DESCRIPTION TITLE OF THE INVENTION: POSITIVE-TYPE PHOTOSENSITIVE RESIN
COMPOSITION TECHNICAL FIELD [0001] The present invention relates to a positive-type
photosensitive resin composition. More particularly, it relates to a positive-type photosensitive resin
composition which is suitable for an insulating layer of a surface protective film, an interlayer dielectric
film, an organic electro-luminescent device and the like of a semiconductor device. BACKGROUND
ART [0002] Heat-resistant resins such gszpelytmide and polybenzoxazole are used for surface
protective films, interlayer dielectric films and the like of semiconductor devices such as LSI (Large
Scale IntegratioALkarge SedleintEtation cikeits) bEcdUsEthgyoRave exeel&ht Reat Fesistance and
electrical insulating properties. With miniaturization of semiconductor devices, surface protective films,
interlayer dieIE@f?ﬁoﬁﬂﬁg%d the like are required to have a resolution of several micrometers. Thus, in
these applications, positive-type photosensitive polyimide compositions and photosensitive
polybenzoxazole compositions that can be microprocessed are used. When a. heat-resistant resin
such as polyimide;of palybenzoxazole is used for a surface protective film or an interlayer dielectric
film, resin after heat curing remains in a device as a permanent film, and therefore the adhesion
property betwéef#iCd resin composition after heat curing and a substrate used as a base of the device is
very important. [0003% For im,provin% adhesignlwith a E)ase after.htigh-tg{n)p%rature heating
treatment or heating Teatitert Uhdet s Righ-a%ygen concentratidn enviroriment. there has been
proposed a hegl-tesistant.resin pracUsarEERIAGSILIGN cortaininga heat-esistantresin precursor anda
silane coupling agent with a specific structure which has an aromatic ring (see, for example, Patent
Literature 1). Asa pesitive-type photosensjtive pesinceenposition which: consinestpleto sensitivity
stability and chemical resistance with adhesion, there has been proposed a positive-type
photosensitiverfésih ¢Smpositioh BoAtHinitRYy é%&t@t@ﬁﬁaﬁF@ﬁn%ge%u%g%lc&uinonediazide
compound, an alkoxymethyl group-containing compaqund, an aminosjlane_compound having a specific
structure and grsodﬁ\e/fe‘}/ﬁwéaeez,lgf%r?’ex%rrlnﬁ%?%raqtgﬁte Eit%%gt%?g%.l6n t]f?eméthaenr ﬁaPr? ,r[:a% a photosensitive
resin precursor,composition having.excellentstahility:of a seasifyity, anshresaldtionor

device.
BACKGROUND ART
(0002

Heat-resistant resing such as polyimide and
polybenzozazole are used for surface protective films,
interlayer dielectric films and the like of semiconductor
devices such as LSI (Large Scale Integration; large scale
integration circuits) because they have excellent heat
resistance and electrical insulating properties. With
miniasturization of semiconductor devices, surfacé protective
films, interlayer dielectric films and the like are regquired
to have a resclution of several micrometers. Thus, in these

applications, positive-type photosensitive polyimide
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after exposure, there has been proposed a photosensitive resin precursor composition containing a
heat-resistant resin precursor, two or more photo acid generating agents and an alkoxymethyl
group-containing compound (see, for example, Patent Literature 3). PRIOR ART DOCUMENTS

PATENT LITERATURES [0004] Patent Literature 1: Japanese Patent Laid-Open No. 2004-124054
Patent

compositions and photosensitive polybenzoxazole compesitions
that can be microprocessed are used. When a heat-resistant
resin such as polyimide or polybenzoxazcle is used for a surface
protective film or an inte;layer dielectric film, resin after
heat curing remains in a device as a permanent film, and
therefore the adhesion property between a resin composition
after heat curing and a substrate used as a base of the device
is very Ilmpertant.

[0003]

For improving adhesionwith abase after high-temperature
heating treatment or heating treatment under a high-oxygen
concentraticn environment, there has been proposed a
heat-resistant resin precurscr compositicn containing a
heat~resistant resin precursor and a silane coupling agent with
a specific structure which has an aromatic ring {see, for

 example, Patent Literature 1). As a positive-type

photosensitive resin compeosition which combines photo
sensitivity stability and chemical resistance with achesion,
there has been propessd a positive-type photosensitive resin
composition containing a heat-resistant resin précursoi, a
quinonediazide compound, an alkoxymethyl group-containing
compound, an aminosilane compound having a specific structure
and a solvent (see, for example, Patent Literature 2). On the
other hand, as & photosensitive resin precursor composition

naving excellent stability of a sensitivity and resolutioen



Literature 2: Japanese Patent Laid-Open No. 2008-83124 Patent Literature 3: Japanese Patent
Laid-Open No.

after exposure, there has been proposed a photosensitive resin
precursor composition containing a heat-resistant resin
precursor, two or more photo acid generating agents and an
alkoxymethyl group-containing compound (see, for example,
Patent Literature 3).
PRICR ART DOCUMENTS
PATENT LITERATURES
[0004]

Patent Literature 1: Japanese Patent Laid-Open No.
2004-124054

Patent Literature 2: Japanese Patent Laid-Cpen No.
2008-83124

Patent Literature 3: Japanese Patent Laid-Open No.
2005-43883
SUMMARY OF INVENTION
[0004a]

In a first aspect, there is provided a positive-type
photosensitive resin composition
which comprises (a) a polymer having, as a main component, a
structure represented by the following general formula (1)
and/ocr a polymer having, as a main component, a structure

represented by the following general formula (2), {(b) a



2005-43883 SUMMARY OF INVENTION [00044a] In a first aspect, there is provided a positive-type
photosensitive resin composition which comprises (a) a polymer having, as a main component, a
structure represented by the following general formula (1) and/or a polymer having, as a main
component, a structure represented by the following general formula (2), (b) a quinonediazide
compound, (c) a silane coupling agent having a structure represented by the following general formula
(3), (d) a silane coupling agent having an epoxy group, an oxetanyl group, a methacryloxy group, an

acryloxy gr i u ide grayp or a ' silyl group
(0 2 B e B o e o LT, (COBR M {LORe (1

the above general formyla (1L 2 20d Bg eaeh f@ﬁq%mﬁgtgerﬁ@@p%%{ﬂ% ocigvaleqf organic

group having two or more carbon atoms. R3 and R4 each independently represent hydrogen or a
monovalent ganicgribnavigtl e 2thearbag alap ok yepieseniSamnbmherdy thgrange of 10 to

100,000. 1 and m each independently represent an integer of 0 to 2, and p and g each independently
represent an indegeroioliexd: where, + 4> AdA4Chemicalfaipulad] amino group, an
amide group or a mercapto group and having an alkoxysilyl group

and {e) a solvent.

[Chemical Formula 1]
(OH)p (OH)q
CO—R'-CO-NH—R?—NH (1)

n

|
(COOR%),, (COORY)

(In the above general formula (1), R* and R® each independently
represent a bi- to octavalent organic group having two or more
carbon atoms. R’ and R® each independently represent hydrogen
or a monovalent organic group having 1 to 20 carbon atoms. n
represents a number in the range of 10 £o 100,000. 1 and m each
independently represent an integer of 0 to 2, and p and g each
independently represent an integer of 0 to 4, whez:erp +qg>0.)

[Chemical Formula 2]
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OO0 HH cc'N, RD (In the above general formula (2) , R5 represents a tetra-to decavalent organic
group and R6 represents a bi- to octavalent organic group. R2 and R5 represent a phenolic hydroxyl
group, a sulfonic acid group or a thiol group, and may each be a single group or a combination of
different groups. t represents a number in the range of 3 to 100, 000. rands represent an integer of 0

to 6.) [Chemical Formula 3]

0O 0
I I

C C
RS N—-R (2)

18 (.

(RT) r t

(In the above general formula (2), R® represents a tetra-

-
™~

N

to decavalent organic group and R® represents abi- to octavalent
organic group. R’ and R® rep'resent a phenclic hydroxyl group,
a sulfonic acid group or a thiol group, and may each be a single
group or a combination of different groups. t represents a
number in the range of 3 to 100, 000. 1 and s represent an integer
of 0 to 6.)

[Chemical Formula 3]

l (3)

(In the above general formula (32}, R’ to R' each independently
represent hydrogen or an alkyl group having 1 to 3 carbon atoms.

R to R each independently represent an alkyl group having
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,SICR12 R14R13 (In the above general formula (3) , R9 to R11 each independently represent
hydrogen or an alkyl group having 1 to 3 carbon atoms. R12 to R14 each independently represent an
alkyl group having 1 to 6 carbon atoms, an alkenyl group having 2 to 4 carbon atoms, a phenyl group,
a substituted phenyl group or an alkoxyl group having 1 to 6 carbon atoms, and at least one of R12 to
R14 is an alkoxyl group having 1 to 6 carbon atoms.) DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION [0005] The above-mentioned known

photosensifive, rgsin, ceMAOSItioNs can ig&?{e}ﬁ?ih%ﬁ@u@%@&@@%ﬂdﬁ%@%ﬁ@%&%@f heating

treatment, but have poor storage stability and has a problem of reduced sensitivity in particular.

Typical 5 phenyl group, a substituted phenyl group or an alkoxyl group
having 1 to 6 carbon atoms, and at least one of R to R™ is

an alkoxyl group having 1 to 6 carbon atoms.)

DISCLOSURE CF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0005]

The above-mentioned known photesensitive resin
compositions can improve the adhesion property with a substrate
after heating treatment, but have poor storage stability and
has a problem of reduced sensitivity in particular. Typical
silane coupling agents mostly have a functional group such as
‘an amino group bound with an alkoxysilyl group by an aliphatic
hydrocarbon group, and are thus easily decomposed by heating

treatment in the air or high-temperature heating treatment.
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silane coupling agents mostly have a functional group such as an amino group bound with an
alkoxysilyl group by an aliphatic hydrocarbon group, and are thus easily decomposed by heating
treatment in the air or high-temperature heating treatment. Accordingly, a cured film formed by a
positive-type photosensitive resin composition containing such a silane coupling agent has the
problem that the adhesion property with a substrate is considerably reduced after high-temperature
heating treatment or heating treatment in the air. Thus, an object of the present disclosure is to provide

a Posiﬂve-ﬁy@s&ﬂ?{%%@;gitivs resipcoRRasition which Ras exqellent storage Sfability, particularly

excellent photo sensi stability, and can be formed info a cured film having an excellent adhesion

property with arsubstrate afjer high-temperalyte bealing-treatment ad 39Q6rorhighererafter heating
treatment in the air. SOLUTION TO PROBLEMS [0006] The present disclosure is a positive-type

photosensitivagesineempesitioasvhich gomplisas (ake palmeahavingnasmait gompanent, a
structure represented by the following general formula (1) and/or a polymer having, as amain
componeng assipigaiuteepiesented: bydhe fallpwiagigeadrah forela (2)h (hengeinanediazide
compound, (c) a silane coupling agent having a structure represented by the following general formula

(3), (d) a sitere:cogplingeagent iaving aeapoxy grolgs Emeoxetamy | igreup,ia metiosy/loxdygroup, an
acryloxy group, an amino group, an amide group or a mercapto group and having an alkoxysilyl group
and (e) a sohient: [O002) Chamwicdl Fornlta1]{OR)OR)pvide a positive-type

photosensitive resin composition which has excellent storage

stability, particularly excellent photo sensitivity stability,

and can be formed into a cured film having an excellent adhesion

property with a substrate after high-temperature heating

treatment at 350°C or higher or after heating treatment in the

air.

SOLUTION TO PROBLEMS

[0006]

The present disclosure is a positive-type photosensitive

resin composition which comprises (a) a polymer having, as a

main component, a structure represented by the following

general formula (1) and/or a polymer having, as a main component,

a structure represented by the following general formula (2},

{b) a gquinonediazide compound, (c¢) a silane coupling agent

having a structure represented by the following general formula

(3), (d} a silane coupling agent having an epoxy group, an

oxetanyl group, a methacryloxy group, an acryloxy group, an

amino group, an amide group or a mercapto group and having an

alkoxysilyl group and (e} a solvent.
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--[CO-RIi-CO-NH-42-NH(1)In (COOR-3 )m (COOR4 [0008] In the above general formula (1), R
and R2 each independently represent a bi- to octavalent organic group having two or more carbon
atoms. R3 and R4 each independently represent hydrogen or a monovalent organic group having 1 to
20 carbon atoms. n represents a number in the range of 10 to 100,000. 1 and m each independently
represent an integer of 0 to 2, and p and g each independently represent an integer of O to 4, where p
+9>0. [OOO%]O[U%q?mical Formula 21 ( o o llll NAFKC 'R6 illl 00(R8) s ()r

[Chemical Formula 1]
(OH)y, (OH)q
CO—R'—CO-NH—R*—NH ¢y

n

(COOR%),  (COOR™)
[poo8]

In the sbove general formula (1), R' and R’ each
independently represent a bi- to octavalent organic group
having two or more carbon atoms. R® and R' each independently
represent hydrogen or a monovalent organic group having 1 to
20 carbon atoms. n repreéents a number in the range cf 10 to
1006,000. 1 and m each independently represent an integer of
0 to 2, and p and g each independently represent an integer of
4 to 4, where p + g > 0.

{00091

[Chemical Formula 2]

0 0
P! .
NN S &
N R N—R (2)
\\ﬁ/’ ‘\ﬁ/’ ‘
o | .0 (RYs

(0010}

In the above general formula (2}, R® represents a tetra- -



[0010] 5 In the above general formula (2), R represents a tetra- ( to decavalent organic group and R6
represents a bi- to octavalent organic group. R7 and R8 represent a phenolic hydroxyl group, a
sulfonic acid group or a thiol group, and may each be a single group or a combination of different
groups. t represents a number in the range of 3 to 100,000. rands represent an integer of O to 6.
[0011] [Chemical Formula 3] [0012) In the above general formula (3) , R9 to R11 represent

hydrogen or an alkyl group having 1 to 3 carbon atoms. R12 to R14 each indgpenjdently represent an
alkyl group hairi 120626 Ao Ao T BIRBAVI Grotpsiding 2 to-2 tarborfdforfi€ a phenyl group,

a substituted phenyl 0roup or amalkoxyl,aroup having 1, 19,8 carbon glams, andatlgast one of R12 to
R6-4 is an alkoxtg/Tgrou?J attl)lng to 6 carbon atoms. ADVANTAGES OF THE INVENTION
' a sulfonic acid group or a thiosl group, and may each be a single
group or a combination of different groups. t represenits a
number in the range of 3te 100,000, rands represent an integer
of 0 to 6.
(00111

[Chemical Formula 3]

| 3)

[onlz)

In the above general formula (3}, R® to R represent
hydrogen or an alkyl group having 1 to 3 carbon atoms. R to
R each independently represent an alkyl group having 1 to &
carbon atoms, an alkenyl group having 2 to 4 carbon atoms, a
phenyl group, a substituted phenyl group or an ailkoxyl group
having 1 to 6 carbon atoms, and at least one of R™ to R™ is
an alkozyl group having 1 to & carbon atoms.

ADVANTAGES OF THE INVENTION



[0013] According to the present invention, there can be obtained a positive-type photosensitive
resin composition having excellent storage stability, particularly excellent photo sensitivity stability. In
addition, by the positive-type photosensitive resin composition of the present invention, there can be
obtained a. cured film having an excellent adhesion property with a substrate after high-temperature
heating treatment at 35000 or higher or after heating treatment in the air. MODE FOR CARRYING
OUT THE INVENTION {C)014] A photosensitive resin composition of the present invention
contains (a) a[ﬁtgljy?’ﬁer having, as a main component, a structure represented by the following general

formula. (1) and/or apolymer having, as.a /main.campanent, astucture Tepresentedby the following
general formula (2). Preferable are a polyimide resin, a polyamide acid or polyamide acid ester as a

polyimide pregursey; aneaalyhydxyamigderasa pelybenzoxazelecprecurser,which have excellent
heat resistance and solvent resistance. Here, "main component” in a polymer having, as amain
component, aestraéture represetedehy the fslowisy Geretatormena th) ifdard' tiat the structural unit
within the parenthesis which is shown as n_repeating, units in the followin .gener | formula (1) is
contained in ait 4itddrit of S%t‘rar?)ojl&/olgymor{eno?g JLsét%]ﬁ%lturzfﬂyunrkﬁlseoi?'ﬁfel4|?£J}(l)ly”mé “Fhe main component

is contained in an amount.of preferably 79mol%e or mare, mere, prafesably9Q mal%h or more. "Main
component” in a polymer having, as amain component, a structure represented by the following

general formuta £2) means: that the: stiuctunakdnit withia the paresthesis whichdssshHown as t repeating
units in the following general formula (2) is contained in an amount of 50 mol% or more of all structural

units of the patyRiet= Thetidin ToMBEHeAtR Soitaimdd 7 ahAmdTRT of preférhbil? 70 mol% or more,
more preferaby 90,mol% or snere. [9918) Jchemical Founula 4 (OBIRGIFINL CQ-15CO-NH-2:\H

sir.
MODE FOR CARRYING OUT THE INVENTION
10014
A photosensitive resin composition of the present
invention contains (a) a polymer having, &s a main component,
- a structure represented by the following general formula (1)
and/or a polymer having, as a main component, a structure
represented by the following general formula {2). Preferabls
are a polyimide resin, a polyamide acid or polyamide acid ester
as a polyimide precursor, and a polyhydroxyamide as a
polybenzoxazole precursor, which have excellent heat A
resistance and solvent resistance. Here, “main_component" in
a polymer having, as a main component, a structurerxepresented
by the following general formula (1} means that the structural
unit within the parenthesis which is shown as n repeating units

in the following general formula (1) is contained in an amount



314 (COOR-)m (COOR [0016] In the above general formula (1),and R2 each independently represent
a hi- to octavalent organic group having two or more carbon atoms. R3 and R4 each independently
represent hydrogen or a monovalent organic group having 1 to 20 carbon atoms. n represents a
number in the range of 10 to 100,000. 1 and m each independently represent an integer of 0 to 2, and

p and g each independently represent an integer of O to 4, where p + q > 0. [0017] [Chemical Formula
5]100c7.c AAHH (R72r

of 50 mol% or more of all structural units of the polymer. The
main component is centained in an amount of preferably 70 mol%
or more, more preferably %0 mol% or more. "Main component” in
a polymer having, as a main component, a structure represented
by the following general formula (2} means that the structural
unit within the parenthesis which is shown as t repeating units
in the following general formula (2) is contained in an amount
of 50 mol% or more of all structu#al units of the polymer. The
main component is contained in an amount of preferably 70 mol%
or more, more preferably 920 mol% or more.

10015]

[Chemical Formula 4]

(OH), (OH)q

) ;
CO—R'—CO-NH—RZ—NH (1)

n

(COORY,  (COORY)

focie]

In the above general formula (1), r} and R® esach
independently represent a bi- to octavalent organlc group
having two or more carbon atoms. ®® and R* each independently
represent hydrogen or a monovalent organic group having i te
20 carbon atoms. n represents a number in the range of 10 to
VIOG,OOO. 1 and m each independently represent an integer of

0 to 2, and p and ¢ each independently represent an integer of



N Re (R8) s [0018] In the above general formula (2), R5 represents a tetra-to decavalent organic
group and R6 representsa bi- to octavalent organic group. R7 and R8 represent a phenolic hydroxyl
group, a sulfonic acid group or a thiol group, and may each be a single group or a combination of
different groups. t represents a number in the range of 3 to 100,000. r ands represent an integer of 0 to
6. [0019] The polymer of (a) component that is used for the photosensitive resin composition of
the present ir’bvetntiolp may, consist of anly one of structural units represented by general formulae (1)
and (2), or a combination of both the structural units. [0020] The presence of fluorine atoms within the
structural unit ggpresented by general formula (1) or (2) is preferable as water repellency is imparted
to a film boundary to suppress penetration through the boundary at the time of development with an
aqueous alkalicsolution 1 THerflwddne atom content for each of the polyimide having a structural unit
represented by general formula (1) and the polyimide precursor having a structural unit represented by
general formula (2) is preferably 10% by weight or more for adequately providing an effect of
preventing penetration through the;boundagy, and preferakly 20% by weight or less from a viewpoint of
solubility in an aqueous alkali solu ton. [0021] In the above general formula (1), Rrepresents a hi-
to octavalent organic group Z\Yow ar’ -@-LQ@] atoms, and den@?s a structural component of
an acid. The acids where RI}is i &Ieﬁ Hiclude ‘aromat c icarboxylic acids such as terephthalic

I

acid, isophthalic acid,

O

O
-
~
o

(00181

In the above general formula (2), R® represents a tetra-
to decavalent organic group and RE represeafs abl- tooctavalent
organic group. R’ and R® represent a phenolic hydroxyl group,
a sulfonic acid group or a thiol group, and may each be a single
group or a cembination of different groups. t represents a
number in tﬁe range of 3to 100,000, 1y ands represent an integer
of 0 to &.

(0019}

The polymer of (a) component that is used for the
photosensiti‘ve resin compesition of the present invention may
consist of only one of structural units represented by general
Formulae (1) and {(2), or a combination of both the structural
units.

[0020]

The presence of fluorine atoms within the structural unit



diphonylethordicarboxylic acid, naphthalenedicarboxylic acid and bis(carboxyphenyl)propane and
aliphatic dicarboxylic acids such as cyclohexanedicarboxylic acid and adipic acid. The acids whore R'
is trivalent may include tricarboxylic acids such as trimellitic acid and trimesic acid. The acids where RI
is tetravalent may include aromatic tetracarboxylic acids such as pyromellitic acid,
benzophenonetetracarboxylic acid, biphenyltetracarboxylic acid, diohenylethertetracarboxylib acid and
diphenylsulfonetetracarboxylic acid, aliphatic tetracarboxylic acids such as butanetetracarboxylic acid

and cycloperf&RERFCAD O FE ARTE ahTradiester LOMpIGHIS Wit hdfsyeh S Bt two carboxyl
groups of suh g eiracarbow| c.agic teplaced b methylg1oups oLethyl graugs. In additon. mention

may be made of acids having hydroxyl groups, such as hydroxyphthalic acid and hydroxytrimellitic
acid. Two or marekinds@f thesaigaidicomponents maykedisedo butel 40 40mol% ofitetracarboxylic
residue is preferably contained. Preferably, 50 mol% or more of residue of acid having a hydroxyl
group is containedfromsaaidapbint of sohubility Ire il akalirdeveoperand Phdts sensitivity. [0022]
RI preferably has an aromatic ring from a viewpoint of heat resistance, and is further E)referably a

trivalent or tefravaemCorgahie §rotip-Raviny 616 30 2arboh at6ms” Bratsited skampes of the structure
of Ri (COOR3).' (QH) pyof general farmula:(1) include the strygture.shown below . j0p23] [Chemical

Formula 6] [00241 In the above general formula (2), R represents a residue of an acid
dianhydrida ang-is-a éetra-ite gdeeavalent trganic:groupi Abowe allprefetableis amiotganic group -
containing an aromatic ring or a cyclic aliphatic group and having 5 to 40 carbon atoms. [0025]
The acid diartiydrieles fray inefite: Specifiealit Hrbthatic fetfscarbdkyhe Wamtydfdes such as

pyromellitic dianhydride, 3,3',4,4'-biphenyltetracarboxylic, dianhydri 3 4'-biphenyitetracarboxylic
Canhyaiide. D533 BTG o e ade. P Lo TLeanty 27 £y RPN

or less from a viewpeint of sclubllity in an aqgeous‘alkali
solution.
[0021]

In the above general formula (1}, Rt represents a bi- to
octavalent organic group ha?ing two or more carbon atoms, and
denctes a structural component of an acid. The acids where R*
ig bivalent may ilnclude aromatic dicarboxylic acids such as
terephthalic acid, isophthalic acid,
diphenyletherdicarboxylic acld, naphthalenedicarboxylic acid
and bis{carboxyphenyl)propane and aliphatic dicarboxylic
acids such as cyclohexanedicarboxylic acid and adipic acid.
The acids where R' is trivalent may include tricarboxylic acids
such as trimellitic acid and trimesic acid. The acids where
R! is tetravalent may include aromatic tetracarboxylic acids
such as pyromellitic acid, benzophenénetetracarboxylic acid,

biphenyltetracarboxylic acid, diphenylethertetracarboxylic

10



3,3114,41-benzophenonetetracarboxylic d anhydride, 2,2',3,31-benzophenonetetracarboxylic
dianhydride, 2,2-bis(3,4-dicarboxyphenyl)propane dianhydride, 2,2-bis(2,3-dicarboxyphenyl)propane
dianhydride, 1,1-bis(3,4-dicarboxyphenyl)ethane dianhydr ae, 1,1-big(2,3-dicarboxyphenyl)ethane
dianhydride, bis(3,4-dicarboxyphenyl)methane dianhydride, bis(2,3-dicarboxyphenyl)methane
dianhydride, bis(3,4-dicarboxyphenyl) sulfone dianhydride, bis(3,4-dicarboxyphenyl)ether dianhydride,
1,2,5,6-naphthalenetetracarboxylic dianhydride, 9,9-bis(3,4-dicarboxyphenyl)fluorensic ddanhydride,
i R R Bt SR
2,3,6,7-naphthalenetetracarhoxylicdianhydride, 23,5 -widingtet acarboxylic dianhydride,
3,4,9,10-perylenetetracarboxylic dianhydride and 2,2-his(3,4-dicarboxYphenyl)hexafluoropropane
dianhydride, aliphatietetracarboxylie diarlyya ides stcheas bitanetetracarboxylie dianhydride and
1,2,3,4-cyclopentanetetracarboxylic d anhydr de, 3,3',4,4'-diphenylsulfonetetracarboxylic dianhydride
and acid dianhydHe8shaviemstee Stractare shigwi betis. They e ised alohe 6r it éGmbination of two
or more kinds. [Q026] [Chemical Formula 7] [0027 5 represents an 0 om, C(CF5)2C
(CH3)2o0r3 ,lgna%%i%eréeg}r%s%er%k d %}}Jdtrgégﬁ é)t%)rﬁl’:a,&é%lyogr}&wafouﬁno)r%/ﬁfxi}co%%lﬁgup. [0028]
Among them, pugferable. arer3 31:4.4"Hiphenylteteacargoxylic-dianhydride,2, 334 s
phenyltetracarboxylic dianhydride, 2,2',3,3' b phenyitetracarboxylic dianhydride,
3,3',4,41-benzophenonetetracacboxidic diahhydride 2 246 3 B1tberzBphenOnetetrabarbOxylio
dianhydride, 2,2-bis(3,4-dicarboxyphenyl)propane dianhydride, 2,2-bis(2,3-dicarboxyphenyl)propane
dianhydride, ffi%%(@,ﬁ-ﬁ&%?ﬁoﬁﬁﬁﬁeﬁ%@ﬁ%ﬁ%ﬁiWyd’f?déﬂsf,dl’-b%’(’é,g-dF@ar%% ptenyi)ethane
dianhydride, bis(3,4:dicarbox ny)methane dianhydri 1215(2,3:dicarboxyphenyl)methane
dianhydride, b‘i%(%,i-“dﬁ%ﬁ?brgox%%hjgln%rgglgf%% d%iéarlm 9)§ridédé%§i§%3,4%%agrgf§gyphenyl)ether dianhydride,’
2,2-bis(3,4-digarbexyphenyhexafiuosepiopaneg dianhydede; 3314 4-diphenylsulforgtetracarboxylic
dianhydride, 9,9-bis(3,4-dicarboxyphenyl)fluorensic dianhydr.de

group is contained from a viewpoint of solubility in an alkali
developer and photo sensitivity.
roczz)

R preferably has an arcmatic ring from a viewpoint of
heat resistancea, and is further prefezably & trivalent or
tetravalent organic group having 6 to 30 carbon atoms.
Preferredexamplesoftbestructureof?G{COORﬂm(OH)pofgen@ral
formula (1) include the structure shown balow.

(00231

[Chemical Formula 6]
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fluorensic dianhydride and acid dianhydrides having the structure shown below. [0029] [Chemical
Formula [0030] R15 represents an oxygen atom., C (CF3) 2, C (CH3) 2 or 303, and 216 and RI'
represent a hydrogen atom, a hydroxyl group or a thiol group. [0031] R2 in general formula (1)
and 26 in general formula (2) represent a bi- to octavalent organic group having two or more carbon
atoms, and denote a structural component of a diamine. 22 preferably has an aromatic ring from a
V|ewp0|nt of heat reS|stance SpeC|f|c examples of dlamlnes may include 3,4'- dlamlnodlphenyl sulfide,

1,4-bis(4-aminophenoxy)b 7 2, 2%1 ‘ blp

2,2-diethy1-4,4"diapi E%Eﬁ ényl3,3'-dimeth 1C4QH@|am|nob|ph gt

3,3-diethy1-4,4l-diaminobiphenyl, 2,2',3,3'-tetramethy1-4,4'- dlamlnoblpﬁgr%m?’
yl,

3,31,4,4'-tetramethy1-4,4'-diaminobip ,2'-di(trifl oroe‘)lﬁthyl) -4,41-diaminobiphenyl,
9,9-bis(4-aminophenyl)fluorene, pheflyléngdiarnine as iy phenylenedlamlne and
p-phenylenediamine, diamlnodiphep¥l. ethexrs 2@; ’ phenylether and
4,4'-diaminodiphenylether, a @ en&(ybenzerég, such asil,4- aminophenoxy)benzene,
dlamlnodlphenylmetng@@g@ Cir&S 3,4'-diaminodiphenylmethane arfo égg@lmlnodlphenylmethane
diaminodiphenylsulfones such as 3,41- dlamlnodlphenylsulfone and 4,41- dlamlnodlphenylsulfone

bis(trifluoromethyl)benzidine, bis(amg 5 phm , bis(aminophenoxyphenyl)sulfones

such as bis(4- amlnophenoxyphenyl)ﬁulfo I
C,Hs00C

COQCH5
CaHsQOC COOCsHg
z:i: NH :i:f
(00247
In the above general formula (2}, Rsrepresents a residue

of an acid dianhydride and is a tetra- to decavalent organic
group. Above all preferable is an organic group containing an
arcmatic ring or a cyclic aliphatic group and having & to 40
carbon atoms.

[0025]

The acid dianhydrides may include, specifically,
aromatic tetracarboxylic dianhydrides such as pyromelliitic
dianhydride, 3,3',4,4'~biphenyltetracarboxylic dianhydride,
2,3,3",4"-biphenyitetracarboxylic dianhydride,

2,2',3,3" ~biphenyltetracarboxylic dianhydride,

12



bis(3-aminophenoxyphenyl)sulfone, bis(aminc-hydroxy-phenyl) hexafluoropropane,
diaminodihydroxypyrimidine, diaminohydroxypyridine, hydroxy-diamino-pyrimidine, diaminophenol,
dihydroxybenzidine, diaminobenzoic acid, diaminoterephthalic acid, compounds with at least some of
hydrogen atoms of the aromatic ring replaced by alkyl groups and halogen atoms, aliphatic
cyclohexyldiamine, methylenebiscyclohexylamine, hexamethylenediamine and diamines having the

structure shown_below.,[Q0321 [Chemical thrmul%g;. -19Q33); represents.an oxygen atom, C(CF3)2,
C(CH3)2 or S%it3 a’n4dv¥epqrpees%zn? ;‘% ﬁ?gr%eg%een é?gr%f a hgdroxyl éroupﬁ or a thiol group. [0034] In addition,

mention may be,made, of thase,inwhich R2AGEDRAA(OR) s:ekiormuadd) is represented by the
following structure. Among them preferable are those in which R2(COOR4)1(CH)q of general formula
(1) is represented hy:the, folloiviagistructore.y Tweroraisrekings v tHese diamine components may be
used, but 60 mol% or more of diamine residue havinga hydroxxlb%rlgygeis preferably contained from a

viewpoint of sbidbiity’ irf efaikaf deverspeny L propane dian

1,1-bis (3, 4-dicarboxyphenyl)ethane dianhydride,
1,l—bis(2,3—dicarboxyphen§i)ethane dianhydride,

bhis{3, 4-dicarboxyphenyl)methane dianhydride,
bis(2,3-dicarboxyphenyl)methane dianhydride,

bis (3, 4-dicarboxyphenyl) sulfone dianhydzide,

bis (3, 4-dicarboxyphenyl)ether dianhydride,

1,2,5, 6-naphthalenetetracarboxylic dianhydride,

9, 9-bis (3, 4-dicarboxyphenyl) fluorensic dianhydride,
9,9—bis{4~(3,4wdicarboxyphenoxy}phenyl}flucrensic
dianhydride,2,3,6,7~naphthalenetetracarboxylicdianhyd:ide,
2,3,5,6-pyridinetetracarboxylic dianhydride,
3,4,9,10-perylenetetracarboxylic dianhydride and
2,2-bis{3,4-dicarbonyphenyl)hexalluoropropanse dianhydride,
aliphatic tetracarboxylic dianhydrides such as
putanetetracarboxylic dianhydride and
1,2,3,4-cyclepentanetetracarboxylic dianhydride,

3,3',4,4 -diphenylsulfonetetracarboxylic dianhydride and
acid dianhydrides having the structure shown below. They are
used alone or in compbination of two or more kinds.

[0028]

[Chemical Formula 7]
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[0035] [Chemical Formula 10] [00361 [Chemical Formula 11] OH

R

18 R'ﬂ' .
SRS N
H M 9
| O
o R R17 o
o o) d ©

faazi

s

R® represents an oxygen atom, C(CF3)a, C{CHs)p or 30z, and
R and RY represent a hydrogen atom, a hydroxyl group or a thiol
group.
[0028]

among them, preferable are
3,3’,4,4'—biphenyltetracarboxylic dianhydride,
2,3,3',4’—biphenyltetracarboxylic dianhydride,
2,2%,3,3 ' ~biphenyltetracarborylic dianhydride,
3,3',4,4" -benzophenonetetracarboxylic dianhvdride,
2,2‘,3,3'~benzopﬁenonetetracarboxylic dianhydrid@,
2,2-bis (3, 4-dicarboxyphenyl)propane dianhydride,
2,2-bisg(2,3-dicarboxyphenyl)propansg dianhydride,
1,1-bis (3, 4-dicarboxyphenyl)ethane dianhydride,
1,1-bis {2, 3~dicarboxyphenyl)ethane dianhydride,

[

bis (3, 4~dicarboxyphenylmethane dianhydride,

14



[00371 R3 and P4 in general formula (1) may each be same or different, and represent hydrogen
or a monovalent organic group having 1 to 20 carbon atoms. Preferably, hydrogen atoms constitute 10
to 90 mol% of each of R3 and R4 from a viewpoint of solubility in an alkali developer and solution
stability of a photosensitive resin composition obtained. Further, more preferably, R3 and R4 each
contain at least one monovalent hydrocarbon group having 1 to 16 carbon atoms, with the remainder

constituted by hydrogen atoms. [0036] .. 1 and m in.general formula (1) represent the number of
carboxyl groli%%ggraé%te?jgcr%%%%%%%%gﬁ E|nr?c?epaélr?der%tly reypresenfs an integer of 0 to 2. They

preferably represent 1.0112-pand.gringeneral.formdadl) eaghingependently represent an integer of
0 to 4, where p + g > O. nin general formula (1) represents the number of repetitions of structural units
of a polymer, iahsl(i$.in-thecarys:eb16:to 1160, 0680. ifikisedsitian 10, the solubility of a polymer in an
alkali developer may become so high that a contrast Qgtween an exposed are ancgean unexposed

area cannot be Gbtairdd aid A deired DAk cArhdt baorimed O the Stherhahd if n is greater
han 100,000, soluiiy of & poYet 1) an Akl developer may.beceme.sp low hat an oxposec
vé

area is not disso and a'desire pattern cannot be formed. n is preferably 1,000 or less, more
preferably 106 of less from -a:viexypeint of the spluhbility=ofsa polymer iranalkalideveloper. n is
preferably 20 or more from a viewpoint of improvement of the elongation. [0039] In general
formula (2), 1R7 aridi Re‘repre$erit aspherolic hycroxP greug, & SIMEPIE atid group or a thiol group,
and r and s represent the numbers of R7, gng %e‘ g(gogpgé%elsrpeg]iivelg.?g: ag?gva}ﬁres%%}‘grablw or less
froma viewpoftt BFIHEStARIIRY DrfebHosenstive tesin coniposition solution obtained. r + s is
preferably greater than 0 from a viewpoint of the solubility of a polymer in an alkali developer. [0040)
t in general formula (2) represents the number of repetitions of structural units of a polymer, and is
preferably 3 or more; more preferably 5 or more. If tis less than 3, the solubility of a polymer in an
alkali developer may become so high that a contrast between an exposed area and an unexposed
area cannot bé@istaired aheltd'desired pattern cannot be formed. On the other hand, if t is greater
than 100,000, the solubility of a polymer in an alkali developer may become so _Low that an exposed
area is not dissolved and a desired® :

preferably 100 or legs froma viewpo

falls within this range, the \oto& i

d | P

G

[0030]

R represents an oxygen atom, C({CFijz, C(CHs)2 or 50z, and
RlﬁandFﬁ7representeahydregenatom,afhydzoxyigroupcm:athiOl
group;

(00317

R? in general formula (1) and R® in general formula (2)
represent & bi~ to octavalent organic group 5aving LWo oI more
carbon atoms, and denote a structural component of a diamine.

r? preferably has an arcmatic ring from a viewpoint of heat
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be used with the increased thickness, and adequate solubility in an alkali developer can be imparted.
[0041] n in general formula (1) and t in general formula (2) can he easily calculated by measuring
a weight average molecular weight (Mw) using gel permeation chromatography (GPC), a light
scattering method, an small angle x-ray scattering method or the like. Where the molecular weight of
the repeating unit is M and the weight average molecular weight of the polymer is Mw, n = Mw/M. The
repetition numbers, 0 and t in the present inyention refes 19 2 valwe that is,calculated using the simplest
GPO measurement in terms of polystyrene. [0042] Further, for improving adhesion with a
substrate, aliphatic-greups.having asilaxane stucture 'may be.copohymerized with. & and/or R2 in
general formula (1) and R5 and/or R6 in general formula (2) within the boundary of not reducing heat
resistance. Specifitally, fentiorPis: sk 6EIsE opdlyerzad Wit 116 10 AT61% of
bis(3-aminopropyl)tetrar_nethgl/ldis loxane, his (P-amino-phenyl) octamethylpentasiloxane and the like,

etc. as diamine eoMpBHEtR f0043] °*P K terminal sealing agent may be reacted with the terminals of

the polymer haying,.as, a.main component, the structure represented by general formulae (1) and (2).
The dissolution rate of resin in an aqueous alkali solution can he adjusted to a preferred range by

sealing the tetminals of 4herpolymerwith acarorroamine having a functional group selected from the
group consisting of a hydroxyl group, a carboxyl group, a sulfonic acidgroupand a thiol group. The
dissolution raf i’ aff Hifticous Al §61EToRTEET @ré’(}justed to a preferred range by sealing the
terminals of the pplymer with an aci .aﬂnhxglr'de 8 monoacid chloride, a monocarboxylic acid or a
mono active }e}s‘tgrifié} %%Fﬁg]o%hg [ 0441 J‘I“rfl'le@ﬁ%“n'oamines that are used as a terminal sealing

agent are preferably;3zamina-6:hydroxygrineling nt-hydroxy-7-aminonaphthalene, _

1-hydroxy-6-aminonaphthalene, 1-hydroxy-5-aminonaphthalene, 1-hydroxy-4-aminonaphthalenel
2-hydroxy-7-aminonaphthalent, 2-hyteoxy-6caminondphthalene, 2-hydroxy-5-aminonaphthalene,
1-carboxy-7-aminonaphthalene, 1-carboxy-6-aminonaphthalene, 1-carboxy-5-aminonaphthalene,

2-carboxy-7-afifonaphthaRnea: EAHoRy -6 amiSHARtHARSAE *2-carboxy-5-aminonaphthalene,
2-aminobenzaic acig 3;aminobenzoic acid, 4-aminghenzoig;acid, 4-aminosalipylic acid,

5-aminosalicyli¢ acid,’6-aminosalicylic acid, 2-aminobenzenesulfonic acid, 3-aminobenzenesulfonic
acid, 4-aminobenzenesulferic.acidyS-amine-4,8-dinydraxymyrishidine, 2-aminophenol, 3-aminophenol,
4-aminophenol,
9, 9-bis {4-aminophenyl) fluorene, phenylenediamines such as
m-phenylensdiamine and p-phenylenesdiamine, diaminodiphnenyl
ethers such as 3,4'-diamincdiphenylether and
4,4"~dianinodiphenylether, aminophenoxybenzenes such as
1,4-bis!/4-aminophenoxy}benzene, diaminodiphenylmethanes such
as 3,4'-diaminodiphenylmethane and
4,4'-diaminodiphenylmethane, diaminodiphenylsulfones such as
3,4'-diaminodiphenylsulfone and 4, 4'-diamincodiphenylsulfone,
bis(triflucromethyl)benzidine,
bis{aminophenoxyphenyl)propans,
bis {aminophencxyphenyl)sulfones such as

bis (4-aminophenoxyphenyl)sulfone and

it



2-amino iophenol, 3-aminothiophenol, 4aaminothiophenol and the like. They are used alone or in
combination of two or more kinds. [0045] = Acid anhydrides, monocarboxylicacids,monoacidchloride
compounds and mono active ester compounds that are used as a terminal sealing agent are
preferably acid anhydrides such as phthalic anhydride, maleic anhydride, nadic acid, :
cyclohexanedicarboxYlic anhydride and 3-hydroxyphthalic anhydride, monocarboxylic acids such as
3-carboxyphenol, 4-_carbo%<|¥§henol, ?%-carlzjx t?ipophenol, 4-carboxythiophenol,
1-hydroxy-7-carboxyRapRTrAIBAE ™ {20 aroxy 26-carbok Y naphthalene, 1-hydroxy-5-carboxynaphthalene,
1-mercapto-7gGarhox¥naphibalene. l-mercapio:--rathoxynaphibalene,
1—mercapto-5-carboxynaphthalene, 3-carboxybenzene5ulfonic acid and 4-carboxybenzenesulfonic
acid and mongagid ehiaride compouridg withethei carbioxyl groap of thedhoapcarboxylic acid formed
into an acid chloride, monoacid chloride compounds with only monocarboxyl group of dicarboxylic
acids such astetephthalicaéil phlalic el maleit-fia  §fetdhexanedicarboxylic acid,
1,5-dicarboxynaphthalene, 1,6-dicarboxynaphthalene, 1,7-dicarboxynaphthalene and
2,6-dicarboxyﬁjgﬁ)p%%ﬁgf{e%e@ﬁ)Zrﬁ%&qfﬁtodéémﬁggkﬁfozﬁdg , %%ﬁdpéc%%/‘—én}é“sntﬁ %%?ﬁ%%%ﬁgé ‘Obtained by
reaction of mangacid chigride-compeynds with N-hysloxylenzelriazole o cons of the
N-hydroxy-5-norbornene-2,3-dicarboxyimi eandthelike. They are used alone or in combination of two
or more kindsz {0046} - rifhe cenlent=of the terRihabsealing agentsucheas atmvnoamine, an acid
anhydride, a monoacid chloride, a monocarboxylic acid or a mono active ester compound is preferably

5 to 50 mol% basdtohthetela e caRisit Mitiple Gifferent termmnar §rédps iay be introduced
by reacting myliple terminal sealing aognis.[0047]. ,Ihedgroiinalseqiing Agantipyoduced into the
polymer can be easﬁy detected 6yt e following method_ For example, the terminal sealing agent can
be easily detegted.by dissolving in an acidic solution a polymer containing a terminal sealing agent to
separate the polymer’into amine components and acid components which are constituent units of the
polymer, and i¢griducting gas chromatography (GC) andNMRmeasurements thereof. Alternatively, the
terminal sealing agent can also be detected by directly measuring a polymer containing a terminal
sealing agent By pYrsi§sis’gas Chomatography (PGC) or infrared spectrum and 13C -NMR spectrum
measurements.
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[0048] The polymer having, as a main component, the structure represented by generaformula (1) is
synthesized by the following method. In the case of the polyamide acid or polyamide acid ester, there
are, for example, a method in which a tetracarboxylic dianhydride is reacted at a low temperature with
a diamine compound and a monoamino compound used for sealing terminals, a method in which a
diester is obtained from a tetracarboxylic dianhydride and an alcohol, and thereafter reacted with a
diamine compound and a monoamino compound in the presence of a condensation agent, a method
in which a diester is obtained fropg'a tetracarboxylic dianhydzie an alcohol, and thereafter reacted
with a diamine compound b [
formed into an acid chloyitie, ard.s . gcase
method in which a blgé'?nlnophen(ﬁ compound is ade! 0 undergo a condensatlon reactlon with a
dicarboxylic acid and a monoamino conipetin cally, there are a method in which a
dehydration-condensation agent such as d|cyclohexylcarbod||m|de (DOC) is reacted with an acid,
where a bisaminophenol coarpound angga monoamlnoReompund e added, a method in which a
solution of dlcarboxyllc acid dickoriteg s aplded drop ise To : ution of a blsamlnophenol compound

, Ntich as a dimer and a trimer
ertles after heat,é:urlng [0050] he polymer having a structure
s HSE N oréSenRtin ~Can be. synthesized, using, for
Al rsne utilizing a method of synthesizing the
polymer having a structure representeé general formulaRfl), and then fully imidized using a known
imidization reaction method, or the imidization reaction is discontinued and an imide structure is partly

introduced, or a fully imidizepgly
partly introduce an imide struct 051]H

presence of absorptlon peaks (around WS?) C

2
1, afdlnd 1,377 cm-1) of the imide structure
originating in the ' ’

R0 N

Hp
H 2
R1® O \ / y R¥E D

(00331

R*® repﬁesents an oxygen atom, C({CF3}a, C(CH35;C{'SOE, and
R to R¥ represent a hydrogen atom, a hydroxyl group or a thiol
group.
(00347

Tn addition, mention may be made of those in which

R?(COOR%} (OH) 4 of formula (1) is represented by the following
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polyimide. Next, the polymer is thermally treated at 350C for an hour and designated as a sample
having an imidization rate of-100%, and the infrared absorption spectrum is measured, and the peak
strengths at around 1,377 cnCl of the polymer before and after the thermal treatment are compared,
whereby the content of the imide group in the polymer before the thermal treatment is calculated to
determine anidiza ion rate. [0052] The photosensitive resin composition of the present invention
may contain g polymer othe than the polymer.of.(x) camponent whigh.mayrbe, for example, a
novolac resin. By including a novolac resin, the sensitivity and contrast can be improved. Two or more
kinds of no ciad;resin$mayibe eantsinedaThecnowdlac resinicam derebtained byypslyeondensation of a
phenol and an aldehyde using a known method. [0053]  Preferred examples of the
above-mentiofied phénsl ey ireiige pReRor o-B<bl < 2irds It pidiesdl, 2, 3 %yi&nol, 2,5-xylenal,
3,4-xylenol, 3,5-xylenol, 2,3,5-trimethylphenol and 3,4, 5-trimethylphenol. .Two.or. 1 kinds of these
phenols may b&"HS&d. Preféie ee%ﬁr%%ﬁeg%ﬂ E%B%@e%-%énrﬁ%oenég? gagﬁ%\% r%%asyrlri%fgude formalin,
paraformaldefjyde, ace Q?E‘é{?@,gt%%%ﬁl@e@ﬁ@%MIQW@@%@}Q@M@Ienaﬁldrchtqr@aﬁetaldehyde. Two
or more kinds of these aldehydes may be used. The used amount of the aldehyde is preferably 0.6
mol or more, mpres preferably @:7 evolorimbie drasetbon1l-mci of phenol. [0054] The polystyrene
equivalent weight average molecular weight (hereinafter referred to as "Mw") of the novolac resin is
preferably 1,000°6Pmore, more preferably 2,000 or more. It is preferably 20,000 or less, more
preferably 10, gge%n IeasP. &SVLE’H%% &?e Mw falls within this range, the positive-type photosensitive
resin composition of the présent invention has excellent workability when applied onto a base and
excellent solubility in an alkali developer. [00551 The content of the novolac resin is preferably no
less than 30 parts by weight and no more than 200 parts by weight based on 100 parts by weight of
polymer of (a) component. As long asthecontentof thenovolacresin falls withinthisrange, sensitivity is
improved. [0056]



The positive-type photosensitive resin composition of the present invention contains (b) a
qguinonediazide compound. The quinonediazide compounds include those with sulfonic acid of
guinonediazide ester-bonded to a polyhydroxy compound, those with sulfonic acid of quinonediazide
sulfoneamide-bonded to a polyamino compound, and those with sulfonic acid of quinonediazde
ester-bonded and/or sulfoneamide-bonded to a polyhydroxypolyamino compound. All functional
groups of these polyhydroxy compounds and polyamlno compounds may not be substituted with
ysTapreferably substituted with .
sed area and an unexposed area. By
& esensitive resin composition that is

dg r‘say (436 nm) of a mercury lamp, which are
common ultraviolet rays, can be obtalned In the#resent invention, a quinonediazide compound
having any of a 5- naphthoqumon diazidesulfonyl group or a}@ nabhthoquinonediazidesulfonY1 group
is preferably used. A seleciol (f_orably made from 4- n@p Ronediazidesulfonyl ester
compounds and 5- napht J ccording to the wavelength of
exposure light, and two or iere kigds theres: may e cqpitainad. Avvaphthoquinonediazidesulfonyl
ester compound having a 4-naphtHoquir ohY1 dfoup and a
5-naphthoquinonediazidesulfonyl group in“the s e nolecule may also be contained. [0057] The
polyhydroxy compounds mclude Bis- Z BisP- EZ TekP4HBPA TrlsP HAP TrisP- PA TrisP- SA
TrisOCR-PA, BisOCHP-Z, Bjs 2 2

BisP-OCHP, methylenetri
DML-PC, DML-PTBP, DV

DML-MTrisPC, TriML-P, Tr1ML- 3EXL T TML+pp BPF, TML BPA, TMOM BP,
HML-TPPHBA, HML-TPHAP (product name%; mgriufaetlred by Honshu Chemical Industry Co., Ltd.),
BIR-OC, BIP-PC, SIR-PC, SIR- PTEE)P BIR-PCHR:BIP-BIOCF,4PC, BIR-BIPC-F, TEP-SIP-A,
46DMOC, 46DMOEP, TM- . g{@ct names, manufactume PDy;Asahi Organic Chemicals Industry

Co., Ltd.), 2,6-dimethoxyme
2,6-diacetoxymethyl-p-cresol;~apf q phehbne alllc acid methyl ester,
bisphenol A, bisphenol E, ethyleneb’fsphe duct'ﬁame manufactured by Honshu
Chemical Industry Co., Ltd.). [0058] The ,_,-.. ino compounds include, 1,4-phenylenediamine,
1,3-phenylenediamine, 4,4'-diaminodiohenylethér, £83- diaminodiphenylmethane,
4,4'-diaminodiphenylsulfone ggrd.4 I'ét‘baminodiphenylsulfided’é@ l!‘ *xThe polyhydroxypolyamino
compounds include, 2,2-bisno-4 ydroxyphenyl)hexafl rod 3,31-

dihydroxybenzidine. N

XX

[0036]

[Chemical Formula 11]
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[0060] the molecular weight of the quinonediazide compound is preferably 350 to 1,200 inclusive.
[0061] The quinonediazide compound for use in the present invention can be obtained by, for
example, a method of reacting 5-naphthoquinonediazidesulfonyl chloride with a phenol compound in
the presence of triethylamine. [0062] In the positive-type photosensitive resin composition of the
present invention, the content of (b) the quinonediazide compound is preferably one part by weight or
more, more preferably 3 parts by weight or more, and preferably 50 parts by weight or less, more
preferably 40 parts by e| ol lymer of (a) component.

at a temperature of 150C or highep, so th&t.g ) Ba r@excellent adhesion property with the

substrate can be obtained by the poE‘Qﬂevelopment heatlng tr¥3tment described "-ter. Above all, the

silane coupling agent having a structure represented by the following general formula (3) has an

alkoxysilyi group and an aromatic ring directly bonded together and owing to |ts strong bond energy,
Cels eyen though cap%@g @H%a high- tﬁmper y

y the r. Thus, thgAdhesion rﬁperty b

“Reatin yeEnt ay 358G-Or higher ord
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_[Chemical Formula 121 R10 R9ccM11 (3) ,R12 pi4R13 [0065] In the above general formula (3),each
!ndepen‘dently represent hydrogen or an alkyl group having 1 to 3 carbon atoms. 1312 to R14 each
independently represent an alkyl group having 1 to 6 carbon atoms, an alkenyl group having 2 to 4

carbon atoms, a phenyl group, a substituted phenyl group or an alkoxyl group having 1 to 6 carbon
atoms, and at least one

[0037]

®? and R? in general formula (1) may each be same or
different, and represent hydrogen or a monovalent organic group
naving 1 to 20 carbon atcms. Preferably, hydrogen atoms
constitute 10 to %0 mol% of each of r? and R* from a viewpoint
of solubility in an alkali developer and solution stability of
a photosensitive resin composition obtained. Further, more
preferably, 2% and R! szach contain at leasf one monovalent
hydrocarben group having 1 to 16 carbon atoms, with the
remainder constituted by hydrogen atoms.

[0038]

1 and m in general formula (1) represent the number of
carboxyl greups or ester groups, and each independently
represents an integer of 0 to 2. They preferably represent i
or 2. p and g in general formula (1) each independently
represent an integer of 0 to 4, where p + g > O. ‘n in general
formula (1) represents the number of repetitions of structural
units of a polymer, and is in the range of 10 to 100,000, If
n is less than 10, the solubility of & polymer in an alkall
developer may become so high that a contrast between an exposad
area and an unexposed afea cannot be obtained and a desired
pattern cannot be formed. On the other hand, if n is greater
than 100,000, the solubilityof a polymer in an alkali developer
may become so low that an exposed area i1s not dissolved and a

desired pattern cannot be formed. nis preferabply 1,000 or less,
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Of 1212 to R1-4 is an alkoxy group having 1 to 6 carbon atoms. [0066] Examples of the silane
coupling agent having a structure represented by general formula (3) include,
styryldimethylmethoxysilane, styryldiethylmethoxysilane, styrylmethyldimethoxysilane,
styrylethyldimethoxysilane, styryltrimethoxysilane, a-methylstyryldimethylmethoxysilane,
a-methylstyryldiethylmethoxysilane, a-methylstyrylmethyldimethoxysilane,
a-methylstyrylethyldimethoxysilane, a-methylstyryltrimethoxysilane, styryldimet thoxysilane,
styryldiethyleﬁ%@/ﬁ%@?&ﬁnﬁ‘&ﬂﬁ&ie&ﬁﬁiy@ﬁ fieS styryf ﬁly%ecf o%%il%%%ﬁl% 317‘(;§/ﬁﬁethoxysilane,
a-methyIStyryl%jrgeothglfaggxyﬁil%%’l%ﬁgtmé@&iw lgthy@tbgg@%j@ably 20 cr more .‘
a—methylstyry?methﬁ fethoxysilane, a-methylstyrylethyldiethoxysilane, a-methylstyryltriethoxysilane,
styrylmethylmethexyethoxysidane, styryleibylmethoxyethoaxysilene, styridmethoxydiethoxysilane and
styryldimethoxyethoxysilane. Two or more kinds of these silane coupling agents may be contained.
[0067] In thepésitive-type photosensitive resin composition of the present invention, the content of
(c) the silane coupling agent having a structure repsesented by general formula (3),is preferably 0.001
parts by weight or méfe, $ibfe pre ?5%@6.0%23“%@%&&%%9} more pased. oﬁ[(ll%(juﬁarts by weight of
polymer of (6) gampgnent, ioma viewpointof the:adhesion propert.afteshigltemperature heating
treatment at 350C or higﬁer or after heating treatment in the air. The content of (c) the si‘ane coupling
agent is prefesahlys2-parts bynweight ortess: mofeRirefetably @ syparts tyeweighitsrless, further
preferably 0.3 parts by weight or less from a viewpoint of storage stability of sensitivity. [0068] The
positive-type potBsensRive PéSiFAEoMPIcRTibRSST tREPredeRt RRESH Eﬁﬁtﬁﬁ%b(lcl}% dilane coupling
agent having an ¢ gxgh%Qggé%Qi%X%tsnyégg% a,methacryloxy greup. an-aerylaxy group, an amino
group, an amide group or a mercap]to group and having an alkoxysilyl group. Such a silane coupling
agent has a functional group (8poXyGresps oxetanylogrou. nethasiytoxy:gretip; @eryloxy group,
amino group, amide group or mercapto group) which easily interacts with an organic -material, and
therefore can sensiderably imiprove thenadhision propédty béteerrthe  cured film and the substrate
after . high-temperature heating treatment at 350C or higher or after heating treatment in the air.
Particularly, frorf &%iewpoint of easily forming a bond with the polymer of (a) component, a silane

coupling agent Contai{]iqg age%%% ngglllﬁ)lﬂaan(??(eWesents the number of

repetitions of structural units of a polymer, and is preferably
3 or more, more preferably 5 or more. 1Lt is less than 3, the
solubility of a polymer in an alkali developer may become 80
high that a contrast between an exposed area and an unexposed
'area cannot be obtained and a desired pattern cannot be formed.
On the other hand, if t 1s greater than 100,000, the solubility
of a polymer in an alkali developer may become so low that an
exposed area is not dissolved and a desired pattern cannot be
formed., t is preferably 200 or less, more preferably 100 or
less froma viewpoint of the solubility of a polymer in an alkali
developer. As long as t falls within this range, the

photosensitive resin composition of the present invention can
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group is preferable, and can still further improve the adhesion property between the cured film and the
substrate. [0069] Examples of the silane coupling agent having an epoxy group, an oxetanyl group,
a methacryloxy group, an acryloxy group, an amino group, an amide group or a mercapto group and
an having alkoxysilyl group include, N-phenylaminoethyltrimethoxysilane,
N-phenylaminoethyltriethoxysilane, N-phenylaminopropyltrimethoxysilane,
N-phenylaminopropyltriethoxysilane, N-phenylaminobutyltrimethaxysilane, N
N-phenylamindbuiyfifiethoRy ﬂgnierf%gr%ge% Schy éiggggﬁﬁtrﬁgtﬁ%ﬁi Sfane S0t
3-acryloxypropyltimethoxysilane..3spetcaniopsepylmethyldimethoxysilane,
3-mercaptopropyltrimethoxysilane, 3-methacryloxypropylmethyldimethoxysilane,
3-methacryloxyprepylmethyldiethoxysilane, 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,
3-glycidoxypropyltrimethoxysilane, 3-glycidoxypropylmethyldiethoxysilane,
3-glycidoxypropyltriethdrysiane ahd SEathyi [ ﬁi)e%?(fsﬂﬂp?ﬁﬁﬁiﬁ%ngﬂm}b%té%}e.sﬁ%o or more kinds
of these silane coupling agents may be, contained.. [00701_ . . In thy itive-type photosensitive
resin composi“ﬁ%neéﬁ)fS fh%/pggé“ézhlt%ag%%t%ﬁr%ﬁg Sc%rnjfé(r%lt %)f%g) ﬁ'\bejcsﬁgﬁép %%%gﬁ%%%gﬁ? having an
epoxy group, an Qxetanyl groum, A saethackyloxy groupr af-awylapyngragpoan amingrgroup, an amide
group or a mercapto group and having an allcxysilyi group is preferably 0.01 parts by weight ormore,
more preferabdy:fclparts hy-or more, further Prefopbly 1-pait Brweight oenisreatdllStrther preferably
2 parts by weight or more based on 100 parts by weight of pplymer of éag component from a viewpoint
of the adhesiokgropéfty afféf H%ﬁﬁ@%ﬁ%@ﬁﬂ@ﬁé’%ﬁﬁ%‘ﬁeﬁtm@ﬁ AFB86E P higher of after heating
treatment in the air, The canient of.(1).the plane poupling aaentisprefgiably30 paits by weight or
less, more pre eragly parlgs by welgﬁ or less froma viewpoint of the mechanical property of a film
after heat curing[QR7A]. T8 thepasitive-typejatesensitivetresin compositientof the present
invention, the content of (d) the silane coupling agent having an epoxy group, an oxetanyl group, a
methacryloxy group,tanaceiexytgreup: kreamhiro g oiid; aht arfitde §roup ora®iieréapto group and
having an alkoxysilyl group is preferably 100 ggrts bﬁ' eiggt or more, more preferably 200 parts by
weight or mor& baseFsh T parts by welght of () sifare coupling agent having a structure
represented b 98! al formula (3) from a viewpoint of the adhesion property after high-temperature
heating treatment at 350C or higher or after heating treatment in the air. The content of (d) the silane
coupling agent is preferably=4,000-parisdhyweightaitlesspmorétpreferaby 27606 parts by weight or
less from a viewpoint of the mechanical property of a film after heat curing. [00721 The
positive-type photosenditiver@sit composition Df tR&Iresent Hvehtoésntdins (e) a solvent. The

solvents include polar aprofc solvents such 35 Mamelty ol dangarbbiP acEne

and/or R® in general formula {(2) within the bouﬂdary of not
reducing heat resistance. specifically, mention is made of
those copolymerized with 1 to 10 mol% of
bis{3—amimopropyl}tetramethyldiéiloxane,

bis (p-amino-phenyl)octamethylpentasiloxane and the like, etc.
as diamine components.

(00431
Aterminal sealing agent may be reacted with the terminals

of the polymer having, as & maln component, the structure
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N,N-dimethylacetamide and dimethyl sulfoxide, ethers such as tetrahydrofuran, dioxane and propylene
glycol monomethyl ether, ketones such as acetone, methyl ethyl ketone, diisobutyl ketone and
diacetone alcohol, esters such as ethyl acetate propylene glycol monomethyl ether acetate and ethyl
lactate, and aromatic hydrocarbons such as toluene and xylene. Two or more kinds of these solvents
may be contained. The content of the solvent is preferably 50 parts by weight or more, more preferably

100 parts by weight or more, and preferaply 2,000 parts by weight or less, more preferably 1,500 parts
by less based BRUEI6 Paits By ARIGHE ST 68?%3%? of EaLaf C%Ir%ipor%%ht. [%)%)7ﬂlssoﬁ“ﬁtelggsitive-type

photosensitive fesin couipasitan.of e pissentiyention may.sosiainanalkonaety
group-containing compound. The alkoxymethyl group undergoes a crosslinking reaction at a
temperature qf 150000k higherang is saereforersrosslinked by the postedevelepméht heating
treatment described later, so that a cured film having an excellent mechanical property can be

obtained. Preferabieds i eomyduad ARG this ot rAdRE BIKSKyRrEtyI grotips™ arid Misre preferable is a

compound having four or mare a}I’lé,ogQ/?T 1‘t_LhyI groups, [9:%7@ 38898'\@ examples,of the alkoxymethyl
ude, the ‘ ]

e
group-contairfiig TompBandineld e following compounds: Two of more kinds thereof may be

contained. [0Q751{Chemigal.Formula 131 4:GH2QCH M-01:4200H3Q in an agueous

alkali solution can be adijusted to a preferred range by sealing
the terminals of the polymer with an acid anhydride, a monoacid
chloride, armonocarboxylic acid or a mono active esterified
compound.
[0044]

The monoamines that are used as a terminal sealing agent

are preferably S-amino-8-hydroxyguinoline,

1-hydroxy-7—aminonaphthalene,
1-hydroxy-5—aminonaphthalene,
2~hydroxy-T-aminonaphthalene,
Z2-hydroxy-S-aminonaphthalene,
1-carboxy~é-aminonaphthalene,
v -carboxy-T7-aminonaphthalene,

2-carboxy-5~aminonaphthalens,

l-hydroxy-6-aminonaphthalene,
1-hydroxy-4-aminonaphthalene,
2-hydroxy-6-aminonaphthalene,
l—carboxy~7Maminonaphthalene,
i~carboxy-5-aminonaphthalene,
2-carboxy~6-aminonaphthalene,

Z2-amincbenzoic acid,

3-aminaobenzoic acid, 4-aminobenzoic acid, 4-aminosalicylic

acid, S-aminosalicylic acid, é-amincsalicylic acid,

2—aminobenzenesulfonic acild, J-amincbenrzenesulfonic acid,

4-aminobenzenesulfonic acid, 3-aminc-4, é~dihydroxypyrimidine,

2-aminophencl, 3-aminophenol,

4-aminophenol,
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1-13G0OH2C-N-N-01120CH3 H3CO OCH3 0 H300H2C-NAN-CH200H3 /111-c H3COH2C-N .N-

CHzOCH3 0 N---CH200H2CH3 OH--K N-CH20OCH2CH3 H3CH200H2C-ILN-0H20
H30H206 OCH2CH3 0 orizons

2-aminothiophenol, 3-aminothicphenol, 4-amincthiophenol and
the like. They are used alone or in combination of twoe or more
kinds.
[0045]
Acidaﬂhydrides,monocarboxylicacids,nmnoacidchloride
compounds and mono active ester compounds that are used as &
terminal sealing agent are preferably acid anhydrides such as
phthalic anhydride, maleic anhydride, nadic acid,
cyclohexanedicarboxylic anhydride and 3-hydroxyphthalic
anhydride, monocarboxylic acids such as 3-carboxyphenol,
4-carboxryphenol, 3-carboxythiophenol, 4-carboxythiophenol,
i-hydroxy-T7-carboxynaphthalens,
1-hydroxy-6-carboxynaphthalene,
l—bydroxy—5—carboxynaphthalene,
1-mercapto-7-carborynaphthalene,
1-mercapto-6-carboxynaphthalene,
1-mercapto—9-carboxynaphthalene, 3-carboxybenzenssulfonic
acid and 4-carboxybenzenesulfonic acid and monoacid chloride
compounds with the carboxyl group of the monocarbozylic acid
formed into an acid chloride, moncacid chloride compournds with
only monocarboxyl group of dicarboxylic acids such as
treraphthalic acid, phthalic acid, maleic acid,
cyclochexanedicarboxylic acid, 1,5-dicarboxynaphthalene,
1, é—~dicarboxynaphthalene, 1, 7-dicarboxynaphthalene and

2, 6—dicarbozynaphthalene formed into an acld chloride, and
ynap r
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H3CH200H2C-NIAN-CH20CH2CH3 /-1 H3GH2C01-12C-N 1H-CH300H20H3
/0-12001-13H3COH2C.GI-120GH3H3GOH2G \H20OGH2 OHHOOHH
1120GF13HaGOH2CGH20GH3Fi300F120H2001-13 200H3HaGOH20H3G0OH2GG1-12 Hz0G1-13
GlizOGH3 HO-OHoli cri200ii3H.COH2YTC1.ThH200H3ti300ri20cii,ocHa H3GOH2G.

active ester compounds obtained by reaction of moncacid

chloride compounds with N-hydroexybenzotriazole,

N-hvdroxy-S-norbornene~2, 3-dicarboxyimide and the like. They

are used alone or in combination of two or more kinds.

[0C46]

The content of the terminal sealing agent such as a
monoamine, an acid anhydride, & moncacid chloride, a
monocarboxylic acid or a mono active ester compound is
preferably 5 to 50 mol% pased on the total amine content.
Multiple different terminal groups may be introduced by
reacting multiple terminal sealing agents,

[0047)

The terminal sealing agent introduced into the polymer
can be easily detected by the following method. For example,
the terminal sealing agent can be easily detected by dissolving
in an acidic scluticn a polymer containing a terminal sealing
agent to separate the polymer into amine components and acid
compenents which are constituent units of the polymer, and
conducting gas chromatography (GC) and NMR measurements thereof.
Alternatively, the terminal sealing agent can also be detected
by directly measuring a polymer containing a rerminal sealing
agent by pyrolysis gas chromatography (PGC) or infrared
spectrum and °C -NMR spectrum measurements.

[0G48]

The polymer having, as a main component, the structure
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H 20GH30H 1-13G01-12C.GI-1200Hz 021-150H20GI-13 CH 3 0H3003142 HO*45-1-0,1.0H
G214201-12G01130H20021-40 021-1301-12( CH2002115 OH 031-120H2C9li3p-12003H2
HO42-G-Q-OH G31-120H2001-13003140H H3GOH2CCH20CH3 H300H2GzOGH3 G3H20H2C

041CI-12003H2
represented by general formula (1] is synthesized by the
following method. In the case of the polyamide acid or
polyamide acid ester, there are, for example, a method inwhich
a tetracarboxylic dianhydride is reacted at a jlow temperature
with a diamine compound and a moncamince compound used for
sealing terminals, a method in which a diester is obtained from
a tetracarboxylic dianhydride and an alcchol, and thereafter
reacted with a diamine compound and a monoamino compound in the
presence of a condensaticn agent, a method in which a disster
ig nhtained from a tetracarboxylic dianhydride and an alcohol,
and thereafter reacted with a diamine compound and & monocamine
compound with the remaining dicarboxylic acid being formed into

an acid chloride, and soon. 1Inthecase of the polyhydroxyamide,

(wn

here is, for example, a method in which a bisaminophenol
compound is made to undergo a condensation reaction with a
dicarboxylic acid and a monoamino compound. Specifically,
there are a method in which a dehydration-condensation agent
sucheﬁsdicyclohexylcarbodiimide (DCCY is reactedwith an acid,
where a bisaminophenol compound and a moncamine compound are
added, 2 method in which a soluticn of dicarboxyliczacid.
dichloride is added dropwise to a solution of a bisaminophenol
compound and a monoamino compound with a tertiary amine such
as pyridine added thereto, and so on.

[00439]

Tt iz desirable that the polymer having, as a main
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[0076] The content of the alkoxymethyl group-containing compound is preferably 10 parts by weight or
more, and preferably 30 parts by weight or less based on 100 parts by weight of polymer of (a)
component from a viewpoint of the mechanical property. [0077] The positive-type photosensitive resin
composition of the present invention may contain a photo acid generating agent other than (b) the
guinonediazide compound. Such. a photo acid generating .agent is preferably a sulfonium salt, a
phosphonium, salt or a diazonium,salt, and two ot more kinds bereah may.he contained. By including
the photo acid géjnerating agent, solubility in an alkali developer can be easily adjusted . Above alll
preferable is a:sulfonisin salt apg-morepreferableds adtiaxylsutfonidn: satt=[08%8):1d In the
positive-type photosensitive resin composition of the present invention, the content of the photo acid
generating agentothersthan (b) shesquincmediazidé corpdurtisirelérably 0 05Hars by weight or
more, and preferably 10 parts by weight or Iess‘iased on 100 parts ky weight aof polymer of (a)
component. [6679}° llﬁ‘?adﬂﬁ?oﬁpé‘g%h?ﬁdur% Taving & Sﬁénf%é %yd?%%y%&?guag%gay be contained
as required, wherehy the sensitivity of the, positive-type-photosensitiveresin composition can be
improved. The’compounds having a phenolic hydroxyl group may include, for example, Bis-Z,
TekP-48BPRT1isR:EHARoTHisRPAs BisRZ -2F, BisP8:3Pz BiR2PC; iBiR-REBPrand BIR-BIPC-F. The
content of the compound having a phenolic hydroxyl group is preferably 3 parts by weight or more, and
preferably 40 {parisibyoaieight Bt lessbRsetr6n 300 paf@y Welghitof polymer of (a) component.
[0080] '

[0050]

The polymer having a structure represented by general

formula (29, for use in the present invention, can be

synthesized using, for example, a method in which a polyimide

precursor is obtained utilizing s method of synthesizing the

polymer having a structure represented by general formula (1},

and then fully imidized using a known imidization reaction

method, or the imidization reaction is discontinued and an imide

structure is partly introduced, or a fully imidized polymer lis

mixed with the aforementioned polyimide precursor to thereby

partly introduce an imide structiure.

(o0

[#a]

11

The imidization rate of the polymer of (a) component
having a structure represented by general formula (Z2) can be
casily determined by, for example, the followingmethod. First,
the infrared absorption spectrum of the polymer is measured to
confirm the presence of absorption peaks (around 1,780 cm,

around 1,377 om™) of the imide structure originating in the
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For the purpose of improving the wettability of the positive-type photosensitive resin composition and
the substrate, a surfactant, an ester such as ethyl lactate or propylene glycol monomethyl ether
acetate, an alcohol such as ethanol, a ketone suchascyclohexanone or methylisobutylketone or an
ether such as tetrahydrofuran or dicxene may be contained as required. Inorganic particles such as
silicon dioxide or titanium dioxide or a polyimide powder may also be contained. [0081] A method

fo prodiucing the posifye-type pholosensiiye resin.campsiton oL he praseatinvention is lustrated.

Mention is made-of, for example, a method in which (a) to (e)’components, and other components as

required are placed, in aglassflask ora stainlessisoptainen and dissalvegawitbn rzteby a mechanical
stirrer or the like, or dissolved by an ultrasonication, or dissolved with stirring by a planetary stirring
and defoaming dppératus: The viscosityedf the Campesitiipeis prefetable : I8 0000 Pa.s. For
removing foreign matters, filtration may be carriqd ou; by afilter having ?gorg %izg of 0.1 to 5 [tm.
[0082]  ATELRSE fof FHRIAGTE ciired T Usitig the Plsitive-type photoSensitive résin composition

of the present invention will nowy be described. 00831 .. -Apasilive-type phiojosensitive resin
composition is app ied onfo a substrate. The substrate that is used is a silicon wafer, a silicon wafer

sputtered with & matal,& ceramie;: @=gallivimp arsenide metakglass fametahexidesinsulating film, silicon
nitride, ITO or the like, but is not limited thereto. Coating methods include methods such as spin
coating usingta spimsert spraycbatingt 761l coatintcaid sht dfe égutiig “FRE TRy thickness varies
depending on the coating method, the solid concentration of the composition and the viscosity, but the
composition iéqpsfifélly coated so that the post-drying thickness is 0.1 to 150 pm. [0084] Next, the

substrate coated Wiﬂ}ﬁ@é@%@é%—%% photosensitiveesin:campositianis griedderobtain a
photosensitive resin film. Drying is preferably carried out at 30C to 150C for one minute to several
hours using afreveniahaetzplatenan infraredirgy=or thenlike than the polymer of (a)

component, which may be, for example, a novolac resin. By

including a novolac resin, the sensitivity and contrast can be

improved. Two or more kinds of novolac resins may be contained.

The novolac resin can pe obtained by polycondensation of a

phencl and an aldehyde using a known method.

10053]

Preferred exampies of the above-mentioned phenol may
include phenol, o-cresol, m-crescl, p-cresol, 2,3-xyienol,
2,5-xylencl, 3,4-xylenol, 3,5-xylenol, 2,3,5-trimethylphenol
and 3,4,5wtrimeihylphenol. Two or more kinds of these phenols
may be used. Preferrsd examples of the above-mentioned
aldehyde may include formalin, paraformaldehyde, acetaldehycde,
menzaldehyde, hydroxyvbenzaldehyde and chloroacetaldehyd@.

Two or more kinds of these aldehydes may be used. The used

amount of the aldehyde is preferably 0.6 mol or more, more
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[0085] Next, an actinic rayapplied onto the photosensitive resin film through a mask having a desired
pattern to expose the film. Actinic rays that are used for exposure include ultraviolet rays, visible light
rays, electron beams andX rays, but in the present invention, the i ray (365 nm), the h ray (405 nm)
and the g ray (436 ) from a mercury lamp are preferably used. [0086] A p ern can be formed by
removing exposed areas using a developer after exposure. The developer is preferably an aqueous
solution of tetramethy mrgoniumior an agueous sglut;}orlof an allgali@l% co[npound such as
diethanolamifié “diethy %inb’etﬁ‘acnol?léoza?ur% hf(:‘lgr%xié}e, potggéiu%ﬁ“ h‘i/d?(r)})?idé, sodium carbonate,
potassium cartk%%@tp, triethylamine, diethylamine, methylamine, dimethylamine, acetic acid
dimethylaminoethyl, dimethylaminoethanol, dimethylaminoethyl methacrylate, cyclohexylamine,
ethylenediamine or hexamethydenediamine. insme caseshto tveseaqueolsalkalt solutions may be
added one or more of polar solvents such as N-methyl-2-pyrrolidone, N,N-dimethylformae,
N,N-dimethyla€etaiide cditiethy T stlfoite: SRBub Aactdhie antifdirtid “er§famide "alcohols such as

methanol, ethanol and jsopiopang, esters such.as eillactate and prapylene.glye) monomethyl
ether acetate and ketones such as cyclopentanone, %yclbef"lexan ne, |sobutyrﬂ<etone and

methylisobutylketgne- A Jinsingdreatment is-preferably sawiad oyt with water after.development. Here,
the rinsing treatment may be carried out with alcohols such as ethanol and isopropyl alcohol, esters
such as ethyldactateard propytene ghycol maohamethykethersacetate arabtiie: ke adeed to water.
[0087] After development, the photosensitive resin film is heated at a temperature of 200 to 500C

and thereby GORVEPRSI TS ‘& BuF&d FinF THRFEHEER IS Festing Treatment R darried ot for 5 minutes

KY5PKHHSSU%§£Q E%é%n%§¥§£gfiity when applied onto a base and excellent

solubility in an alkali developer.
[0055]

The content of the novolac resin is preferably no less
than 30 parts by weight and no more than 200 parts by weight
based on 100 parts by welght of polymer of (a) component. AS
long as the content of the novolac resin falls within this range,
sensitivity is improved.

[0055)

The positive-type photosensitive resin composition of
the present invention contains (b) a quincnediazide compound.
The guinonediazide compounds include those with sulfonic acid
of quinonediazide ester-bonded to a polyhydroxy compound, those
with sulfonic acild of guinonediaride sulioconeamide-bonded te a
polyamino compound, and those with sulfonic acid cf
quinonédiazide ester-bonded and/or sulfoneamide-bonded to a

polyhydrozypolyamine compound. All functicnal groups of these
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is selected and the temperature is elevated stepwise, or a certain temperature range is selected and
the temperature is continuously elevated- As one example, mention is made of a method in which a
heat treatment is carried out at 130C, 200C and 350C for 30 minutes, respectively, or a method in

which the temperature is elevated linearly from room temperature to 4.00C for 2 hours. [0088] The
cured film fopiedhirrPiie FERRIVERTHeBHOBELASTIVEPe SHTERHBOSI A 0 IRE fresent invention is

suitably used for applications such as papsivatian films of semiconductors Optrgt%%tivgﬂlms of
semiconducTFvicas Shiddyeriafed rgfé ﬁ%&%? hig uaegé?tflﬂ %%Ekgainra multilayer interconnections

and i”SU'ati’}%!;?é/e{%%fg%%%ll&p%eﬁgo' umineseent deyvices. FEXAMRLES [0089]  The present
invention will be J’escrl ed below with Examples and so on, but the present invention isnot limited by
these examplgsnEvaluations=ofrtherpasitive-tyea photasensitivecresia conpasiten irdcxamples were
made in accordance with the following method. [0090] (1) Evaluation of storage stability of sensitivity
Preparation efphetcsensitivengsintdilmngxpositide aypé photvserssifide #$ii dGomposition (hereinafter
referred to as varnish) was applied onto a 6 inch silicon wafer so that the film thickness was 8 nn after

prebaking, afid thenssyebakad ACTETCH6r 3iRies Lot pieosensitive resin

composition that is photo-sensitive to i ray {365 nm), h ray
(405 nm) and g ray (436 nm) of a mercury lamp, which are
commen ultravioclet rays, can be cobtained. In the present
invention, a guinonediazide gompound having any of a 5-
naphthogquinonediazidesulfonyl group or a 4-
naphthoquinonediazidesulfonyl group is preferably used. A
selection is preferably made from 4-
naphthogquinonediazidesulfonyl ester compounds and 5-
napnthoguinonediazidesulfonyl ester compounds according te the
wavelength of exposure light, and two or more kindg thereof
may be contained. A naphthoguinonediazidesul fonyl ester
compound having a 4-naphthoguinonediazidesulfonyl group and a
5-naphthogquinonediazidesulfonyl group in the same molecule may
also be contained.
[0057]

The polyhydroxy compounds include, Bis-Z, BisP-EZ, TekP-
4HBPA, TrisP-HAP, TrigP-PAR, TrisP-SA, TrisOCR-PL, BisOCHP-Z,
BisP-M%7, BisP-P%, BispP-IPZ, BisOCP-IPZ, BisP~CP, BigRS-2F,

BisRS-3P, BisP-OCHP, methylenetris-FR-CR,
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(coating-developing apparatus Mark-7 manufactured by Tokyo Electron Limited) to thereby obtain a
photosensitive resin [0091] Method for measurement of thickness The film thickness was
measured at a refraction index of 1.629 for the film after prebaking and after development and at a
refraction index of 1.773 for the cured film using LAMBDA ACE STM-602 manufactured by Dainippon
Screen Mfg. REERE 1 G809PY ExpBRAre PML-Kiticte SHLWRh™F pattéhi RasFset T 4t éxposure machine

(i ray Stepper DSW-8570i manufactured by GCA C ration d.th otasensitive resin film was
exposed by R%Li"l%?/ﬁgt’a]j LMB%ﬁgbf@%@j%}’ %hOJBS &Je%lo?@m% | égl

streng AMm 'wi € exposure tinte being varied. [0 Development

A 2.38 wt% agueoys,tetiamsthylammenium Bydegxide selution was:sprayeehie the expeged film at 50

rotations for 10 seconds using a Mark-7 development apparatus manufactured by Tokyo Electron
Limited. Thergaftesmthe-filnawgs teft, standingvatO rotatiemior #orsaconds;. smsedith water at 400

rotations, and dried with shaking at 3,000 rotations for 10 seconds. [0094] Calculation of sensitivity
{(product names, manufactured by Honshu Chemical Industry Co.,
Ltd.), BIR-0C, BIP-PC, BIR-PC, BIR-PTRBE, BIR-PCHP, BIP-BIOC-
¥, 4PC, BIR-BIPC-F, TEP-BIP-A, 46DMOC, 46DMOEP, TM-BIP-A
(product names, manufactured by Asahi Organic Chemicals
Industry Co., Ltd.}, 2,6-dimethoxymethyl-4-t-butylphenol,
2,6-dimethoxymethyl-p-cresol, 2,6-diacetoxymethyl-p-cresol,
naphthol, tetrahydroxybenzophenone, gallic acid methyl ester,
biéph@nol A, bisphencl E, ethylenebisphenol, BisP-AP (product
name, manufactured by Honshu Chemical Industry Co., Ltd.}).
[coss8)

The polyamino compounds include, 1,4-phenylenediamine,
1,3-phenylenediamine, 4,4'-diaminodiphenylether, 4,4'-
diaminodiphenyimethane, 4,4'-diaminodiphenylsulfone and 4,4'-
diamincdiphenylsulfide.

[0G59]

The polvhydroxypolyamino compounds include,
2,2-bis(3-amino-4-hydroxyphenyl)hexafluoropropane and 3,3'-
dihydroxybenzidine.

[D06C]

the molecular weight of the guinonediazide compound is
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After exposure and development, an exposure time Eop 1 allowing a 50 'Am line and space pattern
(1L/15) to be formed with a width ratio of 1:1 (hereinafter referred to as optimum exposure time) was
determined. Next, the varnish was left standing in a yellow room (23C, 45% RH) for an hour, and
evaluations were made in the same manner as described above to determine an optimum exposure
time Eop 2. A value of Eop 2 - Eop 1 was then calculated, wheretheabsoluteofthevaluebeing 20
1m3/cm2or less corresponded to a good result and the absolute of the value being greater than 20
md/cm2 corrdspbhaEdra oot Testit 1€ moPS préferably 10 md/cm2 or less. [0095] (2)
Evaluation of %I@éaﬂon property between film and substrate after high-temperature heating treatment
at 350C or higher The varnish was applied using a spinner so that the film thickness after .
prebaking was 10 wayandythier peehakedatd206 ford3 minutes using:achatyslate: {coating-developing
apparatus N-SPIN manufactured by Tokyo Electron. Limited) to thereby obtain a photosensitive resin
film- The Prepareer pheotosensitveiesinfilniwasheatsfégietPunt e Hittoyk §asTstidam (oxygen
concentration 20 ppm or less) at 170C f r~301¥‘£9”5§3-?ﬂ% yﬁg at §‘6é)% for an hour with the
temperature elevated Tt 380C R AR Hotrusing Thert Oven INE-2TCD mahufactured by Kayo Thermo

System Co., Lid,, ngpqr@g}g@rggefgg}lg%urgg film) < [0Q96L i ne The cured film was notched in the
form of a 10 line/10 row grid at 2 mm intervals and subjected to a peel test with "celiotape (registered

trademark)". Thereafter, a 100-hour pressure cooker test (PCT) treatment was carried out, and a peel
test with "cellotape (registered trademark)" was conducted in the same manner as described above to

evaluate adhesions bEforéBAAHAErPTIHR B heEFIEst e MRbBISF &SNy Beidg less than 10
corresponded, o?a égogge[fts%% ggdghg nug}beercgfnpeeellpg}sf bﬁ@ﬂg J0.or greater eorresponded to a poor
reatment was inder satu ions at - r

result. The P at was carried dut under saturated conditions at 121C and 2 atm. [0097]
(3) Evaluation of adhesionproperty: hetweendilm-and subsirate after heating teatment in the air
preferably 3 parts by weight or more, and éreferably'SO parts
by weight or less, more preferably 40 parts by weight or less
hased on 100 parts by weight.of polymer of (a) component.
(00621
The positive-type photosensitive resin composition of
the present invention contains (¢) a silane coupling agent
having a structure represented by the following general formula
(3). The silane coupling agent has analkoxysilyl group forming
a bond with a hydroxyl group on the substrate surface at a
temperature of 150°C or higher, so that a cured f£iilm having an
excellsnt adhesion property with the substrate can be obtained
by the post-development heating treatment described later.
Above all, the silane coupling agent having a structure
represented by the following general formula (3) has an

alkoxysilyl group and an aromatic ring directly bonded together
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A photosensitive resin film was prepared in the same manner as described in (2). The prepared
photosensitive resin film was heat-treated under a nitrogen gas stream (oxygen concentration 20 ppm
or less) at 170C for 30 minutes and then at 320C for an hour with the temperature elevated to 320C in
an hour using Inert Oven 1NR-2100manufactured by Koyo Thermo System Co., Ltd. to prepare a
cured. film (cured film). [00981 The cured film was heat-treated in the air at 250C for 30 minutes
using a hot plate, and thereafter subjected to a peel test in the same manner as described in (2).

Thereafter, a@@?‘t‘ﬁé’ﬁrﬁ@ﬁﬁﬁa’%tééﬂ?e}do&&%?I%rﬂﬁegﬁfé%rf‘ﬁ?assi%ﬁaﬁﬁﬁgi | the €ame manner as
described in %Zh) to evaluate adhesions before and after BCT. Jndheneel test, the number of peelings

being less th 70 %%?r%%%ocna edtoa 880 result and t%e number of peelings being 10 or greater
corresponded, fo & geer result, The POl tieatment was-eatriad aitdiader. saturatedeeenditions at 121C
and 2 atm. [0099] Synthesis Example 1: Synthesis of hydroxyl group-containing acid anhydride (a)
10.3 g (0.05 met)kaf 22 @4 :hydrexyphenyiyhexafidordpropafd(BAHMEFE 38 2°§%0.3 mol) of
aliylglycidylether were dissolved in 100 g of gamma butzgolatcéqrée (rGZF.L%hund%r a q;‘% Qitrogen stream,
and the solutiohelaseEuIea 15 =3 56 > Fhefels WerEHddad dropwise 222 (011 ol of trimellitic
anhydride chloride dissglved in . of such that the terperatur reagtion solution did not
exceed OC. Alftee?tcjbr?ﬁplgelfi%%gfe ?ﬁ%gégogv%i‘gsegaggdi\t’io%,r%%wgr%%%l?aﬁt %ngﬁ?rge was reacted at OC for 4
hours. This salytienwas concentrated by a rotary evaporator and charged into 1 L of toluene to obtain

a hydroxyl group-containing anhydride (a) represented by the following formula. [0100]
[Chemical Formula 12] :

Rm
|

RQC"//’C\QH

X

ot
(2
pa—

= 12
/\SE/R
S,
;;;Mf RKJ}

LI

[0065]

In the abbve general formula (3}, 8® to R* each
independently represent hydrogen or an glkyi group having 1 to
3 carbon atoms. R to R* each independently represent analkyl
group having 1 to 6 carbon atoms, an alkenyl group having 2 to
4 carbon atoms, a phenyl group, a substituted phenyl group or

an alkoxyl group having 1 to 6 carbon atoms, and at least one
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[Chemical Formula 14] HOOH 00 Hydroxyl group-containing acid anhydride (a) [0101] Synthesis
Example 2: Synthesis of hydroxyl group-containing diamine compound (b) 18.3 g (0.05 mol) of
BAHF were dissolved in 100 mL of acetoneand 17.4 g (0.3mol) ofpropyleneoxide, andthe solution was
cooled to -15C. Thereto was added dropwise a solution prepared by dissolving 20.4 g (0.11 mol) of
3-nitrobenzayt chidride ir*100mlzofasétorey Afterepniglietiomofthddropvise aelditisipms -
theresultantmixturewasreactedat-15C for 4 hours, and then returned to room temperature. A
precipitated WHitefsolid was filtered off, and dried in vacuum at 50C. [0102] 30 g of the solid were

placed in a 300 mL stainless autoclave, and dispersed.in 250 mL _of methyl %elgplchj@}'g 2 g of 5%
palladium-carbon ﬁ%?éﬂggﬁéd ?F%erte%. ﬁ%/ ?cz)lgeer%: NES iﬁ?t%d%%%ﬁ%hé?‘éﬁ%%by a balloon to carry out a

reduction regction at roQry tggwgféggq_rgiAJg@EMt Zhours, thegeaction was completed as it was

confirmed that the balloon no longer deflated. After completion of the reaction, a palladium compound
as a catalystawas-remiomechipy fikeation, she diizateswas coitcentated bycagataty evaporator, to obtain a
hydroxyl group-containing diamine compound (b) represented by the following formula.
styrylmethyldimethoxysilane, styrylethyldimethoxysilane,
styryltrimethoxysilane, c-methylstyryldimethylmethoxysilane,
c-methylstyryldiethylmethoxysilane,
o-methylstyrylmethyldimethoxysilane,
o-methylstyrylethyldimethoxysilane,
a-methylstyryltrimethoxysilane, styryldimethylethoxysilane,
styryldiethylethoxysilane, styrylmethyldiethoxysilane,
styrylethyldiethoxysilane, styryltriethoxysilane,
x-methylstyryldimethylethoxysilane,
a~methylstyryldiethylethoxysilane,
a-methyletyrylmethyldiethoxysilane,
a-methylstyrylethyldiethoxysilane,
o-methylstyryltriethoxysilane,
styrylmethylmethoxyethoxysilane,
styrylethylmethoxyethoxysilane, styrylmethoxydiethoxysilane and
styryldimethoxyethoxysilane. Two or more kinds of these silane
coupling agents may be contained.
[0067]
In the positive-type photosensitive resin composition of

the present invention, the content of (c) the silane coupling
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[01033 [Chemical Formula 151 HOOH 00 Hydroxyl group-containing diamine (b) [0104]
Synthesis Example 3: Synthesis of hydroxyl group-containing diamine (c) 15.4 g (0.1 mol) of
2-amino-4-nitrophenol were dissolved in 50 mL of acetone and 30 g (0.34 mol) of propylene oxide, and
the solution was cooled to -15C. Thereto was added dropwise a solution prepared by dissolving 11.2 g
(0.055 mol) of isophthalic acid chloride in 60 mI3of acetone. After completion of the dropwise addition,
the resultant mixture was reacted at -15C for 4 hours. Thereafter, the resultant mlxture was

agent having a structure represented by general formala (3) 1

preferably 0.001 parts by welght or more, more preferabliy 0.01

parts by weight or more based on 100 parts by welght of polymer

of (a) component from a viewpeint of the adhesionproperty after

nigh-temperature heating treatment at 330°%°C or higher or after

heating treatment in the air. The content of (c)} the silane

coupling agent is preferably 2 parts by waeight or less, more

preferably’ 0.5 parts by weight or less, further preferably G.3

parts by weight or less from a viewpoint of storage stability

of sensitivily.

roos8]

The positive-type photosensitive resin composition of

the present invention contains (d) a silane coupling agent

having an epoxy group, an oxetanyl group, a methacryloxy group,

an acryloxy group, an amino group, an amide group or a mercapto

group and having an alkoxysilyl group. Such a silane coupling

agent has a functional group (epoxy group, oxetanyl group,

methacryloxy group, acryloxy group, amino group, amide group

or mercapto group) which easily interacts with an organic

‘material, and therefore can considerabiy improve the adhesion

property between the cured film and the substrate after

nigh-~temperature heating treatment at 350°C or higher or after

heating treatment in the air., Particularly, froma viewpolnt

of easily forming a bond with the polymer of (a) component, &

silane coupling agent contalning an epoxy group Or an oxetanyl
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returned to room temperature and a generated precipitate was collected by filtration. [010,5] The
precipitate was dissolved. in 200 raL of GBL, 3 g of 5% palladium-carbon were added, and the
resultant mixture was vigorously stirred. Here, a balloon containing a hydrogen gas was attached,

stirring was continued until the hydrogen gas balloon no longer deflated at room temperature, and
stirring was fFeHET contPREER 2 our with 3he HytdgéN el BallobrraiacHetf /’i‘lf%l‘eﬁﬁﬁletion of

the reaction, a galladium compound was renglo%e(ﬂT by filgag%ré, ar&%gqie ggléjtion was concentrated to
half the origR&PRRJGHE Ty 4 T6tary &vaporatdr Therdto was added ethanol; and the resultant mixture

was recrystallg)z(f&% 0 obtain crystals of a hydroxyl group-containing diamine (c) represented by the
following formula. [0106] [Chemical Formula 16] Hydroxyl group-containing diamin (c) [0107]

Synthesis Examplez4saynthesis of hydeaxd grouprgeniaigingdidmingvthy an epoxy
group, an oxetanyl group, a methacryloxy group, an acryloxy
group, an amino group, an amide group or a mercapto group and
an having alkoxysilyl group include,
N-phenylamincethyltrimethoxysilane,
N-phenylaminocethyltriethoxysilane,
N-phenylaminopropyltrimethoxysilane,
N-phenylaminopropyltriethoxysilane,
N-phenyvlaminobutyltrimethoxysilane,
N-phenylamincbutyltriethoxysilane,
3-methacryloxypropyltrimethoxysilane,
3-acryloxypropyltrimethoxysilane,
3-mercaptopropylmethyldimethoxysilane,
3-mercaptopropyltrimethoxysilane,
3-methacryloxypropylmethyldimethoxysilane,
3-methacryloxypropylmethyldiethoxysilane,
2-1{3,4-epoxycycliohexyl)ethyltrimethoxysilane,
3-glycidoxypropyltrimethoxysilane,
3-glycidoxypropyimethyldiethoxysilane,
3-glycidoxypropyltriethoxysilane and
3-ethyl- [ {triethoxysilyipropoxyimethyl]oxetane. Two oOr more

kinds of these silane coupling agents may be contained.
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15.4 g (0.1 mol) of 2-amino-4-nitrophenol were dissolved in 100 mL of acetone and 17.4 g (0.3 mol) of
propylene oxide, and the solution was cooled to -15C. Thereto was gradually added dropwise a
solution prepared by dissolving 20.4 g (0.11 mol) of 4-nitrobenzoyl chloride in 100 mL of acetone. After
completion of the dropwise addition, the resultant mixture was reacted at -15C for4 hours. Thereatfter,
the resultant mixture was returned to room temperature, and a generated precipitate was collected by
filtration. Thereafter, crystals of a hydroxyl group-containing diamine (d) represented by the following
formula were bbtdifhed in the same manner as in Synthesis Example 2. [0106] [Chemical Formula 17]

NH2 Hydroxyl group-containing. diamine. (d) 9. . Synthesis.k ple.5: Synthesis of
guinonediazide com&&uﬁae(e%)gglq%L%%lg}ég(o%%&n%osl) %f?%?(%fl?ﬁ%ﬁa#%r%uét name, manufactured

by Honshu Chemigallneustiy &or.; kich) ande2686 g+0.41mof);of benaphtheguinonediazidesulfonyl

chloride
agent having an spoxy group, an oxetanyl group, & methacryloxy
group, an acryloxy group, an aminoc group, an amide group or a
mercapto group and having an alkoxysilyl group is preferably
0.0lpaztsbyweightornmre,H@repref@rablyO.lpartsbyweight
or more, further preferably 1 part by welght or more, still
further preferably 2 parts by weight or more based on 100 parts
by weight of polymer of (a) component from a viewpoint of the
adhesion property after high-temperature heating treatment at
350°C or higher or after heating treatment in Lhe air. The
content of (d) the silane coupling agent is preferably 30 parts
by’weigﬁt oy less, more preferably 15 parts by weight or less
froma viewpoint of the mechaﬁical property of a £ilm after heat
curing.
(o071}

In the positive-type photosensitive resin composition of
the present invention, the content of (d) the silane coupling
agent having an epoxy group, an oxetanyl gfoup, a mathacrylony
group, an acryioxry group, an amino group, an amide group or a
mercapto group and having an alkoxysilyl group is preferably
100 parts by weight or more, more preferably 200 parts by weight
or more based on 100 parts by weight of {c) silane coupling agent

having a structure represented by general formula {(3) from a
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were dissolved in 450 g of 1,4-dioxane under a dry nitrogen stream, and the solution was brought to
room temperature. Thereto were added dropwise 10.12 g of triethylamine mixed with 50 g of
1,4-dioxane such that the temperature within the system was not 35C or higher. After the dropwise
addition, the resultant mixture was stirred at 30C for 2 hours. The triethylamine salt was filtered, and a
filtrate was charged into water. Thereafter, a generated precipitate was collected by filtration. The
precipitate was dried in a vacuum dryer to obtain a quinonediazide compound (e) represented by the

following forniti&v[o1d] [Chethicat Eotiiita 18] POtiHofedazide eBMpBthRF ¢&)*T®  Synthesis

Example 6: Synthesis gf uinonediazi mpo ndéf 15,31 %04_5 m _I%of g’risP-HAP (product
name, manufggt%?ég%y’f%éﬁs U %ﬁergszogf{r?é)ﬁs Ay %f?_lfda)%re]é% ?%18%((){ %amlgﬁngf

5-naphthoquinonegiazidesulfepyl chiedde were dissolved in 450 ¢-ofd14-¢ioxane under a dry nitrogen
stream, and the solution was brought to room temperature. Here, using 15.18 g of triethylamine mixed
with 50 g of 1p:ditxarnid, aquifdnediazide eampound (ferepresemntarby thefollowingformula was
obtained in the same manner as in Synthesis Example 5. o

parts by welght or less from a viewpoint of the mechanical

property of a film after heat curing.

106072}

The pesitive-type photossnsitive resin composition of

the present invention contains (e} a solvent. The solvents

ineclude polar aprotic solvents such as N-methyl-Z-pyrrolidone,

y-butyrolactone, H,N-dimethylfcormamide,

M, N-dimethyiacetamide and dimethyl sulfoxide, ethers such as

tetrahydrofuran, dioxane and propylene glycol monomethyl ether,

ketones such as acetone, methyl ethyl ketene, diisobutyl ketone

and diacetone alaochol, esters such as ethyl acetate, propylens

élycol_monemethyl ether acetate and ethyl lactate, and aromatic

hydrocarbons such as teluene and xylene. Two oxr more kinds of

these solvents may be contained. The content of the solvent

is preferably 50 parts by weight or more, more preferably 100

parts by welght or mére, and preferably 2,000 parts by weight

or less, more preferably 1,500 parts ky less based on 100 parts

by weight of polymer of {a) component.

160731

The positive-type photosensitive resin compesition of

the present invention may contain an alkoxymethyl
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[0112] [Chemical Formula 19] Quinonediazide compound (f) [0113] Synthesis Example 7:
Synthesis of quinonediazide compound (g) 21.22 g (0.05 mol) of TrisP-PA (product name,
manufactured by Honshu Chemical Industry Co., Ltd.), 26.86 g (0.10 mol) of
5-naphthoquinonediazidesulfonyl chloride and 13.43g (0.05 mol) of 4-naphthoquinonediazidesulfonyl
chloride werg&issoived i 480y of PUREITKANe GiGera BPyYFoGen sFEERP aHtPEE96atdn was
brought to room temperature. Here, using 12.65 g of triethylamine mixed with 50 g of 1,4-dioxane, a

quinonediazfﬂ’éociﬁ%bﬁﬁhag(gf?é‘ﬁﬁ'ejs‘éﬁﬁté& b thETBRGRIGforfula Was obfaiflédTs The 2&rhe manner
asin Synﬂ“%%sgﬁgggygfé'%gééiﬂggﬁggp%quﬂgﬂgégg—development heating

treatment described later, so that a cured film having an
excellent mechanical property can be obtained. Preferable is a
compound having two or more alkoxymethyl groups, and more
preferable ig a compound having four or more alkoxymethyl
groups .

[0074]

Specific examples of the alkoxymethyl group-containing
compound include, the following compounds. Two or more kinds
thereof may be contained.

[0075]

[Chemical Formula 13]
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[0115] Synthesis Example 8: Synthesis of quinonediazide compound (h) 11.41 g (0.05 mol) of
bisphenol A and 26.86 g (0.1 mol) of 4-naphthoquinonediazidesulfonyl chloride were dissolved in 450
g of 1,4-dioxane under a dry nitrogen stream, and the solution was brought to room temperature. here,
using 10.12 g of triethylamine mixed with 50 g of 1,4-dioxane, a quinonediazide compound (h)
represented by the following formula was obtained in the same manner as in Synthesis Example 5.
[0116] [Chemical Formula 21] Qumonedla2|de compound (h) [@117] Synthesis Example 9:

i A
Synth§5|s of polymer 8\ ., ocx, —p MN,NMCH?OCH HyCOMC— N-GHOCH;
ﬂ-—GHROGH;; H4GO OCH, HyCOH,C— NTN' LHAOCH,

e]

HACHCOH,C N-CH,0CH;CH;

H )
N=CHBCHCH, Hac:Hzceazc~-~;\;?N—CHzocs+ZCH3 '
. HyCHaGOHaC—N,_N~CHO0HCHy

H"C”*zOCH?CHa HaCH,G0 OCHZGH, ¥
HiCOHC,  CHy OHOCH;  HaCOHy CHLOCH, Hscouzc} by | SHsO0H

HO%i}Em{Z??H HO GH ?H0;;>%1 H
HyCOHG CHy ni,0CH,  HCOHD CHOCH; HaCOH,C HoOCH;
HaﬂOH HEOCHS HiCOHS, , _CH0GH HiCOH.G CH, £HZOCH,

G- ¥ OH Ho-{ FC-4{_oH
q, HO

H COH J op.  TaCOH HoGGHy HMaCOH,O /}\ THOCH;
T CHOCH: ) coH,e T eH00H, HGOHL GCH0CH,

CzH_:,OHzC CH?OC?Hs X COHSj Ha M, GHOCH; CoHEOHG (J;ﬂu CHa OHOCHg
Of‘! . HOMLQ-OH
0 c H oc H E @ !
Cetle g’H rmh 140G, L H00H i SHAOCH; ool Otk ij\[l CHA0G:H,
CotlOHLG™ (534 CHOCHs iSGOHEC"‘“é’P ECHZOCHJ CoHlaOy 5H‘CH2002H5
Cabh QMG GHy SHOCSH;

HO~_ 5G4 _g-OH 0O FHOH00H,  HCoH.0. SHoH00H,
e O N R £ ’

CartOHZC" GiTHOC,H; CHg HaC~CCHy
T Ch

[0076]

“he content of the alkoxymethyl group-containing
compound is preferably 10 parts by weight or more, and
preferablyBOpartsbyweighﬁorlessbasedoal@@partsbyw&ight
of polymer of (a) component from a viewpoint of the mechanical
property.

0077

The positive-type photosensitive resin composition of
the present invention may contain a photo acid generating agent
other than {b) the guinonediazide compound. such a photo acid

generating agent is preferably a ulfenium salt, a phosphonlium
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4.40 g (0.022 mol) of 4,4'-diaminophenylether (DAE) and 1.24 g (0.005 mol) of
1,3-bis(3-aminopropyl)tetramethyl disiloxane (SiDA) were dissolved in 50 g of N-methyl-2-pyrrolidone
(NMP) under a dry nitrogen stream. Thereto were added 21.4 g (0.030 mol) of hydroxyl
group-containing acid anhydride (a) obtained in Synthesis Example 1 together with 14 g of NMP, and
the resultant mixture was reacted at 20C for an hour, and then reacted at 40C for 2 hours. Thereafter,
0.65g (0.006 mol) of 4-aminophenol were added as a terminal sealing agent, and the resultant mixture
was further redtédeat 208 f6roar BB Ther@after™a SoIdtHoREpldpared by difutintg 7. 22 g (0.06 mol) of
N,N-dimethylformamide dimethy acﬁtgl. Witht% g9 NMP was addedr%rg se JQE 10 minutes. After the

10 3C

dropwise addﬁ%rﬁﬁﬁger%'sul aht mixture was stiréd at 40C %cgjr 3 hours. Afr\?ér complétion of the
reaction, the sglutign was charged infe2d. of waler and Bpelymer solislprecipitate wias collected by
filtration. The polymer solid was dried in a vacuum drier at 50C for 72 hours to obtain a polymer A as a
polyimide preeliisgrr ¥herwelghtiaverage. olécularaweightiof the polyriei=cistairred HyGPC was
measured to confirm that n was in the range of 10 to 100,000. [0118] Synthesis Example 10: Synthesis
of polymer B 136 10.9225mbi o Rydroxyl group-containing diamine (b) obtained in Synthesis
Example 2 Wered 'g?olved in 50 g of NMP under a dry nitrogen stream. Thereto were added 17.5 g
(0.025 mol) of hydroxyl group-containing acid anhydride (a) obtained in Synthesis Example 1 together
with 30 g of pyridine, andibe.resultant-mgdrennas seasted: akd06: for 2-hpuesi Thereafter, 0.58 g
(0.005 mol) of 4-aminophenylacetylene were added as a terminal sealing agent, and the resultant
mixture was futherreaetad: at40C for arf ho o AftsTlcompletion of thereddtior the sélution was
charged into 2 L of water and a pol mer solid. preci i}atéai ascc%ll%qteg bg fggaygpé T{we polymer solid
was dried in a\VALURT BRErar80Cfor 72 REGFS 6 obtain a polyiner B as a polyimide precursor. The
weight average molecular Mlgkggi?&hslpahff@?r&m%@%@@ya@Epzvmaéamggw%ﬁ%ﬁ@nfirm that n was
in the range of 10 to 100,000. [0119] Synthesis Example 11: Synthesis of polymer C 15.13¢g
(0.040 mol) of-hydsexyt gsadpscontainingtdiamineicompdundi(eyrebtained)in Symthesis .Example 3 and
1.24 g (0.005 mol) of SiDA were dissolved in 50 g of NMP under a dry nitrogen stream. Thereto were
added 15.51 ¢ {§9.065!mol) of 3,3',4,41-diphenylethertetracarboxylic anhydride (ODPA) together with 21
g of NMP, and the resultant mixture was reacted at 20C far an_hour, and then at 50C for 2
hours. Thereafter, a sﬁoriu%%%%rjé%%'re% %@m(?iijuutllﬁlng %‘T%“gg(ﬁ. n’?g% o]f?\lflﬁ-%']l%xegtf?%%%%mide diethyl
acetal with 15,0, of NME,was: addeg:drapwise-for 10 sinutes: rAfteethe diepwise:adgition, the resultant
mixture was stirred at 40C for 3 hours. After completion of the reaction, the solution was charged into 2
L of water ancba polymerisalie precipitate Was’ eofletiedoyfitration Mherpotygrsoirfwas dried in a
vacuum drier at 80C for 72 hours to obtain a polymer C as a polyimide precursor. The weight average
molecular wei§ht SFREPEIFMEFEbIEME FEPE Washsdsurea s BaHfithT thatH Was in the range of
10tOJIXLOOOé(£%g¥e’ 8is-%2, TekP-4HARPA, TrisP-HAP, TrisP-PA, BisR5-ZP,
BigRS-3P, BIR-PZ, BIR-PTBEP and BIR-BIPC-F. The content of the
compound having a phenolic hydroxyl group is preferably 3 parts
by weight or more, and preferably 40 parts by welght or less
based on 100 parts by weight of polymer of (a) component.

[0088]
For the purpese of improving the wettability of the
positive-type photosensitive resin compesition and the

substrate, a surfactant, an ester such as ethyl lactate or
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Synthesis Example 12: Synthesis of polymer D 6.08 g (0.025 mol) of hydroxyl group-containing
diamine compound (d) obtained in Synthesis Example 4, 4.51 g (0.0225 mol) of DAE and 0.62 g
(0.0025 mol) of SiDA were dissolved in 70 g of NMP under a dry nitrogen stream. Thereto were added
28.57g (0 . 040 mol) of hydroxyl group-containing acid anhydride (a) obtained in Synthesis Example 1
and 4.41 g (0.010 mol) of 3,31,4,4,-biphenyltetracaboxylic dianhydride (BPDA) together with 25 g of
NMP at room temperature, and the resultant mixture was stirred at room temperature for an hour, and

then stirred aPBOEYTGFE HOUFS C AHE? LaIpibYion bf e YeaEASH ! & sHItHid WaS ehdtged into 2 L of
water and a polymer solid precipitate was collected by filiation..The palymer solid was dried in a
vacuum drier at 80C for 72 hours to obtain a polymer D as a polyimide precursor. The weight average
molecular weight: ofthe:palyimersebtainedyl GG was-measineddanegrificna thatnneas in the range of
10 to 100,000. [0121] Synthesis Example 13: Synthesis of polymer E 19.70 g (0.040 mol) of
dicarboxylic agkd detivativé -obfdined By readtitig T 1fidle oF dipherylétiea d P idigafboxylic acid

dichloride (DED% with 2 moles ofoji;hgldr% Qﬁpg{gtrigﬁgl&ang 1%3%@&3({)3%%{299 of BAHF were
dissolved in 200 g%lf Uher a dry rﬁfr()geﬁ"s regm, and the solition was stirred at 75C for 12

hours. Next, 2:86¢+(0.020 mol) of maleic anhydride dissolved in 30 g of NMP were added as a terminal
sealing agent, and the resultant mixture was further stirred at 75C for 12 hours to complete the
reaction. After completiostobthef seactiorthe golbtonomas thargew énig: 3o o seiutiors of
water/methanol = 3/1 and a polymer solid precipitate was collected by filtration. The polymer solid was

dried in a vacGafi Brief s BOE t6120 hdg (BSHiEMH a'pol§mer B ab% polybenzds&izole precursor. The

weight avera olecular weight of the polymer obtained. by GPC was measured to confiim that n was
in the range of i%tb%OO%b“S. 0f22] é?nthé’sgiépﬁxémple 14:OSynltr]1esis of §oI§meF F P 24.82 g of

3,3',4,4'-diphenylgthestetracarhoxylis slianbydrden13.86 grefsrhusylaleehel] 840 g of triethylamine and
110.03 g of NMP were placed in a 0.5 liter flask equipped

glass flask or a stainless container, and dissolved with

stirring by a mechanical stirrer or the like, or disscolved by

an ultrasonication, or dissclved with stirring by a planetary

stirring and defoaming apparatus. The viscosity of the

composition i preferably 1 to 10,000 mPass. For removing

foreign matters, filtration may be carried out by a filter

having a pore size of 0.1 to 5 pm.

faogz]

Amethod for forming a cured film using the positive-type
photosensitive resin composition of the present invention will
now be described.

[0083]

A positive-type photosensitive resin composition is

applied onto a substrate. The substrate that is used is a2

siliconwafer, asiliconwafer sputtered with a metal, a ceramic,
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with a stirrer and a thermometer, and stirred and reacted at 60C for 24 hours to obtain a
3,31,4,41-diphenylethertetracarboxylic acid di-s-butyl ester. Then, the flask was cooled to 5C, 18.08 g
of thionyl chloride were then added dropwise, and the resultant mixture was reacted for an hour to
obtain a solution of 313',4,4'-diphenylethertetracarboxylic acid di-s-butyl ester dichloride. [0123]

Then, 47.97 g of NMP were placed in a 0.5 liter flask equipped with a stirrer, a thermometer and a
Dimroth condenser, 4.33 g of 4,4'-diamin9diphen¥lethe€g an 7:;{(317d Qltlg,ﬁ-egﬁwinpblergzoic acid were
added, the reSuifant i reSHAS H<Eohved With & itrihg- 24:05°G of pytidine were then’added, the
solution of 3,3'ﬂgﬁég;pl;g@gggégrtgti@cggbg%%liq@géo!l qg@bygylrgﬁgeg g;glﬂggd&wgétaqded dropwisg for
an hour with the temperature kept at 0 to 5C, and stirring was then continued for an hour. The solution
was charged infe+4 litersafiwater; airesipitatehwas collécted, washed; anththers dried=under a reduced
pressure to obtain a polymer F as a polyimide precursor. The weight average molecular weight of the
polymer obtaifiedintsy G P wasTheasifedtolcorfititHat Awvasiin the faniye'6f10 td 160,000. [0124]

Synthesis Example 15: Synthesis of polymer G .. 29.3.9.(0.08 mah) of .. . ine
bis(3-amino-4=Ay&rdidptery W@fafft%r%ﬁo%%%%%ﬁg ufactured by Central Glass Co.. Ltd., BANN),

1.24 g (0.005 mal) of- 1= ralOPEAPYDtetramethyidistoxaneand B2 ¢ g (0. 03cmplhof 3-aminophenol
(manufactured by Tokyo Chemical Industry Co., Ltd.) as a terminal sealing agent were dissolved in

150 g of N-methyl-2¢pyrselidone (NMRpunder addytritrogentstedarmt T heveto werétstdded 31.0 g (0.1
ma!) of bis(3,4-dicarboxyphenyi)ether dianhydride (manufactured by MANAC Incorporated, ODPA)
together with 503FbRRM 21 &l thetresbitantfixture was stirred at 20C for an hour, and then stirred at
50C for 4 hour%O ?reafter, 15 g of xylene were added, and the resultant mixture was stirred at 150C
for Shours whiﬁe azeotropically boiling water with xyiene. After completion of stirring, the solution was
charged into 3 L of watsr-and @whitepregipitateavas colleatedh < he-ptecipitateswas collected by
filtration, washed with water three times, and then dried in a vacuum drier at 80C for 20 hours to obtain
a polymer G. Fheobtaireid polynier poweerngas meastifedWithcar infParedf-abSorption spectrum, and
absorption peaks of an imide structure origlinating ig,trhe Eglyirpl > were d%th:EeIQ at Oa\ggund 1,780
cmaround 1,377¢H61° The'iffidizatich fate"of the polymer powder thus obtained, was 100%. [01251

Synthesis Exaal’@pg%;lc,&t%ypé%eéi%gg po‘%hén%qrrﬂt,e to several hours using an oven,
a hot plate, an infrared ray or the like.
(0085}

Next, an actinic ray is applied onto the photosenéitive
resin f£ilm through a mask having a desired pattern to expose
the film. Actinic rays that are used for exposure include
ultraviolet rays, visible light rays, electron beams and X rays,
but in the present invention, the 1 ray (363 nm), the h ray (405
nm) and the g ray (436 nm) from a mercury lamp are preferably
used.

[0GBE]
A pattern can be formed Dy removihq exposed areas using

a developer after exposure. The developer is preferably an
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49.57 g (0.082 mol) of hydroxyl group-containing acid anhydride (a) obtained in Synthesis Example 1
and 5.7 g (0.035 mol) of 3-hydroxyphthalic anhydride (manufactured by Tokyo Chemical Industry Co.,
Ltd.) as a. terminal sealing agent were dissolved in 150 g of N-methy1-2-pyrrc)lidone (NMP) under a
dry nitrogen stream. Thereto'were added 31.02 g (0.1 mol) of bis(3,4-dicarboxyphenyl)ether
dianhydride together with 30 g of NMP, and the resultant mixture was stirred at 20C for an hour, and
then stirred at 50C for 4 hours. Ther,eag_fter,‘the mixture was stirred at 180C for 5 hours. After
completion of$HFRGS tFE S8iutidh Was Sharged o F1-6t Watet ahd & WHItE precipitate was collected.
The precipitate was collected by.filtration. washed withawater.shree times,angd:they dried in a vacuum
drier at 80C for 20 hours to obtain a polymer H, The obtained polymer powder was measured with an
infrared absorptiorhspeaetiuny andabsorptidnpeaks:afdnimidesstauctive drigitating4dn the polyimide
were detected at around 1,780 cm-1 and around 1,377 urnl. The imidization rate of the polymer
powder thus oistained arasb20096 (0126} Syhithesiitkampte 175 Synitiesia dfpolymer | 40.5 g
(0.067 mol) of hydroxyl group-containing diamine compound (b) obtained in Synthesis Example 2 and
1.24 g (0.005%86“&%3 SiE (35 ﬁp?%‘ﬁ?ﬁfet%ﬁ?%%ﬁﬁéﬁféx%nea\?vee?é%lié‘sco dod in 130 g of NMP
under a dry nigrogen. stream, JEhereto were-added 29:42:0:(0, 1, mohet By Burdndethyl
-biphenyltetracaboxylic dianhydride together with 20 g of NMP, and the resultant mixture was stirred at
20C for an how¢sand then stirred;at 50€«for2choars.eFhereto sveraradded 6.89g (0.055 mol) of
4-aminothiophenol (manufactured by Tokyo Chemical Industry Co., Ltd.), and the resultant mixture

was stirred at'BOCHS 2 WA ARthen stiftet’SE188% for 5hdiie® ARSHESMDIBLSA Of stirring, the
sowtion was charged Jnto 2. alwales and abile precinltatgyas cpllected e pregipitate was

collected by fiftra ion, washed with water three times, and then dried in a vacuum drier at 80C for 20

hours to obtaip_a.pelymer L Lhe obtainesd, pelymeripewder vasimeasyred with an infrared absorption
spectrum, and absorption peaks of an imide structure originating in the polyimide were detected at

around 1,780 em+lcang arguadsl, 37 7dem- LiTks imidizatibnrate: of thepolymer poweder thus obtained.
was 100%. [01271 Synthesis Example 18: S ntheﬁlis of novolac resin 0.2 g é%?S mall of

m-cresol, 37.8 G0 385 hoYrof pheredht 75 8 81 37 Witk Adiieb s Tormardshyde Softifion
(formaldehyde 0,93 mal), 9.63 9,(0.Q05, mol), of xalic dihydrate and 264.9 df taethylisabutylketone

were placed under a dry nitrogen stream, then immersed in an oil bath, and subjected to a
polycondensatiendeaction for dhours: while reflixingtheseactionesolutiohskrereafters the temperature
of the oil bath
cyclohexanone, iscbutylketone and meﬁhylisobutylketone. A
rinsing treatment is preferably carried out with water after
development. Here, the rinsing treatment may be carried out
with aleohols such as ethanol and isopropyl alcohel, esters such
as ethyl lactate and propylene glycol monomethyl ether acetate
and:the like added to water.
(00871
After development, the photosensitive resin £ilm is
neated at a temperature of 200 to 500°C and thereby converted
into a cured film. In general, this heating treatment is

carried out for 5 minutes to D hours such that a temperature
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was elevated. over 3 hours, the pressure within the flask was then reduced to 4-7 kPa, volatile
components were removed, and the dissolved resin was cooled to room temperature to obtain a
polymer solid as a novolac resin A. From GPO, the weight average molecular weight was 3,500.
[0128] Synthesis Example 19: Synthesis of novolac resin B A polymer solid as a novolac resin B
was obtained in the same manner as in Synthesis Example 15 except that 208 g (1.00 mol) of
m-cresol were used in place of 70.2 (0.65 mol.) -cresol and 37.8 g (0.35 moll of o-cresol. From GPO,
the weight average melsctlanieidit WasEDRbw [7129] EXampied S *Hhe"Solid of polymer A

obtained in Synthesis Example 9, which was Weig d 10.10 9, 2.0,9. of 9!['?[%%%@@%@% compound (e)
obtained in S%reﬁﬁﬁe‘:ﬂslirs1 E)?énr%%ea Eu 0015 ngggf J|f)§styer})'/fl%rfm%t oxysilane and 0.3 g of

3-glycidoxypropyltrimethoxysilane yere dissolved ia:30.g 0f (3434« terobtainadanish as a.
photosensitive polyimide precursor composition. The obtained varnish was used to evaluate the
storage stability:ef-sensitivity; the adhesiar: propertyibetween dvediln and tHE GulssiPate after
high-temperature heating treatment at 350C or higher, and the adhesion property between the film and

the substrate &fteriéafin§tFeatnBARIH e air® 8B HESCHbEY previBudl - IO E36TEXahdle 2 The

solid of polymer B obtained in.Synthesis Example. 10, which was weighed 10,10 ¢, 2.0,9 of
quinonediaziJ%éoﬁggﬁﬁa Yﬁrgb%asinédﬁn SynthéLsis meaymple 6, 0.015 g of p-styryltrimethoxysilane and

-0.3 g of 3-glygiglexyprapytirimethexysilane were dissolved in 20 g of GEL and 1t2 g of EL to obtain a
varnish as a photosensitive polyimide precursor composition. The obtained varnish was used to

evaluate the stofdge stability of sensitivity, the adhesion property between the film and the substrate
after high-temperature heating treatment at 350( r%rmhig;her and the adhesion property between the

film and the substraté Aher Heting tréatRERt in the Airas desaribed previously.
photosensitive resin composition of the present invention is
suitably used for applications such as passivation films cof
semiconductors, protective films of semiconductor devices,
interlayer dielectric films of high density packaging
mezltilayer interconnections and insulating layers of organic
el@ctro~luminescent devices.
EXAMPLES
00891}

The present invention will be described below with
Examples and so on, but the present invention is not limited
by these examples. Evaluations of the positivemtype
photosensitive resin composition in Examples were made in
éccordance with the folilowing method.

[0co0]

(1) Evaluation of storage stability of sensitivity

Preparation of photosensitive resin film
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[0131] Example 3 The solid of polymer C obtained in Synthesis Example 11, which was weighed
to 10 g, 2.0 g of quinonediazide compound (g) obtained in Synthesis Example 7, 0.015 g of
p-styryltrimethoxysilane and 0.3 g of 3-glycidoxypropyltrimethoxysilane were dissolved in 30 g of NMP
to obtain a varnish as a photosensitive polyimide precursor composition. The obtained varnish was
used to evaluate the storage stability of sensitivity, the adhesion property between the film and the

substrate after high-temperature heating treatment at 350C or higher, and the adhesion property
between the film andirieesibstrate aRer ReatifgPedimart ithe air 8 desdritdd previously. [0132]

Example 4 The solid of polymer 0 obtained in %@ghegig Eaxg mple 12, whichawvgs.weighed to 10 g,
2.0 g of guinoﬁbé%%%i%%%oer%proelﬁ% fr%dob%aﬁ]%g in SyntﬁesissExampIe(S, 8.015 g of

p-styryltrimethaxysilang and 0.3 g.0f3-glycidexypropyiHmethoxysikane ware gissolved in 30 g of GEL
to obtain a varnish as a photosensitive polyimide precursor composition. The obtained varnish was

used to evaluate:the storagestabilityof isansitivity, theradhésionuproperty betweer the film and the
substrate after high-temperature heating treatment at 350C or higher, and the adhesion property

between the filfPaRH e SIEFRE SHEFREATNY Tréathient iIRTRE AF a8 desdribed Sreviously. [0133]
Example 5 The solid of polymer. E qhtaine i%§¥£‘.¥*ﬁe%isgr?@c’9%é:?etmcwé%weighed t010g,
[ xam

2.0 g of quinonedcl:aLz'tlag compound (%3 obtained in Synthesis ple 5, 0.015 g of
p-styryltrimethoxygilane and 0.3 g of 3-glycidoxypropyltrimethoxysilane were dissolved in 30 g of CBS
to obtain a varnish as a photosensitive polyimide precursor composition. The obtained varnish was
used to evaluate’thd storage stability of sensitivity,, the adhesionpropertybetween the film and the

substrate after high-temperature heating L
Metnod for measurement of thickness

The f£ilm thickness was measured at a refraction index of
1.629 for the film after prebaking and after development and
at a refraction index of 1.773 for the cured film using LAMBDA
ACE STM-602 manufactured by Dainippon Screen Mfg. Co., Ltd.
(0632}

Exposure

Areticle cut with a patternwas set in an exposure machine
(i ray Stepper DSW-85701 manufactured by GCA Corporation), and
the photosensitive resin film was exposed by the i ray at a
strength of 365 nm with the exposure time being varied.
{0093?

Development

A 2.38 wt% agueous tetramethylammonium hydroxide
solution was spraved to the exposed f£ilm at 50 rotations for
10 secconds using a Mark-7 development apparatus manufactured

by Tokyc Electron Limited. Thereafter, the film was left
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treatment at 350C( or higher, and the adhesion property between the film and the substrate after
heating treatment in the air as described previously. [0134) Example 6 The solid of polymer F
obtained in Synthesis Example 14, which was weighed to 10 g, 2.0 g of guinonediazide compound (e)
obtained in Synthesis Example 5, 0.015 g of p-styryltrimethoxysilane and 0.3 g of
3-glycidoxypropyltrimethoxysilane were dissolved in 30 g of GEL to obtain a varnish as a
photosensitive polyimide precursor composition. The obtained varnish was used to luate the
storage St&b”ﬁ)Ll/O ao[%%lepf*%i?igit@,rtﬁ%:-aatdﬁgsfbonrp@psé?f”yogé‘ts’vveér@lr'fﬁ%(%iI&F’ﬁ%kﬁaq the }éuati’st%@ after
high-temperature heating trgaimentat 350G onhighgr, and thesadhesion peeperty between the film and
the substrate after heating treatment in the air as described previously. [01351 Example 7

varnish was obtainedsin the same manner as in Example 1 except that p-styryltrimethoxysilane was
replaced by p-styryltriethoxysilane, and the storage stability of sensitivity, the adhesion property
between the filfP&Ad the substrate after high-temperature heating treatment at 350C or higher, and the

adhesion property between the. film (gajndﬂt&e substrate after heating treatment in the air were evaluated
as described previo%ﬁ/%&%ﬁ%&arﬁpl&é 8 A va%r?nish was obtained in the same manner as in

Example 1 except thatep-styedisimpethoxysilanewaseplaced hy-amethyistyryldimethylmethoxysilane,
and the storage stability of sensitivity, the adhesion property between the film and the substrate after
high-temperatureheating treatpernitiate350€ erhighar: ahd:the ddhesiontprdperfybeaseen the film and

the substrate after heatin_% treatment in the air were evaluated as described grevious‘% [0137]
with a width ratio of 1:1 (hereinafter referred to as optimu

gXxposure time).was determined. Next, the varnish was left
standing in a yellow room (23°C, 43% RH} for an hour, and
evaluations were made in the same manner as described above to
determine an optimum exposure time Bop 2. A value of Eop 2 -
Eop 1 was then calculated, where the absclute of the value being
20 mJ/cm’ or less corresponded to a good result and the absolute
of the valus being greater than 20 mJ/cm’ corresponded a poor
result. It is more preferably 10 mJ/cm® or less.

[0085]

(2} Evaluaticn of adhesion property between £ilm and
substrate after high-temperature heating treatment at 350°C or
higher

The varnish was applied using a spinner so that the film
thickness after prébaking was 10 1w, and then prebaked at 120°C
for 3 minutes using a hot plate {(coating-developing apparatus

D~SPIN manufactured by Tokyo Electron Limited} to thereby

cbtain a photosensitive resin film. The prepared
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Example 9 A varnish was obtained in the same manner as in Example 1 except that
3-glycidoxypropyltrimethoxysilane was replaced by 2- (3, 47epexycyclohexyl) ethyltrimethoxysilane,
and the storage stability of sensitivity, the adhesion property between the film and the substrate after
high-temperature heating treatment at 350C or higher, and the adhesion property between the film and
the substrate after heating treatment in the air were evaluated as described previously. [01381
Example 10 A varnish was obtained in the same manner as in Example 1 except that
3-glycidoxyprBp§itfirftfidkydifaneWas fedidtat 57 8- SthE[(GetHts sl ibropossihiéthyloxetane, and
the storagestabilityofsensitivity, the adhesionpropertybetween, the film substrate after

high-tem peratsutrlé%‘glatl 05 Yréa mceorﬁcaetrf%(%ﬁ or E}%hygﬁmaﬁ}df t?}lée ad e%%%%eﬁ@ﬁbgween the film

and the substrate after heatingdreatmentit the airwere evaluatad as-deseraed previously. [0139]
Example 11 A varnish was obtained in the same manner as in Example 1 except that

3-glycidoxyprepyltahrethoxysitdié was epiaced by Nuphemytaminopropytrimiéthoxysilane, and the
storage stability of s_enls‘itivi%/ the adhesion gro,peqrty bectweeq ygie fﬂm and the SgQS%B.tg after
high-temperatlit8 Héstiny & RERY 3 3EE 0P Kigher, and the adnesion property between the film and
the substrate after hegtingtreatment in the air were evaluated as described previously. [81401
Example 12 A varnish was obtained in the same manner as in Example 1 except that
3-glycidoxypropyltimethoxysilane was replaced

The cured film was notched in the form of a 10 line/10
row grid at 2 mm intervals and subjected to a peél test with
"cellotape (registered trademark}". Thereaftey, a 100-hour
pressure cooker test (PCT) treatment was carriedout, anda peel
test with "cellotape {registered trademark)" was conducted in
the same manner as described above to evaluate adhesions before
and after PCT. In the pzel test, the number of peelings being
less than 10 corresponded to a good result and the number of
peelings being 10 or greater corresponded to a poor result. The
PCT treatment was carried out under satu;ated conditions at
121°C and 2 atwnm.

[0Co7]

{3} Evalualtion of adhesion property between film and
substrate after heating lLreatment in the air

A photosensitive resin £ilm was prepared in the same
manher ag described in (2). The prepared photosensitive resin
film was heat-treated under a nitrogen gas stream {oxygen

concentration 20 pom or less) at 170°C for 30 minutes and then



by'vinyit imethoxysilane, and the storage stability of sensitivity, the adhesion property between the film
and the substrate after high-temperature heating treatment at 350C or higher, and the adhesion
property between the film and the substrate after heating treatment in the air were evaluated as
described previously. [0141] Example 13 A varnish was obtained in the same manner as in
Example 1 except that the amount of p-styryltrimethoxysilane was changed to 0.3 g, and the storage
stability of sensitivity, the adhesion property between the film, and the substrate after high-temperature

heating treatmént &t S50C orRigeY: did thé BRIFSEHBAFTbpéRyDBétesHithe firtdndthe substrate
after heating reatment in the air were evaluated as.descried nreviously. 0142 Example 14 A
oY . RE i

varnish was obtained in the same manner as in Example -1 except that'the amount of
3-glycidoxyprepykmethoxysilane wasehanged 400,05, mndithe-sterage stability of sensitivity, the
adhesion property between the film and the substrate after high-temperature heating treatment at
350C or highdry@»élithe adhesion property between the film and the substrate after heating treatment

in the air were evaluated as described previously. (0143] Example 15
The cured film was heat>treated in the air at 250°C for

30 minutes using a hot plate, and thereafter subiscted to a peel
rest in the zame manner as described in {2). Thereafter, a PCT
treatment was carried out and a pesel test was conducted in the
same manner as described in {2) to esvaluate adheslions before
and after PCT. In the peel test, the number of peelings being
less than 10 corresponded to a good result and the number of
peelings being 10 or greater corresponded to a poor result. The
PCT treatment was carried oubt under saturated conditions at
121°C and 2 atm.

[0099]

Synthesis Example 1: Synthesis of hydroxyl
group-containing acid anhydride ({a)

18.3 g {0.05 mol) of
2,2—bis(3~amiﬁ0w4vhydroxyphenyi)hexafluoropropanekBAHF} and
34.2 g {0.3 moll of allylglycidylether were dissolved in 100
g of gamma butyrolactone (GBL) under a dry nitrogen stream, and
the solution was éooled.to ~-15°C. Thereto were added dropwise
22.1 g {0.11 mol} of trimellitic anhydride chloride dissolved
in 50 g of GBL such that the temperature of the reaction solution

did not exceed 0°C. After completion of the dropwise addition,
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A varnish was obtained in the same manner as in Example 1 except that the amount of
3-glycidcxypropyltrimethoxysi]-ane was changed to 0.01 g, antithe storage stability of sensitivity, the
adhesion property between the film and the substrate after high-temperature heating treatment at '
350C or higher, and the adhesion property between the film and the substrate after heating treatment
in the air were evaluated as described previously. (0144] Example 16 A varniah was obtained in
the same manner as in Example 1 except that 1.0 g of "NIKALAC" MX-270 (product name,
manufactured iy Sarwk-EheniiearCes, MRE) aR8CE0%Y dF HMONICTPHABP {producthdme,
manufactured by Honshu Chemical Industry Co., Ltd.) were t tof; ability of
sensitivity, th%(%ldﬁ‘elscignwﬁr%pcé?{)ycggttvgg%ﬁ C‘%/hg%il?n %1%1%1%2 gﬁgg%gt%%g}f%erg ﬁfg‘hg-{%%%%ature heating
treatment at 330¢ ar higher.anddhe adhesien propertysketueensthe. film andthe sybstrate after
heating treatment in the air were evaluated as described previously. [0145] Example 17 A varnish
was obtainedsin-thérsame (mannepassimEsdniple thexéeptlttiat tHe TvistAtof polymer A obtained in
Synthesis Example 9 was changed to 4 g and 6 g of novolac resin A were added, and the storage
stability of seﬁ%ﬁﬂ/?ti/, the adhesion property between the film and the substrate after high-temperature
heating treatT&Qé a %59(%8{7@@%&1 and the adhesion property between the film and the substrate
after heating treatment in the air were evaluated as described previously. [0146] Example 18 A
varnish was Obtained in the same mapyer as in Exa 1lgxcept that the amount of polymer A
obtained in Synthesis Exgmple 9 w&s chayiged ¥ novolac résin B were added, and the
storage stability of sensitiity, the adhesiofgro mgandithe substrate after

' Hydroxyl group~containing acid anhydride (a)
(01017

Synthesis Example 2: Synthesis of hydroxyl
group—containing diamine compound (b}

18.3 g (0.05 mol} of BAHF were dissolved in 100 mlL of
acetoneand]ﬁ.4(g(O.Bmol}of;uopyleneoxide,andthesolution
wag cooled to —-15°C. Thereto was added dropwise a solution
prepared by dissolving 20.4 g (0.11 mol) of 3-nitrobenzoyl
chloride in 100 mL of acetone. After completion of the dropwise
addition, the resultant mixture was reacted at -15°C for 4 hours,
and then returned to room temperature. A precipitated white
anlid was Tiltered off, and dried in vacuum at 50°C.

[0102]
30 g of the solid were placed in a 300 mlL stainless

autoclave, and dispersed in 250 mL of methyl cellosolve, and
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high-temperature heating treatment at 350C orer, and the adhesion property between the film and the
substrate after heating treatment in the air were evaluated as described previously. [01471 Example
19 A varnish was obtained in the same manner as in Example | except that the amount of polymer
A obtained in Synthesis Example 9 was changed to 4 g and 6 g of novolac resin A, 1.0 g of
"NIKALAC" MX-270 (product name, manufactured by Sanwa Chemical Co., Ltd. ) and 1.0 g of
HMOM-THHAO (product name, manufactured by Ho’ncig\udCIQemig%I |nd5§8tfxg%h L_tcéii.s) were added,
and the storage@stabifity GRIeRSitivIy EPAGnEEITh Bropety betiaen the filht and the substrate after
high-temperatyte heating treatmen. at %%OQ or.higher, apd the ,adhesion preperty:between the film and
the substrate after heating treatment in the air were evaluated as described previously. [0148]
Example 20 reacfivaraish wasobipined inthe same meanner asin Exariptertaexcept that the polymer
G obtained in Synthesis Example 15 was added in place of the polymer A obtained in Synthesis
Example 9, avastherstoragecstanility ofxerrsthity the adrcsiFi propersBetheer #eTiim and the
substrate after high-temperature heating treatmept at 350C or higher, a e esion property
between the fifit Khcfthe dtbstraté ?’;{?fjer‘qa‘rfcelaotrllngofregkt]r%erh&t3 n %ﬁ'eogéir v%/e%dle% l?gt%d as described
previously. [O&%meazg:atalyst was removed by filtraticn, the filtrate

was concentrated by a rotary evaporator, to obtain a hydroxyl
group~containing diamine compound (b) represented by the
following formula.

(01031}

{Chemical Formula 15]

NH,

Hydroxyl group-containing diamine (b)
10104}

Synthesis Example 3: Synthesis of hydroxyl
group-containing diamine (c}

15.4 ¢ (0.1 mol} of 2-aminc-4-nitrophenol were dissolved
in 50 mL of acetone and 30 g {0.34 mol} of propylene oxide, and
the solution was cooled to -15°C. Thereto was added dropwise
a solution ﬁx‘epared by dissolving 11.2 g (0.055 mol) of
isophthalic acidchloride in 60 ml of acetone. After completion

of the dropwise addition, the resultant mixture was reacted at

-15°C for 4 hours. Thereafter, the resultant mixture was
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A varnish was obtained in the same manner as in Example 1 except that the polymer H obtained in
Synthesis Example 16 was added in place of the polymer A obtained in Synthesis Example 9, and the
storage stability of sensitivity, the adhesion property between the film and the substrate after
high-temperature heating treatment at 350C or higher, and the adhesion property between the film and
the substrate after heating treatment in the air were evaluated as described previously. (01501
Example 22 A varnish was obtained in the same manner as in Example 1 except that the polymer
| obtained in SYRTESE ERafiE 1PRRRAIYEE if PlaBe STIREPOITTEA Ubthed i 8ynthesis
Example 9, agdfpec%tgéagg sﬁ%g@' i%ggggr‘msitivity, the adhesion property between the; film and the
substrate afterohlgﬁ-temperature eating treatment at 350C or higher, and the adhesion property
between the film @ngd the substrate after heating treatment in the air were evaluated as described
previously. [0151] Example 23 A varnish was obtained in the same manner as in Example 1
except that 4 g of poFmer GobtdireddnSynthesie Example 258%id-6°g df Hovolaé résin A. were

added in place of the polymer A obtained in §gng1esis %@mple 9, %nd ‘thgisg%&a e%%bility of
sensitivity, the adResioR IHBpEH BEVIEER fha fiff ahd thic Subsirats atter Righ-temperature heating

treatment at 350C or, higher, and.the aghesion propesty, between thefilm.anddhe, sybstrate after

heating treatment in the air were evaluated as described previously. [0152]
was attached, stirring was continued until the hydrogen gas

balloon no longer deflated at room temperature, and stirring
was further continued for 2 hours with the hydrogen gas balloon
attached. After completion of the reaction, a palladium
compound was removed by filtration, and the solution was
soncentrated tohalfthe original amount by a rotary evaporator.
Thereto was added ethanol, and the resultant mixture was
recrystallized to obtain crystals of a hydroxyl
group~containing diamine (c) represented by the following
formula.

[0106]

IChemical Formula 16)

HaN NN
ﬁogﬁ O

Hydroxyl graupmcontaining diamine -{c)

[0107]
Synthesis Example 4: Synthesis of hydroxyl

group-containing diamins (d)
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Comparative Example 1 A varnish was obtained in the same manner as in Example 1 except that
3-glycidoxypropyltrimethoxysilane was omitted, and the storage stability of sensitivity, the adhesion
property between the film and the substrate after high-temperature heating treatment at 350C or
higher, and the adhesion property between the film and the substrate after heating treatment in the air
were evaluated as described previously. [0153] Comparative Example 2 A varnish was obtaine n the
same manner as in £xaing 4 pxeept ay p-sbiaylit st exysilans was.amited andJbe sigrage stabllity
of sensitivity, the adhesionpropertybetween the film and the substrate after high-temperature heating

treatment at 350 or higher,and the-aghesion propery betweenthefilspand:-thesubstrate after

heating treatment in the air were evaluated as described previously. [0154] Comparative Example 3
A varnish wasngbtainred #1 thel sameamannel &5 indExamfie 1 exeeptthatpsstyndtrimethoxysilane was
replaced by m-acetylaminophenyltrimethoxysilane, and the storage stability of sensitivity, the
adhesion prop&iffbeanedn e FilFPakd the Kitshare af Kighsehperatdre Redting-téatment at

350C or hlgherﬁng ghg adhte3|%ré f%ge%?ﬁrt% gftwegl%the film and the substrate after gwteeax'glng treatment

. . jile] FOLEYO oxl 100 mL of acetone., A
in the air wef& evaltiated a5 deser prewouslfy. 135%]

completion of the dropwise addition, the resultant mixture was
reacted at ~15°C for 4 hours. Thereafter, the resultant mixture
was returned to room temperature, and a generated precipitate
was collected by filtration. Thereafter, crystals of a
hydroxyl group-containing diamine (d) represented by the
following formula were obtained in the same manner as in
Synthesis Example 2.

10108}

[Chemical Formula 17}

Hydroxyl group-containing diamine (d4)

10109]

Synthesis Example 5: Synthesis of quinonediazide
compound {e)

16.10 g (0.05 mel} of TekP-4HBPA (product name,
manufactured by Honshu Chemical Industry Co., Ltd.) and 26.86

g (0.1 mol) of S5-naphthoquinonediazidesulfonyl chloride
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Comparative Example 4 A varnish was obtained in the same manner as in Comparative Example
3 except that 3-glycidoxypropyltrimethoxysilane was replaced by
N-phenylaminopropyltrimethoxysilane, and the storage stability of sensitivity, the adhesion property
between the film and the substrate after high-temperature heating treatment at 350C or higher, and the
adhesion property between the film and the substrate after heating treatment in the air were evaluated

as described preyiqusly., {Q126];, Gompargtive Ef‘?‘m&'%oiane ANALYSh vias, obiained I the same

manner as in Comparative Example 3 except that 3--glycidoxypropyltrimethoxysilane was replaced by
vinyltrimethoxysitane, andithestosage stability-ef sensitivity, the aghesiamproparty-between the film
and the substrate after high-temperature heating treatment at 350C or higher, and the adhesion
between the Tilmmaamhthe sulbsidate aftevhieating tleatmentinithelam weieevaluated ashkdescribed
previously. [0157] Comparative Example 6 =~ A varnish was obtained in the same manner as in
ComparativeEx@rfple 4tesdehtanst I arnouht Gip SRS A Bbt&ired H SyntfedisStRBmple 9 was

changed to 4 g and 6 g of novolac resin A were added, and the storage stability of sensitivity, the

adhesion proffity BEuweeh tRE iR the’stbsTratdarer ARjH-temperattréhealiR treatment at
350C or highzeé,se@g yﬁ% argp}@tqliiornep{p se@(:??@i’e % Eh%HhP %%(%tge ggggsrate @hﬁgr heating treatment
y. [015 i '

in the air were evaluated as described previous | Comparative Example 7 A varnish was
obtained in the Sapre maines 8sin GComparativeExamaple 4:except shad thenameuntiefrpolymer A
obtained in Synthesis Example 9 was changed to 4 g and 6 g of novolac resin A, 1.0 g of "NIKALAC"
MX-270 (prodatemam&hnanafdctared bySanwaChemicaliGd.a ted yamd- . Olg of #IMAM-TPHAP
(product name, manufactured by Honshu Chemical Industry Co., Ltd.) were added, and the storage

stability of senstiit H& adneGoR PrEpeny DEfWEER tHEFRA dit the 8GbSFatd ater figh-temperature
heating treatment at 350G, or higher, ang the adnesian property between the film and the

following formula.

{o110]

{Chemical Formula 18]

Quinonediazide compound (e)
[c111]

Synthesis Example 6: Synthesis of guinonediazide
compound ()

15.3x g (0.05 mol} of TrisP-HAP {(product name,
manufactured by Honshu Chemical Industry Co., Ltd.} and 40.28

g (0.15 mol} of 5-naphthoguinonediazidesulionyl
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Alkoxymethyl group-containing compounds and other compounds used in Examples and Comparative
Examples are shown below. [0160] [Chemical Formula 22] H3COH2C-N N-CH20OCH3 H3COH2C-N
N-CH20CH3 0 NIKALAC MX-270 HMOmAPHAP

chloride were dissolved in 450 g of 1,4-dioxane under a dry
nitrogen stream, and the solution was brought to room
temperature. Here, using 15.18 g of triethylamine mixed with
50 g of 1,4-dioxane, a quincnediazide compound (£) represented
by the following formula was obtained in the same manner as in
Synthesis Example 5.

{01123

[Chemical Formula 19]

QO"Q_éOQ OQ Na

Q

Quinonediazide compound (£)
[0113]

Synthesis Example 7: Synthesis of quinonediazide
compound (g}

21.22 g (0.05 mol) of TrisP-PA (product name,
manufactured by Honshu Chemical Industry Co., Ltd.), 26.86 g
(0.10 mol) of S-naphthoguinonediazidesulfonyl chloride and
13.43 g {0.05 mel) of 4-naphthoquinonediarzidesulfonyl chloride
were disscolved in 450 g of 1,4-dioxane under a dry nitrogen
stream, and the solution was brought to room temperature. Here,
ueing 12,65 g of triethylamine mixed with 50 g of 1,4-dioxane,
a guinonediazide compound (g} represented by the following

formula was cbtained in the game manner as in
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p-styryla -methylstyrylp-styryl trimethoxysi lane dimethylmethoxysilane triethoxysilane
(113C0)2SIC3HON N-phenylaminopropyl trimethoxysilane ycH3 4-ocH3 (SCHa vinyltriethoxysilane
m-acetylaminopheny! trimethoxysilane

Synthesis Example 5.
[0114]

[Chemical Formula 20]
: CH3 l CH3 :

oa
Quinonediazide compound (g} 2

[0115]

Synthesis Example 8: Synthesis of guinonediazide
compound (k)

11.41 g (0.05 mel) of bisphenol A and 26.86 g (0.1 mol)
of 4-naphthogquinonediazidesulfonyl chloride were dissolved in
450 g of 1,4-dioxane under a dry nitrogen stream, and the
scluticn was brought to room temperature. Here, using 10.12
g of triethylamine mixed with 50 g of 1,4-dioxane, a
guinonediazide compound (h} represented by the folleowing

formula was obtained in the same manner as in Synthesis Example

5.
[0116]

[Chemical Formula 21]

Qogou Q=

CHa

Quinonediazide compound {(h)

[o117]
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[0161] The compositions of Examples 1 to 23 and Comparative Examples 1 to 7 are shown in
Tables 1 to 4 and the evaluation results are shown in Table5. 84

Synthesis Example %: Synthesis of polymer A

4.40 g {(0.022 mol) of 4,4'-diaminophenylether (DAE) and
1.24 g (0.005 mel) of 1,3-bis(3-aminopropyl)tetramethyl
disiloxane (SiDA) were dissolved in 50 g of
N-methyl-2-pyrrolideone {(NMP) under a dry nitrogen stream.
Thereto were added 21.4 g (0.030 mel) of hydroxyl
group-containing acid anhydride {(a) obtained in Synthesis
Example 1 together with 14 g of NMP, and the resultant mixture
was reacted at 20°C for an hour, and then reacted at 40°C for
2 hours. Thereafter, 0.65 g (0.006 mol) of 4-aminophencl were
added as a terminal sealing agent, and the resultant mixture
wag further reacted at 40°C for an hour. Thereafter, a golution
prepared by diluting 7.14 g {0.06 mel) of N,N-dimethylformamide
dimethyl acetal with5 g of NMP was added dropwise for 10 minutes.
After the dropwise addition, the resultant mixture was stirred
at 40°C for 3 hours. After completion of the reaction, the
solution was charged into 2 L of water and a polymer solid
precipitate was collected by filtration. The polymer solid was
dried in a vacuum drier at 50°C for 72 hours to obtain a polymer
Aasapelyimide precursor. The weight average molecular weight
of the polymer obtained by GPC was measured to confirm that n
wae in the range of 10 toc 100,000.
[o11s]

Synthesis Example 10: Synthegis of polymer B

12.6 g (0.0225 mol} of hydroxyl group-containing diamine
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(b} obtained in Synthesis Example 2 were dissolved in 50 g of
NMP under a dry nitrogen stream. Thereto were added 17.5 g
(0.025 mol) of hydroxyl group-containing acid anhydride (a)
obtained in Synthesis Example 1 together with 30 g of pyridine,
and the resultant mixture was reacted at 40°C for 2 hours.
Thereafter, 0.58 g (0.005 mol) of 4-aminophenvlacetylene were
added as a terminal sealing agent, and the resultant mixture
was further reacted at 40°C Zor an hour. After completion of
the reaction, the solution was charged intec 2 L of water and
a polymer solid precipitate was collected by filtration. The
pelymer sclid was dried in a vacuum drier at 80°C for 72 hours
to obtain a polymer B as a polyimide precursor. The weight
average molacular weight of the polymer cbtained by GPC wag
measured to confirm that n was in the range of 10 to 1060,000.
[0119]

Synthesls Example 11: Synthesis of polymer C

15.13 g {0.040 mol) of hydroxyl group-containing diamine
compound (c} obtained in Synthesis Example 2 and 1.24 g {0.005
mol) of SiDA were dissolved in 50 g of NMP under a dry nitrogen
stream. Theretc were added 15.51 g (0.05 mol) of
3,3",4,4"-diphenylethertetracarboxylic anhydride (QDPA)
together with 21 g ¢f NMP, and the regultant mixture wés reacted
at 20°C for an hour, and then reacted at 50°C for 2 hours.
Thereafter, a solution prepared by diluting 14.7 g (0.1 mol)

of N,N-dimethylformamide diethyl acetal with 15 g of NMP was
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added dropwise for 10 minuteg. After the dropwise addition,
the resultant mixture was stirred at 40°C for 3 hours. After
completion of the reaction, the sclution was charged intoc 2 L
of water and a polymer solid precipitate was ccllected by
filtration. The polymer solid was dried in a vacuum drier at
80°C for 72 hours to obtain a pelymer C as a polyimide precursor.
The weight average molecular weight ¢f the polymer cbhtained by
GPC was measured to confirm that n was in the range of 10 to
100,000.
[0120]

Synthesis Example 12: Synthesis of polymer D

6.08 g (0.025 mol) of hydroxyvl group-containing diamine
compound (d} obtained in Synthesis Example 4, 4.51 g (0.0225
mol) of DAE and 0.62 g (0.0025 mel) of SiDA were dissolved in
70 g of NMP under a dry nitrogen stream. Thereto were added
28.57 g (0.040 mol) of hydroxyl group-containing acid anhydride
{a) obhtained in Synthesis Example 1 and 4.4%1 g (0.010 mol) of
3,3',4,4 " -biphenyltetracaboxylic dianhydride (BPDA) togethexr
with 25 g of NMP at room temperature, and the resultant mixture
was stirred at room temperature for an hour, and then stirrved
at 50°C for 2 hours. After compietion of the reaction, the
gelution was charged intoe 2 I of water and a polymer solid
precipitate was collected by filtration. The polymer solid was
dried in a vacuum drier at 80°C for 72 hours to obtain a polymer

Das apolyimide precursor. The weight averagemolecular weight
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Compapative

of the peolymer obktained by GPC was measured to confirm that n
wag in the range of 10 to 100,000.
[0121]

Synthesis Example 13: ‘Synthesis of polymer E

18.70 g (0.040 mol) of dicarboxylic acid derivative
obtained by reacting 1 mole of diphenvlether-4,4'-dicarboxylic
acid dichloride {DEDC) with 2 moles of i-hydroxybenzotriazole
and 18.31 g (0.050 mol) of BAHF were dissolved in 200 g of NMP
under a dry nitrogen stream, and the solution was stirred at
75°C for 12 hours. Next, 2.96 g (0.020 mol) cof maleic anhydride
dissolved in 30 g of NMP were added as a terminal sealing agent,
and the resultant mixture was further stirred st 75°C for 12
hours to complete the reaction. After completion of the
reaction, the solution was charged into 3 L of solution of
water/methanol = 3/1 and a polyvmer solid precipitate was
collected by filtratiocn. The polymer solid wasg dried in a
vacuum drier at 80°C for 20 hours to obtain a polymer E as a
polybenzoxazole precursor. The weight average molecular
welght of the polymer obtained by GPC was measured to confirm
that n wag in the range of 10 toc 100,000.
{0122]

Synthesis Example 14: Synthesis of polymer F

24.82 g of 3,3',4,4'-diphenylethertetracarboxylic
dianhydride, 11.86 g of s-butylialcohol, 0.4C gof triethylamine

and 110.03 g of NMP were placed in a 0.5 liter flask equipped

52



Example a Comparatima Faxampla2 A29A10g10g10gA

with a stirrer and a thermometer, and stirred and reacted at
60°C for 24 hours to obtain a
3,3',4,4°-diphenylethertetracarboxylic acid di-gs-butyl aester.
Then, the flask was cooled to 5°C, 18.08 g of thionyl chloride
were then added dropwise, and the resultant mixture was reacted
for an hour to obtain a sclution of
3,3',4,4"'~-diphenylethertetracarboxyliic acid di-s-butyl ester
dichloride.

[G123]

Then, 47.97 g of NMP were placed in a 0.5 liter flask
equippedvdthaastirrer,eathermometeraﬂdziDimrothcondenser,
4 .33 g of 4,4'-diaminodiphenylether and 7.87 g of
3,5-diamincbenzoic acid were added, the resultant mixture was
dissclved with stirring, 24.05 g of pyridine were then added,
the sclution of 3,3',4,4'-diphenylethertetracarboxylic acid
di-s-butyl ester dichloride was added dropwise for an hour with
the temperature kept at 0 to 5°C, and stirring was then continued
for an hour. The solution was charged into 4 liters of water,
a precipitate was collected, washed, and then dried under a
reduced pressure to obtain a polymer F as a polyimide precursor.
The weight average wolecular weight of the polymer ¢bhtained by
GPC was measured to confirm that n was in the range of 10 to
100,000.

[0124]

Synthesis Example 15: Synthesis of polymer &
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10 g 1A 110 g (a) Polymer 5 0(5 (5( 315T5PIPPO00T50 Oginonediapide (2) 2.0 g P U'S (a)

9.3 g (0.08 mel) of
bis{2-aminc-4-hydroxyphenyl)hexafluoropropane (manufactured
by Central Glass Co., Ltd., BAHF), 1.24 g (0.005 mol) of
1,3—bis{3waminopropyl)tetramethyi!disiloxane and 3.27 g (0.03
mol) of 3-aminophenol (manufactured by Tokyo Chemical Industry
Co., Ltd.) as a terminal sealing agent were dissclved in 150
g of N-methyl-2-pyrrolidone (NMF) under a dry nitrogen stream.
Thereto were added 31.0 g (0.1 mol) of
big (3, 4-dicarboxyphenyl)ether dianhydride {(manufactured by
MANAC Incorporated, ODPA} together with 50 g of NMP, and the
resultant mixture was stirrved at 20°C for an hour, and then
stirred at 50°C for 4 hours. Thereafter, 15 g of xylene were
added, and the resultant mixture was stirredat 150°C for O hours
while azeotropically boiling water with xylens. After
completion of stirring, the sclution was charged into 3 L of
water and a white precipitate was collected. The precipitate
was collected by filtration, washed with water three times, and
then dried in a vacuum drier at 80°C for 20 hours to cbtain a
polymer G. The obtained polymer powder was measured with an
infrared absorption spectrum, and absorption peaks of an imide
structure eﬁiginating‘in the polyimide were detected at around
1,780 cm™t and around 1,377 cw. The imidization rate of the
polymer powder thus obtained was 100%.

[0125]

Synthesisg Example 16: Synthesis of polymer H
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0111223 90000100 Quinopediazide (e) 2.0 g Quinonediazide (e) 2.0 g 66616066diaZid6 | (e) 2.0 g
Quinonediazide le) 2.0 g ‘

49.57 g (0.082 mol) of hydroxyl group-containing acid
anhydride (a) obtainad in Synthesis Example 1 and 5.7 g (0,035
mol) of 3-hydroxyphthalic anhydride (manufactured by Tokyo
Chemical Industry Co., Ltd.) as a terminal ssaling agant were
dissolved in 150 g of N-methyl-Z2-pyrrolidone (NMP) under a dry
nitrogen stream. Thereto were added 31.02 g (0.1 mol) of
bis (3, d~dicarboxyphenyl)ether dianhydride together with 30 g
of BMP, and the resultant mixture was stirred at 20°C for an
nour, and then stirred at 50°C for 4 hours. Thereafter, thé
mixture was stirred at 180°C for Slhours. After completion of
stirring, the scolution was charged into 3 L of water and a white
precipitate was collected. The precipitate was collected by
filtration, washed with water three times, and then dried in
a vacuum drier at 80° for 20 hours to cbtain a polymer H., The
obtained polymer powder was measured with an infrared
absorptionspectrum,andabsoﬁptionpeakscﬁfanimidestructure
originating in the polyimide were detected at around 1,780 om™t

and around 1,377 cw™'. The imidization rate of the polvmer
powder thus obtained was 100%.
101261

Synthesis Example 17: Synthesis of polymer I

40.5 g (0.067 mol}) of hydroxyl group-containing diamine
compound {(b) obtained in Synthesis Example 2 and 1.24 g (0.005
mol) of 1,3-bis(3-aminopropyl)tetramethyl disiloxane were

dissolvad in 130 ¢ of NMP under a dry nitrogen stream. Theretc
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p-styryltrimethopysilene 0,0152 Silane coupling agent N-phenylamingpropyltrimethcliane 0.3 g

were added 29.42 g (0.1 mol) of
3,3',4,4"'~biphenyltetracaboxylic dianhydride together with 20
g of NMP, and the resultant mixture was stirred at 20°C for an
hour, and then stirred at 50°C for 2 hours. Thereto were added
6.89 g (0.035 mol) of 4-amincthiophenol (manufactured by Tokyo
Chemical Industry Co., Ltd.}, and the resultant mixture was
stirred at 50°C for 2 hours, and then stirred at 180°C for 5
hours. After completion of stirring, the scolution was charged
into 2 L of water and a white precipitate was collected. The
precipitate was collected by filtration, washed with water
three times, and then dried in a vacuum drier at 80°C for 20
hours to obtain a polymer 1. The cobtained polymer powder was
measured with an infrared absorption spectrum, and absorption
peaks of an imide structure originsting in the polyimide were
detected at around 1,780 cmq'and around 1,377 cm™. The
imidization rate of the polymer powder thus cbtained was 100%.
[G127]

Synthesis Example 18: Synthesis of novolac resin A

70.2 g (0.65 mol} of m-crescl, 37.8 g {0.35 mol) of
p-crescel, 75.5 g of 37 Wt agqueous formaldehvyde solution
{formaldehyde 0.93mol), 0.63 ¢ (0.005 mol) of oxalic dihydrate
and 2¢4 g of methylisobutylketone were placed under a dry
nitregen stream, then immersed in an oil bath, and subjected
to a polycondensation reaction for 4 hours while refluxing the

reaction solution. Thereafter, the temperature of the oll bath



N-g5e531am550PPOPpltrimethoxypilane 0.3 g vinyltpd3(mthoxypilan2 0.3 g
N-phen}OaminopropyltrimephoxypiPaPe 3-01ycidgxyppopyltrimethozysilaile 0.3 g
3-glyc3.doxypropyltrimethogypilane 0.3 g (0) m-aceaagmmaamphergaltri

was elevated over 3 hours, the pressure within the flask was
then reducsd te 4-7 kPa, volatile components wera removed, and
the dissclved resin was cooled to room temperature to obtain
a polymer solid as a novolac resin A, From GPC, the weight
average molecular weight was 3,500.
01283

Synthesis Example 19: Synthesis of novelac resin B

A polymer solid as a novolac resin B was obtéined in the
gsame manner as in Synthesis Example 15 except that 108 ¢ {(1.00
mol) of m-cresol were used inplace of 70.2 (0.65 mol) of m~cresol
and 37.8 ¢ (0.35mol) of p-crescl. From GPC, the weight average
molecular weight was 4,000,
(0129}

fxample 1

The solid of polymer A obtainad in Synthesis Example 9,
which was welghed to 10 g, 2.0 g of guinonediazide compound (e}
obtained in Synthesis Examplie 5, (6.015% g of
p-styryitrimethoxysilane and 0.3 g of
3-glycidoxypropyltrimethoxysilans were dissolved in 30 g of GBL
to.obtain a varnish as a photosensitive pclyimide precursor
composition., The obtained varnish was used fo evaluate the
storage stability of sensitivity, the adhesion property between
the film and the substrate after high-temperature heating
treatment at 350°C or higher, and the adheslion property between

the fiim and the substrate after heatling treatment in the air
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methompailmaa 0.0109 m-apetylamthapamamatai mathomysilane 2.0229

anmaceaymapaamimuagami memhamysilarm 0.01(9 gmthomamilane 0,012 g p-aczryizpipzpi(zflyitri
ontooxyallene 0,015

as described previously.
[0130]

Example 2

The solid of pelymer B obtained in Synthesis Example 10,
which was weighed to 10 g, 2.0 g of guinonediazide compound (f)
obtained in Synthesis Example 6, 0.015 g of
p-styryltrimethoxysilane and 0.3 g of
3-glycidoxypropyltrimethoxysilane were dissolved in 20 g of GBL
and 10 ¢ of EL to obtain a varnish as a photosensitive polyimide
precursor composition. The obtained varnish was used to
evaluate the storage stability of sensitivity, the adhesion
property between the film and the substrate after
high-temperature heating treatment at 350°C or higher, and the
acdhesion property between the film and the substrate after
heating treatment in the air as described previously.
r013z]

Example 3

The solid of polymer C obtained in Synthesis Example 11,
which was weighed to 10 g, 2.0 g of guinonediazide compound (g)
obtained in Synthesis Example 7, 0.015 g of
p-styryltrimethoxysilane and 0.3 g of
3-glycidoxypropyltrimethoxysilane were dissclved in 30 g of NMP
to obtain a varnish as a photosensitive polyimide precursor
composition, The optained varnish was used to evaluate the

storage stability of sensitivity, the adheslion property between
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the film and the substrate after high—temperatu:e heating
treatment at 350°C or higher, and the adhesion property between
the film and the substrate after heating treatment in the air
as described previocusly.
orL3z]

Exampie 4

The solid of polymer D obtained in Synthesis Example 12,
which was weighed to 10 g, 2.0 g ofcﬁ;inonediazide Qompound {h}
obtained in 3ynthesis Example &, (.015 g of
p-styrylitrimethoxysilane and 0.3 g of
B“glycidoxypropyltrimethoxysi1énewermadissolvedjleOg;ofGBL
to obtain a varnish as & photesensitive pelyimide precursoxn
compesition. The obtained varnish was used to evaluate the
storage stability of sensitivity, the adhesion property between
the film and the substrate after high-temperature heating
treatment at 350°C or higher, and the adhesion property between
the film and the substrate after heating treatment In the air
as described previously.
[0133]

Exampie 5

The solld of polymer & obtalned in Synthesis Example 13,
which was walghed to 10 g, 2.0 g of quinonediazids gompcund (e}
obtained in Synthesis Ezxample 5, 0.015 g of
p~styryltrimethoxysilane and .3 g of

3-glycidoxypropyltrimethoxysilane were dissolved in 30 g of GBL
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to obtain a varnish as a photosensitive polyimide precursor
composition. The obtained varnish was used to evalualte the
storage stability of sensitivity, the adhesion property between
the film and the Substraté after high-temperature heating
freatment at 350°C or higher, and the adhesion property betwesn
the film and the substrate after heating treatment in the air
as described previousliy.
[0134]

Example 6

The solid of pelymer F cbtained in Synthesis Example 14,
which was weighed te 10 g, 2.0 g of gquinonediazide compound (e)
obtained in Synihesis Exanmpie 5, 0.CL3 g of
p-styryltrimethonysilane and 0.3 g of
3-glycidoxypropyltrimethoxysilane were dissolved in 30 g of GBL
to obtain a varnish s a photosensitive polyimide precursor
compesition. The obtained varnish was used to evaluate the
storagestabilityofsensitivity,theadheéionpropertybetween
the film and the substrate after high~temperature heating
treatment at 350°C or higher, and the adhesion property between
the film and the substrate affer heating treatmen£ in the air
as described previously.
f0135]

Examplie 7

A varnish was obtained in the same manner as in Example

1 except that p-styryltrimsthoxysilane was replaced by
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treatment at350'C or higher Adhesion property after heat treatment in air

p-styryltriethoxyslilane, and the storage stability of
sensitivity, the adhesion property between the film and the
substrate after high-temperature heating treatment at 350°C or
higher, and the adhesion property between the [ilm and the
substrate after heating treatment in the alr wers evaluated &s
described previcusly.
(8136]

Example §

A varnish was obtained in the same manner as in Example
1 except that p-styryltrimethoxysilane was replaced by
o-methylstyryldimethylmethoxysilane, and the storage
stability of sensitivity, the adhesion property between the
filmandtheSubstrateafterhighwtemperatureheatingtreatment
at 350°C or higher, and the adhesion property between the film
and the substrate after heating treatment in the air were
evaluated as described previous;y‘
(01371

Example 9

A varnish was obtained in the same manner as in Example
1 except that 3~qlycidoxyproéyltrimethoxysilane was replaced
by 2- (3, d-epoxycyclohexyl)ethyltrimethoxysilane, and the
storage stabllity of sensitivity, the adhesion property between
rhe film and the substrate after high-temperature heating
treatment at 350°C or higher, and the adhesion property betwesn

the film and the substrate after heating treatment in the air
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were evaluated as described previously.
[0138]

Example 10

A varnish was obtairned in the same manner as in Example
1 except.that J-glycidoxyprepyvltrimethoxysilane was replaced
by 3-ethyl-{{triethoxnysilylpropoxy)methylloxetane, and the
storage stability of sensitivity, the adhesion property between
the Film and the substrate after high-temperature heating
treatment at 350°C or higher, and the adhesion property betwean
the film and the substrate after heating treatment in the alr
were evaluated as described previously.
[8139]

Example 11

A varnlish was obtained in the same manner as in Example
1 except that 3-glycidoxypropyltrimethoxysilane was replaced
by N-phenylaminopropyltrimethoxysilane, and the storage
stability of sensitivity, the adheslion property between the
film and the substrate after high-tenperature heating treatment
at 350°C or higher, and the adhession property between the film
and theisubstrate after heating treatment in the air were
evaluated as described previously.
[0140]

Example 12

A varnish was obtained in the same manner as in Example

1 except that 3-glycidoxypropyltrimetheoxysilane was replaced
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by vinyltrimethoxysilane, and the storage stapllity of
sensitivity, the adhesion property between the film and the
substrate after high-temperature heating treatment at 350°C or
nigher, and the achesion property between the film and the
substrate after heating treatment in the air were evaluated as
described previously.
101417

Example 13

A varnish wasg obtainedrin the same manner as in Example
1 except that the amount of p-styryltrimethoxysilane was
changed to 0.3 g, and the storage stability of sensitivity, the
adhesion property between the film and the substrate after
high-temperature heating treatment at 350°C or higher, and the
adhesion property between the film and the substrate after
heating treatment in the ailr were evaluated as degcribed
previously.
[014z]

Example 14

A varnish was obtained in the same manner as in Example
1 exceplt that the amount of 3-glycidoxypropyltrimethoxysilane
was changed to 0.05 g, and the storage stability of sensitivity,
+he adhesion property between the film and the substrate after
high-temperature heating treatment at 350°C or higher, and the
adhesion property between the film and the substrate after

heating treatment in the air were evaluated as described
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previously.
[0143]

Example 15

A varnish was obtained in the same manner aé in Example
1 except that the amount of 3-glycidoxypropyltrimethoxysilane
was changed to 0.01 g, and the storage stability of sensitivity,
the adhesion property between the £ilm and the substrate after
high-temperature heating‘treatment at 350°C or higher, and the
adhesion property between the film and the substrate after
heating treatment in the air were evaluated as described
previously.
[0144]

Example 16

A varnish was obtained in the same manner as in Example
1 except that 1.0 ¢ of "NIKALACY MX-270 {product name,
manufactured by Sanwa Chemical Co., Ltd.) and 1.0 g of
HMOM-TPHAP [product name, manufactured by Honshu Chemical
Industry Co., Ltd.) wére added, and the storage stabllity of
sensitivity, the adhesion property between the film and the
substrate after high-temperature heating treatment at 350°C or
higher, and the adhesicn property between the film and the
substrate after heating treatment in the air were evaluated as
described previously.
{0145]

Example 17
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A varnish was obtained in the same manner as in Example
1 except that the amount of polymer A cobtained in Synthesis
Example 9 was changed to 4 g andlé g of novelac resin B were
addad, and the storage stability cf sensitivity, the adhesion
property between the film and the substrate aflter
high-temperature heating treatment at 350°C or higher, and the
adhesign property between the film and the substrate after
heating treatment in the alr ware evaluated as described
previously.
0146}

| Example 18

A varnish was obtained in the same manner as in Example
1 except that the amount of polymer A obtained in Synthesis
Fxample 9 was.changed to 4 g and & g of novolac resin B were
added, and the storage stability‘of sengitivity, the adhesion
property between the film and the substrate after
high-temperature heating treatment at 350°C or higher, and the
adhesion propérty batween the £ilm and the substrate after
heating treatment in the alr were evaluated as described
previcusly,
[0147]

Example 19

24 varnish was cbtained in the same manner as in Example
1 except that the amount of polymer A obtained in SBynthesis

Frxample 9 was changed to 4 g and ¢ g of novolac resin A, 1.0
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g of "NIKALACY MX-270 (product name, manufactured by Sanwa
Chemical Co., Ltd.} and 1.0 g of HMOM-TPHAP f{product name,
manufactured by Honshu Chemical Industry Co., Ltd.) were added,
and the storage stability of sensitivity, the adhesion property
between the film and the substrate afiter high-temperature
heating treatment at 350°C or higher, and the adhesion property
hetween the film and the substrate after heating treatment in
the alr were svaluated as described previocusly.
[Gl48]

Example 20

A varnish was obtained in the same manner as in Example
1 except that the polymer G obtained in Synthesis Example 15
wag added in place of the polymer Aobltained in Synthesis Example
9, and Lhe storage stability of sensitivity, the adhesion
property between the film and the substrate after
high-temperature heating treatment at 350°C ox bigh@f, and the
adhesion property betwesen the film and the substrate after
heating treatment in the air were svaluated as described
previously.
[0149]

Example 21

A varnish wag obtained in the same manner as-in'Example
1 except that the polymer H obtained in Synthesis Example 16
was added in place of the polymer A obtained in Synthesis Dxample

9, and the storags stabillity of sensitivity, the adhesion
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property between the film and the substrate after
hiqhmtempéraiure heating treatment at 350° or higher, and the
adhesion property between the film and the substrate after
heating trsatment in the air were evaluated as described
previously.
(0150}

Example 22

A varnish was obtained in the same manner as in Example
1 except that the polymer I obtained in Synthesis Example 17
was added in place of the polymer A obtained in Synthesis Example
5, and the storage stability of sensitivity, the adhesion
property between the f£ilm and the substrate after
high-temperature heating treatment at 350°C or ﬁigher, and the
adhesion pr@perty between the film and the substrate after
heating treatment in the ailr were evaluat;d as described
previously.
[0151]

Example 23

A varnish was obtained in the same manner as in Example
1 except thaﬁ 4 g of polymer G obtained in Synthesis Example
15 and 6 g of novolac resin A were added in place of the polymer
A obtained in Synthesis Dxample 9, and the storage stability
of sensitivity, the adhesion property between the film and the
gsubstrate after high-temperature heating treatment at 350°C or

higher, and the adhesion property between the film and the
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substrate after heating treatment in the air were evaluated as
deascribed previocusly.
f0152]

Comparative Example 1

A varnish was obtained in the same manner as in Example
1 except that 3-glycidoxypropyltrimethoxysilane was omitted,
and the storage stabllity of sensitivity, the adhesion property
between the [ilm and the substrate after high-temperature
heating treatment at 350°C or higher, and the adhesion property
petween the film and the substrate after heating treatment in
the alr were evaluated as described previéusly.
[0183]

Comparativé Example 2

A varnish was obtalned in the same manner as in Example
1 except that p-styryltrimethoxysilane was omitted, and the
storage stability of sensitivity, the adhesion property between
the film and the substrate after highwtemperature heatiné
treatment at 350°C or higher, and the adhesibn,property between
the film and the substrate after heating treatment in the air
ware evaluated as described previously.
(0154} |

Comparative Example 3

A varnish was obtained in the same manner as in Example
1 except that p-styryltrimethoxyslilane was replaced by

m-~acetylaminophenyitrimethoxysilane, and the storage
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stability of sensitivity, the adhesion property between the
£{lmand the substrate after high-temperature heating treatment
at 350°C or higher, and the adhesion property between the film
and thes substrate after heating treatment in the air were
svaluated as described previcusly.
[0155]

Comparative Example 4

A varnish was obtained in the same manner as in
Comparative Example 3 except that
3-glycidoxypropyltrimethoxysilane was replaced by
N~phenylaminopropyltrimethoxysilane, and the storage
stability of sensitivity, the adhesion property between tne
film and the substrate after high-temperature heating treatment
at 350°C or higher, and the adhesicn property between the film
and the substrate after heating treatment in thé aLr ware
evaluated as described previocusly.
[0156]

Comparative Example b

A varnish was obtained in the same manner as in
Comparative Exampl@ 3 except that
3~glycidexypropyltrimethoxysilane was replaced by
vinyltrimethoxysilane, and the storage stability of
sensitivity, the adhesion property between the film and the
substrate after high-temperature heating treatment at 350°C or

higher, and the adhesion between the film and the substrate
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after heating treatment in the air were evaluated as described
previcusly.
[0157]

Comparative Example 6

‘A,varnish was obtained in the same manner as in
Comparative Example 4 except that the amount of pclymer A
obtained in Synthesis Example & was changed to 4 g and 6 g of
novolac resin A were added, and the storage stability of
sensitivity, the adhesiocon property between the film and the
substrate after high-temperature heating treatment at 350°C or
higher, and the adhesion property between the film and the
substrate after hesting treatment in the air wers evaluated as
described previcusly.
(01583

Compaﬁative Example 7

A varnish was obtained in the same manner as in
Comparaﬁive Example 4 except that the amount of polymer A
obtained in Synthesls Example 9 was changed to 4 g and 6 ¢ of
novoiac resin A, 1.0 g of "NIKALAC" MX-270C (product name,
manufactured by Sanwa Chemical Co., Ltd.) and 1.0 g of
HMCM-TPHAP {product name, manufactured by Honshu Chemical
Industry Co., Ltd.) were added, and the storage stability of
sensitivity, the adhesion property between the film and the
substrate after high-temperature heating treatment at 350°C or

higher, and the adhesion property between the film and the
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substrate after heating treatment in the alr were evaluated as
described previously.
[0159]

Alkoxymethyl group-containing compounds and other
compounds used in Examples and Comparative Examples are shown
below.

[0160]

{Chemical Formula 22]

HyGOH,C,  GHy CHpOCH;

Hac()HzC'"NEN"“CHQOGHg HO%OH
O

FﬁCOHZCﬁ&YN"{%QOCHg HyCOHC CHZOCH;
z HaCORLE" B CHROCH,
NIKALAT MX~270 HMOM. TPHAP
= v
i(OMe, {CHh{OMe) OB,
p-styryl a-methylstyryl p-styryl

trimethoxysilane dimethylmethoxysilane triethoxysilane

: {{OCyHs
(HECO);Sng!’lGOHzCHC&HZ (HgCO}3SICzH4_<:y’j /§\W\Sg{ aHsh

3-glycidoxypropyl 2-(3,4-epoxycyclo 3-ethyl~[ {triethoxysilyl
trimethoxysilane hexyl)ethyl propexylmethyl ] oxetane
trimethorysilane
ECHs
~00H;

(HBCO)SSiG:;HaHN@ #7800 H, OH;;CONH@,(BCH
z

M-phenylaninopropyl vinyltriethoxysilane  m-acetylaminophenyl
trimethoxysilane trimethoxysilane

10181]
The compositions of Examples 1 to 23 and Comparative

Examples 1 to 7 are shown In Tables 1 to 4 and the evaluation
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results are shown in Table 5,
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[Table 2]

Silane coupling agent

. {1 .
(e Quinonediazide Solvent Qthers
Polymer Compound el () others
Hxanple a4 Dcwmo:‘mmn.._wmwmcm p-styrylirimethorysilan ¥-phenylaminopropylirvimethoxysilane = GEL 30 g -
4 o Pl
11 10 g N,m . 0.015 g 0.3 g
Examzle S y,gwmosmﬂwmwwum p-styryltrimechexvsilane vinylirimethozrysi _ cBL 30 g _
12 18 g 10 5.015 g 9.1 3
Daample P8 ocwuomﬂmn.wmmwam p-styrylirimathorysilang 3-glycidorypropyltrimethonysilena _ sBL 30 g _
(53
13 0 g N.o‘u 8.3 g 0.3 g
Example A mcwmnn~.ﬂmwmnam pestyrylirimethonysilane wéﬁ.ﬁaoxmva@ﬁwﬁ_mm..n.scwﬁ,wwm.z,m . GBL 30 ¢ -
14 10 g s 0.015 g 2,08 ¢
Example B sﬁ,.sozmm..u,.u..mwwum pestyrylorimsthonysilans -glycidoxypropylirirerhoxysilane GBL 30 g _
15 it g w.mmw 4,015 g 0.01 g
.6
Ouinonadigzide PR " gt rerr st ] b vl e T il ans .zﬂ.r»wwﬁ
Example A . pskyrylirimethoxysiiane F-glyoldexypropyltrimethorysilane N amL 30 g w270 1.0 g
16 W0 g N,Myu 0.015 g 0.1 g FRCM-TEHAS 1.9
: Giazid 5 P 3 3 lan 4
Example A Quinoneciazics p-styrylirimethoxysilane 3~glycidouypropyltzimethoxysilane N GBL 30 g Hovolac resin
, el 0.015 5.3 g B g
17 4 q 20 -0l g J
Exauple 2 ow;oﬁmn.pmnvomm pratvryltrimethoxysilana 3-glycidexypropyitri cxveilane _ GBL 30 o modnwmn resin
18 7 q S 9.01% g 0.3 g B6g
i : 2.0 g
tovelat Iesit A €
Quinongdiazi i : 1 i Atrimethoxysilas
Exasple a o w:oqwmmr_wmw e p-styryltrimethoxysilang 2~giyoidoxypropyltrimethoxyailane _ SBL 30 g Ew“mq._roﬁwnm .
i o N
18 44 m.o‘m 0.015 g 6.3 2 EHOM-TREAF 1.0y
Example @ o&:ogwﬂm.._mﬁ.am pestyrylirimsthoxysilane F-giyeidoxypropyltrimerhoxysilians - aEL 30 g ”
20 s g w.mka 015 g 5.3 g
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[Table 3]

Silane coupling agent

(b)
H e
. umw guinonediszide . others Solvent Others
GLymer ﬂaﬁmuoﬁﬁa (c} {d} ers
Example B m:wmsmmmn._,wmmgm p-styrylivimethoxysilane 3-glycidosypropyltrimethoxysilane - GEL 30 g ~
fe) A nes "4 :
2% 4 g 2.0 ¢ 0.01% g 0.2 g
Examplie I oﬁ.nomwa_wmwwge p-styryltzimethoxysilans 3~glycidoxypropyltrimethoxysilang - GEL 30 g
le] ¥ i P
0.0156 0.2 g
2z 16 2.0 ¢ 115 g
Example G Qoinenedizzide p-sryrylirimethorysilane I-glycidoxypropylirimethoxysiliane R eEL 30 g Hovyalac resin
23 s g L) . 0.015 a 6.3 ¢ r6g
WU g
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[Table 4]

Silane coupling agent

b}
a . fwodod
» uﬁ ) Guinonediazide oih Solvent Others
olymer thers
ym Compound () Lhers
zinonediaride . . :
ComparETIve L Quino % pestyrvlirimethonysilans = " GEL 30 -
fxemple 1 10 e !
- 2.0 g
siinonediazide 3 i o 4 ,. - ai e
Comparacive A & rot I-giycidoxypropyltrimethoxysilans B T _
Example % 10 P 0.3 g
2.0 g
fuincnediazide oo T rd e N _— - i lans m-seeTylaminapheayltri
Comparative A o) 3 ukxo.,oosﬁuﬁgwqwnwrﬁmﬁnmﬁi;w:ﬂ as by Lot GEL 30 _
Exampie 3 1 2y C.ALE g
" 10 2.0 @
1 ii ide ; - N . 2
Comgarative 2 mmﬂsonwﬂmﬁo: zavvm:v.u.mawnovumﬁ%hwmwammuoxwwpwmmw ZBL 30 -
Exanple 4 I §
10 2.6 ¢
fminonediaride ¢ r] e .
Comparstive EX e ﬁ:uﬂw.rw.y,wmwwoxwmimsm methoxysiizte GBL 30 -
Exemple & ’ -3 g £.015 ¢
10 g 2.0 ¢
N N D3 2 and napk Hovolas resin
puinonaediazide - R— i o} iv= mguelyhand naph =
A ¥ e P wwnw‘.‘mﬁwxﬂmuﬂmmowﬂrrwﬁmrboxv\(mﬁ»&,m amthoEysLla GRL 30 z
i -3 g 6,018 %3
g 2.8 9 i >
Hoveiac resin
fuinonediazide Heshe N ] R v et hes Vs L ANE e yitrd £
-shenylaminopropyltrimethonysilang A g
%.ﬂ et S ¥ Gm.uw».o.. am..wnmmm.i.?;z GBL 30 WEKALRS MK-270 1.9 g
g 2.0 g v e BMOM-TPHE? 3.0g
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[Table 5]
Rihesion property & r high- Adhes S ft } .
Storage stability of sensitivity | temperaturs heating treatment ’"Sl‘;;eﬁi;:i';’sajfir teat
at 350°C or higher
Sens;‘u.ti‘:ity Bangitivity pop 1= Eop 2 Tape peel tast Tspe peal Lest

Bop 1 Fog 2 N .

(md /e fma fem’) /e Before BOT Riter FCT Before WOV

Treatment treatment Lreatment

250 260 1 0/190 /100 £/300
250 260 ig 4/100 47100 G/100
220 234 19 3/100 G700 /300
220 230 i 47100 47164 8/100
250 280 i Q/L00 07300 07100 O/ 100
256G 2ED ia G/300 47100 ] 0/10¢ 4/100
250 260 10 G100 G/300 as 108 0/100
250 260 it G/100 4/3900 a/:100 /300
250 260 1t B/3006 0/1949 /305 0/100
250 260 10 /%409 9/16¢ 07100 /LG50
250 ZEQ 14 G/LOG TALOG 0/109 T/1090
259 260 ic G/1060 T/100 07500 TALO0
250 265 15 0/100 0/100 /100 a/1.00
250 260 1o 0/108 a/100 6/30¢ B/1040
250 260 e D169 IG/100 /306 1073166
22¢ 230 10 0/108 Q7100 67100 G100
130 156 2 471066 0/100 [sFE Skl 471400
1%9 50 1 07100 a/100 0/106G 6/100
120 120 il 0/3100 G/1G0 07100 G/100
3480 390 14 0/1800 0/100 G/100 0/180
380 3480 18 9/109 4/1o0 6/180 (/160
380 399 16 G/LUG G/i80 9/1530 0/100
300 300 0 a/1¢0 G/100 G0 47100
250 260 it 07100 B3/L00 Q7104 86/100
250 264 H] 0/100 T100 /1090 20/108
250 280 Ah 4108 G/00EG A100 47160
250 280 kR 0/100 56/100 07106 40/100
2EG 280 30 G7100 407100 /100 AG/100
1548 170 240 8/1.00 5G/7100 $/180 E0/100
120 140 20 07100 ALA100 /000 BG/LOG
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THDUSTRIAL APPLICABILITY
[0167]

According to the present invention, there can be obtained
a positive—types photosensiltive resin compositicr} having
excéllen‘t storage stability, particularly excellent photo
sensitivity stability. In addition, by the positive~type
photosensitive resin compesition of the present invention,
there can be obtained a cured film having an excellent adhesion
property with a substrate after high-temperature heating
treatment at 350°C or higher or after heating treatment in the

alr.
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INDUSTRIAL APPLICABILITY (0167] According to the present invention, there can be obtained a
positive-type photosensitive resin composition having excellent storage stability, particularly excellent
photo sensitivity stability. In addition, by the positive-type photosensitive resin composition of the
“present invention, there can be obtained a cured film having an excellent adhesion property with a
substrate after high-temperature heating treatment at 350C or higher or after heating treatment in the
air. CLAIMS 1. A positive-type photosensitive resin composition which comprises (a) a polymer
having, as a main component, a structure repfégeiitéd by the following general formula (1) and/or a

polymer having, as a main component, a stru%tg[e regre,sented P%/ the foIIowégg%eonneral formula (2),

(b) a guinonediazide'comipdiftith: () & sitétie ROUPNAG agent having & stiucture représented by the
following genggallcfgrg})%gﬁ)se(g) %%”%ﬂg&%!{lg} agent having ap-epoxy:greupran axetanyl group, a

methacryloxy group, an abryloxy group, an amino group, an amide group or a mercapto group and
having an alkexysiyhgroup-and {e)a=sbdlugnt.{Ehemical Formuta 4} {OH)p(Ngl # CA-R1-CO-NH-R2 NH
i0) (COOR-3 )m (COOR4 (In the above general formula (1) , R1 and R2 each independen represent a
bi- to octavalendrgaric e Haing te of dre Carbon MBS R3 dhd R4-6a8hIndependently

rumber n e PGS ST 1010 100 000 ARG o4 deperURLy rerEbent arinteger of 010 2, and
p and q each independently sepresent A iniegen of 0:te-4, whese M §2:01) [Ghemical Formula 2]
structure represented by the following general formula (3y, {d}
a silane coupling agent having an epoxXy group, an oxaetanyl group,
a methacryloxy group, an acryloxy group, an amine group, an
amide group or a mercapto group and having an alkoxysilyl group

and {e) =a solvent.

{Chemical Formula 1]

(OH), (OH)q
CO—R'—CO-NH—R?*—NH )

n

(COOR®,  (COORY)
{In the above general formula (1), R* and R* each independently
represent a bi~ to octavalent organic group having two or more
carbon atoms. R and R* each independently representrhydrogen
or a monovalent organic group having 1 to 20 carbon atoms. n
represénts a number in the range of 10 to 100,000, 1 andm each
independently represent an integer of 0 to 2, and p and q each
independently represent an integer of 0 to 4, wherep + q > 0.3

[Chemical Formula 2]
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veN AA (1R7)r (Re) 00 C Il C Re(2) (In the above general formula (2), R5 represents a tetra-to
decavalent organic group and Re represents a bi- to octavalent organic group. R7 and Re represent a
phenolic hydroxyl group, a sulfonic acid group or a thiol group, and may each be a single group or a
combination of different groups. t represents a number in the range of 3 to 100,000. rands represent
an integer of 0 to 6.) [Chemical Formula 31  F(1 R9cR"

ﬁ 0
C C
N5
N RY (2)
c
|
O

{In the above general formula (2), R® represents -a tetra-
to decavalent organic group and R® represents a bi- to octavalent
organic group. z7 and R® represent a phenolic hydroxyl group,
a sulfonic acid group or a thiol group, and may sach be a single
group or a compination of different groups. L represents a
number in the range of 3 to 100,000, r and s represent an integer
of 0 to 6.7

[Chemical Formula 3]

‘ (3)

(In the above general formula (3}, R’ te R*' each independently
represent hydrogen or an alkyl group having 1 to 3 carbon atoms.

R1? +o R each independently represent an alkyl group having
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(3), Ri4 - (In the above general formula (3), R9 toR each independently represent hydrogen or an alkyl
group having 1 to 3 carbon atoms. R99 to R74 each independently represent an alkyl group haying 1
to 6 carbon atoms, an alkenyl group having 2 to 4 carbon atoms, a phenyl group, a substituted phenyl
group or an alkoxyl group having 1 to 6 carbon atoms, and at least one of RI2 to RI' is an alkoxyl group
having 1 to 6 carbon ato 2. The positive-type photosensitive resin composition according to claim
1, wherein (d) the silane coupling agent having an epoxy group, an oxetanyl group, a methacryloxy
group, an acryloxyfgreuparcaniife groapanansldesdréay of & mercaptegrous ditFhaving an

alkoxysilyl group comprises a silane coupling agent haying an epoxy group or an oxetanyl group and
having an alk8x§Siigreap-r aB.S"f}ﬁ%tpldéfﬁ\%?@%%nﬁ?ﬁ(o?osoéﬁsi%{:/egrrgsal#E%xrr\fgo%lrt%ﬁ according to

claim 1 or 2, wheteip the, positive:type photosensitive, resin.£ampesition gemprises 0,001 to 2 parts by
weight of (c) the silane coupling agent having a structure represented by general formula (3) based on
100 parts by weightief{a) thepalymerhayingtas @ maincomponent, a structure represented by
general formula (1) and/or polymer having, as a main component, a structure represented by general
formula (2). 4. The positive-type photosensitive resin composition according to any of claims 1 to
3, wherein the positive-type photqgsensiti\ée resi C%@&Onsﬂitg n ggmr%r;s__eps 9@%1 fo 30, parts by weight of
(d) the silane coupling aght HAVIHG Ah epoxy group, an oxetanyl group, a methacryloxy group, an
acrylcixy group, an. amino.groLp, 4R amide, graup or A mercapia greup angihavingsan alkoxysilyl group
based on 100 parts by weight of (a) the polym r having, as a main component, a structure represented
by general fomatlar(d k and/or pelymer, having eas@yiairrcomponentisgryloxy group,

an acryloxy group, an amino group, an amide group or a mercapto

group and having an alkoxysilyl group comprises a silane

coupling agent having an epoxy group or an oxetanyl group and

having an alkoxysilyl group.

3. The positive-type photosensitive resin composition
according to claim 1 or 2, wherein the positive-type
photosensitive resin composition comprises 0.001 to 2 parts by
weight of {c¢) the silane coupling agent having a structure
represented by general formula (3} based on 100 parts by weight
of {a) the polymer having, as & main component, a structure
represented by general fo?mula {1y and/or polymér having, as
a main component, a structure represented by general formula

(2.

4, The positive-type photosensitive resin composition

according to any of claims 1 to 3, wherein the positive-type
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structure represented by general formula (2). 5. The positive-type photosensitive resin
composition according to any of claims 1 to 4, wherein the positive-type photosensitive resin
composition comprises 100 to 4,000 parts by weight of (d) the silane coupling agent having an epoxy
group, an oxetanyl group, a methacryloxy group, an acryloxy group, an amino group, an amide group
or a mercapto group and having an alkoxysilyl group based on 100 parts by weight of (c) the silane
coupling agent having a structure represented by general formula (3). '

photosensitive resin composition comprises 0.01 to 30 parts by
weight of {d) the silane coupling agent having an epoxy group,
an oxetanyl group, & methacryloxy group, an acryloxy'group, an
amino group, an amide group Or a mercaplto group and having an
alkoxysilyl group based on 100 parts by welght of {a} the polymer
having, as a main component, a structure represented by general
formula (1} and/or polymer having, as a mailn component, a

structure represented by general formula (Z).

5. The positive-type photosensitive resin composition
according to any of claims 1 to 4, wherein the positive-type
photosensitive resin compositioﬁ compriées 100 to 4,000 parts
by weight of {d) the silane coupling agent having anepoxy group,
an oxetanyl group, a methacryloxy group, an acryloxy group, an
amino group, an amide group or a mercapto group and having an
alkoxysilyl group based on 100 parts by weight of (c) the silane
coupling agent having a structure represented by general

formula {(3).
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