hydroxybutyl acrylate, Z-hydroxybutyl
o-chlorcacrylate, 3-hydroxybutylmethacrylate, 3-hydroxybutyl
acrylate, 3-hydroxybutyl a-chlorcacrylate, 4-hydroxybutyl
methacrylate, 4-hydroxybutyl acrylate, 4-hydroxybutyl
o-chloroacryiate, I-hydroxy-i-methylpropyl methacrylate,
1-hydroxy-l-methylpropyl acrylate, l-hydroxy-l-methylpropyl
c-chloroacrylate, 2-hydroxy-l-methylpropyl methacrylate,
2-nydroxy-l-methylpropyl acrylate, Z-hydroxy-l-methylpropyl
o-chloroacrylate, l-hydroxy-Z-methylpropyl methacryliate,
l-hydroxy-2-methylpropyl acrylate, l-hydroxy-Z-methylpropyl
a-chlorcacrylate, 2-hydroxy-2-methylpropyl methacrylate,
Z-hydroxy-Z2-methylpropyl acrylate, Z-hydroxy-2-methylpropyl
o-chlorocacrylate, Z2-hydroxy-1,l-dimethylethyl methacrylate,
Z-hvdroxy- 1, i-dimethylethyl acrylate,
2-hydroxy-1,l-dimethylethyl o-chloroacrylate,
1,2-dihvydroxypropyl methacrylate, 1,2Z-dihydrozypropyl
acrylate, 1,2-dihvdroxypropyl a-chloroacrylate,
2,3-dihydroxypropyl methacrylate, 2,3-dihvdroxypropyl
acrylate, 2,3-dihydroxypropyl a-chlorcacrylate,

2, 3-dihydroxvbutyl methacrylate, 2, 3-dihydrozybutyl acrylate,
2, 3-dihydroxybutyl o-chlore acrylate, p-hydroxystyrene,
p-isopropenylphenol, phenethyl methacrylate, phenethyl
acrylate, phenethyl o~chloroacrylate, N-methylolacrylamide,
N-methylolmethacrylamide, a-chloroacrylicacid, crotonicacid,

4-pentencicacid, 5~hexencicacid, 6—heptenoicacid, 7-octenoic
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acid, 8-nonancic acid, %9-decanoic acid, 10-undecylenic acild,
brassidic acid, ricinoleic acid, 2-{methacrylozy)ethyl
isocyanate, 2-{acryloyloxy)ethyl isccyanate, and
2—{ox-chlorcacryloyloxy)ethyl isocyanate. Two ormore of these
may be contained.

The resin composition of the present inventicnmay further
contain (g) athermal acidgenerator. Thethermal acidgenerator
(g) generates an acid on heating after development described
later, so that it promotes a cross-linking reaction of the resin
of component (a) with the thermal cross-linking agent of
componrent (c¢) and also promotes the cyclization of the imide
ring or the oxazole ring of the resin of component (a). This
offers the improvement in chemical resistance of a cured film
and successfully reduces fiim loss. The acid to be generated
from the thermal acid generator (g) is preferably a strong acid
and, for example, aryl sulfone acids, such as p~toluenesulfonic
acid and benzenesulfonic acid, and alkyl sulfeonic acids, such
as methanesulfonic acid, ethanesulfonic acid, and
butanesulfonic acld, are preferred. 1In the present invention,
the thermal acid generator preferably is an aliphatic sulfoeonic
acidcompound representedby formula {4} or (5) anditmay contain
two or more kinds of such compounds.

[kagaku 11]

In the above formulae (4) and (53, R to R¥ each represent

analkyl grouphavingltol0Ocarbonatomsor amenovalent aromatic
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group having 7 to 12 carbon atcms. The alkyl group and the
aromatic group may be substituted and examples of a substituent
include an alkyl group and a carbenyl group.

Specific examples of the compound represented by formula
{4} include the following compounds.

[kagaku 12}

Specific examples of the compound represented by formula

@3]

include the following compounds.

fkagaku 13]

From the viewpoint of promoting a cross~linking reaction,
The content of the thermal acid generator (g) is preferably 0.1
parts by weight or more, more preferably 0.3 parts by welght
or more, and even more preferabply 0.5 parts by weight or more
relative to 100 parts by weight of the resin of component (a).
On the other hand, from the viewpoint of the electrically
insulating property of a cured film, 1t 1s preferably 20 pazrts
by weight or less, more preferably 15 parts by weight or less,
and even more preferably 10 parts by weight or iess. When
contalning two or more kinds of component (g), their total amcunt
is preferably within the above-mentioned range.

The resin compositicn of the present invention can contain

(h) a filler. In the case of using the resin composition of
the present invention as a solder resist for circult boards,
the inciusion of the filler (h) has an effect of exhibiting

thixotropy to maintain a pattern at a prescribed size in the
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course of coating the composition by screen printing and drying
it. Moreover, an effect to control shrinkage caused by heat
curing is also expectable.

Among fillers (h), examples of insulative fillers include
calcium carbonate, silica, alumina, aluminum nitride, titanium
oxide, andsilica-titaniumoxide compositeparticles, andsilica,

titanium cxide, and silica-titanium oxide composite particles
Examples of the electrically conductive filler

are preferred.
include gold, silver, copper, nickel, aluminum, and carbon, and
Two or more of these mav be contalned
The content of the

silver is preferred.
depending upon the intended application.
(h) is preferably within the range of 5 to 500 parts by

The

filler

The use of two

relative to 100 parts by weight of component {(a).
average particle diameter of the filler (h) is preferably

welght

number
10 um or less and more preferably 2 um or less.
or more fillers differing in number average particle diameter

in combination is alsopreferred from the viewpoint of imparting

thixotropy and stress relaxation.
The use of particles having a number average particle
diameter of 100 nm or less, which are so-called nanoparticles,
asthefiller (h) makes it possible to adjust physical properties

suchasindexofrefracticnwhilemaintaininglight transmittance
the use of nanoparticles with a high index of

Particularly,
refraction makes it possible to develop a high transmittance
The mizxing of

and a high index of refraction simultaneously.
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such nanoparticle makes it possible to be used suitably as a
low-temperature—-curable optical thin £film, such as an ¢n-chip
microlens of a golid imaging element and a planarization film
for displays and seolid imaging elements. Examples of particles
suitable for the above-mentioned purpose include tin
oxilcde-aluminumozide mixed particies, zirconiumoxide-aluminum
oxide mixed particles, zirconium oxide-silicon oxide mixed
particles, tinoxlide particles, zirconiumoxide-tin oxide mixed
particles, titanium oxide particles, tin oxide-titanium oxice
mixed particles, silicon oxide-titanium oxide mixed particles,
zirconium oxide~titanium oxide mixed particles, and zirconium
oxide particles. The surface of particles may be coated with
another substance. Although the above-mentioned particles may
be either in the form of a powder or in the form of sol, they
are preferably in the form of sol from the viewpolnt of easiness
with which they are dispersed. In view of transmittance, the
number avsrage particle diameter of the nancoparticles is
preferably 50 nm or less and more preferably 30 nm or less.
The number average particle diameter of a filler can be
measured by using various particle counters. The averags
particle diameter of nanoparticles can be measured by, for
example, a gas adsorption methoed, a dynamic light scattering
method, an X~ray small angle scattering method, or a method of
measuring particle diameters directly with a transmission

electron microscope. Although the particle diameter obtained
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by these measuring methods may be in volume average or in mass
average, it can be converted intoe a number average molecular
welght with the assumption that the shape of a particle is
spherical.

The resin composition of the present invention can contain
a thermally coloring compound that colors on heating to exhibit
an absorbance maximum at 350 nm or longer and 700 nm ox shorter
or an organic pigment or dyvestuff that has no absorbance maximum
at 350 nm or longer and shorter than 500 nm and has an absorbance
maximum at 500 nm or longer and 750 nm or sherter. The coloring
temperature of the thermally coloring compound is preferably
120°C or higher and more preferably is 150°C or higher. The
heat resistanceunder high temperature conditionsbecomes better
and the light resistance becomes better without the occurrencs
of fadingduetoprolongedultraviolet—visible light irradiation
as the coloring temperature of the thermally coloring compound
becomes higher.

Examples of the thermally coloring compound inciude
heat-sensitive dyes, pressure-sensitive dyes, and hydroxyl
group-containing compounds having a triarylmethane skeleton.

The resin composition of the present invention may contain
anadhesionproemoter. Examples of the adhesionpromoter include
silane coupling agents such as vinyltrimethoxysilane,
vinyitriethoxysilane, epoxycyclohexylethyltrimethoxyslilane,

3-glyeldeoxypropyltrimetoxysilane,
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3~glycidoxvypropyltriethoxysilane, p~styryl trimethoxysilane,
3-amincpropyl trimethoxysilane, 3-aminopropyitriethoxysilane,
and N-phenyl-3-aminopropyltrimetnoxysilane, titanium
chelating agents, aluminum chelating agents, compounds to be
cbtained by reacting an arcmatic amine compound with an alkoxy
group—containing silicon compound. Two or more of these may
be contained. Inclusion of such adhesive promoters can enhance
the adhesion property with a base substrate, such as a silicon
wafer, ITO, Si1i0:, and silicon nitride, when, for example,
developling a photosensitive resin £ilm. Moreover, it is
possible to enhance resistance tc oxygen plasma and UV czone
treatment to be used for washing or the like. The content of
the adhesion promoter is preferably 0.1 to 10 parts by welght
per 100 parts by weight of the resin of compenent (aj.

The resin composition of the present invention may contain
arradhesionpromoter. Examplesof the adhesionpromoter include
alkoxysilane-containing aromatic amine compounds, aromatic
amideéompounds,aﬁdnon~ar0maticsilanecompounds. Two ormore
of these may be contained. Inclusicn of such compounds can
improve the adhesive property with a substrate after curing.
Specificexamples of the alkoxysilane-containingaromaticamine
compounds and aromatic amide compounds are provided pelow. In
addition, compounds obtainable by reacting an aromatic amine
compceund with an alkoxy group-containing silicon compound can

also be used and examples thereof include compounds obtainable
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by reacting an aromatic amine compound with an alkoxysilane
compound has a group that reacts with an amino group, such as
an epcexy greoup and a chleoromethyl group.

[kagaku 14]

Examplescf thencn-aromaticsilane compounds includevinyl
sllane compounds, such as vinyltrimethoxysilane,
vinyltriethoxysilane, vinyl trichlorosilan, and
vinyltris{p-methoxyethoxy) silane, and carbon-carbon
unsaturated bond-containing silane compounds, such as
3-methacryloxypropyltrimethoxysilane,
3-acryloxyprophyltrimethoxysilane, p-styryltrimethoxysilane,
3-methacryloxypropylmethyldimethoxysilane, and
3-methacryloxypropylmethyldiethoxysilane. Among these,
vinyltrimethoxysilane and vinyvltriethoxysilane are preferred.

The total content of the alkoxysilane-containing arcomatic
amine compound, the aromatic amide compound, or the non-aromatic
silane compound is preferably 0.01 to 15 parts by weight relative
to 100 parts by weight of the regin of component (a).

The resin composition of the present invention may contain
a surfactant, by which the wettability with a substrate can be
improved.

Examples of the surfactant include fluorine-based
surfactants, such as Fluorad (commercial name, avallable from
Sumitomo 3M Ltd.), MEGAFAC {(commercial name, available from DIC

Corperation), andSulfron {commercial name, avallable fromAsahi
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Glass Co., Ltd.), organic siloxane surfactants, such as KP341
{commercial name, available from Shin—-Etsu Chemical Co., Ltd.),
DBE {commercial name, Chissc Corpeoration), POLYFLOW, GLANOL
(commercilal names, available from Kyvoeisha Chemical Co., Ltd.},
and BYK (available from BYK-Chemie), and acrylic polymer
surfactants, such as POLYFLOW (commerclal name, available from
Kyoelsha Chemical Co., Ltd.).

The resin composition of the present invention preferably
contains a solvent. Examples of the solvent include polar
aprotic sclvents, such as N-methyl-Z-pyrrolidone,
y-butyrelactone, N,N-dimethylformamide,
N,N-dimethylacetamide, and dimethyl sulfoxide, ethers, such as
tetrahydrofuran, dicxane, propylene glycol monomethvl ether,
and propylene glycel monocethyl ether, ketones, such as acetone,
methyl ethyl ketone, diisobutyl ketone, and diacetone alcohol,
esters, such as ethyl acetate, butvl acetats, isobutyl acetate,
prepyl acetate, propvlene glycol monomethyl ether acetate, and
3—methyl—3~methoxy butyl acetate, alcohols, such as ethyl
lactate, methyl lactate, diacetone alcchol, and
3-methyl~3-methoxybutancl, aromatic hydrocarbons, such as
toluene and xylene. Two or more of these may be contained. The
content of the scivent 1s preferably 100 to 2000 parts by welight
relative to 100 parts by weight of the resin of component (a).

It is preferred for the resin composition of the present

invention that the transmittance of a resin film before curing
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be high and the transmittance in the visible region of a cured
film be low. Specifically, it is preferred that the change in
transmittance at a wavelength of 450 nm before and after curing
in a 3.0 pym thick film be 20% or more. Here, the transmittance
at a wavelength of 450 nm is an index of the transmittance in
the visible regicn. More specifically, it is preferred that
the transmittance change be 20% or more, which is calculated
by the following formula from the transmittance at a wavelength
of 450 nmof a 3.0 uym thick film (before curing} tc be obtained
by coating a resin composition to a substrate and then
heat-treating it at 120°C for 2 minutes and the transmittance
at a wavelength of 450 nm of a 3.0 pm thick film {(after curing)
to be obtained by further heat-treating the film before curing,
at 230°C for 30 minutes under nitrogen flow. The present
invention makes it possible to realize such a change in
transmittance esasily.
Change in transmittance {%) = transmittance befcre curing (%)~
transmittance after curing (%)

In the case of using the resin composition of the present
invention as a photosensitive resin, 1t is preferred that the
transmittance of a resin f£ilm before curing be high.

Specifically, the transmittance at a wavelength of 450 nm of

B

a resin film before curing is preferable 70% cr more and more
preferably 90% or more. It is preferred that the transmittance

in the visible region of a cured £ilm be low. Specifically,
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the transmittance at a wavelength of 450 nm of a cured film is
preferable 70% or less and more preferably 60% or less. In the
case of using the resin composition of the present invention
foraplanarizaticonfilmoradislectricfilmof adisplaycevice,
it is possible to prevent malfunction caused by penetration of
licht to a TFT for driving, a leak electric current, cr the like
by adiusting the transmittance of a cured film to be low. For
this reason, the change in transmittance at a wavelength of 450
nm before and after curing is preferably 20% to 100% and more
preferably 30% to 100%.

Next, the method for producing the resin composition of

o

the present inventicn is described. For example, a resin
composition can be cobtained by dissolving the aforementioned
coemponents {a) to {¢) and, if necessary, components {(d) to (h),
athermallvcoloringcomponent, anadhesionpromoter, anadhesion
promoter, a surfactant, or the like in & solvent. Examples of
the dissolving method include agitation and heating. In the
caseofheating, it ispreferredtoadjust theheating temperature
as far as the performance of & resin compositicn 1s not impaired
and it is usually from rocm temperature to 80°C. The order of
disgsclving components is not particularly limited and, for
examplie, there is method of dissclving them one after another
from a compound lower in solubility. As for a component that
is prone Lo generate bubbles during dissolution by agitation,

such as surfactants and scme adhesion promoters, imperfect
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dissolution of other components due £to the generation of bubbles
can be prevented by dissolving the other components and lastly
adding that component.

It is preferred to filter the resulting resin composition
with a filter to remove dusts or particles. The hole diameter
cf the filter is, for example, but is not limited to, 0.5 um,
0.2 um, 0.1 um, and 0.05 um. Examples of the material of the
filterincludepolypropylene (PP}, polyethylene (PR}, nylon (NY),
and polytetrafluoroethylene (PTFE), and polyethylene and nylon
are preferred. When the resin composition contains (h} a filler
or an organic pigment, it 1s preferred to use a filter having
a pore diameter largesr than the particle diameter of them.

Next, the method for nroducing a cured £ilmusing the resin
composition of the present invention is described. A resin
composition film is obtained by coating the resin composition

f the present invention by a spin coating method, a slit coating
method, a dip coating method, a spray coatingmethod, a printing
method, or the like. In advance of coating, the substrate To
which the resin composition is to be coated may be pretreated
with the adhesion promoter mentioned above. For example, there
is a method of treating & substrate surface by using a solution
in which 0.5 to 20% by weight of an acdhesion promcter has been
dissolved in a solvent such as isopropanol, ethanol, methanol,
water, tetrahydrofuran, propylene glycol meonomethyl ether

acetate, propylene glycol monomethyl ether, ethyl lactate, and
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diethyl adipate. Examples of the method of treating the
substrate surface include spin coating, slit die ccating, bar
coating, dip coating, spray coating, and vapor Treatment.
According toneed, it is permitted to advance a reaction between
the substrate and the adhesion promoter by conducting drying
treatment under reduced pressure and then conducting heat
treatment of 50°C to 300°C.

A cured film can be cbtained by thermally treating a
resulting resin composition film. For example, a method of
performing heat treatment at 230°C for 60 minutes, a method of
performing heat treatment at 120 to 400°C for 1 minute to 10
hours, amethoed of performing heat treatment at a low temperature
of from room temperature to about 100°Cwith addition of a curing
catalyst or the like, and a method of performing curing at a
low temperature of from room temperature to about 100°C by a
supersonicwave or electromagneticwave treatment arementioned.

When the resin composition of the present invention has
photosensitivity, anegativetypecorpositivetypereliefpattern
can be obtained by irradiating the above-mentioned resin
composition film partially with active light, such as an
ultraviolet ray, and performing developing treatment with a
developing soluticn.

A cured film obtained by curing the resin composition of
the present invention is suitably used as a dielectric film or

aprotectivefilmofwires. Forexample, thersareanapplication

46



for a dielectric filmor a protective film of wires in a printed
board in which wires are formed from copper, aluminun, or the
like on a film or a subsirate of a polyimide and ceramics, and
an application for a protective film forpartly solderingwires.
When the resin composition contains an electrically conductive
filler, it can also be used as a wlre material.

Morecver, a cured film obtained by curing the resin
composition of the present invention is suitably used as a
planarization film or a dielsctric layer of a display device
having a substrate with a TET formed thereon, a planarization
film, a dielectric layer, and & display element in this order.
Examplescfadisplaydeviceof thisconstitutionincludea liquid
crystal display device and an organic EL display device. An
active matrix type display device has a TFT on a subkstrate of
glass or the llke and wires located in a side portion of the
TFT and cennected to the TFT and has a planarization film thereon
so that 1t may cover the irregularities of the wires, and it
is further provided with a display element on the planarization
film. 7The display element and the wires are connected via a
contact hele formed in the planarization £ilm. Fig. 1 shows
a sectional view of a TFT substrate in which a planarization
film and a dielectric layer have been formed. A bottom gate
type or top gate type TFT 1 in matrix form has been provided
on a substrate ¢ and a dielectric £ilm 3 has besen formed with

the TFT 1 covered therewith. A wire 2 connected to the TFT 1

47



has been provided under the dielectric film 3. Furthermore,
on the dielectric £ilm 3 have bsen provided a contact hole that
cpens the wire 2 and a planarization film 4 with the wire and
the contact hole embedded. The planarization £ilm 4 has been
provided with an opening sc as to reach the contact hole 7 of
thewire 2. Moreover, an ITO (transparent electrode) 5 has been
formed on the planarization f£ilm 4 in connection with the wire
2 via the contact hole 7. Here, tThe ITO B serves as an electrode
cf a display element (for example, organic EL element). In
addition, a dielectric layer 8 1s formed so that the periphery
of the ITO 5 may be covered. This organic EL element may be
eitheratopemissiontypewhichemits light fromthe side opposite
to the substrate 6 or a bottomemission type which extracts light
fromthe side of the substrate 6. Inthe above-describedmanner,
an active matrix type organic EL display device in which the

organicELelements eachhave been connectedtoa TFT 1

h

or driving
them.

Moreover, a cured fllm cbtained by curing the resin
composition of the present invention is suitably used as a
dielectric layer of a display device having a substrate with
a TFT formed thereon, a dielectric layer, and a display element
in this order. Examples of a display device having such a
constitution include organic EL display devices. 2n active
matrix type display device has a TEFT on a substrate of glass

or the like, and wires located in a side part of the TFT and
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connected to the TFT. The display element and tThe wires are
connectedvia a contact hole formedin thedielectricfilm. Fig.
2 shows a sectional view of a TFT substrate in which a dielectric
laver has been formed. A bottom gate type or top galte Lype TET
ilinmatrixformhasbeenprovidedona substrate tandadielectric
film 3 has been formed with the TEFT 1 covered therewith. A wire
2 connected to the TFT 1 has been provided under the dielectric
film 2. Moreover, a contact hole 7 has been formed on the
dielectric film 3 so that it may open the wire 2. An ITC
(transparent electrode) 5 has been formed in connection with
the wire Z via the contact hole 7. Here, the ITO 5 serves as
an electrode of a display element (for example, organlic EL
element). Adielectric laver 8 is formed so that the peripher
of the ITO 5, the TFT, and the steps of the wires may be covered.
This organic EL element may be ither a top emission type which
emits light fromthe side ocpposite to the substrate 6 or 32 bottom

emission type whichextracts light fromthe side ¢f the substrate

-

9. n the above-described manner, an activematrix type organic
EL display device in which the organic EL eliements each have
been connected to a TFT 1 for driving them.

For example, in the case of an organic EL display device
vsing a TFT comprising, for example, amorphous silicone, micro
crystalsilicon, oranoxidesemiconductortypifiedby In-Ga-2n-0,

unfavorable phenomena, such as a leak electric current or a

photoorganic electric current, may be caused due to penetration
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of plue light with a relatively high energy. Since a cured £ilm
obtainable from the resin composition of the present invention
has a moderate absorption near 450 nm, the cccurrence ci a leak
electric current, a photoinduced electric current, or the like
is prevented and a stable driving/light emission characteristic
is obtained by using for a dielectric layer, a planarization
film, etc. insuchanorganicelectroluminescencedisplaydevice.

Moreover, a cured film to be obtained by curing the resin
composition of the present invention can be used suitably for
suchapplicatrionsasasurfaceprotective filmof a semiconductor
element, such as LS8I, an interlaver dielectric film, and an
adhesiveandanunderfill agent forpackingadevice intoapackage,
a capping agent that prevents copper migration, an on-chip
microlens of a solid imaging element, and a planarization film
for displays and sollid imaging elements.

[Examples]

Thepresent inventionwill bedescribedbelowwithreference
to examples, but the invention isnot limited by these examples.
The evaluations of the resin compositions in examples were
carried out by the following methods.

{1} Evaluation of transmittance

A resin composition (hereinafter referred to as a varnish)
was spincoatedontoabcmsquareglass substrateandwas subjected
to heat treatment (prebaking) at 120°C for 2 minutes, so that

a prebaked film having a thickness of 3.0 pm was produced. A
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varnish was spin coated so that its £ilm thickness after curing
might become 3.0 um, and then heat treatment was carried out
for 30minutes at 230°Cundarnitrogen flow {oxvygen concentration
20 ppm or less) using an Inert Gas Oven INH-21CD avalilable from
Koyo Thermo Systems Co., Ltd., so that a cured filmwas producad.
The thicknesses of the prebaked film and the cured film were
measured using a SURFCOM 1400D (available from Tokyc Seimitsu
Co., Ltd.). For each of the thus obtained prebaked film and
cured £iim, a transmission spectrum at wavelengths of 300 nm
to 700 nm was measured using a UV-VIS spectrophotometer
Multi-Spec-1500 tavailable from Shimadzu Corporation) and a
transmittance at & wavelength of 450 nm was measured. From z
transmittance before curing (= prebaked film) and that after
curing (= cured film), a change in transmittance was calculated
using the following formula.
Change in transmittance (%) = transmittance before curing (%)
- transmittance after curing (%)
When the change in transmititance is equal to or morse than
1 20%, a Jjudgment as being good can be provided and when it is
equal to or more than 30%, a judgment as being very good can
be provided.
(2) BEvaluation of sensitivity
The varnishes prepared in Examples 4 to 11 and Comparative
Lxamples 5 to 6 were each rotation coated onto a 6-inch silicon

wafer and then heat-treated for 3minutes cnahotplate (Mark-7},
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scthat 4.0 umthick prebaked films were produced. The prebaking
temperature was adjusted to 120°C for Examples 4 to 9 and
Comparative Examples 5 to 6 and 100°C for Examples 10 to 11.
The resulting prebaked films were sxpcsed with an exposure of
0to500mI/cn’ at a 25md/ e’ stepusingani~line stepper (DSW-8000,
available from GCR). The line & space patterns used for the
exposure are L, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 50 and 100
um. In Examples 10 to 11, heating was carried out at 100°C for
T minute after the exposure. After the exposure for Dxamples
4-9 or after the exposure and the following heating for Examples
10to ll, development wasperformed ina 2.38 wt® aguecus solution
of tetramethylammonium (TMAH) (ELM-D, available fromMitsubishi
Gas Chemical Co., Inc.} for 60 seconds, followed by rinsing with
pure water, so that developed films were obtained. In the case
of a positive type varnish, an exposure at which the exposed
part was dissclved and disappeared through the development was
defined as a photosensitivity. In the case of a negative type
varnish, the thickness of a filw after development was measured
and an exposure at which 90% of the thickness of a prebaked £film
remainedwasdefinedas aphotosensitivity. Thethicknessafter
prebakingand that after development were measuredusing a Lambda
Ace STM-602 available from Dainippon Screen Mig. Co., Ltd. at
an index of refraction of 1.63.
{3) Evaluation of chemical resistance

{1) ThevarnishespreparaedinBxamples 1 to 3 andComparative
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Examples 1 Lo 4 were each spin coated cout onto a ¢ inch silicon
wafer and then heat-treated for 3 minutes on a hot plate, sc
that 4.0 um thick prebaked films were produced. On the other
nand, films afrer development were produced from the varnishes
prepared in Examples 4 to 11 and Comparative Examples 5 fto ©
by the methed described in the foregoing (2). The resulting
prebaked films and film after development were heat-treated at
230°C for 30 minutes under nitrogen flow (oxygen concentration
20ppmor less) using an Inert Oven INH-21CDavailable Koyo Thermo
Systems Co., Ltd., so that cured films were produced.

The resulting cured f£ilms were immersed 1in a stripping
liguid 106 available from Tokyo Ohka Kogyo Co., Ltd. at 70°C
for 10 minutes. The thickness of a cured films before the
stripping liguid treatment and the thickness of a cured film
after that treatment were measured using a Lambda Ace STM-60Z
avallable from Dainippon Screen Mfg. Co., Ltd. at an index of
refraction of 1.64, and then the reduction in film thickness
was calculated. The reduction in film thickness is preferably
0.25 pym or less, more preferably 0.15% um or less, and even more
preferably 0.10 um or less.

(11) Cured films were produced by the method described in
the foregeing (1) using the varnishes prepared in Examples 4
to 11 and Comparative Examples 5 +to 6. The resulting cured £ilms
were immersed in & stripping liguid 106 available from Tokyo

Ohka Kogyo Co., Ltd. at 70°C for 10 minutes. A cured filmafter
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the stripping liguid treatment was observed with an optical
microscope of 20 magnifications, so that the presence of coming
off of a pattern was evaluated. The smallest pattern having
nocomingoffcfapatternwasdefinedas beingaremairningpattern.
Since the finer a pattern becomes, the more likely it comes off,
when a remaining patternisequal toor less than 20 um, a judgment
as being good can be provided and when it is egual to or less
than bSum, a2 judgment as being very good can be provided.

Synthesils Example 1 Synthesis of a hydroxyl
group-containing diamine compound

18.3 g (0.05 mol} of
2,2-bis{3-aminc—4-hydroxyphenyl)hexalluocropropane [BAHF,
available from Central Glass Co., Ltd.) was dissclved in 100
mL of acetone and 17.4 g (0.3 mel) of propylene oxide (available
from Tokyo Chemical Industry Co., Ltd.), followed by ccoling
to-15°C. Asclutioninwhich20.4qg (0.11mol} of 3-nitrobanzoyl
chloride (available from Tokyo Chemical Industry Co. Ltd.) had
been dissolved in 100 ml of acetone was dropped here. After
the completion of the dropping, agitation was done at -15°C for
4 hours andthen the temperaturewas returned toroomtemperature.
The precipitated white solid was collected by filtration and
then was vacuum dried at 50°C.

30 g of the resulting white sclid was placed in a 300 mL
stainless steel autoclave and was dispersed in 250 mL of methyl

cellcsolve, followedbytheadditionofZgof 5% palladium-carbon
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{available fromWako Pure Chemical Industries, Ltd.). Hydrogen
was introduced here with a balloon and a reduction reaction was
performedat roomtemperature. About 2hours later, thereaction
was terminated on confirmation of the fact that the ballcon no
longer shrank. After the termination of the reaction, the
palladium compound, the catalyst, was removed by filtration,
followed by concentration with a rotary evaporator, affording
a hydroxyl group-containing diamine compound representedby the
following formula.

[kagaku 15]

Synthesis Example 2 Synthesis of a quinone diazide compound

Under dry nitrogen flow, 21.22 g (0.05 mol) of TrisP-PA
{commercial name, avallable from Honshu Chemical Industry Co.,
Ltd.) and 26.8 ¢ (0.1 mol) of S5-naphthoguinonediazidosulfonyl
chloride (NAC-%5, available from Toyvo Gosel Co., Ltd.) were
dissclivedin4b0gof 1, 4-dioxane and the temperaturewas adjusted
to room temperature. 12.65 g of triethylamine, which had been
mixed with 50 g of 1,4-dicxane, was dropped here so that the
temperature of the system might not become equal to or higher
than 35°C. After the dropping, agitation was done at 40°C for
2 hours. A triethylamine salt was filtered and the filtrate
was pourad into water. Then a precipitate formed was collected
by filtration and washed with 1 L ¢f 1% aqueous hydrochloric
acid. Then it was further washed with 2L of water twice. The

precipitation was dried in a vacuum dryexr, so that a2 guinone
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diazide compound represented by the following formula was
obtained.

{kagaku 161}

Synthesis Example 3 Synthesis of alkoxymethyl
group-containing compound (A-1)

(1) 103.2g {(0.4mol)ofl,1,1-tris(4~-hydroxyphenyl)ethane
{(TrisP-HAP, avalilable from Honshu Chemical Industry Co., Ltd.)
was dissclved in & solution in which 80 g (2.8 mel) of sodium
hvdroxide had been dissclved in 800 g of pure water. After the
complete dissolution, 686 g of 36-38 wt% formalin was dropped
at 20 to 25°C over 2 hours. Then aglitation was done at 20 to
25°Cforl7hours. Thiswasneutralizedbyvadding 98goefsulfuric
acid and 352 g of water and then was left at rest for Z days.
A needlelike white crystal formed after being left at rest was
collectedby filtration and then was washed with 100 mL of water.
The white crystal was vacuum dried at 50°C for 48 hours. When
thedriedwhite crystal was analyzedby ahigh-performance Liguid
chromatographavailable fromShimadzu CorporationatZb4nmusing
ODS as a column, acetonitrile/water = 70/30 as a developing
solvent, it was found that the startingmaterial had disappeared
completely and the purity was 22%. Moreover, when analysis was
done by NMR (GX-270, avallable from JEOL Ltd.) using DM30O-dé
as a deuteratsd solvent, it was found to be hexamethylolied
TrisP-HAP.

(2} Next, the compound thus obtained was dissclved in 300
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ml, of methanol and was agitated at room temperature for 24 hours
afrer the addition of 2 g of sulfuric acid. To this solution
was addedl3gofananionicionexchange resin {Anberlyst IRASGSE,
availablie from Rohm and Haas), followed by agitation for 1 hour.
Then the ion exchange resin was removed by filtration., After
that, 500 mL of ethyl lactate was added and methanol was removed
by a rotary evaporator, so that an ethyl lactate solution was
formed. This solution was left at rest at room temperature for
2 days, sc that a white cryvstal generated. When the obtained
white cryvstal was analvzed by high-performance liguid
chromatography, it was found to be a hexamethexymethyl compound
of TrisP-HAP (alkoxymethyvl group-contalning compound (A-1))
represented by the following formulia having a purity of 299%.

[kagaku 17]

Synthesis Example 4 Synthesis of alkoxzymethyl
group-containing compcound (RA-2)

(1) A dry white crystal was cobtained in the sams manner
ag in Synthesis Example 3 (1) except for using 162.6 g (0.4 mol)

~

o

4,47 -[1-[4-[1~(4d-hydrocxyphenyl-1)-1-methylethyl]phenvyliethy
lidene]bisphencl (TrisP-PA, available from Honshu Chemical
Industry Co., Ltd.) instead of 103.2 g (0.4 mol) of
1,1,1-tris{d-hydrozyphenyl)ethane (TrisP-HAP, avallable from

Bonghu Chemical Industry Co., Ltd.). This was analvzed by

high-performance liquid chromatography in the same manner as

o
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in Synthesis Example 3 (1) tobe found that the startingmaterials
had disappeared completely and the purity was 88%. Moreover,
it was subjectedtoNMRanalysis inthe samemanner as in Synthesis
Example 3 (1), therebybeing found tobe hexamethyloled TrisP-PA.

(2) Next, a white crystal was obtained in the same manner
as 1n Synthesis Example 3 (2} except for using hexamethyloled
TrisP-PA obtained by the described method instead of the
hexamethyloled TrisP-HAP. The obtained white crystal was
analyzed by high-performance liquid chromatography to be a
hexamethoxymethyl compound of TrisP-PA {alkoxymethyl
group-containing compound (A-2)) represented by a following
formula having a purity of 99%.

[kagaku 18]

Synthesis Example 5 Synthesis of alkoxymethyl
group-centaining compound (A-3)

(1) Hexamethyloled TrisP-HAP having a purity of 92% was
obtained in the same manner as in Synthesis Example 3(1).

(Z) Next, a white crystal was obtalned in the same manner
as in Synthesis Example 3 (2} except for using 300 mlL of ethanol
instead of 300 mL of methanol. The obtained whits crystal was
analyzed by high-performance liquid chromatography to bhe a
ethoxymethyl compound of TrisP-HAP (alkoxymethyl
group-containing compound (A-3)) represented by a following
formula having a purity of 98%.

[kagaku 19]
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Synthesis Example ¢ Synthesis of adhesion promoter (B-1)

36.6 g (0.1 mol) of BAHF (available from Central Glass Co.,
Ltd.) was dissolved in 100 g of ethyl lactate (EL, avallable
fromMusashino Chemical Laboratory, Ltd.). Subsequently, 55.6
g (0.2 mol) of 3-glycidoxypropyltriethoxysilane (KBE-403,
availlable from Shin-Etsu Chemical Co., Ltd.! was added to this
solution and agitated at 50°C for 6 hours, so that adhesion
promoter (B-1) was obtained.

Other thermal cross-linkingagentsandacidgeneratorsused
in the Examples and the Comparative Examples are as follows.

[kagaku 20]

Example 1

32.9g (0.0%mol) of BAHF was dissolved in 500 g of N-mathvl
pyrrolidone (NMP) under dry nitrogen flow. Here was added 31.0
g (.1 mol) of 3,3',4,4'-diphenyl ether tetracarboxvlic
diarnhydride (CDPA, available fromManac Incorporated) together
with 50 g of NMP, followed by agitation at 30°C for 2 hours.
Then 2.18 g {0.02 mol} of 3-aminophencl (available from Tokyo
Chemical Industry Co. Ltd.) was added and agitationwas continued
at 40°C for 2 hours. In addition, 5 g of pyridine {(available
from Tokyo Chemical Industry Co. Ltd.) was diluted in toluens
{30g, available from Tokyo Chemical Industry Co. Ltd.)] and was
added to the sciution, and then a cooling tube was attached and
a reaction was carried ocut for 2 hours with the temperature of

the solution kept at 120°C and further for 2 hours at 180°C while
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azeotropically removing water together with toluene out of the
system. The temperature of this sclution was dropped to room
temperature and the solution was poured inte 3 L of water, so
that a white powder was obtained. This powder was collected
by filtration and further was washed with water three times.
After the washing, the white powder was dried in a vacuum dryer
of 50°C for 72 hours, so that a pelyimide was obtained.

Te 10 g of the polyimide were added 4 g of
1,5-dihydroxynaphthalene (available from Tokyo Chemical
Industry Co. Ltd.), 5 g of the alkoxymethyl group-containing
compounds (A-1) obtained in Synthesis Example 3, and 40 g of
gamma-~butyrolactone (GBL, available from Mitsubishi Chemical
Corporation), sothat avarnish of a polyimide resin composition
was cbtained., Astcothetransmittance at4b0nmefafilmobtained
using this varnish measured before or after curing, the
transmittance kbefore curing was 95% and that after curing was
61%. This means that the change in transmittance was 34%. When
the chemical resistance of the cured film was evaluated, the
reducticon in film thickness was 0.10 um or less and thereicre
the chemical resistance was very gocod.

Comparative Example 1

A varnish of a polyimide resin composition was obtained
in the same manner as in Example 1 except for adding 5 g of
2, 6-dimethoxymethyl-t-butylphencl (available from Honshu

Chemical TIndustry Co., Ltd.; instead of the alkoxymethyl
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group-containing compound (A-1) obtained in Synthesis Example
3. As to the transmittance at 450 nm of a £ilm obtained using
this varnish measured before or after curing, the transmittance
before curing was 96% and that after curing was 85%. Thnis means
that the change in transmittance was 11%. When the chemical
resistance of the cured f£ilm was evaluated, the film dissolved
completely.

Comparative Example 2

Into a 5C0-ml flask were charged 5 ¢ of
2,2'-azobis({isobutyronitrile) and 200 ¢ of tetrahvdrofuran
{THE) . Then 35 gofmethylmethacrylate (MM}, 30 gcf tert-butyl
methacrylates (C~-BM), and 35 ¢ of methacryliic acid (MA) were
charged and agitated at rocm temperature for a while, and after
replacing the inside of the flask with nitrogen, agitation was
done at roomtemperature for 40 hours. 300 gof propylene glycol
morniomethyl ether was added here and was agitated. After the
completion of the agitation, the sclution was charged into 2
L of water and a precipitate of a polymer solid was collected
by filtration. Furthermore, washing with 2 L of water was done
three times and the collected polvmer solid was dried at 50°C
in a vacuum dryer fer 72 hours, so that an acrylic resin was
chtalned.

To 10 g of the obtained acryvlic resin were added 4 g of
1,5-¢dilhydroxynaphthalene (availlable from Tokyo Chemical

Industry Co., Ltd.), 5 g of the alkoxymethyl group-containing



compound (A-1) obtained in Synthesis Example 3, and 40 g of
propylene glycol monomethyl ether acetate (PMA, avaliable from
Kuraray Co., Ltd.), so that a varnish of an acrylic resin
composition was obtained. As to the transmittance at 450 nm
of a film obtained using this varnish measured before or after
curlng, the transmittance before curing was 97% and that after
curing was 93%. This means that the change in transmittance
was 4%. When the chemical resistance cof the cured film was
evaluated, the £ilm dissolved completely.

Example 2

57.4 g {0.095mol) of the hydroxyl group-containing diamine
obtained In Synthesis Example 1 and 1.24 g {(0.005 mol) of
1,3-bis(3~aminopropyl) tetramethyldisiioxane (S1iDA) were
dissolved in 200 g of NMP under dry nitrogen flow. 31.0 g (0.1
mol) of ODPA was added here and agitated at 40°C for 2 hours.
Then a sclution in which 7.14 ¢ (0.06 mol) of demethyl foramide
dimethyl acetal {available fromMitsubishi Rayen Co., Ltd., DFA)
had been diluted with 5 g ¢f NMP was dropped over 10 minutes.
After the dropping, agitation was continued at 40°C for 2 hours.
After the completion of the agitation, the sclutiocn was charged
intoZLofwaterandaprecipitateofapolymersolidwascellected
by filtration. Furthermore, washing with 2 L of water was done
three times and the collected polymer solid was dried at 50°C
in a vacuum dryer for 72 hours, so that a polyamide acid was

obtained.
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Awvarnishof apolyimide precursor compositionwas obtained
byweighing l0gofthethusobtainedpolvamideacidanddissolving
2gof 1,6é~dihydroxynaphthalene (availlable from Tokyo Chemical
Industry Co. Ltd.) and 4 g ¢f MW-20HM (avallable from Sanwa
Chemical Co., Ltd.) in 20 g of EL and 20 g of GBL. As to the
transmittance at 450 nm of a film obtained using this varnish
measuredbefore or after curing, the transmittancebefore curing
was 94% and that after curingwas 40%. Thismeans that the change
in transmittance was 54%. The transmission spectra before and
after curing are shown in Fig. 3. The transmittance of 400 nm
to 550 nm dropped due to curing and therefore it was shown that
coloring occurred clearly in the visible range. Wnhen the
chemical resistance of the cured fllm was evaluated, the
reduction in film thickness was 0.10 um or less and therefore
the chemical resistance was very good.

Example 3

A varnish of a polyimide resin composition was prepared
in the same manner as in Example 2 except for acding 10 g of
the polyimide powder obtained in Example 1 instead of the
peclyamide acid and 1t was evaluated. It was found that as to
the transmittance at 450 nm of a film measured before or after
curlng, the transmittance before curing was 895% and that after
curing was 45%. This means that the change in transmittance
was 50%. When the chemical resistance of the cured film was

evaluated, the reduction in film thickness was 0.1 um or less



and therefore the chemical resistance was very good.

Comparative Example 3

A varnish of a novolac resin composition was prepared in
the sameznanner'asjlexampleZZexcept for using 10 g of a novolac
resin PSF2808 (available fromGunEi Chemical IndustryCo., Ltd. )
instead of the polyamide acid and it was evaluated. It was found
that as to the transmittance at 450 nm of a film measured before
or after curing, the transmittance before curing was 27% and
that after curing was 88%. This means that the change in
transmittancewas 9%. Thetransmissionspectrabeforeandafter
curing are shown in Fig. 4. The transmittance hardly dropped
in the region of 400 nm or more after curing and therefore it
was shown that coloring did not occurred in the visible range.
When the chemical resistance of the cured film was evaliuated,
the film dissclved completely.

Comparative Example 4

A varnish of a polyhydroxystyrene resin composition was
prepared in the same manner as in Example 2 except for using
10 g of a polyhydroxystyrene resin MARUKA LYNCUR 5-2 (availlable
from Maruzen Petrochemical Co., Ltd.) instead of the polyvamide
acid and it was evaluated. It was found that as to the
transmittance at 450 nmof a filmmeasuredbeforeorafter curing,
the transmittance before curing was 97% and that after curing
was 91%. This means that the change in transmittance was 6%.

Wher the chemical resistance of the cured film was evaluated,
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the film dissolved completely.

Example 4

Avarnishof apositive type photosensitive polyimide resin
compositionwas cbtained by further dissolving 4 g of the guinone
diazide compound obtained in Synthesis Example 2j11the‘varnish
of Example 1. Using the obtained varnish, the evaluation of
the transmittance, the evaluation of the chemical resistance
and the evaluation of the photogsensitivity of a film befors and
after curing were performed as mentioned above. The
transmittanceat 450 nmwas 95% before curingand 60% aftercuring.
This means that the change in transmittance was 35%. The
photosensitivity was 150 mJ/cm’. The reduction in f£ilm
thicknesswas 0.1l0umor less. Apatternof l0umormore remained.

Example 5

A varnish of a positive type photosensitive polyimide
precursor composition was obtained by weighing 10 g of the
polyvanide acid obtained in Example 2 and dissclving 4 g of
1, 7~dihvdrogynaphthalene (available from Tokyo Chemical
Industry Co. Ltd.), 5 g of the alkoxymethyl group-containing
compound {A-2) obtained in Synthesls Example 4, and 4 g of the
gquinonediazide compound obtained in Synthesis Example 2 in 20
gofELand20gofGRL., Usingtheobtalnedvarnish, theevaluation
of the transmittance, the evaluation of the chemical resistance
and the evaluation of the photosensitivity of a £film before and

after curing were performed as mentioned above. The
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transmittanceat 450 nmwas 90% beforecuringand59% aftercuring.
This means that the change in Lransmittance was 31%. The
photosensitivity was 150 mJ/cm®. The reduction in film
thickness was 0.15 um. A pattern of 10 um or more remained.

Comparative Example 5

A varnish of a positive type photosensitive pelyimide
precursor compoesition wasg prepared in the same manner as 1in
Example 5 except for using l-naphthol instead of
1,7-dihvdroxynaphthalens and it was evaluated. The
transmittance at 450 nmwas 90% beforecuringand77% after curing.
This means that the change in transmittance was 13%. The
reduction in film thickness was £.20 um. The photosensitivity
was 300 mJ/cm’. A pattern of 20 um or more remained.

Comparative Example ©

A varnish of a positive type photosensitive polyimide
precursor composition was prepared in the same manner as in
Example 5 except for using 2, 7-dihydroxynaphthalene instead of
1, 7-dihydroxynaphthalene and it was evaluated. The
transmittanceat 450 nmwas 90% beforecuringand74% after curing.
This means that the change in transmittance was 16%. The
reduction in film thickness was 0.15 um. The photosensitivity
was 150 mJ/cm”. A pattern of 10 um or more remained.

Example @

A varnish of a2 poszitive tvpe photosensitive polyimide

precursor composition was prepared by further dissolving, in
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the varnish of Example 5, 0.5 g of
S-propylsulfonyloxyimino-5bH-thiophene~2-methylphenyl-aceton
itrile {(commercial name PAG~103, available from Ciba Specialty
Chemicals Corporation) zs a thermal acid generator. Using the
obtained varnish, the evaluation of the transmittance, the
evaluaticn of the chemical resistance and the evaluation of the
photosensitivitvofafilmbeforeandaftercuringware performed
as mentlioned above, The transmittance at 450 nmwas 20% before
curing and 29% after curing. This means that the decresase in
transmittance was 31%. The photosensitivity was 150 mJ/cm’.
The reduction in £ilm thickness was 0.1C pm or less. A pattern
of 10 pm or more remained.

Example 7

A wvarnish of a positive type photosensitive polyimide
precurscr composition was cbtained by further dissclving, in
the varnish of Example 5, 0.5 g of the adhesion promoter (B-1)
obtalned in Synthesis Example 6. Using the obtained varnish,
the evaluation of the transmittance, the evaluation of the
chemical resistance and the evaluation of the photosensitivity
of a film before and after curing were performed as mentionad
above. The transmittances at 450 nm was 20% before curing and
59% after curing. This means That the change in transmittance
was 31%. The photosensitivity was 150 mJ/cm®. The reduction
infilmthicknesswas 0.15pum. Apatternof 3umormore remained.

Example 8§
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A varnish of a positive type photosensitive polyimide
precursor compesition was obtained by weighing 10 g of the
polyamide acic obtained in Example 2 and dissolving 4 g of
Z,3-dihydroxynaphthalene (available from Tokyc Chemical
Industry Co. Ltd.), 5 g of the alkoxymethyl group-containing
compound (A-2) obtained in Synthesis Example 4, and 4 g of the
guinonediazide compound cbtained in Synthesis Example 2 in 20
gofELand20gcfGBL. Usingthesobtainedvarnish, theevaluation
of the transmittance, the evaluation of the chemical resistance
and the evaluation of the photosensitivity of a film before and
after curing were performed as menticoned above. The
transmittance at 450 nmwas 3% before curingand 3% after curing.
This means that the change in tTransmittance was 30%. The
reduction in £ilm thickness was 0.15% um. The photosensitivity
was 200 mJ/cm’. B pattern of 10 um or more remained.

Example 9

18.3 ¢ {(CG.05 mol) of BAHF was dissclved in 50 g of NMP and
26.4 g (0.3 mol)] of glveldyl methyl ether under dry nitrogen
flow and the temperature of the solution was cooled to -15°C.
Here was dropped a solution inwhich 7.4 g {(0.025mol) of diphenyl
etherdicarboxyiicaciddichloride (available fromNihon Nohvaku
Co., Ltd.) and 5.1 g (0.025 mecl) of isophthalic acid chloride
(available Zrom Tckyo Chemical Industry Co. Ltd.) had been
dissolved in 25 g 0of GBL so that the internal temperature might

not exceed 0°C., After the completion of the dropping, agitation
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was continued at ~153°C for 6 hours. After the completion of
the reaction, thesoluticnwas charged into 2 Lofwatercontaining
10% by welght of methanol and a white precipitate was collected.
This precipitate was collected by filtration, washed with water
three times, and then dried in a vacuum dryer of 50°C for 72
hours, so that a polvhydroxyamide was cobtalned.

Avarnishof apositivetypephotosensitivepolybenzoxazole
precursor composition was obtained by dissclving 10 g of the
obtained polvhydroxyamide, 4 g of 1, 5-dihydroxzynaphthalens, 2
g of the quinone diazide compound of Synthesis Example 2, 0.3
gof WPAG-314 {commercial name, avallable fremWako Pure Chemical
Industrics, Ltd.), and 5 g of MK-270 in 10 g of EL and 30 g of
GBL. Using the obtained varnish, the evaluation of the
transmittance, the evaluaticn of the chemical resistance and
the evaluation of the photosensitivityofa filmbefore andafter
curing were performed as mentioned above. The transmittance
at 450 nmwas 92% before curing and 61% after curing. Thilis means
that the decrease in transmittance was 31%. The reduction in

filmthicknesswas 0.25umand the photosensitivitywas 160mJ/cm’.

b=l

pattern of 20 um or more remained.

Exampie 10

Avarnishof anegative typephotosensitivepeliybenzoxazcle
precursor composition was obtained by dissolving 10 g of the
polyvhydroxyvamide obtained in Example 2, 1.5 g of

1, 7-dihydroxynaphthalene, 0.5 g of WPAG-314 {commercilal name,



available from Wako Pure Chemical Industries, Ltd.), 0.5 g of
S-propylsulfonyloxyimino-5H-thiophene-2-methylphenyl-aceton
itrile (commercial name PAG-103, available from Ciba Specialty
Chemicals Corporation) as a thermal acid generator, and 2 g of
MW-30HM in 40 g of GBL. Using the obtained varnish, the
evaluation of the transmittance, the evaluation of the chemical
resistance and the evaluation of the photosensitivityof a film
before and after curing ware performed as mentioned above. The
transmitiance at 450 nmwas 35%heforecuringand 7% aftercuring.
This means that the change in transmittance was 38%. The
reduction in filmthickness was 0,25 ym and the photosensitlivity
was 200 mJ/cm®. A pattern of 20 uym or more remained.

Example 11

Avarnishof a negative type photosensitive pelyimide resin
composition was obtained by adding 5 g of
1,7-dihydroxynaphthalene, 4 g of the alkoxymethyl
group-containing conmpoeunds (A-3) cbtained in Synthesis Example

5, 2

it

O

9]

ethylensoxide-modified bisphencl A dimethacrylate (NK
ester BPE-100, available fromShin-Nakamura Chemical Co., Ltd.),
0.5 g of trimethylolpropane triacryiate, 0.1 ¢ of
1,2~octanedicne-1-[4~ (phenylihio) -2~ {0O-benzoyloxime} ]
(available from Ciba Specialty Chemicals Corporatlioen), 20 g of
EL, and 20 g of GBL to 10 g of the peolyimide cbtalned in Example
1. Using the cbtained varnish, the evaluation of the

transmittance, the evaluation of the chemical resistance and
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theevaluation of the photosensitivityvofafilmbefcre andafter
curing were performed as menticnad above. The transmittance
at 450 nmwas 94% before curing and 66% after curing. Thismeans
that the change in transmittance was 28%. The reduction in film
thickness was 0.1 um and the photosensitivity was 200 mJ/cm’.
A pattern cof 10 um or more remained.

The compesitions and evaluation results of Examples 1 to

11 and Comparative Examples 1 to 6 are shown in Tables 1 to 3.

Table 1
Resin compasiion component
Fused poiycyalic Compeound having twe
Rasin aromatic compound | Thermal cross- Photo acid Photopoiymerization o rr?nre Bﬂ" ‘en'gan
{Added amour] fraving & hydroxy linking agent generator mitiator Uf'Sawl'ya.‘el; ¥ Oters Solvent
(Addfdro:riom‘) {Added ameuntl | (Added amount) {Added amaunt) Donds{Added amount
Patyirnide 18 Al GRL
Example 1 ) Diftydrt aphithalene) - - - -
e fag | B @ e g
. 18-
Polyamide acid | .. ! MUW-30HM EL/GBL
Example 2 10 g) i)thydroxiv;f;;?mhaiene g - - - - (20 920 g)
N 18-
Polyimide ! IA-30HM . EL/GBL
Example 3 (10 g D<hydfcx£z:)>hthalene o - - - 20eRcg |
R 18- . Synthesis Examiple
Exampte 4 Pu(l:l{;ml)de Dinydroxynaphthale ne ('2" }J 2 - - - (EDB;)
¢ t4g) 9 tig)
. . - 1.7 Synthesis Example
- Poiyamide acid ) A2 EL/GsL
Exampls § 10 Dihydroxynaphthaisne 5 Z - - - 20 qr20
(og) (4 g) 5g 4 g {20 0720 g}
N 17- Synthesis Cxrampe =
Poityamide acid | A2 PAG-103 ELIGEL
Exampie § A Dihycroxynapnthaiene] i 2 - - .
10 2 0.5 20¢/20 g}
{10g) a6 =g @9 ©59) (20920 g}
_ _ Poiyamide acid ) 14 Az Synthesis Example Adhesion ELIGBL
Exampie T Difydroxynaphthaiene e - - pramoter B~ 20 020
(oo (“) i “9 msg | F090d
. . 23 Synthesis Example
Polyamide acid 82 EL/GBL
Example & Dihydroxynaphthalens 2 - - -
10 5 209/20
(1og) @yl 5g ) (209200
Polyhydroxyamid 1.5 Synthesis Example IGR:
Exampie 9 & Dinydroxynaphthatene M);ZTO 2(2q) - - - (1EQL'G/G£V -
(10g) (4g (5t WRAG-314 {05 g} g0 |
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Table 2

Resin composi

tior cornpanent

i Fused pofvoyciic Com & having two
Besin aromatic compound | Thermal cross- Phote acid Photopolymerization or r::;nsm l:’;:arg;
having & hydroxyl #iniing agent generator inttiator i W Others Solvent
{Added amount) . y unsaturated
greup (Added ameunt) §  {Added amount} {Added ambunt) .
(dded amount) bonds{Added amount)
Poiyhydroxyamid 17
Example 10 e Dihydroxynaphthalerse WA SOHM WPAS-S 14 - - PAG-103 GEL
(10 g} d5g) 29 (0.5 0.5 “o g
170 1,2-Octanedione-1-{4-] Ethexylated hisphenal
Palyimide " ! A3 (phenyithicinenyl-2-1 A dimathacrvtate (2 g) ELIGEL.
Example 11 (10 g} D’hydmx?’ga‘)’hmmene 4g ) {e-benzoylaxime} (0.1 Trimethyiolpropane - {20 /20 g)
9 ) tRscryiats (05 o)
15 28-
Comparative Polyimide . > Dirnethox ymethyt GEL
Example 1 (15 ) D<hydraxzf£agr):hthalene -t-butyiphenols B - - @0 a)
gl
Comparative Achyic resin 18- At PitA
Exampls 2 oo Dmydrox{y:z;):h‘maieﬂe 5g - - - @6 g
&
Comparative Novoiak resin N WA-30HM EL/GBL
Eh g - -
Example 3 3 q) D’““"’"{;Z’)’“ alene, ‘o (20 0120 g
. Polyhydroxystyre 18-
Comparative " MVW-30HM EL/GBL
Dy hthal - - -
Example 4 . 1;’;9) § V“"""E’Z'“j}‘; aiene @ag (209120 g)
. Synthesis Example
Comparative Palyamide acid 1-Maphtho! A Pl . R ELIGBL
Exampis 5 10g) 4 g} 59 o {20 g/20 g)
: . - a7- Syrhesis Example N
Comparative | Polvamide aeid | . A EL/GRL
Dite -
Exampie 6 “og i ycerux(yg:;;hthalene 5 g (42@ (20920 &
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Table 3

Transmittance Chemical resistance
Transmittance atiTransmittance at|  Change in Photosensitivity Remainin
450 nm before | 450 nm after | transmittance at Loss of fim 9
. . paftern
curing curing 450 nm
Example 1 95% 61% 34% - £0.10 pm -
Exampie 2 94% 40% 54% - <010 um -
Example 3 95% 45%, 50% - 20,10 um -
Example 4 95% 60% 35% 150 mdlemz2 =010 um 10 um
Example 5 90% 55% 31% 150 mdiemz 0.15 um 10 um
Example 8 90% 59% 31% B0 mdlem2 £0.10 um 10 pm
Example 7 90% 58% 31% 150 micm2 0.15 um 3 um
Example 8§ 93% 63% 30% 200 mdicmz2 0.15 pm 16 um
Example © 92% 81% 31% 160 mdlem2 (.25 um 20 um
Exampie 10 85% 57% 38% 200 mdicmz 0.25 um 20 um
Exampie 11 94% 86% 28% 200 mJicmz 010 um 10 um
Comparative 96% 85% 1% ) Cqmpleteiy _
Example 1 dissolved
Comparative o7% 93% 4% ) Cgmpleteiy )
Exampie 2 dissoived
Comparative 7% 8% 9% ) Cqmpletely B
Exampie 3 dissolved
Comparative 7% 1% 8% ~ Cqmpietely R
Example 4 dissolved
Comparative 90% 7% 13% 300 muicm? 0.20 pm 20 um
Example 5
Comparative 90% 74% 16% 150 mdicm2 0.15 um 40 um
Example §

Example 12
A bottom gate type TFT was formed on a glass substrate and
wiring (1.0 um in height) connected to the TFT was formed. A
dielectric film made of Si:N, was formed sco that the TFT and
the wires might be covered therewith,

Next, & contact hole was

formed in this dielectric fiim.

Moreover, aplanarization filmwas formedon the dielectric



film in order to planarize the irregularities of the TET and
the wires. The formation of the planarization film on the
dielectric film was carried out by spin coating the varnish of
The photosensitive polyimide precursor compesition obtained in
Example 5 onto the substrate, prebaking 1t on a hot plate at
120°C for 3 minutes, then exposing and developing it, and then
subjecting it to heat calcinaticn at 250°C for 60 minutes under
ailr flow. Thecoatingpreopertyatthe timeof coatingthe varnish
was good and no development of wrinkles or cracks was found in
the cured film obtained after the exposure, development and
calcination. The average step height of the wires was 500 nm
and the thickness of the produced planarizaticon film was 2000
nm.

Next, a top emission type organic EL element was formed
on the resulting planarizarvion film. First, a bottomelectrode
of ITC was formed on the planarizaticn film by sputtering in
connection with a wire via a contact hole. Then, a resist was
coated, prebaked, andexposed through anmaskofadesiredpattern,
thereby being devaloped. Pattern processing was carried out
by wet etching using an I7T0 etchant and using the resist pattern
ag a mask. Then, the resist pattern was stripped using a resist
stripping liguid (a mized liguid of monoethanclamine and DMSO) .
The thus obtained bottom electrode corresponds te an anode of
an organic EL element.

Next, a dielectric laver shaped s that it might cover the
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bottom electrode was formed. For the dielectric laver was used
similarly the varnish of the photesensitive polyimide precursor
compositiconobtainedinExample 5. Byprovidingthisdielectric
layer it is possible to prevent short-circuit between the bottom
electrode and an upper electrode to be formed in a subseguent
step. The dielectric layer was patterned and was subjected to
neating treatment at 250°C for 60 minutes, so that a dielectric
layer having a moderate absorption near a wavelength of 450 nm
was formed.

Moreover, a hole transporting layer, red, green, and blue
organic light-emitting layers, and an electron transporting
layer were provided one after ancther by vapor deposition via
a desired pattern mask in a vacuum deposition apparatus.
Subsequently, an upper electrode of aluminum was formed over
the whole top surface of the substrate. This corresponds to
acathodeof anorganicELelement. Theaforementionedsubstrate
obtained was taken out of the vacuum deposition apparatus and
then was sealed by bonding it to a sealing glass substrate using
an ultraviclet-curable epoxy resin.

In the akove-described manner, an actlve-matrix type
organic EL display device in which a T¥T has been connected to
each organic EL element for driving it was obtalned. Good
luminescencewas exhibitedwhenvoltagewas appliedviaadriving
circuit.

Example 13



A bottom gate type TFT was formed on & glass substrate and
wiring (1.0 um in height) connected to the TFT was formed. A
dielectric film made of 3i:N:; was formed so that the TFT and
the wires might be covered therewith. Next, a contact hole was
Sformed in this dielectric film. This wiring is an item for
connecting a TFT and another TFT or an organic EL element to
be formed in a subseguent step and a TET.

Next, a bottom electrode of ITO was formed by sputtering
in connection with a wire via a contact hole. Then, a resist
was coated, prebaked, and exposed through a mask of a desired
pattern, thereby being developsd. Pattern processing was
carried out by wet etching using an ITO etchant and using the
resist pattern as amask. Then, the resist pattern was stripped
using a resist stripping liguid {(a mixed liguid of
monoethanolamine and DMSC) . The thus obtalinedbottomeleactrode
corresponds to an ancde of an organic EL element.

Next, a dielectric layer having such a shape that it could
cover the periphery of the bottom electrode, the TET, and the
steps of the wires was formed. As to the dielectric layer, the
varnish of the photosensitive polyimide precursor composition
obtalned in Example 5 was spin coated onto the substrate,
subsequently dried under reduced pressure, then prebaked ¢n a
hot plate at 120°C for 3 minutes, then exposed and developed,
and then subijected to heat calcination at 250°C for 60 minutes

under nitrogen flow. The coating property at the time of spin
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coating the varnish was good and no development of wrinkles or
cracks was found in the cured film obtained after the exposure,
development and calcination. The average step height of the
wires was 500 nm and the thickness of the produced dielectric
layer was 2000 nm. By providing this dielectric layver it is
possible to prevent short-circuit between the bottom electrods
and an upper electrode to be formed in a subseguent step. Thus,
an dielectric layer having a moderate absorpticon near a
wavelength of 450 nm was formed.

Moreover, a hole transporting laver, red, green, and blius
crganic light-emitting lavyers, and an electron transporting
layer were provided one after another by vapor deposition via
& desired pattern mask in a vacuum deposition apparatus.
Subkseqguently, an upper electrode of aluminum was formed over
the whole Top surface of the substrate. This corresponds to
acathede ol anorganicELelement. Theaforementionedsubstrate
obtained was taken out of the vacuum depositicon apparatus and
then was sealed by bonding it to a seazling glass substrate using
an ultraviolet-curable epoxy resin.

In the above-described manner, an active-matrix type
crganic EL dispiay device in which a TFT has been connected to
each crganic EL element for driving it was obtainad. Good
luminescence was exhiblitedwhenvoltagewas appliedviaadriving
circuit.

[Industrial Applicability]
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The resin composition of the present invention can be used
suitably for applications such as a2 surface protective film and
an interlayer dislectric film of a semiconductor element, a
dielectric layer of an crganic EL element, a planarization film
of aTFT substrate fordrivingofadisplaydeviceusinganorganic
El.element, awire-protectingdieiectricfilmof a circuit board,
anon~-chipmicrolens of a solid imaging element, aplanarization
film for displays and solid imaging elements, a solder resist
for circuit beoards, an underfill agent, and a capping agent for

preventing copper migration.

Explanation of reference numerals

2: Wire

3: Dielectric film

4: Planarization film
5: ITO

6: Substrate

7: Contact hole

g: Dielectric layer
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CLAIMS

1. A resin composition comprising (a) a polyimide, a
polybenzoxazole, a polyimide precursor, or a polybenzoxazole
precursor, (b) 1,5-dihydroxynaphthalene, 1,6-
dihydroxynaphthalene, 1,7-dihydroxynaphthalene, or 2,3-
dihydroxynaphthalene, and (c) a thermal cross—-linking agent
having a structure represented by the following formula (1)
or a thermal cross-linking agent having a group represented

by the following formula (2):
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/ C\_/< C(R19) (R21)3C
1O+ H@+

28

wherein in formula (1), R! represents a monovalent
hydrocarbon groups having 1 to 6 carbon atoms, Cl, Br, I, or
F, R? and R’ each represent CH20R5 (R5 is a monovalent
hydrocarbon group having 1 to 4 carbon atoms), R* represents
a hydrogen atom, a methy group or an ethyl group, s

represents an integer of 0 to 2 and u represents an integer
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of 2 to 4, R’ to R?’ each represent a hydrogen group, a
monovalent organic group having 1 to 20 carbon atoms, Cl, Br,
I, or F;

~N (CH,0R®) ¢ (H) y (2)

wherein in formula (2), R® represents a hydrogen atom or
a monovalent hydrocarbon group having 1 to 6 carbon atoms, t

is 1 or 2 and v is 0 or 1, provided that t + v is 1 or 2.

2. The resin composition according to claim 1, wherein
component (b) 1s used to reduce transmittance in the visible

range of a cured film obtained by the resin composition.

3. A positive type photosensitive resin composition
comprising the resin composition according to claim 1 and
further (d) a photo acid generator selected from any one of
quinone diazide compounds, sulfonium salts, phosphonium salts,

diazonium salts, and iodonium salts.
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4. A negative type photosensitive resin composition
comprising the resin composition according to claim 1 and
further (e) a photopolymerization initiator which generates
active radicals in the part exposed to light and (f) a
compound having two or more ethylenically unsaturated bonds
selected from any one of ethylene glycol dimethacrylate,
ethylene glycol diacrylate, diethylene glycol dimethacrylate,
trimethylolpropane triacrylate, ethoxylated bisphenol A
dimethacrylate, glycerin dimethacrylate, tripropylene glycol
dimethacrylate, butanediol dimethacrylate, glycerin
triacrylate, pentaerythritol triacrylate, pentaerythritol
tetraacrylate, dipentaerythritol hexaacrylate, ethoxylated
pentaerythritol tetraacrylate, and ethoxylated isocyanuric

acid triacrylate.

5. The resin composition according to any one of claims
1 to 4, wherein the change in transmission of light having a
wavelength of 450 nm before and after cure in a film having a

thickness of 3.0 pm is 20% or more.

6. A display device comprising a substrate in which a
thin film transistor has been formed, a planarization film
and/or a dielectric layer obtained by curing the resin
composition according to any one of claims 1 to 5, and a

display element in this order.

94



7. The display device according to claim 6, wherein the

display element is an organic electroluminescent element.
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RESIN COMPOSITION AND DISPLAY DEVICE FORMED USING SAME

ABSTRACT

The resin composition of the present invention is a resin composition characterized
by including (a) a polyimide, a polybenzoxazole, a polyimide precursor, or a
polybenzoxazole precursor, (b) 1,5-dihydroxynaphthalene, 1,6-
dihydroxynaphthalene, 1,7-dihydroxynaphthalene, or 2,3-dihydroxynaphthalene, and
(c) a thermal cross-linking agent having a specific structure. By the use of the resin
composition of the present invention, it is possible to reduce the transmittance in the
visible region of a cured film while maintaining the transmittance of a resin film

before curing.

(figure 3)
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