DESCRIPTION
TITLE OF THE INVENTION: PHOTOSENSITIVE RESIN COMPOSITION,
METHOD FOR PRODUCING HEAT-RESISTANT RESIN FILM AND DISPLAY
DEVICE
TECHNICAL FIELD
[0001]

The present invention relates to a photosensitive resin
composition contdining a resin having a specific structure as
a main component. More specifically, the present invention
relates to a photosensitive resin composition sultable for
surface protection films and interlayer insulation films for
semiconductor devices, insulation films for organic
electroluminescence (hereinafter abbreviated as EL) devices,
planarizing films for the substrate of thin film transistors
{hereinafter abbreviated as TFT) to drive displaying devices
including organic EL devices, wiring-protecting insulation
films for circuit beards, on-chip microlens for solid imaging
devices, and planarizing film for varicus display and solid
imaging devices.

BACKGROUND ART
rooo2)

Polyimides are widely used for surface protection films,
interlayer.insulation films and planarizing films in
gsemiconductor devices, and so on. Recently, nolyimides have

been used for, for example, insulation films in corganic EL



devices, planarizing films in TFT substrates, and so on. 1In
these applications, Lhe substrates used have a very large size
as compared to these used in semiconductor devices, and
therefore, slit coating is generally employed to apply a resin
composition. The slit cecating technigue useseéslit nozzle for
coating, which unlike the conventional spin coating technique,
does not reguire the rotation of the substrate to ensure a
decreased consumption ¢f resin compositicns and improved safety
of the process, resulting in a wide use. In performing the slit
coating technique, the coating film discharged from the slit
nozzle contains a solvent in large amounts, and therefore, it
is commonliy followed by vacuum drying to remove the solvent
guickly after the coating step and subsequent heat drying using
a hot plate or the like.

[0003]

In the slit coating technique, the film thickness depends
on a discharge.rate from the slit nozzle and a solid content
in a resin composition to be coating liguid. Therefore, it is
necessary to increase the discharge rate or increase the solid
content in the resin composition for forming a thick film.
However, when the discharge rate is excessively large, the
liquid level swings during transportaticn of a substrate, so
that film thickness uniformity is deteriorated. On the other
hand, a resin composition including a polyimide or a polyvimide

precurscr has the problem that when the solid content in the



resin composition is increased, the viscosity becomes
excessively high.
[0004]

The viscosity of the resin composition can be reduced by
using a good solvent for the resin or a solvent having a low
viscosity in itself. The polyimide and polyimide precursor
have a rigid structure, and therefore often have low solubility
in various solvents. There have been proposed polyimides
having improved solubility in organic solvents (see, for
example, Patent Document 1) and polyimide precursors having
improved solubility in organic solvents (see, for example,
Patent Documents 2 and 3). However, even these resins have
insufficient solubility in organic solvents. Further, resin
compositions having a viscosity suitable for slit coating
cannot be obtained from these resins.

PRIOR ART DOCUMENTS
[0005]
PATENT DOCUMENTS

Patent Document 1: Japanese Patent Laid-open Publication
No. 2005-41936

Patent Document 2: Japanese Patent Laid-open Publication
No. 2011-42701

Patent Document 3: Japanese Patent Laid-open Publication
No. 2011-202059

SUMMARY



PROBLEMS TO BE SOLVED
[0006]

In view of the above-described problems, an object of the
embodiments disclosed herein is to provide a photosensitive resin
composition which contains a polyimide precursor having high
solubility in an organic solvent, has a low viscosity and hence
excellent coatability, thus ensures formation of a film with a
uniform thickness, and has high pattern processability.
SOLUTIONS TO THE PROBLEMS
[0007]

That is, the present disclosure provides a photosensitive
resin composition including: an aromatic amide resin (al) which
has an amide group, a trifluoromethyl group and an aromatic ring
and which is soluble in propylene glycol monomethyl ether acetate;
a photosensitive agent (b); and a solvent (c), wherein the
photosensitive resin composition has a solid content of 20% by
weight and a viscosity of 1 to 15 cp at 25°C; or a photosensitive
resin composition including: an aromatic amide resin (a2) which
has an amide group, an amide acid ester, a trifluoromethyl group
and an aromatic ring and which is soluble in propylene glycol
monomethyl ether acetate; a photosensitive agent (b); and a solvent
(¢), wherein the photosensitive resin composition has a solid
content of 20% by weight and a viscosity of 1 to 15 cp at 25°C;
or a photosensitive resin composition including: a resin (a) having

as a main repeating unit a



structure represented by the general formula (1); a
vhotosensitive agent (b); and a solvent (g).
[CO08B]
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[C009]

(in the general formula (1), different groups may exist as each
of R* to R’ in a plurality of repeating units; R is a tetravalent
organic group, where 95 to 100 mol% of R' in all the repeating
units is a group represented by the following formula {2); R?
is a divalent crganic group, where 50 to 29 mol% of R® in all
the repeating units is a group represented by the following
formula (3), and 1 to 50 mol% of R® in all the repeating units
is a group represented by the following formula (4}; R?
represents an organic group with a carbon number of 1 to 20;
and 1 and m each represent an integer of 0 to 2, where 1 + m
= 2.

[CO10]

[Chemical compound 2]



[0011]

(in the general formula (4), Z represents a hydroxyl group or
a methyl group, and p and g each represent 0 or 1).

[0011a]

In an aspect, there is provided a photosensitive resin
composition comprising: a resin (a) having as a main repeating
unit a structure represented by the general formula (1); a
photosensitive agent (b); and a solvent (c):
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wherein different groups may exist as each of R' to R® in a



plurality of repeating units; R' is a tetravalent organic group,
where 95 to 100 mol% of R' in all the repeating units is a group
represented by the following formula (2); R® is a divalent organic
group, where 50 to 99 mol% of R*> in all the repeating units is a
group represented by the following formula (3), and 1 to 50 mol%
of R® in all the repeating units is a group represented by the
following formula (4); R® represents an organic group with a carbon
number of 1 to 20; and 1 and m each represent an integer of 0 to
2, where 1 + m = 2; and
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wherein, Z represents a hydroxyl group or a methyl group, and p
and g each represent 0 or 1.
[0011Db]

The present disclosure also provides a method for producing
a heat-resistant resin film, the method including the steps of:
applying a photosensitive resin composition as defined above to
a substrate to form a photosensitive resin film; drying the

photosensitive resin film;

6a



exposing the dried photosensitive resin film; developing the
exposed photosensitive resin film; and subjecting the developed
photosensitive resin film to a heating treatment, wherein using
a coating apparatus fed with a photosensitive resin composition
other than the photosensitive resin composition as defined above,
the photosensitive resin composition as defined above is applied
to a substrate without cleaning the inside of a liquid feeding
passage of the coating apparatus.
[0011c]

In another aspect, there is provided a method for producing
a heat-resistant resin film, the method comprising the steps of:
applying a photosensitive resin composition as defined above to
a substrate to form a photosensitive resin film; drying the
photosensitive resin film; exposing the dried photosensitive resin
film; developing the exposed photosensitive resin film; and
subjecting the developed photosensitive resin film to a heating
treatment.
[0011d]

In another aspect, there is provided a method for producing
a heat-resistant resin film, the method comprising the steps of:
applying a photosensitive resin composition as defined above to
a substrate to form a photosensitive resin film; drying the
photosensitive resin film; exposing the dried photosensitive resin
film; developing the exposed photosensitive resin film; and

subjecting the developed photosensitive resin film to a heating
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treatment, wherein using a coating apparatus fed with a
photosensitive resin composition other than the photosensitive
resin composition as defined above, the photosensitive resin
composition as defined above is applied to a substrate without
cleaning the inside of a liquid feeding passage of the coating
apparatus.

[0011le]

In another aspect, there is provided a display device
comprising: a first electrode formed on a substrate; an insulation
layer formed on the first electrode so as to partially expose the
first electrode; and a second electrode provided so as to face the
first electrode, wherein the insulation layer is a heat-resistant
resin film obtained by the method for producing a heat-resistant
film as defined above.

[0011f]

In another aspect, there is provided a display device
comprising: a planarizing film provided so as to cover
irregularities on a substrate provided with a thin-£film transistor
(TFT); and a display element provided on the planarizing film,
wherein the planarizing film is a heat-resistant resin film
obtained by the method for producing a heat-resistant film as

defined above.
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EFFECTS
[0012]

According to the present disclosure, there can be
provided a photosensitive resin composition which contains a
polyimide precursor having high solubility in an organic
solvent, has a low viscosity and hence excellent coatability,
thus ensures formation of a film with a uniform thickness, and
has high pattern processability.

EMBODIMENTS OF THE INVENTION
[0013]

The photosensitive resin composition of the present
invention is a photosensitive resin composition including: an
aromatic amide resin (al) which has an amide group, a
trifluoromethyl group and an aromatic ring and which is soluble
in propylene glycol monomethyl ether acetate; a photosensitive
agent (b); and a solvent (c¢), wherein the photosensitive resin
composition has a solid content of 20% by weight and a viscosity
of 1 to 15 cp at 25°C; or a photosensitive resin composition
including: an aromatic amide resin (a2) which has an amide group,
an amide acid ester, a trifluoromethyl group and an aromatic
ring and which is soluble in propylene glycol monomethyl ether
acetate; a photosensitive agent (b); and a solvent (c), wherein
the photosensitive resin composition has a solid content of 20%
by weight and a viscosity of 1 to 15 cp at 25°C; or a

photosensitive resin composition including: a resin (a) having



as a main repesating unit a structure representedknfthe general
formula {1); a photosensitive agent (b); and a sclvent (c). The
components will be described in detail belcw, but the present
invention is not limited thereto.

[0014]

Resin (al), Resin {(aZ?) and Resin (a3)

One aspect of the photosensitive resin compositicn of the
present invention is a photosensitive resin composition
containing an aromatic amide regin {(al) which has an amide group,
a trifluoromethyl group and an aromatic ring and which is
soluble in propylene glycol monomethyl ether acetate.

[0015]

Another aspect of the photosensitive resin composition
of the pzésent invention is a photosensitive resin composition
contalining an aromatic amide resin (a2) which has an amide group,
an amide acid ester, a trifluoromethyl group and an aromatic
ring.and which is soluble in propylene glycol monomethyl ether
acetate.

[0016]

The amide group is an amide (CONH),.an amide (~CONHCOOH)
acidor ahydroxyamide (CCNHOH) . Apluralityof different amide
groups may be contained. The amide acid ester group is CONHCOOR
(R is an organic group).

[0017]

Examples of the aromatic amide resin include resins



having structures of polyhydroxyamide that can form a
polvbenzoxazole precursor, polyamino-amide, polvamide-imide,
a polyamide acld as a polyimide precursor, and a polyamide acid
ester, and resins having structures of polyhydroxyamide and a
polvamide acld ester are preferably used. Moﬁe preferably,
resins having a structural unit represented by the general
formula (1) are used.

(0018}

Still another aspect of the photosensitive resin
composition of the present invention is a photesensitive resin
composgition containing & resin having as a main repeating unit
a structure represented by the general formula (1). Different
groups may exist as each of R to strla_plurality of repeating
units, and since at least two kinds of R? are contained, the
resin (a2) is a cepolymer having two or more different repeating
units. Two or more resins having as a main repeating unit a
structure represented by the general formula (1) may be
contained.

[0019]

Hereinafter, the description.of the resin (a) may mean
the resin {al), the resin {aZ) and the resin {a).

[0C20]

The resin having as a main repeating unit a structure
represented by the general formula (1} is a polyimide precursor

which, when heated, undergces ring closure to form a polyimide



having excellent heat resistance and solvent resistance. The
polyimide precursor can bé obtained by reacting a
tetracarpboxylic acid and a derivative thereof {hereinafter
referred to as an acid component} as moncmer components with
a diamine ccmpound (hereinafter, referred to as a diamine
component) .

(0021]

[Chemical ceompound 3]
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[o0z22]

In the general formula (1}, different groups may sxist
as each of R' to R’ in a plurality of repeating units. R! is
a tetravalent organic group, where 95 to. 100 mol% of R in all
the repeating units is & group represented by the feollowing
formula (2). R’ is a divalent organic group, where 50 to 99
mol% of R® in all the repeating units is a group represented
by the following formula (3), and 1 to 50 mol% of R® in all the
repeating units iéa1group represented by the following formula
(4y. R° represents an organic grcup with a2 carbon number of -
1 to 20; and L and m each represents an integer of 0 to 2, where
1 + m= 2.

[0023]



[Chemical compound 4]
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[0024)

(in the general formula (4), Z represents a hydroxyl group or
a methyl group, and p and g each represent 0 or 1).

R' in the general formula (1) represents a greoup derived
from the acid component, and examples of the acid component in
which R' is a group represented by the formula (2) include
2,2-pbis(3,4~dicarboxyphenyl)hexafluoropropane and
2,2~bis(2,3—dicarbo$yph@nyl)hexafluoropropane.

[0025]

When R' has 95 mol% or more of a group represented by the
formula (2), sclubility in an organic solvent is improved, and
the viscosity of the resin composition can be reduced.
[00Z6] -

R' in the general formula {1) should be a tetravalent group
with a carbon number of 2 or more, which has %5 to 100 mol% of

a group represented by the formula (2), and when R' does not
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have as a remaining group a group represented by the formula
(2), it may have a group other than that of the formula (2) in
the first place. In this case, the group other than that of
the formula (2) is not particularly limited.

[0027]

Preferable examples of the acid ccomponent in this case
may include aromatic tetracarboxylic acids such as pyromellitic
acid, 3,3’,4,4"-biphenyl tetracarboxyliic acid,
2,3,3’,4’—bipﬁenyl tetracarboxylic acid, 2,2’,3,3’ -biphenyl
tetracarboxylic acid, 3,37 ,4,4" -benzophenone tetracarboxylic
acid, 2,2",3,3 -benzcephencone tetracarbexylic acid,
1,i-bis (3, 4-dicarboxyphenyl} ethane,
1,1-bis (2, 3~dicarboxyphenyl) ethane,
bis (3, 4-dicarboxyphenyl) methane, bis(2,3~dicarboxyphenyl)
methane, bis{3,4-dicarboxyphenyl) sulfone,
bis (3, 4~dicarboxyphenyl) ether, 1,2,5,6-naphthalens
tetracarboxylic acid, 2,3,6,7-naphthalene tetracarboxylic
acid, 2,3,5,6-pvridine tetracarboxylic acid and
3,4,9,10-perylene tetracarboxylic acid, and aliphatic
tetracarboxylic acids such as butane tetracarboxylic acid and
1,2,3,4-cyclopentane tetracarboxylic acid. |

When R deoes not have a group represented by the formula
(2}, the acid compeonent may be a dicarboxylic acid or a
tricarboxylic acid.

[0028]

12



Examples of dicarboxylic acid include terephthalic acid,
isophthalic acid, diphenyl ether dicarboxylic acid,
bis{carboxyphenyl) nhexafluoropropane, biphenyl dicarboxylic
acid, benzophenone dicarboxylic acid and triphenyl
dicarboxylic acid, and examples of tricarboxylic acid include
trimellitic acid, trimesic acid, diphenyl ether tricarboxylic
acid, and biphenyl tricarboxylic acld.

[0029]

Preferable examples of the acid component when R' does
anot have a group represented by the formula (2) include
tetracarboxylic acids containing a silicon atom such as
dimethylsilane diphthalic acid and 1,3-bis(phthalic
acid)tetramethyl disiloxane, and use thereof can serve Lo
increase the adhesiveness to the substrate and the resistance
to cxygen plasma used for cleaning and the like and to UV ozone
processing.

[GG30]

These acids may be used in their original form or in the
form of an anhydride or an active ester.
[0031]

R® in the general formula (1) represents a group derived
from The diamine component, and when R* has 50 mol% or more of
a group repregsented by the formula (3), the solubility of the
resulting resin in an agqueous alkali solution is kept in a proper

range, so that a photosensitive resin composition having high
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pattern processability can be obtained. The content of the
group represented by the formula (3) is preferably 55 mol% or
more, more preferably 60 mol% or more from the viewpoint of the
pattern processability of the prhotosensitive resin
composition.
(00321

When R® in the general formula (1) has 1 mol% or more,
preferably 5> mol% or more, more preferably 10 mol% or more of
a group represented by the general formula (4), solubility in
an organic solvent is impreved. The content of the group
represented by the general formula (4) 1s further preferably
15 mol% cr more, more preferably 20 mcl% or more. On the other

hand, when the content of the group represented by the general

5154

formula (4) is b0 mol% or less, seolubkility in an agueous alkali
solution:&spropezlykept. The content of the group represented
by the general formula (4) is preferably 45 mol% or less, more
preferably 40 moi% or less. When the content of the group

represented by the general formula (4) is more than 50 mol%,
the concentration of phenolic hydroxyl groups in the resin

increase, and therefore the solubility of the resulting resin
in an aqueous alkali solution becomes excessively high, so that
development film loss amount in the resulfing photosensitive
resin composition increases. An increase in development film

loss amount is not preferable because film thickness uniformity

in the surface is detericrated, and the development margin is

14



narrowed. Further, when the content of the group represented
by the general formula (4) is mere than 50 mel?, the imidization
ratic increases is not preferable because the permeabllity of
the film at an exposure waveiength is deteriorated, and the
sensitivity decreases. The sum cof the ratio at which R? in the
general formula (1) has a group represented by the formula (3)
and the ratio at which R® in the general formula (1) has a group
represented by the general formula (4) does not exceed 100 mol%.
(60337

Examples of the diamiﬂe component in which R? is a group
of the general formula (4) include
2,2-bis(3-aminc-4-hydroxyphenyl)hexafluoropropane,
2,2-bis(3-aminc-4-methylphenyl)hexaflucropropane and
2,2-bis{d-aminophenyl)hexafluoropropane. Among them,
2,2-bis(3-amino-4-hydroxvphenyl)hexafluoropropane is
especially preferable from the viewpcoint of the solubility of
the resulting resin in an agueous alkall solution.

[G034]

R? in the general formula (1) should be a divalent group
with a carbon number of 2 or more, which has 50 to 99 mol%,
preferably 50 to 90 moi% of a group represented by the formula
(3), and has 1 to 50 mol%, preferably 10 to 50 mol% of & group
represented by the general formula {(4), and other groups are
not particularly limited.

[C035]

15



Preferable examples of the diamine component that can be
used in combination include diemines containing silicon atoms
such as 1,3-bis{(2-aminopropyl)tetramethyldisiloxane and
1,3wbis(éwanilino)tétramethyl disiloxane, and use thereof can
serve To 1lncrease the adhesiveness to the substrate and the
resistance to oxvgen plasma used for cleaning and the like and
to UV ozone processing. Preferably, ﬁhese diamines containing
silicon atoms are used in an amount of I to 30 mol% of total
diamine components.

[0C3¢]

These diamine compounds may be used in thelr original form
or in the form of a corresponding diisocyanate compound or a
trimethyl silvlated diamine.

00371

In the general formula (1), R3representsEMlorganic<group
with a carbon number of 1 to 20. 1 and m each represent an
integer Qf 0 to 2, where L +m=2. mis preferably 1l or greater
from the viewpoint of the stability of a photosensitive resin
cemposition including the resulting resin, and moderate
solubility In an agqueous alkall solution.

[00381

It is preferable that the resin which is used in the
photosensitive resin composition of the present invention and
which has as a main repeating unit a structure represented by

the general formulia {1} has at least one end of the molecular
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chain capped with a moncamine or an acid anhydride. By using
an end capping agent, a photosensitive resin composition
including the resulting resin is easily adjusted to have a
proper viscosity. The end capping agent acts to suppress
hydrolysis of the resin by an acid end and to suppress
degradation of a quinone diazide compound as a photosensitive
agent by an amine end in a positive photosensitive resin
compositioﬁ.

[0039]

While the monoamine to be used in the end capping agent
is not particularly limited, a compound having a group
represented by the following general formula (5) is preferable.
_[OO@OJ
[{Chemical compound 5]

{Ffﬁ)r

(2. ®
JRASENTY

(A
[(0041]

In the general formula ($), R° represents a saturated
hydrocarbon group with a carbonnumber of 1 to 6, and r represents
Oor 1. AandBmaybe the same or different, and each represent
a hydroxyl group, a carbexyl group or a sulfonic acid group.
g and t each represent 0 or 1, where s+t 21 from the viewpolnt
of the sclubility of the resulting resin in an agueous alkali

solution.
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[0042]

Preferable examples of the moncamine having a group
represented by tLhe general formula (5H) may include
Z2-aminophenol, 3-aminophenol, Z-amino-m-cresol,
Z-amino-p-cresol, 3-amino-o-cresocl, 4-amino-o-crescl,
d—aminc-m-cresol, 5S5-amino-o-crescl, 6-amino-m-cresol,
4-amino-2,3-xylenol, 4-amino-3,5-xylenocl,
6-—amino-2,4-xylenol, Z-aminc-4-ethylphencl,
3~amino-4-ethylphencl, 2-amino-4-tert-butylphenol,
Z-amino-4-phenylphenol, 4-amino-~2, 6-diphenylphencl,
4~aminosalicylic acid, b-amincsaliilcyiic acid,
g-aminosalicylic acid, Z—aminobenzoic acid, 3-aminobenzoic
aclid, 4d-aminobenzolc acld, Z-amino-m—-toluene acid,
3~amino-o-tolusne acid, 3-amino-p-toluene acid,
d-amino-m~toluens acid, 6-amino-o-toluene acid,
g-amino-m~toluene acid, 3-aminobenzene sulfonic acid,
d-aminobenzene sulfonic acid and 4-aminotoluene-3-sulfonic
acid. They may be used alone, or used in combination with other
end capplng agents.

[0043]

The introduction ratio of the moncamine used as an end
capping agent is preferably 10 to 100 mol?, further preferably
40 to 80 mol% nased on 100 mol? of the tetracarboxylic acid as
a monomer component of the resin. When the introduction ratio

o

of the monoamine is 10 mol% or more, preferably 40 mol% or more,
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the solubility of the resulting resin in an organic solvent is
improved, and the viscosity ©f a photcsensitive resin
composition formed using the resulting resin can be properly
adjusted. The introduction ratio of the monocamine is
praferably 100 mel% or less, further preferably 80 mol% or less,
more preferably 70 mol%® or less from the viewpoint of the
solubility of the resulting resin in an aguecus alkall solution
and the mechanical strength of a cured film.

(00441

While the acld anhydride to be used in the end capping
agent is not particularly limited, an acid anhydride having a
cyclic structure or an acid anhydride having a crosslinkable
group 1s preferable from the viewpoint of the heat resistance
of the resulting resin. Examples thereof include pnthalic
anhydride, maleic anhydride, nadic anhydride,
cyclohexanedicarboxylic anhydride and 3-hydroxyphthalic
anhydride.

[C045]

The introduction ratioc of the acid anhydride used as an.
end capping agent 1s preferably 10 teo 100 mols, further
preferably 50 to 100 mol% based on 100 mol® of the diamine as
a monomer compenent of the resin. When the introduction ratio
of the acid anhydride is 10 mol% or more, preferably 50 mol%
or more, the solubility of the resulting resin in an crganic

solvent is improved, and the viscosity of a photeosensitive resin

19



composition formed using the resulting resin can be properly
adiusted. The introduction ratio of the acid anhydride 1is
preferably 100 mol% or less, more preferably 90 mol% or less
from the viewpoint of the scolubility of the resulting resin in
an agqueous alkali solution and the mechanical strength of a
cured film.

[0C46]

The end capping agent introduced in the resin canbe easily
detected by the following method. For example, a resin
containing an end capping agent is dissolved In an acidic
solution to decompoese the resin intc an amine component and an
acid component that are constituent units of the resin, and
these components are subjected to gas chromatography {(GC)} or
NMR spectroscopy, whereby the end capping agent can be easily
detected. Alternatively, a resin containing an end capping
agent is subijected to pyrelysis gas chromatography (PGC),
infrared spectroscopy, or “C-NMR spectroscopy directly,
whereby the end capping agent can be detected.

[0047]

Where n 1is a repetition number in the general formula (1)
in the resin (a) having as a main repeating unit a structure
represented by the general formula (1), n 1s preferably 5 to
100, especially preferably 10 to 70. When n is smaller than
5, the strength of the cured film of the resuliing resin may

decrease. On the other hand, when n exceeds 100, the solubility
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of the resulting resin inan erganic solvent may be deteriorated,
or the wiscosity of the resin composition formed may be
excessively high. The repetiticn number n in the present
inventicon canbe easilycalculated bymeasuring a weight average
molecular weight (Mw) by gel permeation chromatography (GPC)
in terms of polystyrene. Where M is a molecular weight of the
repeating unit, and Mw is a weight average molecular weight of
the resin, n equals Mw/M. The welght average molecular weight
(Mw) of the resin 1s preferakly in a range of 5,0001X>100,000,
more preferably in a range of 10,000 to 50,000.
(oG48

The resin having as a main repeating unit a structure
represented by the general formula (1) can be produced in
accordance with a known method for producing a polyamide acid
or a polyamide acid ester, and the methed is not particularly
limited. Examples thereof include a method in which a
tetracarboxylic dianhydride is reacted with a diamine compound
at a low temperature, and a method in which a diester is obtained
from a tetracarboexylic dianhydride and an alcohol, and the
diester is then reacted with a diamine compound in the presence
of a condensing agent. The end capping agent can be substituted
for a part of the diamine compound and the acid dianhydride,
and examples of the method theresof include a method in which
an end capping agent is added inparallel toaddition of adiamine

compound or a tetracarboxylic dianhydride, a method in which

21



a diamine compound is reacted with a tetracarboxylic
dianhydride, and an end capping agent is then added, and a methed
in which an end capping agent is reacted with a tetracarboxylic
dianhydride or a diamine compound, and the diamine compound or
- the tetracarboxylic dianhydride 1s then added. When the
introduction ratio of the end capping agent exceeds 50 mol%,
it is preferable that the end capping agent is reacted with a
tetracarboxylic dianhydride or a diamine compound, and the
diamine compound or the Tetracarboxylic dianhydride is then
added, because generation of cligomers such as dimers and
trimers is suppressed. Further, it is desirable that a polymer
obtained by the above-menticned method be put in a large amcunt
of water, a mixed ligquid of methanol/water or the like,
precipitated, separated cut by filtration, dried and isolated.
By this precipitation operation, unreacted monomers, and
oligomer components such as dimers and trimers are removed, SO
that film properties after heat curing are improved.
(00497

A method for producing a pelyimide precursor will be
described below as a preferable specific example.
[0050]

First, a tetracarboxylic dianhydride having an R' group
is dissolved in a polymerization selvent, a monoamine 1g added
to this sclution, and the mixture is stirred by a mechanical

stirrer. After elapse of a predetermined time, a diamine
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compound having an R? group is added, and further, the mixture
ig stirred for a predetermined time. The reaction temperature
is 0 to 100°C, preferably 20 to 50°C, and the reaction time is
0.5 to 50 hours, preferably 2 to 24 hours.

[0051]

The solvent to be used for the polymerization reaction
should be capable of dissolving an acid component and a diamine
component that are raw material monomers, and while the type
of the solvent is not particularly limited, a protic solvent
is preferable. 8pecific examples thereof may include amides
such as N,N-dimethyl formamide, N,N-dimethyl acetamide and
N-methyl-Z-pyrolidone; cyclic esters such as y-butyrolactone,
yv-valerolactone, d-valerolactone, v-caprolactone,
c-caprolactone and o-methyl-v-butyrolactone; carbonates such
ag ethvlene carbonate and propylene carbonate; glycols such as
propylene glycel monomethyl ether, diethylene glycol dimethyl
ether, diethyiene glycol diethyl ether, diethylene glycoi.
ethylmethyl ether and triethylene glycol; phenols such as
m-cresol and p-cresol; acetophenone;
1,3-dimethyl-Z~imidazclidinone; sulfclane; and dimethyl
sulfoxide. The amount of the polymerizatiocn solvent used is
preferabiy’lOO Lo 1900 parts by welght, more preferably 150 to
950 parts by weight based on 100 parts by weight of the resulting
resin.

[0052]
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The resin (a) having as a main component a structure
represented by the general formula (1} in the present invention
is preferably a resin that is dissolved in propylene glycol
monomethyl ether acetate in a concentration of 30% by welght
or more. The resin that is dissolved in propylene glycol
monomethyl ether acetate in a concentration of 30% by weight
or more has high solubility in an organic solvent, the
opticnality of solvents is improved when a photosensitive resin
composition is formed from the resin.

[0053]

When 30% by weight of the resin (a) having as a main
repeating unit a structure represented by the general formula
{1) in the present inventicn is dissolved in propylene glycol
monomethyl ether acetate, the viscosity of the solution at 25°C
is preferably 150 mPa°s cor less. DBy using a resin that forms
a soluticn having a viscosity of 150 mPa*s or less, a low
viscosity suitable for slit coating can be maintained even when
the solid content of the photosensitive resin composition is
increased, and film thickness uniformity can be improved in
formation of a thick film by slit coating.

[0054]

The photosensitive resin composition of the present
invention may contain an alkali-soluble resin other than the
resin {a) having as a main repeating unit a structure

represented by the general formula (1). The alkali-soluble
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resin refers to a resin having an acidic group scluble in an
alkali, and specific examples thereof include
radical-polymerizable polymers having acrylic acid,
phenol—novolac:resins,polyhydro%ystyreneseﬁuipolysiloxanes.
The alkali-solublility may be adjusted by protecting the acidic
groups in these resins. These resins are soluble in aqueous
alkali solutions of choline, triethyl amine, dimethyl
aminopyridine, monoethanol amine, diethyl aminocethanol,
sodimnhydroxide,potassiumhydroxide,sodiumcarbonateandthe
1ike, as well as tetramethyl ammonium,hydroxiae. Two or more
of these resins may contained, but theilr content is preferably
50 wt% or less of the total quantity of all resins including
the component (a).

[0055]

Photosensitive Agent (b)

The photosensitive resin composition of the present
invention contains a photosensitive agent {(b). The
photésensitive agent may be a combination of a photoacid
generating agent (b-1), photopolymerization initiater (b-Z)
and a compound with two or more ethylenically unsaturated bonds
(b-3}. The inclusion of the photoacid generating agent (b-1)
works to produce an acid in the irradiated portion so that the
irradiated portion increases in solubility in an aguecus alkall
solution, allowing a positive relief pattern to be formed after

dissclution of the irradiated portion. The inclusion of an
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epoxy compound or a thermal crosslinking agent as described
later along with the photoacid generating ageﬁt (b~1) allcows
the acid formed in the irradiated portion to serve for promotion
of the crosslinked reaction of the epcxy compound and the
thermal crosslinking agent, leading to formation of a negative
type relief pattern as a result of insolubilization of the
irradiated portion. The inclusion of a photopolymerization
initiator {(b-2) and a compound with two or more ethylenically
unsaturated bonds (b~-3) allcows the active radicals formed in
the irradiated portion to serve for promotion of radical
volymerization of ethyvlenically unsaturated bonds, leading to
formation of a negative type rellef pattern as a result of
inscolubilization of the irradiated portion. The
photosensitive resin composition according to the present
invention preferably contains a photcacid generating agent
(b=1) as the photosensitive agent (b) and has positive
phot@sensitivity. ‘Pogitive photosensitive resin compositions
easily form & pattern of a forward tapered shape when calcined
after fine pétterning in the exposure and development steps.
When the resulting resin is used as insulation filmin an organic
EL device, such a patiern of a forward tapered shape serves to
provide a good cover for the upper electrode and prevent
disconnection, allowing the device to have an increased
reliability.

[00326]
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Examples of the photoacid generating agent (b-1} include
quinone diazide compounds, sulfonium salts, phosphonium salts,
diazonium salits and iodoﬁium salts,

[0057]

Examples of the quinone diazide compound include
polyhydroxy compounds bonded to sulfonic acid of quinone
diazide throggh ester linkage, polyvaminoc compounds bonded to
sulfonic acid of gquinone diazide through sulfonamide Iinkage,
and polyhydroxypolyamine compounds bonded to sulfonic acid of
qguinone diazide through ester linkage and/or sulfonamide
linkage. It ispreferablethat b0mel% ormore of the functional
groups in the polyhydroxy compounds and polyamino compounds are
substituted by guinone diazide. It is also preferable that two
or more photoacid generating agent (b-1) are contained to
provide a photosensitive resin composition with high
sensitivity.

[0058]

For the guinone diazide for the present invention, both
5-naphthogquinone diazide sulfonyl group and 4-naphthoguinone
diazide sulfonyl group are preferréd. A 4d-naphthoguinone
diazide sulfonyl ester compound absorbs light in the i-line
range of mercury lamps, and therefore, it is suitable for i-line
exposure. A S-naphthoqguinone diazide sulfonyl ester compound
absorbs light in a regicn including the g-line of mercury lamps,

and therefore, it is suitable for g-line exposure. For the
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present invention, it is preferable to select either a
4-naphthoguincone diazide sulfonyl ester compound or a
S-naphthoguincne diazide sulfonyl ester compound depending on
the wavelength of the light used for exposure. The agent may
contain a naphthcoquinone diazlide sulfonyl ester compound
comprising both a 4-naphthoguinone diazide sulfonyl group and
a S5-naphthoguinone diazide sulfonyl group in one molecule, ox
may contain both a 4-naphthoguinone diazide sulfonyl ester
compound and a b-naphthoguinone diazide sulfonyl ester
compound.

[0059]

Among the examples of the photoacid-generating agent
(b-1), the sulfonium salt, phosphonium salt, and diazonium salt
are preferable because they can stabilize moderately the acid
component produced by light exposure. The sulfonium salt is
particularly preferable. In addition, a sensitizaticn agent
and the like may also be contained as necessary.

0060}

Examples of the photopolymerization initiator (b-2)
include diethoxy acetophenone, Z2-hydroxy-2-methyl-1l-phenyl
propane-l-one, benzyl dimethyl ketal, 1-{(4-iscpropyl
phenyl) -2-hydroxy-2-methyl propane-l-one,
4—-(2-hydroxyethoxy) phenyl- (Z-hydroxy-2-propyl) ketone,
l-hydroxycyclohexyi-phenyl ketone,

1-phenyl-1, 2-propanedione-2- (o-ethoxycarbonyl) oxime,
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2-methyi-[4-(methyl thio) phenylj-2-morpholinopropane-l-one,
Z-benzyl-2-dimethyl aminc-1-(4-morpholincophenyl)-butanone-1,
benzoin, benzoin methyl ether, benzoin ethyl ether, benzoin
isopropyl ether, benzoin isobutyl ether, benzophenone, methyl
o-penzoylbenzoate, 4-phenyl benzophenone,
4,4~-dichloxchenzophenone, hydrcexzybenzophenone,
4-benzoyl=-4'-methyl-diphenyl sulfide, alkylated benzophenone,
3,37,4,4' ~tetral{t~butylperoxy carbonyl) benzophencne,
d-henzoyl-N,N-dimethyl-N-[Z2-{l-oxo-Z2-propenyloxy)
ethyl]lbenzene methenaminium bromide, (4-bkenzoyl benzyl)
trimethyl-ammonium chloride, Z-hydroxy-3-(4-benzoyl
phenoxy)-N,N,N-trimethyl~l-propene~aminium chloride
monchydrate, 2-isopropyl thioxanthone, 2,4-dimethyl
thioxanthone, 2, 4-diethyl thioxanthone,
2,4—-dichlorothioxanthone,

2-hydroxy-3—-(3, 4-dimethyl~9-oxo-9H-thioxanthene-2-yloxy) -N,
N,N-trimethyl-l-propanaminium chloride,
2,4,6~trimethyl-benzoyl-phenyl-phesphine oxide,
1,2-octanedione-1-[4- (phenyl thio)~2- (O-benzoyloxime)],
ethanone, I-{9%-ethyi-6-{Z-methyl
benzoyl)~%H-carbazole-3-yl]l~, 1-{0-acetyl oxime),

2,2’ ~bis{o-chlcrophenyl)-4,5,4",5 -tetraphenyl-1,2-bi-imida
zole, 10-butyl-2-chliorcacridone, Z-ethyl anthraguinone,
benzyl, 9,10-phenanthrene gquinecne, camphor guinone,

methyl-phenyl-glyoxylic ester,
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nS-cyclopentadienyl-né-cumenyl-iron {1+) -hexaflucrophosphate
(1-}, diphenyl sulfide derivatives,
bis(nb-2,4-cycliopentadiene-1-yl)-bis (2, 6-difluocro-3-(1H-pyr
role-l-yl)-phenyl) titanium, 4,4-bls{(dimethyl amingc)
benzophenone, 4,4-bis(diethyl amino) benzophenone,
thioxanthone, Z2-methvl thiocxanthone, Z-chlorothioxanthone,
d-benzoyl-4-methyl phenyl ketone, dibenzyl ketone, fluorenone,
2,3~diethoxy acetophenone, 2,2-dimethoxy-Z-phenyl-2-phenyl
acetophenone, Z-hydroxy-Z-methyl propicphenone, p-t-butyl
dichlorcacetophenone, benzyl methoxy ethyl acetal,
anthraguinone, 2-t-butyl anthragulinone, 2-amincanthraquinone,
B-chloroanthraquinone, anthrone, benzanthrone,
dibenz-suberone, methylene anthrone, d-azidobenzal
acetophenone, 2,6~pkis(p~azidobenzylidene) cyclohexane,
2,6-bis{p-azidobenzylidene)-4-methyl cyclchexanone,
2-phenyl-1, 2-butadicne-2Z-(o-methoxycarbonyl) oxime,

1, 3-diphenv] propanetriocne-2- (o-ethoxycarbonyl) oxime,
naphthalene sulfonyl chloride, guinoline sulfonyl chloride,
N-phenyl thicacridone, 4,4-azobisisobutyronitrile,
benz-thiazole disulfide, triphenyl phosphine, carbon
tetrabromide, tribromophenyl sulfone, benzoyl peroxide, and
combinations of a photoreducing pigment such as ecsin and
methyvlene blue and a reducing agent such as ascorbic acid and
triathanol amine. Two or more thereof may bs contailned.

[0061]
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Examples of the compound with two c¢r more ethylenically
unsaturated bonds (b-3) may include acrylic monomers such as
ethylene glycol diacrylate, diethylene glycol diacrylate,
triethylene glyccl diacrylate, tTetraethylene glycol
diacrylate, ethylene glycol dimethacrylate, diethylene glycol
dimethacrylate, triethylene glycol dimethacrylate,
tetraethylene glycol dimethacrylate, ethylene oxide-modified
bisphencl A diacrvlate, ethylene oxide-modified bisphencl A
dimethacrylate, tCrimethylolpropane diacrylate,
trimethylcelpropane triacrylate, trimethylolpropane
dimethacrylate, trimethylolpropane trimethacrylate,
1,3-diisopropenylbenzene, 1,3-butanedicl diacrylate,
1,3-butanadiocl dimethacrylate, neo@entyl glyvecol diacrylate,
1,4-butanedicl diacrvlate, 1,4-butanediol dimethacrylate,
1,6-hexanediol diacrylate, 1,&~hexanedicl dimethacrylate,
1, %-nonanedicol dimethacrylate, l,lOmdecanediol
dimethacrylate, dimethylol-tricyclodecane diacrylate,
pentaerythritol triacrylate, pentaervythritel tetraacrylate,
pentaerythritol trimethacrylate, pentaerythritol
tetramethacrylate, dipentaerythritol hexaacrylate,
dipentaerythritol hexamethacrylate,

1, 3~acryioyloxy-2~hydroxypropane,
1,3-dimethacryloylioxy-Z~hydroxypropane, methylene
bisacrylamide, glycerin dimethacrylate, tripropylene glycol

dimethacrylate, glycerin triacrylate, ethoxylated
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pentaerythritol tetraacrylate and ethoxylated isocyanuric
acid triacrylate. Two ér more thereof may be contailned.
[0062]

In the present invention, the content of the
photqsensitive agent {b) is preferably (.05 to 50 parts by
weight based on 100 parts by weight of the resin of the component
{a). The content of the photeoacid generating agent (b-1) 1is
preferably (.01 to 50 parts by weight based on 100 parts by weight
of the resin of the component (a) for increasing the sensitivity.
Among them, the guinone diazide compound preferably accounts
for 3 to 40 parts by weight. The total content of the sulfonium
salt, phosphonigﬁtsalt and diazonium salt is preferably 0.5 to
20 parts by welght. The content of the photopolvmerization
initiator (b-2} is preferably 0.1 tc 20 parts by weight based
on 100 parts by weight of the resin of the component (a}. When
the content of the photopolymerizaticon initiator (b-Z) is 0.1
part by weight or more, an adeguate number of radicals are formed
by 1ight irradiation to improve the sensitivity. When the
content of the photopolymerization initiator (b-2) is 20 parts
by Weight or less, curing in unirradiated portions due to
excessive radical formation does not takeplace and the alkaline
developer works effectively. The content of the compound with
two<mrmoreethylenicallyunsaturatedbonds(b—S)ispreferably
5 to 50 parts by weight based on 100 parts by weight of the resin

of the component (a).
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[0063]

For solubility adjustment and the like, a compound
containing only one ethylenically unsaturated bond may be
Ccontained in an amount of 1 to 50 parts by weight based on 100
parts by weight of the resin of the component (a}. Examples
of the above-menticned compound may include acrylate,
methacrylate, methyl acrylate, methyl methacrylate, butyl
acrylate, butyl methacrylate, isobutyl acrylate, hexyl
acrylate, iscoctyl acrylate, isobornyl acrylate, iscbornyl
methacrylate, cyclohexyl methacrylate, hydroxyethyl acrylate,
hydroxyethyl methacrylate, N,N-dimethylamincethyl acrylate,
N, N-dimethylaminoethyl methacrylate, N,N-dimethyl acrylamide,
N,N-dimethyl methacrvlamide, N,N-dimethylaminopropyl
acrylamide, N,N-dimethylaminopropyl methacrylamide, acryloyl
morpholine, Z-hydroxyethyl methacrylate, Z-hydroxyethyl
acrylate, l-hydroxypropyl methacrylate, l~hydroxypropyl
acrylate, Z-hydroxypropyl methacrylate, Z-hydrozypropyl
acrylate, 3-hydroxypropyl methacrylate, 3-hydroxypropyl
acrylate, l-hydroxy-l-methylethyl methacrylate,
l-hydroxy-1l-methylethyl acrylate, Z-hydroxy-l-methylethyl
methacrylate, Z-hydroxy-l-methylethyl acrylate,
i-hvdroxvbutyl methacrylate, l-hydroxybutyl acrylate,
Z2-hydroxybutyl methacrvlate, Z-hydroxybutyl acrylate,
3-hydroxybutyl methacrylate, 3-hydroxybutyl acrylate,

4-hydroxybutyl methacrylate, 4d-hydroxybutyl acrylate,
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l~hydroxy~1l-methylpropyl methacrylate,
l-hydroxy~1l-methylpropyl acrvlate, Z-hydroxy-l-methvipropyl
methacrylate, Z2-hydroxy-l-methylpropyl acrvlate,
l-hydroxy-2-methylpropyi methacrylate,
l-nhydroxy-2-methyipropyl acrylate, Z-hydroxy-Z-methylpropyl
methacrylate, Z-hydroxy-Z-methylpropyl acrylate,
2-hydroxy-1, 1-dimethylethyl methacrylate,

2-nydroxy-1, l-dimethylethyl acrylate, 1,2-dihydroxypropyl
methacrylate, 1,2-dihydroxypropyl acrylate,
2,3-dihvdroxypropyl methacrylate, 2, 3-dihvdroxypropyl
acrylate, 2,3-dihydroxybutyl methacrylate,

2, 3-dihydroxybutyl acryvlate, styrene, c«-methylstyrene,
3-methylstyrene, 4-methylstyrene, Z-vinylnaphthalene,
p-hydroxystyrene, p-isopropenylphenocl, phenethyl
methacrylate, phenethyl acrylate, N-methylol acrylamide,
N-methvlol methacrylamide, 2,2,6,6-tetramethylipiperidinyl
methacrylate, 2,2,6,6-Tetramethylpiperidinyl acrylate,
N-methyl-2,2,6, 6-tetramethylpiperidinyl methacrylate,
N-methyl-2,2,6,6-tetramethylpiperidinyl acrylate,
N-vinvlpyrrolidone, HW-vinylcaprolactam, crotonic acid,
d-pentenoic acid, 5-hexenoic acid, 6-heptencic acid,
T-octenolc acic, B-nonancic acid, 9-decanolic acid,
10-undecylenic acid, brassidic acid, ricinoleic acid,
2—-{methacryloyloxy)ethyl isccyanate and 2~ (acryloyloxy)ethyl

lsocyanate.
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[0064]

Soivent {c)

The photosensitive resin compoéition of the present
invention contains a solvent {c). Examples of the sclvent
include ethers such as ethylene glycol monomethyl ether,
ethylene glycol monoethyl ether, propylene glycol monomethyl
ether, propylene glycel monoethyl ether, diethylene glycol
dimethyl ether and diethylene glycol ethylmethyl ether; esters
such as ethylene glycol monomethyl ether acetate, propylene
glycol monomethyl ether acetate, ethyl acetate, butyl acetate,
methyl lactate, ethyl lactate and butyl lactate; alcohols such
as ethanol, isopropanol, butanol, pentanol,
3-methyl-2-butancl and 3-methyl-3-methoxybutancl; ketones
such as methyl ethyl ketone, methyl isobutyl ketone, methyl amyl
ketone, diiscbutyl ketone, cyclepentanone and diacetone
alcohel; polar aprotic seoivents such as N-methyl-Z2-pyrrolidone,
v-butyvrolactone, N,N-dimethylformamide,
N,N-dimethylacetamide, dimethyl sulfoxide and
1,3-dimethyl-2-imidazolidinone; and aromatic hydrocarbons
such as tcluene and xylene. Twocwfmorethereofﬁﬁykmacontained.
The content of the solvent (¢} is preferably 50 parts by weight
or more, more preferably 100 parts by welght or more, and
preferably 2000 parts by welght or less, more preferably 1500
parts by welght or less based on 100 parts by weight of the resin

of the component {(aj.
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[00e5]

The photosensitive resin composition of the present
invention may contain components other than the components (a)
to (¢}, andpreferably contain a thermal crosslinking agent (d).
Examples of the thermal crosslinking agent inciude alkoxymethyl
group or methyiol group~contalning compounds (d-1) and epoxy
group or oxetanyl group-containing compounds (d-2). Two or
more therecf may be contained. The thermal crossliinking agent
of the component (d) can improve chemical resistance of the
cured film by undergoing a crosslinking reaction with the resin
of the component (a} when heated.

[o0ee]

The alkoxzymethyl group or methylol group-containing
compound (d-1) is preferably a compound represented by the
general formgla {6), or a compound having a group represented
by the general formula (7), and theymay be used in combination.
[0067]

{Chemical.compound G]

/ ; 5,
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[0068]

In the general formula (6}, R represents a direct bond
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or a monovalent to tetravalent linking group. R’ represents
a monovalent organic group with a carbon number of 1 te 20, Ci,
Br, I ocr F. The monovalent organic grocup with a carbon number
of 1 to 20 is preferably a monocvalent hydrocarbon group with
a carbon number of 1 to 6, such as amethyl group, an ethyl group,
a propyl group, a butyl group, a pentyl group, a hexvyl group,
a cyclopentyl group or a cyclchexyl group. RY and R® each
represent CH.O0R'" (RY is a hvdrogen atom or a monovalent
hydrocarben group with a carbon number of 1 to 6). R!Y
represents a hydrogen atom, a methyl grcup or an ethyl group.
h represents an integer of 0 to 2, and 1 represents an integer
of 1to4. Wheniis2tod, R's toR'smaybe the same or different,

respectively, but when one benzene ring has two R's, the R's

are the same. Exampies of the coupling group R are shown below.
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[0070]

In the above formula, R* to R® each represent a hydrogen

atom, a monovalent organic group with a carbon number of 1 to

20, C1, Br, I or F. The monovalent organic group with a carbon

number of 1 to 20 is preferakly a methyl group, an ethyl groug,
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a propyl group, a butyl group, a pentyl group, a hexyl group,
a cyclopentyl group, a cyclohexyl group, a benzyl group or a
naphthyl group or the like.

(o071

~N{CH0RY) 5 (H) y (7)

In the general formula {7), R** represents a hydrogen atom,
or a monovalent hydrocarbon group with a carbon number of 1 to
6. 7 represents 1l or 2, and k represents 0 or 1, Here, 7 + Kk
egquals 1 or 2.

[co727]

In the general formula (&), R® and R® sach represaent a
thermal cross linkable group CH,0R' (RY is a hydrogen atom or
a monovalent hydrocarbon group with a carbon number of 1 to 6).
Tomaintalnmoderate reactivity andexcellent storage stablility,
't is preferably a monovalent hydrocarbon group with a carbon
number of 1 to 4. In the photosensitive resin composition
containing a photoacid generating agent, R' is more preferably
a methyvl group or an ethyl group.

[0073]

The number of functional groups of thermal crosslinkable
groups per molecule in the compound represented by the general
formula (&) is 2 to 8. For increasing the crosslinking density
to improve mechanical properties, the number of functional
groups is preferably 4 or larger. On the other hand, when the

number of functional groups exceeds 8, 1t is difficult to cbtain
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the compound with high purity, and the stability of the compound
itself and the storage stability of the resin composition are
detericrated.

[0C74]

The purity of the compound represented by the general
formula (6) is preferably 75% or more, more preferably 85% or
more. When the purity is 85% or more, the crosslinking agent
has excellent storage stability, and the crosslinking reaction
can be carried out satisfactorily. Further, the number of
unreacted groups that act as water absorbing groups can be
decreased, so that the water abscorbency of the resin composition
can be reduced. Examples of the method for obtaining a thermal
crosslinking agent with high purity include recrystallization
and distillaticn. The purity of a thermal crosslinking agent
can be determined by iiguid chromatography.

[G075]
Preferable examples of the compound represented by the

general formula {(6) are shown below.
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[0076]

[Chemical compound 8]
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[0077]

[Chemical compound 9]
OCHy OH  0CH,
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[0078]

In the general formula (7), RY¥ is a hydrogen atom or a
hydrocarbon group with a carbon number of 1 Lo 6, and is
preferably a monovalent hydrocarbon group with a carbon number
of 1 to 4. From the viewpoint of stability of the compound and
storage stability of the resin composition, RY is preferably
a methyl group or an ethyl group, and the number of (CH,0RM)
groups contained in the compound is preferzably 8 or less in a
photosensitive resin composition containing a pheotoacid
generating agent.

[0079]

Preferable examples of the thermal crosslinking agent

having a group represented by the general formula {(7) are shown

below.
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[0080]

[Chemical compound 107

O
s
A
o%ﬁ“gi_zgg:s Ha(ZOHgC—N;i(N-CHZOCHS H,COH,C—N"N-CH,OCH,
N~ CHOCH; H,CO OCH,; H,COH,C X ~CH,0CH,
O

H
o N"CHOCH,CH;
E—CHQOCHQCH:@

0
H,CH,COH,C—N"N-CH,OCH,CH,
HCH,COH,C—N, - CH,OGH,CH;

o)
H,COH,C-NH
R
HchHzc;N’l\\N’LN-CHgocHg
H,COH,C *CH,OCH:;
10081]

H3CH2COHZC“I\§:N-CHQOCH2CH3
H,CH,CO OCH,CH,

H3COH,C~N-CH,OCH,
NN
HyCOH,Coy S~ -CH,OCH;

H,COH,C "CH,OCH;

H,CH,COH,C - N-CH,OCH,CH,

N
HiCH,COH C.y Asy AN -CH,0CH,CH,
H;CH,COH,C CH,0CH,CH,

The epoxy group or oxetanyl group-containing compound

{d-2) is preferably a compound containing two or mcre epoxy
groups or oxetanyl groups per melecule from the viewpolnt of
the chemical resistance and heat resistance of the resulting
cured film. Examples of the compound having two epoxy groups
per molecule include “EPIKCTE” 807, “EPIKCTE” §28, “EPFIKOTE”
1002, “EPIKOTE” 1750, “"EPIKOTE” 1007, YX8100-BH30, E12b6, E4250
and B4275 {trade names, manufactured by Japan Epoxy Resins Co.,
Ltd.); “EPILCLON" EXA-4880, “EPICLON” EXA-4822, “EPICLON”

EXA-9583 and HP 4032 (trade names, manufactured by DIC
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Corporation); “EPOLIGHT” 40E, “EPCOLIGHT” 100E, “EPOLIGHT” 200E,
“EPQOLIGHT” 400E, “EPOLIGHT” 70P, “EPOLIGHT"” 200P, “EPOLIGHT”
400p, “EPOLIGHT” 1500NP, “EPOLIGHT” 80 MF, “EPOLIGHT” 400C and
“EPOLIGHT” 3002 (trade names, manufacturedby Kyoeisha Chemical
Co., Ltd.); “DENACOL” EX-212L, “DENACOL” ¥X-214I,, “DENACOL”
EX-216L, “DENACOL" EX-252 and “DENACOL” EX-850L {trade names,
manufactured by Nagase ChemteX Corporation); GAN and GOT (trade
names, manufactured by Nippon Kayakua Co., Ltd.}; “CELLOXIDE”
2021P {trade name, manufactured by Daicel Corporation); and
“RIKARESIN” DME~100 and “RIKABRESIN” BEO-60F (frade names,
manufactured by New Japan Chemical Co., Ltd.).

[0082]

Examples of the compound having three or more epoxy groups
include VG 3101L {trade name, manufactured by Printec
Corporation); “TEPIC” 5, “TEPIC” G and “TEPIC” P (trade names,
manufactured by Nissan Chemical Industries, Limited);
“EPICLON” N&660, “EPICLON” N&95 and HP 7200 {trade names,
manufacturedby RIC Corporation); “DENACOLY EX-321L (trade name,
manufactured by Nagase ChemteX Corporation); NC 6000, EPPN 502ZH
and NC 3000 {(trade names, manufactured by Nippon Kayaku Co.,
Ltd.); “EPOTOTE” YH-424L (trade name, manufactured by Tohto
Kasel Co., Ltd.); and EHPE~3150 (trade name, manufactured by
Daicel Corporaticn), and examples of the compound having twc
or more oxetanyl groups include OXT-121, OCXT-221, O0X-5Q-H,

OXT-191, PNOX-1009 and RSCX (trade names, manufactured by
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Toagosel Company, Limited); and “ETERNACOLL” OXBP and
“ETERNACOLL” OXTE (ftrade names, manufactured by Ube Industries,
Ltd.). The present inventlon is not limited thereto.

roogz]

The content of the thermal crosslinking agent of the
component {(d) is preferably 5 parts by welight or more, more
preferably 10 parts by weight ormore basedon 100 parts by weight
of the resin of the component (a). ‘When the content of the
thermal crosslinking agent is 5 parts by weight or more,
crosslinking density of the cured film 1s increased, so that
chemical resistance is improved. Further, when the content of
the thermal crosslinking agent is 10 parts by weight or more,
chemical resistance 1s improved, and higher mechanical
properties are cbhtained. On the other hand, the conﬁ@nt of the
thermal crosslinking agent is preferabkly 50 parts by weight or
less, more preferably 40 parts by welight or less, further
preferably 30 parts by welght or less from the viewpoint of the
storage stability and mechanical strength of the composition.
When two or more components {(a) or components (d) are contained,
the total content thereof is preferabkly in the above-described
range.

The photosensitive resin composition of the present
invention may contain a compound having a phenclic hydroxyl
group (). When a compound having a phenclic hydroxyl group

is contained, the solubility of the resulting photosensitive
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resin composition in an agueous alkali soiution 1s improved,
so that the sensitivity can be increased.
[0084]

Examples of the compound having a phenolic hydroxyl group
(e) inciude BisP-AF, BisP-AP, BisP-BA, Bis-7, Ph~CC-AP, HDP-244,
Bis0OC-7%, BisOPP-%Z, BisP-CP, BisZ6X-Z, BisOTBP-Z, BisCCHP-Z,
BisOCR-CP, BisP-MZ, BisP-EZ, BisZ6X-CP, BigP~-PZ, BiSP“IPZ,
BisCR-IPZ, BisCCP~IPZ, BisCIPP-CP, Bisz26X-1PZ, BisCOTRP-CP,
TekP-4HBPA (tetrakis P-DO-BPA), TrisP-HAP, TrisP-PA,
TrisP-PHBA, TrisP-SA, TrisOCR-PA, BigOFP-Z, BisRS-2P,
BisPG-26¥, BisRS-3P, BisOC~QCHP, BisPC-OCHP, BisZ5X-0OCHP,
BisZ6X-0OCHP, BisOCHP-QC, BisZ36T~QCHP, methylenetris-FR-CR,
BisRS-26X% and BisRS-OCHP (trade names, manufactured by Henshu
Chemical Industry Co., Ltd.), BIR-0C, BIP-PC, BIR-PC, BIR-PTBP,
BIR-PCHP, BIP-BIOC-F, 4PC, BIR-BIPC-¥ and TEP-BIP-A (trade
names, manufactured by Asahi Organic Chemicals Industry Co.,
Ltd.), 4,4’—su1fbnyldiphenol, bisphencl ¥, 1,4-dihydroxy
naphthalene, 1,5~dihydrcxy naphthalenre, 1,6-dihydroxy
na?hthalene, 1, 7-dihydroxy naphthalene, 2,3-dihydroxy
naphthalene, 2,6-dihydroxy naphthalene, Z,7-dihydroxy
naphthalene, 2, 4-dihydroxy quinoline, 2, 6-dihydroxy quinoline,
?,3-dihydroxy guinoxaline, anthracene-1,2,10-triocl,
anthracene~-1,8, %-tricl and 8mquinoliﬁcl.
[0085]

The content of the compound having a phenclic hydroxyl
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group {e) is preferably 1 to 40 parts by weight, more preferably
3 to 30 parts by weight based on 100 parts by weight of the resin
of the component {(a). Two or more compcnents (e} may be
contained, and when two or more components (e) are contained,
The total content thereof is preferably in the above-described
range.

[008¢]

The resin composition of the present invention may
contain a thermal acid-ferming agent. The thermal
acid-forming agent works to generate an acid when heated after
development as described later, promote the cresslinking
reaction of the resin of the component {(a) and the thermal
creosslinking agent of the Component (d), and promote
cyclization of imide rings and oxazole rings. The chemical
resistance of the cured film is hereby improved, so that the
film loss can be reduced. The acld generated from the thermal
acid-forming agent is preferably a strong acid, which is, for
example, preferably an aryl sulfonic acid such as p-toluene
suifonic acid or benzene sulfonic acid, or an alkyl sulfonic
acid such as methane sulfonic acild, ethane sulfcenic aclid or
butane sulfonic acid. In the present invention, the thermal
acid-forming agent is preferably an aliphatic sulfcnic acid
compound represented by the general formula (8) or (9), and two

or more of such compcounds may be contained.
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In the general formulas (8) and (9), R*® to R each
represent an alkyl group with a carbon number of 1 to 10, or
a monovalent aromatic group with a carbon number of 7 to 1Z.
The alkyl group and the aromatic group may be substituted, and
examples of the substituent include alkyl groups and carbonyl
groups.

[(0089]
Specific examples cf the compound represented by the

general formula (8) may include the following compounds.
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{Chemical compound 1Z2]
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Specific examples c¢f the compound represented by the
general formula (9) may include the following compound.
rooez)

{Chemical compcound 13]
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[0083]

The content of the thermal acid-forming agent is
preferably 0.1 part by welght or more, more preferably 0.3 part
by weilght or more, further more preferably 0.5 part by welght
ormore based on 100 parts by welight of the resin of the component
(a) for further promoting the crosslinking reaction. On the

other hand, the content of the thermal acid-forming agent is

49



preferably 20 parts by welght or less, more preferably 15 parts
by weight or less, further more preferably 10 parts by weight
or less for retaining the electrical insulation properties of
the cured.filmd When two or more thermal acid-forming agents
are contalned, the total content thereof is preferably in the
above~-described range.

[0094]

The photosensitive resin composition of the presant
inventicon may contain a thermo-coloring compound that develops
a color when heated and that shows an absorption maximum at 350
nm or more and 700 nm or less, and an organic plgment or dye
that shows no absorption maximum at 350 nm or more and less than
500 nm but shows an absorption maximum at 500 nm or more and
750 nm or less. The thermo-coloring compound develops a color
at a temperature of preferably 120°C or higher, more preferably
150°C or higher. As the thermo-coloring compound has a higher
coloration temperature, the heat resistance under high
temperature conditions is improved and the light resistance is
also improved To prevent coleor degradation during prolonged
ultraviolet-visible light irradiation.

[0085]

Examples of the thermo-coloring compound include
thermosensitive pigments, pressure-sensitive pigments, and
hydroxyl-containing compounds having a triaryl methane

backbone.
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[0086]

The photosensitive resin composition of the present
invention may contain a contact improving agent. FExamples of
the contact improving agent include silane coupling agents such
as vinyl trimethoxysilane, vinyl triethoxysilane, epoxy
cyclohexyl ethyl frimethoxysilane, 3-glycidoxy propyl
trimethoxysilane, 3-glycidoxy propyl triethoxysilane,
p-styryl trimethoxysilane, 3-aminopropyl trimethoxysilane,
3-aminopropyl triethoxysilane and N-phenyl-3-aminopropyl
trimethoxysilane; titanium chelate agents; aluminum chelate
agents; and compounds obtained by reacting a aromatic amine
compound with an alkoxy group-centaining silicon compound.
Two or more thereof may be containea. When such a contact
improving agent is contained, contact with a substrate material
such as silicon wafer, ITO, 5i0, or silicon nitride can he
increased during development of a photosensitive resin film,
or the like. Further, resistance to oxygen plasma used for
cleaning and to UV ozone processing can be improved. The
content of the contact improving agent is preferably 0.1 to 10
parts by weight based on 100 parts by weight of the resin of
The compcnent (a).

[0097]

The photosensitive resin composition of present

invention may contain an adhesion improving agent. Examples

of the adhesion improving agent include
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alkoxysilane~containing aromatic amine compounds, aromatic
amide compounds and non-arcmatic silane compounds. Two or more
thereof may be contained. When such a compound is contained,
adhesionwithanﬂmwtratenmterialaftercuringcanbejﬂ@roved.
Specific examples of the alkoxysilane-containing aromatic
amine compound and aromatic amide compound are shown below. A
compound obtainad by reacting an arcmatic amine compound with
an alkoxy group-containing silicen compound may also be
employed, and examples of the compound include compounds
obtained by reacting an aromatic amine compound with an
alkoxysilane compound having a group such as an epoxy group or

a chloromethyl group that reacts with an amino group.
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[0099]

Examples of the non-aromatic silane compound include
vinyl silane compounds such as vinyl trimethoxysilane, vinyl
triethoxysilane, wvinyl trichlorosilane and vinyl
tris(B-methoxyethoxy)silane; and carbon-carbon unsaturated
bond- contajnlﬁg51lanecompoundssuchcxs3 -~methacryloxy propyl
trimethoxysilane, 3-acryloxy propyl trimethoxysilane,
p¥styryi trimethoxysilane, 3-methacryloxny propyl methyl
dimethoxysilane and 3-methacryloxy propyl methyl

diethoxysilane. Ambng‘them, vinyl trimethoxysilane and vinyl



triethoxysilane are preferable,
[0100]

The total content of the alkoxysilane-containing
aromatic amine compound, aromatic amide compound and
non-aromatic silane compound is preferably 0.01 to 15 parts by
welght hased on 100 parts by weight of the resin of the component
(a) .

[C101]

The photosensitive resin composition of present
invention may contain inorganic particles. Preferable
specific exanples include, but are not limited te, silicon oxide,
titaniumoxide, barium titanate, alumina and talc. The primary
particle size of the inorganic particles i1s preferably 100 nm
or less, more preferably 60 nm or less.

[0102]

The photosensitive resin composition of the present
invention may contalin a surface active agent, so that
wettablility wifh a substrate can be lmproved.

[C103]

Examples of the surface active agent include
fluorine-based surface active agents such as flucrad (trade
name, manufactured by Sumitomc 3M), Megafac (trade name,
manufactured by DIC Corporatioﬁ) and Surflon (trade name,
manufactured by Asahi Glass Co., Ltd.); organic siloxane

surface active agents such as KP341 (trade name, manufactured
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by Shin-Etsu Chemical Co., Ltd.], DBE (trade name, manufactured
by Chisso Corporation), Polyflow and Glancl {trade names,
manufactured by Kyoeisha Chemical Co., Ltd.) and BYK (trade name,
manufactured by BYK-Chemie GmbH); and acrylic polymer surface
active agents such as Polyflow {frade name, manufactured by
Kyoeisha Chemical Co., Ltd.).

r0104]

Described below is a method for producing the
photosensitive resin composition of the present invention.
For example, a photosensitive resin compositicn can be produced
by uniformly mixing the components (a) to {c), and the
components (d) and (e), a thermal acid-forming agent, a
thermo~coloring compound, a contact improving agent, an
adhesion improving agent, incrganicparticles, a surface active
agent and so on as necessary. Examples cof the dissclution
method include stirring and heating. When heating 1s performed,
an appropriate heating temperature is selected preferably in
a range, commonly from room temperature to 80°C, where a resin
composition with unimpaired performance is obtained. There
are no specific limitations on the order of dissolving these
components, and for example, the compound with the lowest
solubility may be dissolved first followed by others in the
order of sclubility. Dissolution of those components that are
likely to form bubbles when dissolved by stirring, such as

surface active agents and some contact improving agents, may
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be postponed to the other components, sc that dissolut;on of
the other components can be prevented from being hindered by
bubble formation.

[0105]

Tt is preferable that the resulting photosensitive resin
composition is filtrated through a filter to remove dust and
particles. Filters with a pore size of 0.02 te 0.5 um, for
example, 0.5um, 0.2 um, 0.1 um, 0.0%umor 0.02 ymare available,
although there are no specific limitations on the size. The
filter to be used for filtration may be of such a material as
polypropylene (PP), polyethylene (PE)}, nylon (NY), and
polytetrafluoroathylene (PTFE), of which polyethylene and
nylon are preferable. When the photosensitive resin
composition contains inorganic particles, it is preferakle to
use a filter having a pore size larger than the particle size
of the particles.

[0106]

Described below is a method for producing a
heat-resistant resin pattern {cured f£ilm} using the
photosensitive resin composition of the present invention.
[0107]

The photosensitive resin composition of the present
invention is particularly sultable for siit coating as
described above, but the coating method is not limited, and the

photesensitive regin composition is applied by a spin ccating
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method, a slit coating method, a dip coating method or a spray
coating method, or a printing methed such as an inkjet method
or a nozzle coating method to obtain a photosensitive resin
composition £film. Prior to the coating step, the substrate to
be coated with the photosensitive resin composition may be
pre-treated with the contact improving agent. For example, a
contact improving agent may be dissolved in an amount of 0.5
to 20% by weight in a solvent such as isopropancl, ethanol,
methanol, water, tetrahydrofuran, propylene glycol monomethyl
ether acetate, propylene glycol monomethyl ether, ethyl lactate
and adipic acid diethyl to prepare a solution, which is then
used to treat the substrate surface. Examples of the method
for treating the substrate surface include spin coating, slit
die coating, bar coating, dip ceating, spray coating and steam
processing. Vacuum drying may be carried cut as needed,
followed by heat treatment at 50°C to 300°C to accelerate the
reaction between the substrate and the contact improving agent.
[0108]

In an apparatus for applying the photosensitive resin
compositicon of the present invention, a plurality of
photosensitive resin compositions, i.e. the photosensitive
resin composition of the present invention and photosensitive
resin compositions other than the photeosensitive resin
composition of the present invention can be sequentially fed

in one liguid feeding passage without cleaning the liquid
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feeding passage.
[0109]

When a plurality types of photosensitive resin
composition are sequentially fed in one liquid feeding passage,
it is normally reguired to clean the 1igquid feeding passage with
a solvent such as a thinner before feeding a next photosensitive
resin composition for.replacing a photosensitive resin
composition. Thig is essential in the case where when a
plurality of photosensitive resin compositions to be fed are
mixed, solid components of at least one of the photosensitive
resin compositions are precipitated, and unless cleaning is
performed with a solvent such.asezthinﬁer, the solid component
is precipitated in the liguid feeding passage to cause a problem.
The c¢leaning in this case means that cleaning is performad using
a cleaning liguid, the volume of which is eqgual to or larger
than 10 times as large as The Total volume of a liguid feeding
pump, a liguid feeding line and a mouthpiece, extending from
a ligquid feeding tank to the tip of the mouthpiece. When the
photosensitive resin composition of the present invention and
a photosensitive resin composition other than the
photosensitive resin composition of the present invention are
sequentially fed, the former may precede, or the latter may
precede.

[0110]

Since the photosensitive resin composition of the present

58



invention have excellent solubility in a low-polarity solvent,
typically propylene glycol monomethyl ether acetate, a
plurality of types of photosensitive resin compositions can be
succesgively fed to replace one ancther without carrying out
a cleaning step using a thinner.

[0111]

The photosensitive resin composlitlon other than the
photosensitive resin composition of the present invention,
among the plurality of types of photosensitive resin
compositions, is not particularly limited, but when it contains
a solvent having a polarity equivalent to or lower than that
of a sclvent used in the photosensitive resin compesition of
the present invention, the above-mentioned problem easily
occurs, and therefore the methed for producing a heat-resistant
resin film according to the present invention 1s suitable.
Examples of the photosensitive resin composition other than the
photosensitive resin composition of the present invention
include pheotosensitive resin compositions which contain at
least one solvent selected fromethylene glycol monoethyl ether
acetate, ethyl-3-ethoxy propilonate, methyl-3-methoxy
propionate, Z-heptancne, propylene glycol monomethyl ether

acetate and cyclcohexanone.

Next, the subsirate coated with the photosensitive resin

composition is dried to obtain a photosensitive resin film.



Preferably, drying is performed at 50°C to 150°C for 1 minute
te severai hours using an oven, a hot plate, an infrared ray
or the like.

[0113]

Next, an actinic ray is applied onto the photosensitive
resin film through a mask of an intended pattern. Actinic rays
available for exposure include ultraviolet ray, visible 1ight,
electron beam, and X-ray, of which the i~-line {365 nm), h-line
(405 nm), and g~line (436 nm) of mercury lamp are preferred fox
the invention. |
[0114)

For forming a pattern on the photosensitive resin film,
exposed portions may be removed using a developer after the
exposure step. The developer 1spreferably an agueous solution
of tetramethyl ammonium, or an aguecus solution of an alkaline
compound such as diethanol amine, diethyl amincethancl, sodium
hydroxide, potassium hydroxide, sodium carbonate, potassium
carkbonate, triethyl amine, diethyl amine, methyl amine,
dimethyl amine, dimethylaminoethyl acetate, dimethyl
aminoethanol, dimethylamincethyl methacrylate, cyclchexyl
amine, ethylene diamine or hexamethylene diamine. In some
cases, one or more of polar solvents such as
N-methyl-2~pyrolidone, N,N-dimethyl formamide, N,N-dimethyl
acetamide, dimethyl sulfoxide, y-butvrolactone and dimethyl

acrylamide; alcohols such as methanol, ethanol and isspropanocl;
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esters such as ethyl lactate and propylenre glycol monomethyl
ether acetate; and ketones such as cyclopentanone,
cyclohexanone, isobutyl ketone and methyl iscbutyl ketone may
be added to these agqueous alkali solution. Commonly, rinsing
in water is performed after the development step. Here again,
a rinsing treatment may be performed using water containing an
alcohol such as ethanol or isopropyl alcchol, an ester such as
ethyl lactate or propylene glycol moncmethyl ether acetate, or
the like.

[(0115]

A cured film can be obtained by subjecting the resulting
photosensitive resin composition film to a heat treatment.
Examples of the available method include heat treatment at 230°C
for 60 minutes, heat treatment at 120 to 400°C for 1 minute to
10 hours, heat treatment at a low temperature in the range from
room temperature to about 100°C after adding a curing catalyst
and the like, and curing at a low temperature in the range from
room temperature toe about 100°C by applying ultrasonic waves
or electromagnetic waves.

[0116]

Heat-resistant resin films (cured film} formed fLrom the
photosensitive resin composition of the present invention are
suitably used as passivation films for semiconductors,
protecting films for semiconductor devices, interiayer

insulation films for multi-laver wiring for dense mounting,
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insulation films for organic BL devices and planarizing filims
for TFT substrates.

[Exampleas]

[0117)

The present inventicn will be illustrated below with
reference to Examples, but it should be understcod that the
invention 1s not construed as being limited thereto. The
evaluations of photosensitive resin composition samples
described in Examples and Comparative examples were carried out
with the following methods.

[0118]

{1) Solubility evaluation of resin in organic solvent

A polymer powder was added to PGMEA (propylene glycol
monomethyl ether acetate) so as to achieve a solid content of
30% by weight, the mixture was stirred at room temperature for
1 hour, and the state therecf was visually observed to check
presence/absence of an undissolved resin. Samples having no
observable undissolved resin were rated “soluble”, and samples
having an observable undissolved resin were rated
“unnecessary”.

[0119]

(2) Viscosity evaluation

(2-1) Polymer solution viscoslty

A polymer powder was dissolved with a content of 30% by

weight in PGMEA, and a viscesity of the solution was measured



at 25°C using an E-~type viscometer. The viscosity of the
polymer solution is preferably less than 150 mPa*s for ensuring
that a viscosity suitable for slit coating is maintained even
when the sclid content in a photosensitive resin composition
is increased.
(01207

As evaluation of suitability for formation of a uniform
thick film by slit coating, samples were rated “A” when the
polymer powder was dissclved with a content of 30% by weight
in PGMEA, and the solution viscosity was less than 150 mPa*s,
samples were rated “B” when the polymer powder was dissolved
with a content of 30% by weight in PGMEA, but the solution
viscosity was 150 mPass or more, and samples were rated “C" when
the polymer powder was not dissolved with a centent of 30% by
welght in PCGMEA.
[0121]

(2-2} Varnish solution viscosity

The photosensitive resin composition {varnish) prepared
in each of Examples and Comparative examples and having a sclid
content of 20% was measured at 25°C using an E~-type viscometer.
For forming a film with a uniform thickness by slit coating,
the sclution viscosity is preferably 1 to 15 cp, more preferably
1 to 10 cp. Samples having a varnish viscosity of less than
10 cp at 25°C were rated “S”, samples having a varnish viscosity

=]

of 10 ¢p or more and less than 15 cp at 25°C were rated “AY,

63



and samples having a varnish viscosity of 15 ¢p or more at 25°C
were rated “C7.
[G122]

When the solid content of the photosensitive resin
compesition is not 20%, the viscosity may be measured with the
solid content adjusted to 20% by concentrating or diluting the
photosensitive resin composition while a change in solvent
composition of the photosensitive resin composition and
degeneration of the photosensitive resin composition are
prevented.

(0123}

(3) Development film loss amount evaluation and
sensitivity evaluation

Preparation of development film

The photosensitive resin composition (varnish) prepared
in each of Examples and Comparative examples was applied onto
an 8-inch silicon wafer by spin coating, and then heat-treated
(pre-baked) at 120°C for 2 minutes using a hot plate (Coating/
Development Apparatus Mark-7 manufactured by Tokyo Electron
Ltd.) to prepare a pre-baked film having a thickness of 2.5 um.
The resulting pre-baked film was exposed at a step of 10 mJ/ om?
mﬁanexposureamountoffﬂJto4OOHﬁch2usingan_r;linest@pper
{(NSR-200519C manufactured by Nikon Corporation;. After
exposure, the film was subjected to post-exposure baking at

1060°C for 1 minute for the negative photosensitive resin
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composition. After exposure for the positive photosensitive
resin composition and after post-exposure baking for the
negative photosensitive resin composition, the film was
developed for 60 seconds with a 2.38 wt% agueous tetramethyl
“ammonium (TMAH) solution (ELM-D manufactured by MITSUBISHI GAS
CHEMICAT, COMPANY, INC.}, and then rinsed with pure water to
provide a development film.
[0124]

Method for measurement of film thickness

The film thickness after pre-baking and after development
was measured at a refractive index of 1.63 using an optical
interference type film thickness measurement apparatus LAMBDA
ACE STM-602 manufactured by Dainippon Screen Mfg. Co., Ltd.
[0125]

Calculation of development film loss amount

The development film loss amount was calculated in
accordance with the folliowing formula. Since the film
thickness after pre-baking is 2.5 um, the development film loss
amount is preferably less than 0.50 pm. Samples with a
development film loss amount of less than 0.50 um were rated
“A”, samples with a development £ilm loss amount of 0.51 to 0.59
um were rated “B”, and samples with a development £ilm loss

amount of 0.60 um or more were rated “C”.

developmnent film loss amount (um} = £ilm thickness after

[
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pre-paking - film thickness after development

Calculation of sensitivity

An exposure amount at which a line-and-space pattern
(1L/18) of 20 ym is formed with a width ratio of 1 : 1 after
exposure and development (referred to as an optimum exposure
amount Eop) was defined as a sensitivity. When the optimum
exposure amount Eth is 200 mJ/cm® or less, it can be determined
that the sensitivity is high. The coptimum exposure amount is

more preferably 150 mJ/cm® or less.

Lbbreviations of acid dianhydrides, diamine ccmpounds,
énd capping agents and solvents shown in Examples and
Comparative examples below are as shown below.
6FDA: 2,2-bis (3, 4-dicarboxyphenyl)hexafluoropropane
dianhydride
CPDA: 3,3",4,4’ -diphenyl ether tetracarboxylic dianhydride
BSAA: 2,Z2-bis[4-(3,4-dicarbozyphenoxy)phenyl]propane
dianhydride
BAHF: 2,2-bis{3-amino~4~hydroxyphenyl)hexaflucoropropane
SiDA: 1,3-bis(3-aminopropyl)tetramethyl disiloxane
BIS-AT-AF: 2,2-bis(3-amino-4d-methylphenyl)hexafluoropropane
3,3"-DD3: 3,37 -diaminodiphenyl sulfone
MAP: 3-aminophenol
ABP: Z-amino-d-tert-butylphencl

MA: maleic anhydride
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DFA: N,N~dimethylformamide dimethylacetal
NMP: N-methyl-Z-pyrolidone
PGMEA: propylene glycol moncmethyl ether acetate
GBL: y-butyrolactone
The structures of 6FDA, ODPA, BSAA, BAHF, 5iDA, BIS-AT-AF,

3,3'-DDS, MAP, ABP and MA are shown below.
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[Chemical compound 15]
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[0129]

Synthesis example 1: synthesis of diamine compound (o)

18.3 g (0.05 molie) of BAEF (manufactured by Central Glass
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Co., Ltd.} was dissclved in 100 mL of acetone and 17.4 g (0.3
mole) oﬁ propylene oxide {(manufactured by Tckyoc Chemical
Industry Co., Ltd.), and the sclution was cooled to -15°C. Then,
a solution of 20.4 g (0.11 meole) of 3-nitro benzoyl chloride
{(manufactured by Tokyo Chemical Industry Co., Ltd.) dissolved
in 100 mL of acetone was added dropwise. After the end of
dropwise addition, the solution was stirred at -15°C for 4 hours,
followed by leaving 1t to return to room temperature. The white
solid precipitate was separated out by filtraticn and
vacuum-dried at 50°C.
[0130]

A 30 g portion of the resulting white solid was placed

in a 300 mL stainless steel autoclave and dispersed in 250 mL

e

of methyl cellosolve, followed by adding 2 g of 5
palladium-carbon (manufactured by Wako Pure Chemical
Industries, Ltd.). Then, a balloon was used tTo introduce
hydrogen into the dispersion to cause reduction reaction at room
temperature. In about 2 hours, the reaction was finished after
checking that the balloon would be deflated nec meore. After the

he

o

end of the reaction, the solution was filtrated to remove !
palladium compound used as a catalyst and concentrated with a
rotary evaporator to provide a hydroxyl-containing diamine

compound {«) as represented by the formula gilven below.
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[0131]

[Chemical compound 16]

™ ™
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[(0132]

Synthesis exanmple 2: synthesis of guinone diazlde
compound {(b-1)

In a dry nitrogen flow, 21.22 g (0.05 mole) of TrisP-PA
{(trade name, manufactured by Honshu Chemical Industry Co.,
Ltd.}) and 26.8 g (0.1 mole) of b-naphthoguinone diarzide sulfonic
acid chloride {NAC-5, manufacturedby Teyo Gosel Co., Ltd.) were
dissolved in 450 g of 1,4-dicoxane, and the solution was kept
at room temperature. To this scoluticn, 12.65 g of triethyl
amine mixed with 50 g of 1,4-dioxane was added dropwise while
the system was kept at a temperature of lower than 35°C. After
the dropwise addition, the solution was stirred at 40°C for Z
hours. The triethylamine salt was filtered and the filtrate
was pﬁt in water. Subsequently, the resulting precipitate was
collected by filtration, and then washed in 1 L of 1%
hydrochloric acid solution. Subsequently, the precipitate was
further washed with 2 L of water twice. The precipitate was

drised in a vacuum dryer to provide a gquinone diazlide compound
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(b-1) as represented by the following formula.
[0133]

[Chemical compound 17]

j“.'":“...;":'::.“,‘.'.'\ : (r:.;t:“\\
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mmmmmmmmmm

{(b—1)

[0134]

Synthesis example 3: synthesis of
alkoxymethyl-containing thermal crosslinking agent (d-1)

(1) 102.2 g (0.4 mole) of TrisP-HAP (trade name,
manufactured by Honshu Chemical Industry Co., Ltd.) was
dissolved in a solution of 80 g (2.0 mole) of sodium hydroxide
in 800 g of pure water. After confirming complete dissoliution,
686 ¢ of a 36 to 38 wt% agueous formalin solution was added
dropwise at 20 to 25°C for 2 hours. Subsequently, the mixture
was stirred at 20 to 25°C for 17 hours. It was neutralized by
adding 98 g of sulfuric acid and 552 g of water, and left tc
stand for 2 days. After the standing pericd, the needle-like
white crystal formed in the scolutionwas collected by filtration

and washed with 100 mlL of water. The white crystal was
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vacuum-dried at 50°C for 48 hours. The white crystal dried was
analvzed with a high speed liquid chromatcgraph manufactured
by Shimadzu Corporation at 254 nm using ODS as column and an
acetonitrile/water(70/30)splutionascmwelopingsolvent,and
results showed that the starting materials had completely
disappeared and the crystal had a purity of 82%. The crystal
was analyzed further using NMR eguipment (GX-270, manufactured
by JEOL Ltd.) with a DMS0O-d6 deuterated sclvent, and results
showed that it was hexamethylolated TrisP-HAP.
[6135]

(2) Next, the compound thus obtained was dissclve in 300
mL of methancl, and 2 g of sulfuric acid was added, followed
by stirring at room temperature for 24 hours. To this sclution,
15 g of an anion exchange resin (Amberlyst IRAS6S5SE manufactured
by Rohm and!Haas) was added and stirred for 1 hour, followed
by filtering out the ion exchange resin. Subsequently, 500 mL
of ethyl lactate was added and methanol was removed with a rotary
evapo;atortx>provideenlethyl lactate soluticn. This soiution
was teft to stand at room temperature for 2 days to produce white
crystal. The white crystal obtained was analyzed by high speed
liguid chromatography and results showed that 1t was
hexamethoxymethylated TrisP-HAP as represented by the
following formula (alkoxymethyl-containing thermal

crosslinking agent (d-1)) with a purity of 99%.
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[0136]

[Chemical compound 18]

OCH: OH  OCH,

‘\\fwﬁﬁwﬁf
- OCH;
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N,
——OCH;

(d—1)
[0137]

Cthner substances including the thermal crosslinking
agent and phenolic hydroxyl group-containing compound used in
Examples are as shown below.

Alkoxymethyl-containing thermal crosslinking agent {(d-2):
“NIKALAC (registered trademark)” MX-270
Thermal crossiinking agent (d-3): VG~3101 L

Phenol compound {(e-1): BisP-AF
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[0138]

[Chemical compound 19]
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(e—1) BisP—AF

(01397

Example 1

Inadry nitrogen flow, 15.1 g {0.025 mole) of the diamine
compound (o) prepared in Synthesis example 1, 3.66 g {(.01 mole}
of BAHF and 0.62 g (0.00Z5 mole) of SiDA (manufactured by
Shin~Etsu Chemical Co., Ltd.) were dissclved in 200 g of NMP.
Then, 22.2 g {0.05 mole) of 6FDA (manufactured by DAIKIN
INDUSTRIES, Ltd.) was added along with 50 g of NMP, and the
mixture was stirred at 40°C for 1 hour. Subseguently, 2.73 g
(G.025 mole! of MAP {(manufactured by Tokyce Chemical Industry
Co., Ltd.) was added, and the mixture was stirred at 40°C for

1 hour. Further, a scolution prepared by diluting 11.9 g (0.1
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mole} of DFA (manufactured by Mitsukbishi Rayen Co., Ltd.) with
5 g of NMP was added dropwise over 10 minutes, and after the
dropwise addition, stirring was continued at 40°C for 2 hours.
After the end of stirring, the solution was put in 2 L of water,
and the polymer solid precipitate was collected by filtration.
Further, the precipitate was washedwith 2 L of water three times,
“and the collected polymer solid material was dried in a vacuunm
dryer at 50°C for 72 hours to provide a polyamide acid ester
resin (A). Using the obtained resin (A), evaluation of
solubility in an organic sclvent and measurement of the
viscogsity of the polymer sclution were performed by the
above-describad methods. The results are shown in Table 2,
To 10 g of the obtained resin (L) were added 3.0 g of the quinone
diazide compound (b-1) prepared in Synthesis example 2, 1.0 g
of the phenol compound (e-1} and 50 g of GBL (manufactured by
Mitsubishi Chemicai Corporaticon) to provide a varnish {A-1} of
a positive photosensitive resin compesition. Using the
varnish (A-1), the development film loss amount was evaluated
as described above. The results are shown in Table 3.
[G140]

Example 2

Except that 3.62 g (0.0l mole) of’BESﬁATmAE’{manufactured
by Central Glass Co., Ltd.) was used in place of 3.66 g (0.01
mole) of BAHE, the same procedure as in Example 1 was carried

out to provide a polyamide acid ester resin (B}. Using the
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obtained resin (B}, evaluation of solubility in an organic

solvent andmeasurement of the viscosity of the polymer solution
were performed by the above~described methods. The results are
shown in Table 2.

[0141]

Except that 10 g of the resin {(B) prepared in the above
procedure was added in place of the resin (A), and further, 1.0
g of the alkoxymethyl group-containing thermal crosslinking
agent (d-1) prepared in Synthesis example 3 was added, the same
procedure as in Example 1 was carried out to prepare a varnish
(B) of a positive photosensitive resin composition. Using the
obtained varnish (B}, the development film loss amcunt was
evaiuated,in the same manner as in Example 1. The results are
shown in Table 3.

[(0142]

Example 3

Except that the amount of the diamine compcound (o) was
changed from 15.1 g (0.025 mole) tb 19.3 ¢ {(0.032 mole), the
amount of BAHF was changed from 3.66 g (0.01 mole) to 2.01 g
(0.0055 mole), and the amount of MAP was changed from 2.73 g
(0.0205 mole) to 2.18 g {(0.02 mole), the same procedure as in
Example 1 was carriedout to provide a polyvamide acid ester resin
(C). Using the obtained resin (C), evaluation of solubility
in an organic sclvent and measurement of the viscosity of the

polymer solution were performed by the above~described methods.
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The results are shown in Table 2.
[0143]

Except that 10 g of the resin (C) prepared in the above
procedure was added in place of the resin {A), and further, 0.5
g of the thermal crosslinkKing agent {(d-2Z) was added, the same
procedure as in Example 1 was carried out to prepare a varnish
(C) of a positive photosensitive resin compoesition. Using the
obtained varnish (C), the develcopment film loss amount was
evaluated in the same manner as in Exanple 1. The results are
shown in Tabkle 3.

[0144]

Example 4

In a dry nitrogen flow, 22.2 g (0.05 mole} of 6FDA was
dissolved in 200 g of NMP. Then, 6.60 g (0.04 mcle) of ABP
(manufactured by Tokyo Chemical Industry Co., Ltd.) was added,
and the mixture was stirred at 40°C for 1 hour. Subseguently,
9.06 g (0.015 mole) of the diamine compound (o), 4.53 g {(0.0125
mole) of BIS-AT-AF and 0.62 g (0.0025 mole) of 3iDA were added
along with 50 g of NMP, and the mixture was stirred at 40°C for
2 hours. Further, a sclution prepared by diiuting 11.%2 g (0.3
molie) of DFA with 5 g of NMP was added dropwise over 10 minutes,
and after the dropwise addition, stirring was continued at 40°C
for 2 hours. After the end of stirring, the solution was put
in 2 L of water, and the polymer solid precipitate was collected

by filtration. Further, the precipitate was washed with 2 L
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of water three times, and the collected polymer solid material
was dried in a vacuum dryer at 50°C for 72 hours to provide a
polyamide acid ester resin (D). Using the obtained resin (D},

evaluation of sclubility in an ocrganic solvent and measurement

above-described methods. The results are shown in Table 2.
[G145]

Except that 10 g of the resin (D) prepared in the above
procedure was added in place of the resin (A), and further, 0.5
g of the thermal crosslinking agent (d~3) was added, the same
procedure as in Example 1 was carried cut to prepare a varnlish
(D) of a positive photosensitive resin compesition. Using the
obtalned varnish (D), the development film loss amount was
evaluated in the same manner as in Example 1. The results are
shown in Table 3.

[0146]

Fxample 5

In adrynitregen flow, 21.2 g (0.035 mole) of the diamine
compound (o), 4.58 g (0.0125 mole} of BAHF and 0.62 g (0.00Z5
mole) of SiDA were dissolved in 200 g of NMP. Then, 13.3 g (.03
mole) of 6FDA was added along with 50 g of NMP, and the mixture
was stirredat 40°C for 1 hour. Subseguently, 3.92 g {(0.04 mole)
of MA (manufactured by Wako Pure Chemical Industries, Ltd.) was

added, and the mixture was stirred at 40°C for 1 hour. Further,

a solution prepared by diluting 11.9 g (0.1 mole) of DFA with
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5 g of NMP was added drepwise over 10 minutes, and after the
dropwise addition, stirring was continued at 40°C for 2 hours.
After the end of stirring, the solution was put in 2 L of water,
and the polymer solid precipitate was collected by filtfation.
Further, the precipitate was washedwith 2 L of water three times,
and the collected polymer solid material was dried in a vacuum
dryer at 50°C for 72 hours to provide a polyamide acid ester
resin {E). Using the obtained resin {(E), evaluation of
solubility in an organic solvent and measurement of the
viscosity of the polymer solution were pertformed by the
above-described methods. The results are shown in Table 2.
Except that 10 g of the resin (E) prepared in the above procedure
was added in place of the resin (A), and further, 1.0 g of the
thermal crosslinking agent {(d~1) was added, the same procedure
as in Example 1 was carried out to prepare a varnish (B} of a
positive photosensitive resin composition. Using the obtained
varnish (E}, the development film loss amount was evaluated in
the same manner as in Example 1. The results are shown in Table
3.
(01471

Example 6

Except that the amcunt of the diamine compound (¢) was
changed from 21.2 g {0.035 mole) to 25.7 g (0.0425 mole), the
amount of BAHF was changed from 4.58 g {(0.0125 mole} to 1.83

g (0.005 mole}, the amocunt of 6FDA was changed from 13.3 g {0.03
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mole) to le.7 g (0.0370 mele}, and The amount of MA was changed
from3.92g (0.04mole) to2.45g (0.025mole), the same procedure
as in Example 5 was carried out to provide a polyamide acid ester
resin (F). Using the obtained resin (F), evaluation of
solubility in an organlc solvent and measurement of the
viscosity of the polymer sclution were performed by the
above~-described methods. The results are shown in Table 2.
(01481

Except that 10 g of the resin (I prepared in the above
procedure was added in place of the resin (A}, and further, 0.5
g of the thermal crosslinking agent (d-Z) was added, the same
procedure as in Example 1 was carried out to prepare a varnish
(F) of a positive photosensitive resin composition. Using the
obtained varnish (F), the development film loss amount was
evaluated in the same manner as in Example 1. The results are
shown in Table 3.
[0149]

Example 7

Inadry nitrogen flow, 15.1 g {(0.025 mole) of the diamine
compound {w), 8.24 g (0.0225 mole) of BAHF and 0.562 g (0.0025
mole) of SiDA were dissolved in 200 g of NMP. Then, 4.90 g {(G.05
mole) of MA was added aiong with 50 g of NMP, and the mixture
was stirred at 40°C for 1 hour. Subseguently, 11.1 g (0.025
moley of 6FDA was added, and the mixture was stirred at 40°C

for 2 hours. Further, a soluticon prepared by diluting 11.9 g
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(0.1 mole) of DFA with 5 g of NMP was added dropwise over 10
minutes, and after the dropwise additiocon, stirring was
continued at 40°C for 2 hours. After the end of stirring, the
solution was put in 2 L of water, and the polymer solid
precipitate was collected by filtration. Further, the
precipitate was washed with 2 L of water three times, and the
collected polymer solid material was dried in a vacuum dryer
at 50°C for 72 hours to provide a polyamide acid ester resin
(GY. Using the obtained resin (G), evaluation of solubility
in an organic solvent and measurement of the viscosity of the
polymer solution were performedby the above-described methods.
The results are shcecwn in Table Z.

[0150]

Except that 10 g of the resin (G) prepared in the above
procedure was added in place of the resin (A), and further, 0.5
g of the thermal crosslinking agent (d-3) was added, the same
procedure as in Example 1 was carried out to prepare a varnish
{G) of a positive photosensitive resin composition. Using the
obtained varnish {G), the develcopment film loss amount was
evaluated in the same manner as in Example 1. The results are
shown in Table 3.

[0151]
Example 8
To 10 g of the resin {A) prepared in Example 1, 0.1 g of

1,2-octanedicne~1-{4-(phenyl thio)~2Z-({0O-benzoyloxime)]
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(CDPTRO) (manufactured by BASF Japan Ltd.), 2.0 g of ethylene
oxide modified bisphencl A dimethacrylate (NK Ester BPE-100
manufactured by Shin-Nakamura Chemical Co., Ltd.), 0.5 g of
trimethylolpropanetriacrylate(fPT), 1.0gof the alkoxymethyl
group~containing thermal crosslinking agent {(d-3) prepared in
Synthesis example 3, and 50 g of GBL were added to provide a
varnish {(A-2) of a negative photosensitive resin composition.
Using the obtained varnish (A-2), the development film loss
amount was evaluated as described above., The results are shown
in Table 2.
[0152]

Example 9

Except that the amount of BAHF was changed from 2.01 g
{0.0055 mole) to 2.93 g (0.00S mole), and the amount of MAP was
changed from2.18 g (0.02 mole} to 1.63 g (0.015 mole), the same
procedure as in Example 3 was carried out to provide a polyamide
acid ester resin {H}. Using the obtained resin {H), evaluation
of sclubility in an organic solvent and measurement of the
viscosity of the polymer solution were performed by the
above-described methods. The results are shown in Table 2.
[0153]

Except that 10 g of the resin (H) prepared in the above
procedure was added in place of the resin (A}, the same procedure
as in Example 3 was carried out to prepare a varnish (H) of a

positive photosensitive resin composition. Using the obtained

82



varnish (H), solubility in an organic solvent, the viscosity
of the polymer sclution and the development film loss amount
were evaluated in the same manner as 1n Example 3. The results
are shown in Table 3.

[C154]

Example 10

Except that the amount of BIS-AT-AF was changed from 4.53
g (0.0125 mole) to 3.62 g {(0.01 mole), and the amount of ABP
was changed from 6.60 g (0.04 mole) to 7.43 g (0.045 mole), the
gsame procedure as in Example 4 was carried out to provide a
polyamide acid ester resin (I). Using the obtained resin (I},
evaluation of solubility in an organic solivent and measurement
of the viscosity of the pelymer solution were performed by the
above-described methods. The resulits are shown in Table Z.
[0155]

Except that 10 g of the resin (I} prepared in the above
procedure was added inplace of the resin (&), the same procedure
as in Example 4 was carried out to prepare a varnish (I) cof a
positive photosensitive resin composition. Using the obtained
varnish (I}, the development film loss amcunt was evaluated in
the same manner as in Example 4. The results are shown in Table
3.

[(01586]
mxample 11

Fxcept that the amcount of 6FDA was changed from 16.7 g

83



(0.0375% mole) to 17.8 g (0.04 mole), and the amount of MA was
changed from 2.45 g (0.025mole) to 1.96 g (0.02 mole), the same
procedure as in Example 6 was carried out to provide a polyamide
cid ester resin (J). Using the obtained resin (J), evaluation
of solubility in an organic solvent and measurement of the
viscosity of the polymer sclution were performed by the
above-described methods. The results are shown in Table 2.
[(0157]

Except that 10 g of the resin (J) prepared in the above
procedure was added in place of the resin (A}, the same procedure
as in Example 6 was carried cut to prepare a varnish {(J) of a
positive photosensitive resin composition. Usling the obtained
varnish {J), the development £ilm loss amount was evaluated in
the same manner as in Example 6. The results are shown in Table
3.

[(0158]

Example 12

Except that the amount of 6FDA was changed from 11.1 g
(0.025 mole) to 9.99 g (0.0225 mole), and the amount of MA was
changed from 4.90 g (0.05mole) to 5.39 g (0.035 mele), the same
procedure as in Example 7 was carried out to provide a peolyamide
acid ester resin (K). Using the cbtained resin (K), evaluation
of solubility in an organic solvent and measurement of the
viscosity of the polymer solution were performed by the

above-described methods. The results are shown in Table 2.
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[0159]

Except that 10 ¢ of the resin {(K) prepared in the above
procedure was added in place of the resin {(A), the same procedure
as in Example 7 was carried out to prepare a varnish (K} of a
positive photosensitive resin composition. Using the obtained
varnish (K), the development f£ilm loss amount was evaluated in
the same manner as in Example 7. The results are shown in Table
3.

[0160]

Comparative example 1

Except that 15.5 g (0.05 mole} of CDPA (manufactured by
Manac Incorporated) was used in place of 22.2 g {(0.00 mcle) of
6FDA, the same procedure as in Example 1 was carried out to
provide a polyamide acid ester resin (L). Using the obtained
resin (L), evaluation of selubility in an organic solvent and
measurement of the viscosity of the polymer solutlon were
performed by the above-described methods. The results are
shown in Table 2.

[C1s61]

Except that 10 g of the resin (L) prepared in the above
procedure was added inplace of the resin (A}, the same procedure
as in Example 1 was carried out fo prepare a varnish (L) of a
positive photosensitive resin composition. Using the cbtained
varnish {L), the development film loss amount was evaluated in

the same manner as in Example 1. The results are shown in Table
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3.
[0162]

Comparative example 2

Except that the amount of the diamine compound (o) was
changed from 15.1 g (0.025 mole} to 21.2 g (0.035 mole), and
BAHF was nct added, the same procedure as in Example 1 was carried
cut to provide a polyamide acid ester resin (M). Using the
obtainéd resin {M), evaluation of solubility in an organic
solvent and measurement of the viscosity of the polymer solution
were performed by the above-described methods. The results are
shown in Table 2.

[0163]

Bxcept that 10 g of the resin (M) prepared in the above
procedure was added inplace of the resin (A}, the same procedure
as in Example 1 was carried out to prepare a varnish (M) of a
positive photosensitive resin composition. Using the obtained
varnish (M), the development film loss amount was evaluated in
the same manner as in Example 1. The results are shown in Table
3.

[0164]

Comparative example 3

Except that 2.48 g (0.01 mole) of 3,3’ -DDS (manufactured
bY&WITSUI FINE CHEMICALS, Inc.) was used inplaceof 3.66qg (0.01
mole) of BAHF, the same procedure as in Example 1 was carried

out to provide a polyamide acid ester resgin (N). Using the
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obtained resin (W), evaluation of solubility in an organic
solvent and measurement of the viscosity of the polymer solution
were performed by the above-described methods. The results are
shown in Table 2.

[0165]

Except that 10 g of the resin (N) prepared in the above
procedure was added in place of the resin (A), the same procedure
as in Example 1 was carried out to prepare a varnish (N) of a
positive photosensitive resin compesition. Using the obtained
varnish (N), the development film loss amount was evaluated in
the same manner as in Example 1. The results are shown in Table
3.

[016g]

Comparative example 4

Except that ©.20 g (0.025 mole) of 3,3 ~-DDS was used in
place of 15.1 ¢ {(0.025 mole) of the diamine compound (o), the
same procedure as in Example 1 was carried out to provide a
polyamide acid ester resin (0). Using the obtailned resin (0},
evaluation of sclubility in an organic solvent and measurement
of the viscosity of the polymer solution were performed by the
above~described methceds. The results are shown in Table 2.

10167}

=3

xcept that 10 g of the resin {Q) prepared in the above
procedure was aaded inplace of the resin (A}, the same procedurs

as in Example 1 was carried out to prepare a varnish (0) of a
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positive photosensitive resin composition. Using the obtained
resin (O} and varnish (0}, the development film loss amount was
evaluated in the same manner as in Exanple 1. The results are
shown in Table 3.
[0168]

Comparative example 5

Except that the amount of the diamine compound (o) was
changed frem 15.1 g {(0.025 mole) to 6.05 g (0.01 mole), and the
amount of BAHI was changed from 3.66 g (0.01 mole) to 9.15 g
(0.025 mele), the same procedure as in Example 1 was carried
out to preovide a polyamide acid ester resin (P). Using the
obtained resin (P}, evaluation of sclubllity in an organic
solvent and measurement of the viscosity of the polymer solution
were performed by the above-described methods. The results are
shown in Table 2.
(01691

Except that 10 g of the resin (P} prepared in the above
procedure was added in place of the resin (A), the same procedure
as in Example 1 was carried oﬁt to prepare a varnish (P) of a
positive photesensitive resin composition. Using the obtained
varnish (P}, the development film loss amount was evaluated in
the same manner as in Example 1. The results are shown in Table
3.
[017C]

Comparative example ©
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Except that the amount of the diamine compound (o} was
changed from 21.2 g {(0.035 meole) to 28.7 g (0.0475 mecle), and
BAHF was not added, the same procedure as in Example 5 was carried
out toe provide a polvamide acid ester resin {Q). Using the
obtained resin (Q), evaluation of solubility in an organic
solvent and measurement of the viscosity of the polymer soluticn
were performed by the above-described metheds. The results are
shown in Table 2.

[0171]

Except that 10 g of the resin {(Q}) prepared in the above
procedure was added in place of the resin (A), the same procedure
as in Example 1 was carried ocut to @repare a varnish (Q) of a
positive photosensitive resin composition. Using the obtained
varnish (Q), the development film loss amount was evaluated in
the same manner as in Example 1. The results are shown in Table
3.

[(G172]

Comparativé example 7

In a dry nitrogen flow, 24.2 g (0.04 mole) of the diamine
compound (o) and 0.62 g (0.0025 mole) of SiDA were dissolved
in 25C¢ g of NMP. Then, 22.2 g (0.05 mole) of GFDA was added
along with 50 g of NMP, and the mixture was stirred at 30°C for
2 hours. Subkseguently, 1.09 g (0.01 mole) of MAF was added,

and the mixture was stirred at 40°C for 2 hours. Further, 2.5

g of pyridine (manufactured by Tokyo Chemical Industry Co.,
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Ltd.) was diluted with 15 g of toluene (manufactured by Tokyo
Chemical Industry Co., Ltd.) and added to the sclution, which
was then heated for reaction at 120°C for 2 hours and
subsegquently at 180°C for 2 hours, with a cooling pipe provided
to remove water out of the reactlon system by azectropy with
toluene. The solution was cooled down to room temperature and
poured in 2 L of water, and the polymer solid precipitate was
collected by filtration. Further, the precipitate was wasﬁed
with 2 T of water three times; and the collected polymer solid
material was dried in a vacuum dryer at 50°C for 72 hours to
provide a polyimide resin (R). Using the obtained resin (R},
evaluation of solubility in an organic solvent and measurement
of the viscosity of the polymer solution were performed by the
above-described methods. The results are shown in Table 2.
(01731

Except that 10 g of the resin (R) prepared in the above
procedure was added inplace of the resin {(A), the same procedure
as in Example 1 was carried out to prepare a varnish (R) of a
positive photosensitive resin composition. Using the obtained
varnish (R), the development film loss amount was evaluated in
the same manner as in Example 1. The results are shown in Table
3.
[0174]

Cemparative exampls 8

Except that 24.2 g (0.04 mole) of the diamine compound
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() was changed to 10.4 g {(0.0285 mole) of BAHF, the amount of
MAP was changed from 1.09 g (0.01 mole) te 4.09 g (0.0375 mole},
and 22.2 g (0.05 mole) of 6FDA was changed to 15.5 g (0.05 mole)
of ODPA, the same procedure as in Comparative example 7 was
carried cut to provide a polyimide resin (3}. Using the
obtained resin (S), evaluation of solubility in an organic
solvent and measurement of the viscosity of the pelymer solution
were performed by the above-described methods. The results are
shown in Table 2.

[0175]

Except that 10 ¢ of the resin (S) prepared in the above
procedure was added inplace of the resin (A), the same procedure
as in Example 1 was carried out to prepare a varnish (3} of a
positive photosensitive resin composition. Using the obtained
varnish (S), the development film loss amount was evaluated in
the same manner as in Example 1. The results are shown in Table
3.

(01761

Comparative example 8

In a dry nitrogen flow, 12.1 g (0.02 mole) of the diamine
compound («), 8.24 g (0.0225 mole) of BAHF and 0.62 g (0.0025
mo;e)<3ijjﬂxwerecjissolved:U12OO gof WMP. Then, 6.66qg (6.015
mole) of 6FDA and 10.9 g (0.035 mole) of ODPA were added along
with 50 g of NMP, and the mixture was stirred at 40°C for 2 hours.

Subsequently, a sclution prepared by diluting 11.9 g (0.1 mole)
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of DFA with 5 g of NMP was added dropwise over 10 minutes, and
after the dropwise addition, stirring was continued at 40°C for
2 hours. After the end of stirring, the sclution was put in
2 L of water, and the polymer solid precipitate was collected
by filtration. Further, the precipitate was washed with 2 L
of water three times, and the collected polymer solid material
was dried in a vacuum drver at 50°C for 72 hours to provide a
polyvamide acid ester resin (T). Using the obtained resin (T),
evaluation of solubility in an organic solvent and}measgrement
of the visccosity of the polymer solution were performed by the
above-described methods. The results are shown in Table 2.
[0177]

Except that 10 g of the resin (T) prepared in the above
procedure was added in place of the resin (A), the same procedure
as in Example 1 was carried out fo prepare a varnish (T} of a
positive photosensitive resin composition. Using the obtained
varnish (T), the development film loss amount was evaluated in
the same}nanneﬁ'as in Example l.. The results are shown in Table
3.

[0178]

Comparative example 10

Except that the amount of the diamine compound (o) was
changed from12.1 g (0.02mole) to 19.3 g (0.032moele), the amount
of BAHF was changed from 8.24 g (0.0225 mole) to 2.01 g (0.0055

mole), the amount of 6FDA was changed from .66 g (0.15 mole)
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to 15.5 g {0.035 mole), and 7.81 g (0.015 mole) of BSAA
(manufactured by SABIC Japan Ltd.) was used in place of 10.9
g (0.035 mole) of ODPA, the same procedure as in Comparative
example 9 was carriedout to provide a polyamide acidester resin
(U). Using the obtained resin (U), evaluation of solubility
in an organic solvent and measurement of the viscoéity of the
polymer sclution were performedby the above-describedmethods.
The results are shown in Table 2.

[0179]

Except that 10 g of the resin (U) prepared in the above
procedure was added inplace of the resin (A), the same procedure
as in Example 1 was carried out te prepare a varnish (U} of a
positive photogensitive resin compositicon. Using the cbtained
varnish (U), solubkility in an organic solvent, the viscosity
of the polymer splution and the development film loss amount
were evaluated in the same manner as in Example 1. The results
are shown in Tables 1 and 2.

[(0180]

Compositions of monomers and end capping agents used for
the resins A to U used in Examples and Comparative examples are
shown in Table 1, and results of evaluatlion of the solubility
in an organic sclvent and the polymer sclution viscosity for
the resins A to U are shown in Table 2. Compositicons of
varnishes and results of evaluation of the development film loss

amount in Examples and Comparative examples are shown in Table
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[G1681]

[Table 1]
Composition of monomer and end capping agent

GFDA | ODPA | BoAA | mols | o | BAHE |BIS-AT-AF] B06 [SiDa | mols MAP | ABP | MA
Bes-’”ﬂéﬁ; NS 100 | 0 ) 100 | s 20 o ) 5 7 27 50 0 ) 50 0
Resin (B) poiyamide| 150 | o | o 100 |56 0 20 0 | 8 67 27 LB I 50 0
fesin (00 polyamide| 16 | g 0 100 | 64| 12 o 0 5 a0 14 10 0 o 40 0
Resin (D) polyamide| 100 | o | o 10 30| 0 25 0 s 50 42 0o |80 | 0 80 0
ReSi‘“;C‘fd’ Bou 60 | 0 0 100 | 70| 28 0 0 5 70 25 0 0 80 0 80
Resin () polyamidel 55 | o o 100 | 85| 10 0 o 5 85 10 0 o | 50 0 50
Resin (6) polyamde’ 5y | g 0 00 |50l 45 o 0 5 50 45 0 0 | 100 0 100

100 | 0 0 100 |64 16 0 0 5 75 19 30 o 0 30 9

160 | © 0 100 |30 0 20 0 5 55 16 o 90 | © 90 0

80 | 0 C oo lses| 10 o 0 5 85 10 o o | a0 0 40

5 | 0 ¢ 100 | 50| 48 0 0 5 50 15 0 o | 110 0 110
Resln (b po o {100 o 0 50 | 20 o 0 5 67 27 50 o 0 50 0
Resin M) polyamide | 190 | o 0 00 |70 o 0 0 | 5 93 0 50 0 0 50 0
Res‘m&&ﬁ : 1001 o o 100 | 501 o 9 20 | s 67 0 50 9 0 50 o
Resin (O) polyamide) ypo | o 0 100 | 0 | 20 D s0 | 5 0 27 50 0 0 50 0
Resin (F) poiymmide) y00 | 0 0 100 | 20| %0 0 0 5 27 67 50 0 0 50 0
Resin () polyamide, g5 | g 0 100 |95 © 0 0 5 a5 9 0 o | 80 80
Heein (R) 00 1 0 5 00 1800 o 5 5 54 i Z0 0 5 20 0
Tesin (9) 360 L 0 0 RS G 0 5 i 57 75 g 0 7S 0
Resin 1) 30 | 70 | o 36 Ao 45 ¢ 0 5 44 50 0 0 o
Resin W) 70 0 30 70 64| 11 0 0 5 80 14 ) 0 o 0 0




[0182]

[Table 2]
Solubility evaluation
i 30 wt% PGMEA sclution
Resin
Solubility POl%ﬁ?;;??gylon Assessnent

Fesin (A) | Polyamide acid ester Soluble 119 mPars Ja
Resin (B) | Polyanmide acid ester Soluble 142 wmPa*s A
Resin (C) | Polyamide acid ester Soluble 135 mPars EY
Resin (D) | Polyamide acid ester Soluble 110 mPa's B
Regin (E) | Pelyvamide acid ester Scluble 110 mPars A
Resin (F) | Polyamide acid ester Soluble 145 mPass iy
Resin {(G) | Polyamide acid ester Soluble 98 mPars A
Resin {H) | Folyvamide acid ester Scluble 171 mPass B
Resin (I) | Polyvamide acid ester Soluble 86 mPars A
Resin (J) | Polyanide acid ester Scoluble 165 mPass B
Resin (K} | Polyanide acid ester Socluble 37 mPars A
Fesin (L} Polyamide acid ester | Inscluble - C
Resin (M) Polyamide acid ester | Insoluble - C
Resin (M) Polyamide acid ester | Insoluble - C
Eesin {0) | Polyamide acid ester | Inscluble - C
Resin (P} | Polvamide acid estex Socluble 109 mPars B
Reszin (@) | Polyanide acld ester | Insoluple - C
Re=sin {R) Polyimide Soluble 257 nPa-s B
Resin (8) Polyimide Soluble 173 mPa-s B
Resin {T) | Polyamide acid ester | Insciuble - C
Resin (U) | Polyamide acid ester | Inscluble - C
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0183]

[Table 3]
Development
Varnish composition film loss
Varnish amount. Assessment
Resin Fhotosensitive Solvent| Cthers {jamm)
Agent
Examgle 1 A1 B D1 CEL e—1 G.41 A
Example 2 B I3 b1 GEL d-1i e-1 0,37 A
Example 3 C C o1 GEL d-2 e-1 0.35 2y
Example 4 D D b1 GEL d-3 e~1 0.45 iy
Example 5 B o b-1 GEL d-1 e-1 0.48 A
Example © F ) b-1 GBL d-2 -1 0.41 B
Example 7 G G b-1 GBL d-3 e-1 6.44 )
- . ~ ODETBO . .
Example B8 B-72 A BPE-100, TPT GBL d-3 0.21 A
Example 9 H H b-1 CRL d-2 e-1 0.29 A
Example 10 I I b-1 GRL d-3-a-1 0.59 B
Example 11 J J b1 GRL d-2 e-1 0.32 iy
Example 12 ¥ ¥ b~1 GEL d-3 e-1 0.58 B
comparative L L b-1 GEL e-1 0.63 ¢
example 1
Comparative M M b-1 GBL e-1 0.41 A
example 2
comparative N N b1 GBL e-1 0.28 I\
exampis 3
Comparative 0 o | b1 GBL e-1 0.87 ¢
example 4
Comparatlive, P b-1 GBL e-1 G.65 c
example &
Comparative
~ . b1 -1 .
example 6 Q o} GBL e G.3% R
Comparative R R b-1 GBL e-1 6.71 c
example 7
Comparative s s b-1 GBI e-1 0.93 C
example 8
Comparative T T b-1 GEL e-1 0.47 A
example 9
PR
Comparative U u b-1 GBL e-1 0.42 A
example 10
101847
Example 13

Inadrynitrogen flow, 16.6g (0.0275mole) of the diamine
compound {(a) prepared in Synthesis exampie 1, 1.83 g {(0.005&
mole) of BAHF and 0.62 g {0.0025 mole} of SiDA {(manufactured
by Shin-Etsu Chemical Co., Ltd.} weres dissolved in 200 g of NMP.
Then, 22.2 g {(0.05 mole) of 6FDA (manufactured by DATKIN

INDUSTRIES, Ltd.) was added alcong with 50 g of NMP, and the
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mixture was stirred at 40°C for 1 hour. Subsequently, 3.27 g
{0.03mele) of MAP (manufactured by Tokye Chemical Industry Co.,
Ltd.) was added, and the mixture was stirred at 40°C for 1 hour.
Further, a solution prepared by diluting 11.9 g (0.1 mecle) of
DFA {manufactured by Mitsubishi Rayon Co., Ltd.) with 5 g of
NMP was added dropwise over 10 minutes, and after the dropwise
addition, stirring was continued at 40°C for 2 hours. After
the end of stirring, the solution was put in 2 L of water, and
the polymer solid precipitate was collected by filtration.
Further,theprecipitatewaswashedwith2};ofwaterthreetimes,
and the collected polymer soiid material was dried in a vacuum
dryver at 50°C for 72 hours to provide a polyamide acld ester
resin (AR). Using the obtained resin (AA), evaluation of
solubility in an organic solvent was performed by the
above-described methods.

[0185]

To 7.0 g of the obtalned resin (BA) were added 2.0 g of
the quinone diazide compound (b-1) prepared in Synthesis
example 2, 2.0 g of the phenol compound {(e-1), 0.01 g of Megafac
F554 (manufactured by DIC Corporation) and 44 g of PGMEA to
provide a varnish {(BA-1) of a positive photosensitive resin
composition with a solid content of 20%. Using the varnish
(AA-1}, viscosity evaluation and photosensitivity evaluation
were performed as described above. The results are shown in

Table 5.
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[0186]

Example 14

In a dry nitrcocgen flow, 22.2 g (0.05 mcle) of 6FDA was
dissolved in 200 g of NMFP. Then, 4.9%95 g (0.03 mole) of ABF
(manufactured by Tokyo Chemical Industry Co., Ltd.) was added,
and the mixture was stirred at 40°C for 1 hour. Subsequently,
16.6 g (0.0275 mole) of the diamine compound {wx), 1.83 g {0.005
mole) of BAHF and 0.62 g (0.0025 mole) of SiDA were added along
with 50 g of NMP, and the mixture was stirred at 40°C for 2 hours.
Further, a solution prepared by diluting 11.9 g (0.1 mole) of
DFA with 5 g of NMP was added dropwise over 10 minutes, and after
the dropwise addition, stirring was continued at 40°C for 2 hours.
After the end of stirring, the solution was put in 2 L of water,
and the polymer solid precipitate was collected by filtration.
Further, the precipitate was washedwith 2 L of water three times,
and the collected polymer solid material was dried in a vacuum
dryer at 50°C for 72 hours to provide a polyamide acid ester
ragin (AB). Using the obtained resin {(AR), evaluation of
solubility in an organic solvent was performed in the same
mannery as in Example 13.
{0187]

Except that 7.0 g of the resin (ABR) prepared in the above
procedure was added in place of the resin (AA), the same
procedure as in Example 13 was carried cut to prepare a varnish

(AB) of a positive photosensitive resin composition. Using the
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obtained varnish (AB), viscosity evaluation and
photosensitivity evaluation were performed in the same manner
as in Example 13. The results are shown in Table 5.

[0188]

Bxample 15

Except that the amount of BAHF was changed from 1.83 g
{0.005 mele) to 0.%1 g {C.0025 mole), and the amount of MAP was
changed from 3.27 g (0.03 mole) to 3.81 g {0.035 mole), the same
procedure as in Example 13 was carried out to provide a polyamide
acid ester resin {(AC). Using the obtained resin (AC),
evaluation of solubility in an organic sclvent was performed
in the same manner as in Example 13.

[018%]

Except that 7.0 g of the resin {AC) prepared in the above
procedure was added in place of the resin (AA), the same
procedure as in Example 1 was carried out to prepare a varnish
(AC) of a positive photosensitive resin compositionwitha solid
content of 20%. Using the obtained varnish (AC), viscosity
evaluation and photosensitivity evaluation were perfcormed in
the same manner as in Example 13. The results are shown in Table
5.
r0100]

EFxample 16

Except that the amount of ABP was changed from4.95 g (0.03

mole) to 5.73 g (0.035mole), and the amount of BAHE was changed
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from 1.83 g (0.005 mole) to 0.915 g (0.002Z5 mole), the same
procedure as in Example 14 was carried out to provide a polyamide
acid ester resin (AD). Using the obtained resin (AD),
evaluation of solubility in an organic solvent was performed
in the same manner as in Example 13.

[61e1]

Except that 10 g of the resin {AD) prepared in the above
procedure was added in place of the resin (AA), and further,
0.5 g of the thermal crosslinking agent {(d~3) was added, the
same procedure as in Example 13 was carried out to prepare a
varnish (AD) of a positive photosensitive resin composition.
Using the obtained varnish (AD), viscosity evaluation and
photosensitivity evaluation were performed in the same manner
as in Example 13. The results are shown in Table 5.

[0192]

Exampie 17

Inadrynitrogen flow, 25.7 g {0.0425 mole) of the diamine
compound (e}, 1.83 g {(0.005 mole) of BAHE and 0.62 g (0.0025
mole) of S1DA were dissclved in 200 g of NMP. Then, 17.8 g (0.04
mole) of 6FDA was added along with 50 g of NMP, and the mixture
was stirredat 40°C for 1 hour. Subsequently, 1.%6g (0.0Zmole)
of MA (manufactured by Wako Pure Chemical Industries, Ltd.) was
added, and the mixture was stirred at 40°C for 1 hour. Further,
a solution prepared by diluting 11.9 g (0.1 mole) of DFA with

5 g of NMP was added dropwise over 10 minutes, and atter the
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dropwise addition, stirring was continued at 40°C for 2 hours.
After the end of stirring, the solution was put in 2 L of water,
and the polymer solid precipitate was collected by filtration.
Further, the precipitate was washedwith 2 L of water three times,
and the collected polymer solid material was dried in a vacuum
dryver at 50°C for 72 hours to provide a polyamide acid ester
resin {AE). Using the obtained resin (AE), evaluatlon of
sclubility in an crganic solvent was performed in the same
manner as in Examplie 13.
(01937

Except that 7.0 g of the resin (AE) prepared in the above
procedure was added in place of the resin (AA), the same
procedure as in Example 13 was carried out to prepare a varnish
(AE)ofeapositivephétosensitiveresincomposition. Using the
obtained varnish (AE), viscosity evaluation and
photosensitivity evéluation were performed in the same manner
as 1n Example 13. The results are shown in Table 5.
(0154]

Example 18

Except that the amount of ABP was changed from4.95 g {0.03
mole) to 2.48 g (0.015mole), the amount of the diamine compound
(o) was changed from 16.6 g (0.0275 mole) to 18.1 g (0.03 meole),
and the amount of BAHF was changed from 1.83 g (0.005 mole) to
3.66 g (0.01 mole), the same procedure as in Example 14 was

carried out toprovide a polyvamide acidester resin (AF). Using
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the obhtained resin (AF), evaluation of solubility in an organic
solvent was performed in the same manner as in Example 13.
[0195]

Except that 7.0 g of the resin (AF) prepared in the above
procedure was added in place of the resin (AA), the same
procedure as in Example 13 was carried out to prepare a varnish
(AF) of a positive photosensitive resgsin compositionwith a solid
content of 20%. Using the obtained varnish (AI), viscosity
evaluation and photosensitivity evaluation were performed in
the same manner as in Example 13. The results are shown in Table
5.

[0196]

Example 19

Except that the amount of the diamine compound {u) was
changed from 16.6 g (0.0275 mole) to 13.6 g {(0.0225 mole), the
‘amount of BAMF was changed from 1.83 g (0.005 mole) to 7.32 g
(0.02 mole), and the amount of MAP was changed from 3.27 g {0.03
mole) to 1.09 g (0.01 mole), the same procedure as in Example
13 was carried out to provide a polyamide acid ester resin (AG) .
Using the obtained resin {(AG), evaluation of sclubility in an
organic solvent was performed in the same manner as in Example
13.

(01977
Except that 7.0 g of the resin (AG) prepared 1n the above

procedure was added in place of the resin (AA), the same
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procedure as in Example 13 was carried out to prepare a varnish
(AG) of apositive photosensitive resin cempositionwith a solid
content of 20%. Using the obtained varnish (AG), viscosity
avaluation and pheotosensitivity evaluation were performed in
the gsame manner as in Example 13. The results are shown in Table
5.

[01e8]

Example 20

Exceptthattheamomﬂ:ofABPwaschangedfrom4.95g(OwOs
mole) to 4.13 g (0.025 mole), the amount of the diamine compeound
{ot) was changed from 16.6 g (0.0275mole} to 3.02 g (0.005 mole),
and the amount of BAHEF was changed from 1.83 g (0,005 mole) to
10.98 g (0.03 mole), the same procedure as in Example 14 was
carriedout to provide apolvamide acidester resin (AH). Using
the obtained resin (AH), evaluation of sclubility in an organic
sclvent was performed in the same manner as in Example 13.
[0199]

Except that 7.0 g of the resin (AH) prepared in the above
precedure was added in place of the resin (AA}), the same
procedure as in Example 1 was carried out to prepare a varnish
(AH) of apositive photosensitive resin compositionwitha solid
content of 20%. Using the obtained varnish (AH), viscosity
evaluation and photosensitivity evaluation were performed in
the same manner as in Example 13. The results are shown 1in Table

5.
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[0200)]

Example 21

Except that the amount cf the diamine compound (w) was
changed from 16.6 ¢ (0.0275 mole) to 3.02 g (0.005 mole), the
amount of BAHF was changed from 1.83 g (0.005 mole) to 12.81
g (0.035 mole), and the amount of MAP was changed from 3.27 g
(0.03 mole) to 1.64 g (0.015 mole), the same procedure asg in
Example 13 was carried out to provide a polyamide acid ester
resin (AI). Using the obtained resin (AL}, evaluation of
seolubility in an organic scolvent was performed in the same
manner as in Example 13.
16201

Except that 7.0 g of the resin (AI) prepared in the above
procedure was added in place of the resin (A}, the sane procedure
as in Example 13 was carried out to prepare a varnish {(AI) of
a positive photosensitive resin composition with a sclid
content of Z20%. Using the obtained varnish (AI); viscosity
evaluation and photosenéitivity evaluation were performed in
the same manner as in Example 13. The results are shown in Table
5.
L0202

Example 22

Except that 3.62 g (0.0l mole) of BIS-AT-AF (manufactured
by Central Glass Co., Ltd.) was added in place of 1.83 ¢ (0.005

mole) of BAHF, the amount of the diamine compound (o) was changed
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froml16.6 ¢ (0.0275mole) to 15.1 g (0.025 mole), and the amount
of MAP was changed from 3.27 g (0.03mole) te 2.73 g (0.0Z25mole),
the same procedure as in Example 13 was carried out to provide
a polvamide acid ester resin (AJ). Using the obtained resin
(AJ), evaluation of solubility in an organic solvent was
performed in the same manner as in Example 13.

[0203]

Except that 7.0 g of the resin (AJ)} prepared in the above
procedure was added in place of the resin (AA), the same
procedure as in Example 13 was carried out to prepare a varnish
(AJ) of apositive photosensitive resincompositionwithasolid
content of 20%. Using the obtained varnish (AJ}, viscosity
evaluation and photosensitivity evaluation were performed in
thezsamenanneras.M1Exampl@ih3. The results are shown in Table
5.

(02047

Example 23

Except that the amcunt of ABP was changed from4.95 g (0.03
mole) to 6.60 g (0.04 mole), 4.53 g (0.0125 mole) of BIS~-AT~AF
was added in place of 1.83 g (0.005mole) of BAHF, and the amount
of the diamine compound (&) was changed from 16.6 g (0.0275mole)
to 9.06 g (0.015 mole), the same procedure as in Example 14 was
carriedout toprovide apolyamide acidester resin (AK). Using
the obtained resin (AK), evaluation of solubility in an organic

solvent was performed in the same manner as in Example 13.
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[0z05]

Except that 7.0 g of the resin (AK) prepared in the above
procedure was added in place of the resin (AA}, tThe same
procedure as in Example 13 was carried out to prepare a varnish
{AK) of a positive photosensitive resin compositionwith a solid
content of 20%. Using the obtained varnish (ARK), viscosity
evaluation and photosensitivity evaluation were performed in
the same manner as in Example 13. The results are shown in Table
5.

[Gz206]

Example 24

Except that the amount of the diamine compound (o) was
changed from 25.7 ¢ (0.0425 mole) to 21.1 g (0.035 mole), the
amount of BAHF was changed from 1.83 g (0.005 mole) to 4.57 g
(0.0125 mole), The amount of 9FDA was changed from 17.8 g (0.04
mole) to 13.3 g (0.03 mole), and the amount of MA was changed
from1.96 g {0.02mole) to 3.92 g (0.04 mole), the same procedure
as in Lxample 17 was carried out to provide a polyvamide acid
ester resin (AL). Using the obtained resin (AL), evaluation
of solubility in an organic solvent was performed in the same
manner as in Example 13.

[0207]

Fxcept that 7.0 g of the resin (AL) prepared in the above

procedure was added in place cof the resin (AA), the same

procedure as in Example 13 was carried out to prepare a varnish
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(AL) of a positive photosensitive resin compositionwltha solid
content of 20%. Using the obtained varnish {AL), viscosity
evaluation and photosensitivity evaluation were performed in
the same manner as in Example 13. The results are shown in Table
5.

[0208]

Example 25

Except that the amount of 6FDA was changed from 17.8 g
(0.04 mole) to 16.6 g (0.0375 mole), and the amount of MA was
changed from 1.96 g (0.02 mole) to 2.45 g (0.025 mole), the same
procedure as in Example 17 was carried out to provide a polyamide
acid ester resin {AM). Using the obtained resin (AM),
evaluation of solubility in an organic solvent was performed
in the same manner as in Example 13.

[0209]

Except that 7.0 g of the resin (AM) prepared in the above
procedure was added in place of the resin (AA), the same
procedure as in Example 13 was carried out to prepare a varnish
(AM) of a positive photosensitive resincompositionwith a solid
content of 20%. Using the obtained wvarnish (AM), viscosity
evaluation and photcosensitivity evaluation were performed in
the same manner as in Example 13. The results are shown in Table
5.

[0210]

Example 26



Except that the amcunt of the diamine compound (o] was
changed from 25.7 g {(0.0425 mole) to 15.1 g (0.025 mole), the
amount of BAHF was changed from 1.83 g (0.005 meole) to 8.23 ¢
(0.0225 mole), the amcunt of 6FDA was changed from 17.8 g (0.04
mole) to 11.1 g ($.025 mole), and the amount of MA was changed
froml1l.%6 g (0.02mole) tod4.90 g {0.05mole), the same procedure
as in Example 17 was carried out fo provide a polyamlde acid
estex resin {(AN). Using the obtained resin (AN), evaluation
of sclubility in an organic solvent was performed in the same
manner as in Example 13.

[0211]

Except that 7.0 g of the resin (AN) prepared in the above
procedure was added in place of the resin (AA), The same
procedure as in Example 13 was carried out to prepare a varnish
(AN) of apositive photosensitive resin compositionwith a solid
content of 20%. Using the cbtained varnish {(AN), viscosity
evaluation and photosensitivity evaluation were performed in
the zame manner as in Example 13. The results are shown in Table
5.

[0212]

Example 27

Except that the amcunt of the diamine compound () was
changed from 16.% g {0.0275 mole) to 7.56 g (0.01Z5 mole), the
amount of BAHF was changed from 1.83 g (0.005 mole) to 8.24 g

(0.0225 mole), and the amount of MAP was changed from 3.27 g
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(0.02 mole) to 2.73 g (0.025 mole), the same procedure as in
Example 13 was carried out to provide a polyamide acid ester
resin (AQO). Using the obtained resin (A0}, evaluaticn of
solubility in an organic solvent was performed 1in the same
manner as 1in Examplie 13.

f0213]

Except that 7.0 g of the resin (AQ) prepared in the above
procedure was added in place of the resin {(AR), the same
procedure as in Example 13 was carried cut to prepare a varnish
(A0} of apositive photosensitive resin compositionwith asolid
content of 20%. Using the obtained varnish (AQ), viscesity
evaluation and photosensitivity evaluation were performed in

the same manner as in Example 13. The results are shown in Table

Example 28

In a dry nitrogen flow, 7.32 g (0.02 mole) of BAHF, 7.24
g {0.02 mcle) of BIS-AT-AF and Z2.18 g (0.02 mole) of MAP were
dissclved in 50 g of NMP and 26.4 g (0.3 mole) of glycidyl methyl
ether, and the solution was cooled to -15°C. Then, & solution
prepared by dissolving 14.7 g (0.050 mole} of diphenyl ether
dicarboxylic acid chloride (manufactured by Nihon Nohyaku Co.,
Ltd.) in 25 g of GBL was added dropwise while the internail
temperature was kept at 0°C or lower. After the end of dropwise

addition, stirring was continued at -15°C for 6 hours. After
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the end of the reaction, the solution was put in 3 L of water
containing 10% by weight of methanol, and a white solid was
precipitated. The precipitate was collected by filtration,
and washed with water three times, and then dried in a vacuum
drver at 50°C for 72 hours to provide an alkali-soluble
polybenzoxazole precurscr (AP). Using the obtained resin {(AP),
evaluation of solubility in an organic solvent was performed
in the same manner as in Example 13.

[0215]

Except that 7.0 g of the resin (AP) prepared in the above
procedure was added in place of the resin (AR}, the same
procedure as in Example 13 was carried ocut to prepare a varnish
(AP} of a positive photosensitive resin compositionwithasolid
content of 20%. Using the obtained varnish (AP), wviscosity
evaluaticon and photosensitivity evaluation were performed in
the same manner as in Example 12. The results are shown in Table
5.

[021%]

Example 29

To 7.0 g of the resin (AA) prepared in Example 13 were
added 2.0 g of the guinone diazide compound (k-1}, 2.0 g of the
phenol compound {(e-1), 2.0 g of the alkoxymethyl
group-containing thermaltcrosslinking agent (d~1) prepared in
Synthesis exampie 3, 0.01 g of Megafac F5324 (manufactured by

DIC Corporation) and 52 g of PGMEA to provide a varnish (AA-Z2)
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of a positive photosensitive resin composition with a solid
content of 20%. Using the varnish (AA-2), viscosity evaluation
and photosensitivity evaluation were performed as described
above. The results are shown in Table 5.
(02177

Example 30

To 7.0 g of the resin (AA) prepared in Example 13 were
added 2.0 g of the guinone diazide compéund,{bwl), 2.0 g of the
phenol compound {e-1), 2.0 g cof the alkoxymethyl
group-containing thermal crosslinking agent (d-2), 0.01 g of
Megafac F554 (manufactured by DIC Corporation) and 52 g of PGMEA
to provide a varnish (AR-3) of a positive photosensitive resin
composition with a solid content of 20%. Using the varnish
(AR-3), viscosity evaluation and photosensitivity evaluation
were performed as described above. The results are shown in
Takle 5.
[0218]

Example 31

To 7.0 g of the resin (AA) prepared in Example 13 were
added 2.0 g of the guinone diazide compound (b-1}, 2.0 g of the
phenol compound {e-1), 2.0 g of the thermal crosslinking agent
(d=3), 0.01 g of Megafac F554 (manufactured by DIC Corporation)
and 52 g of ?GMEA to provide & varnish (AA-4) of a positive
photosensitive resin composition with a solid content of 20%.

Using the varnish (AA-4), viscosity evaluation and
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photosensitivity evaluation were performed as described above.
The results are shown in Table 5.
(02197

Example 32

To 10 g of the resin (AA) prepared in Example 13 were added
0.1 g of 1,%2-octanedicne-1-[4-(phenyl
thio)~2~(o~benzoyloxime) ] (ODPTBC) (manufactured by BASFE
Japan Ltd.), 2.0 g of ethylene oxide-mcdified bisphencl A
dimethacrylate UM(Ester‘BPamlOdlnanufacturedknrShin—Nakamura
Chemical Co., Ltd.}, 0.5 g of trimethyvlolpropane triacrylate
(TPT), 1.0 g cf the thermal crosslinking agent (d-3}, 0.0l g
of Megafac F554 (manufactured by DIC Corporation) and 4.4 g
of PGMEA were added to provide a varnish (A-5) of a negative
photcsensitive resin composition. Using the obtained varnish
(AA-5), viscosity evaluation and photosensitivity evaluation
were performed as described above. The results are shown in
Table b.
[0220]

Comparative example 11

In a dry nitrogen flow, 18.3 g (0.05mole) of BAHY was
dissclved in 50 g of NMP and 26.4 g {0.3 mole) of glycidyl methyl
ether, and the solution was cooled to -15°C. Then, a sclution
prepared by dissolving 14.7 g {(0.050 mole) of diphenyl ether
dicarboxylic acid chloride {manufactured]oyiﬁihon.Nohyaku,Co.,

Ltd.) in 25 g of GBL was added dropwise while the internal
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temperature was kept at 0°C or lower. After the end of dropwise
addition, stirring was continued at ~15°C for € hours. After
the end of the reaction, the sclution was put in 3 L of water
containing 10% by weight of methanol, and a white solid was
precipitated. The precipitate was collected by filtration,
and washed with water three times, and then dried in a vacuum
dryer at 50°C for 72 hours to provide an alkali-soluble
polybenzoxazole precursor (AQ). Using the obtained resin (AQ),
evaluation of solubility in an crganic solvent was performed
in the same manner as in Example 13.

[0z21]

Except thét 7.0 g of the resin (AQ) prepared in the above
procedure was added in place of the resin {AA}, the same
precedure as in Example 13 was carried,eutix)prepaieeavarnish
{Q) of a positive photosensitive resin composition with a solid
content of 20%. Using the obtained wvarnish (AQ)}, viscosity
evaluation and photosensitivity evaluation were performed in

the same manner as in Example 13. The results are shown 1n Table

o

[0222]

Comparative example 12

Except that 15.5 g (0.05 mole) of ODPA was added in place
of 22.2 g (0.05mole) of 6FDA, the amount of the diamine compound
(o) was changed from16.6 g (0.0275mole) to24.18 g (0.04 mole),

the amount of MAP was changed from 3.27 g (0.03 mole) to 1.08
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g {0.01 mole), and BAHE was not add@d, the same procedure as
in Example 13 was carried cut to provide a polyamide acid ester
resin (AR). Using the obtained resin (AR}, evaluation of
solubility in an organic solvent was performed in the same
manner as in Example 13.
[0223]

Comparative example 13

In a dry nitrogen flow, 15.46 g (0.04225 mole) of BAHFEF
and 0.62 g {(0.002% mole) of SiDA were dissolved in 250 g of .NMP.

=

5.5 ¢ (0.05 mole) of ODPA was added along with 50 g of

el

Then,
NMP, and the mizture was stirred at 30°C for 2 hours.
Subseqguently, 1.09 g (0.01 mele) of MAP (manufactured by Tokyo
Chemical Industry Co., Ltd.) was added, and stirring was
continued at 40°C for 2 hours. Further, 2.5 g of pyridine
(manufactured by Tokyo Chemical Industry Co., Ltd.) was diluted
with 15 g of toluene (manufactured by Tokyo Chemical Industry
Co., Itd.) and added to the solution, which was then heated for
reaction at 120°C for 2 heours and subsequently at 180°C for 2
hours, with a cooling pipe provided to remove water out of the
reaction system by azeotropy with toluene. The solution was
cooled down to room temperature and poured in 2 L of water, and
the polymer scolid precipitate was collected by filtration.
Further, the precipitate was washedwith 2L of water three times,
and the collected pclymer solid material was dried in a vacuum

dryer at 50°C for 72 hours to provide a polyimide resin (AS).
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Using the obtained resin (AS), evaiuation of soiubility in an
organic solvent was performed in the same manner as in Example
13.

[0224]

Except that 7.0 g of the resin (AS) prepared in the above
procedure was added in place of the resin (AA), the same
procedure ag in Example 13 was carried out to prepare a varnish
(AS)ofaapositivephoﬁoseasitiverasincompositionwitheasolid
content of 20%. Using the obtained varnish (AS), viscosity
evaluation and photosensitivity evaluation were performed in
the same manner as in Example 13. The results are shown in Table
5.

[0225]

Comparative example 14

Except that 15.5 g (0.05 mole) of ODPA was added in place
of 22.2 g (0.05mole) of 6FDA, the amount of the diamine compound
() was changed from 16.6 ¢ {0.0275mole) to15.1g (0.025 mole)},
the amount of BAHF was changed from 1.83 g (0.00> mole) to 3.66
g {0.01 mole), and the amount of MAP was changed from 3.27 g
(0.03 mole) to 2.73 g (0.025 mole), the same procedure as in
Example 13 was carried out to provide a polyamide acid ester
resin (AT). Using the obtained resin (AT), evaluation of
solubility in an organic solvent was performed in the same
manner as in Example 13.

(0226}



Comparative example 15

Except that the amount of the diamine compound (o) was
changed from 16.6 g (0.0275 mcle) to 21.1 g (0.035 mole), the
amount of MAP was changed from3.27 g (0.03mole} to2.73 g (0.02%
mole), and BAHE was nct added, the gsame procedure as in Example
13 was carried out Lo provide a polyamide acid ester resin (AU} .
Using the obtained resin (AU), evaluation of sclubility in an
organic solvent was performed in the same manner as in Example
13.
[GZ227]

Comparative example 16

Except that the amount of the diamine compound (o) was
changed from 16.6 ¢ (0.0275 mole) to 15.1 g (0.0225 mole), 2.48
g (0.0l mole) of 3,37 -DDS (manufactured by MITSUI FINE CHEMICALS,
Inc.) was added in place of 1.83 g (0.005 mole] of BAHF, and
the amount of MAP was changed from 3.27 g (0.03 mole} to 2.73
g (0.025 mole), the same procedure as in Example 13 was carried
out to pfovide a polvamide acid ester resin (AV). Using the
obtained resin (AV), evaluation of solubility in an organic
solvent wag performed in the same manner as in Example 13.
[0228]

Comparative example 17

Except that 6.20 g (0.025 mole) of 3,3’ -DDS was added in
place of 16.6 g (0.0275 mole) of the diamine compound {w}, the

amount of BAHF was changed from 1.83 g (0.005 mole) to 3.66

ko]

117



{(0.01 mole), and the amount of MAP was changed from 3.27 g (0.03
mole) to 2.73 g (0.025 mole), the same procedure as in Example
13 was carried out to provide a polyamide acid ester resin (AW).
Using the obtained resin (AW}, evaluation of solubility in an
organic solvent was performed in the same manner as in Example
13.
[0229]

Comparative example 18

Except that the amount of the diamine compound (o} was
changed from 25.7 g (0.0425 mole) toc 28.7 g (0.0475 mole), the

amount of 6FDA was changed from 17.8 g {6.04 mole) to 13.3

(o]

(0.03mole), the amount of MA was changed from 1.26 g (0.02 mole)
to 3.92 g (0.04 mele), and BAHF was not added, the same procedure
as in Example 17 was carried out to provide a polyamide acld
ester resin (AX). Using the obtained resin (AX), evaluation
of solubility in an organic solvent was performed in the same
manner as in Example 13.
[0230]

Comparative example 19

In a dry nitrogen flow, 12.12 g (0.02 mole) of the diamine
compound {(«), 8.24 g (0.0225 mole) of BAHF and 0.62 g (0.0025
mole) of SiDAwere dissolved in 200 gof NMP. Then, 6.66@ (0,015

mole) of 6FDA and 10.9 g (0.035 mele) of ODPA were added along

with 30 g of NMP, and the mixture was stirred at 40°C for 2 hours.

Subsequently, a solution prepared by diiuting 11.9 g (0.1 mole)
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of DFA with 5 g of NMP was added dropwise over 10 minutes, and
after the dropwise addition, stirring was continued at 40°C for
2 hours. After the end of stirring, the scluticn was put in
2 L of water, and the polymer sclid precipitate was collected
by filtration. Further, the precipitate was washed with 2 L
of water three times, and the collected polymer solid material
was dried in a vacuum drvey at 50°C for 72 hours to provide a
polyamide acid ester resin (RY). Using the obtained resin (AY),
evaluation of solubility in an organic solvent was performed
in the same manner as in Example 13.
[C231]

Comparative example 20

Except that the amcunt of the diamine compound (o) was
changed from12.1g {(0.0Z2mole) £t0o18.3 g (0.032mole), the amount
of BAHF was changed from .24 g (0.0225 mole) to 2.01 g (0.0055
mole), the amount of 6FDA was changed from 6.66 g {0.015 mole)
to 15.5 g {(0.035 mole), and 7.81 g (0.015 mole) of BSAA
(manufactured by SABIC Japan Lid.) was used in place of 10.9
g (0.035 mele) of ODPA, the same procedure as in Comparative
example 19 was carried cut to provide a polyamide acid esterx
resin [(AZ). Using the obtained resin (AZ), evaluation of
solukility in an organic solvent and measurement of a polymer
solution vigcosity were performed by the methods described
above.

[0232]
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Compoesitions of meonomers and end capping agents used for
the regins AA To AF used in Examples and Comparative examples
are shown in Tabkle 4, and results of evaluation of the solubility
in an organic solvent, compositioms of wvarnishes, wvarnish
sclution viscosities and the photosensitivity for the resins

AA to AZ are shown in Table 5.
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[0233]

[Table 4]
- e - i COMDCSALion of monomer and end capp;l’ic? a c:ill: T AT T
Resin PHLIA THS® | (IR pigheny) ether | Diamine imolar ravio) | B R (TR RGSN et | aniariae
GFon | opea | BSAR | meig | acid dichloridel o Tanup I BIS Tonslaioa | mois | molz |MAP|APP| MA [mol%
Resiil WA polvamide | 1p0 | 0 0 100 - sstb1o | o o s 79 14 e 0| 0] € 0
Resin (B5) 100 | 0 0 100 - ssi 0] 0 o] s 79 14 0 ]se0i 0 &0 0
Resin (R 100 | © 0 100 - 55] 5 o ol s 85 8 0] 60| 70 0
Resin (A0} wel o |0 100 - 550 5 Lo ol s 85 8 0176 0 70 0
Resin (ZR) B go | o 0 100 - 85| 1 o o 5 85 10 o ¢ |40 O 40
Resin_ 1000 Boiy 00 0 o 100 - 60| 20 | 0 | 0| 5 71 24 300 0| 20 0
(RESTH G pelvamidEl g0 | o |0 100 - s5f 40 | 0 [0 s 5D 44 201 0 [ ¢ | 20 0
Resan ens ooy 1001 © 0 100 - 10} 60 0 10| 5 13 80 6 15| G| 50 0
: o] 0 | o0 100 - w70 | o Jo s 12 8z | 30 30 0
100 | 0 0 100 - sl o |20 0] 3 67 27 [s0] 0] 0] 50 0
100 | O 0 100 - 30f 0 |25 (o 3 50 42 o fs0| ol 80 0
60 | 0 0 100 - ob 25 | o o s 70 25 0|0 |80 80
Poat eiver 75 0 0 100 - 85; 10 G 0 5 85 10 0| 0|30 50
Resin (BN polyEmiiel sp | 0 | 0 100 - sol 451 0 0] B 50 45 o} o |00 100
Resin oo DOIZERISE T 100 | 0 0 100 - 250 45 | 0 [ G| 5 33 60 |50 0| 0| 50
Resn e 0 | 0 0 0 100 o a0 | 40 J o | © 100 |40 0 | O | 40
) TR G 0 0 0 100 ol 0l o 0 G 100 aboio 0
0 |00 © 0 - g0 0 o o] s a4 0 200 0] 0] 20
100 8] 4] - algZ.5 U 8] o] 0 94 20 0 ) 20 8]
100 | 0 0 - sol zo0 ) o o s 57 27 [501 0 | 0| 50 0
o | o 100 - 70 o ol s 23 0 sel ool s0 0
0 0 100 - 50 o |20 s 67 0 sefo] ol %0 0
R o | o 100 - ol z0 ] 0o [s00 3 0 27 |s0] ol o s0 0
mesin U 0 0 100 - 950 0 9 5 95 0 0080 © 80
LN O 30 1 90 |0 30 - | a5 |0 e 14 50 0| 0 0
Resin U4) pelvemaded g0 1 0 | 30 70 - 64| 11 | © 5 80 14 oo 0
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Scolubility

Varnish composition

Vigcosity evaluation

Sensitivity
evaluation

evaluation |y pnoon | P Ot%ii;ﬁ}tlve Solwvent | Cthers vi;iiiéjbiL%éé?‘ Assessment | Eop (mJ/om’)

> 13 oy Soluble AA-T b-1 e—1 3.1 5 120
14 AR Solikle LB b-1 e~1 R s 120
15 AT )OWUb e AC b1 e-1 6.9 3 120
1¢ = aD b-T e-1 5.7 S 120
17 \E b1 -1 1507 A 50
. 18 @ AF b=1 a-1 12.6 Jy 150
19 @ AG -1 e~1 12,5 A 150
0 = of b-T1 e—1 /A S 150
21 = AT b1 e-1 11,3 Y 0o
7 = AJ [SRal o1 8.8 ) 140
< AR D=1 =1 6.4 3 130

4 2 AL p-1 e-1 ) S 140
25 ) AM b1 a-1 9.8 3 150
¢ = AN b-T1 e-1 5.1 S 150

A So B AC b1 o1 7.5 S 200

AP So & AP -1 -1 9.5 5 200
AR S, Le LA-2 B-1 e-1 -1 6.7 S 13C

AN Soluble AA-3 b-1 e~1 d- G. 7 5 130
AA Solubl @ AL~ b-T e—1 d-3 6.2 S T30
AR Soluble AR-5 LPET s PCHER d-3 8.8 8 130
AD Soluble RO b-1 PEMER a-1 16.8 C 280

AR Insoluble - - - - - - -

LS Soluble AS b1 POMEA a-1 18,3 C 320

AT Insoluble - - - - - - -

Al Insoliuble - - - - - - -

AV Insoluble - - - - - - -

A Insoluble - - - - - - -

BX Inscoluble - - - - - -~ -

AY Insoluble - - - - -~ -~ -

AZ Insoluble - - - - - - -~
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[0230]

Example 33

To 7.0 g of the resin (AA) prepared in Example 13 were
added 2.0 g of the guinone diazide compound (b~1), 2.0 g of the
phenol compound (e-1}, 0.01 g of Megafac F554 (manufactured by
DIC Corporaticn} and 99 g of GBL to provide a varnish (RA-6)
of & positive photosensitive resin composition. A positive
resist ("OFPR-800” manufactured by Tokyo Ohka Kogyo Co., Ltd.)
was fed to a slit coater (TS Coater manufactured by Toray
Engineering Co., Ltd.), the feed was then changed to the varnish
(AA~6), and pressurized feeding was started to apply the
photosensitive resin composition over a chromed stbstrate wit
Casizeof 1100 mm x 960 mm in such a manner that the film thickness
would be 5 um after drying.
[0236]

Example 34

A positive resist ("OFPR-800"” manufactured by Tokyo Ohka
Kogyo Co., Ltd.) was fed toaslit coater {T3 Coater manufactured
by Toray Fngineering Co., Ltd.}, and a liguid feeding pump, a
liguid feeding line and a mouthplece in the slit coater,
extending froma liquid feeding tank Lo the tip of the mouthpiece,
the volume of the pump, the line and the mouthpisece was 200 ml,
were cleaned with 1 L ¢f a thinner. The feed was then changed
to the varnish (AA~6) used in Example 33, and pressurized

feeding was started to apply the photosensitive resin
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composition over a chromed substrate with a size of 1100 mm x
960 mm in such a manner that the film thickness would be 5 um
after drying.
02371

Comparative example 21

To 7.0 gof the resin (AR) prepared_in<30mparativeeexamplé
12 were added 2.0 g of the guinone diazide compound (b-1), 2.0
g of the phenol compound {(e-1), 0.01 g of Megafac 554
(manufactured by DIC Corporation) and %9 g of GBL to provide
a varnish {AR) of a positive photosensitive resin composition.
In the same manner as in Example 33, a positive resist
{("OFPPR-800" manufactured by Tokyo Chka Kogye Co., Ltd.) was fed
to a slit coater (TS Coater manufactured by Toray Engineering
Co., Ltd.), the feed was then changed to the varnish (AR}, and
pressurized feeding was started. Resultantly, it was
confirmedthatsoliﬁcomponentsweregmecipitatedjjltheliquid
feeding pump, the liquid feeding line and the mouthpiece.
[0238]

Comparative example 22

A positive resist ("QFPR-800" manufactured by Tokye Ohka
Kogyo Co., Ltd.) was fedto a slit coater (TS Coater manufactured
by Toray Engineering Co., Ltd.), and a liguid feeding pump, a
liguid feeding line and a mouihpiece in the slit coater,
extending froma liquid feeding tank to the tip of the mouthpiece,

the volume of the pump, the line and the mouthpiece was 200 nL,
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were cleaned with 1 L of a thinner. The feed was then changed
to the varnish (AR) used in Comparatlive example 21, and
pressurized feeding was started. Resultantly, 1t was
confirmed that solid components were precipitated in the ligquid
feeding pump, the liquid feeding line and the mouthpiece.
INDUSTRIAL APPLICABILITY

[0239]

The photosensitive resin composition of the present
invention can be suitably used as surface protecting £ilms and
interlayer insulation films for semiconductor devices,
insulation lavers for organic EL devices, planarizing films of
driving TFT substrates for display devices including an organic

EL device.



CLAIMS
1. A photosensitive resin composition comprising: a resin
(a) having as a main repeating unit a structure represented by
the general formula (1); a photosensitive agent (b); and a
solvent (c):

[Chemical compound 1]

(COOH), |
o | o
s H H
S S S S PSR N N S €
§
. (COOR®),

wherein different groups may exist as each of R' to R® in a
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plurality of repeating units; R' is a tetravalent organic group,
where 95 to 100 mol% of R' in all the repeating units is a group
represented by the following formula (2); R® is a divalent
organic group, where 50 to 99 mol% of R? in all the repeating
units is a group represented by the following formula (3), and
1 to 50 mol% of R®* in all the repeating units is a group

represented by the following formula (4); R’

represents an
organic group with a carbon number of 1 to 20; and 1 and m each
represent an integer of 0 to 2, where 1 + m = 2; and

[Chemical compound 2]

FiC. CFy
. ﬁ/\ i gw’%\} (2}

A

mwﬁwmjﬂ T 3
I 3)
F.C_ CFj

LN Y ()

1{‘{\5}/::« \[\\’)

@), @)

wherein, Z represents a hydroxyl group or a methyl group, and
p and g each represent 0 or 1.

2. The photosensitive resin composition according to claim
1, wherein the resin (a) having as a main repeating unit a
structure represented by the general formula (1) is end-capped
with 10 to 100 mol% of a monoamine based on 100 mol% of a

tetracarboxylic acid as a monomer component.
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3. The photosensitive resin composition according to claim
1, wherein the resin (a) having as a main repeating unit a
structure represented by the general formula (1) is end-capped
with 10 to 100 mol% of an acid anhydride based on 100 mol% of
a diamine as a monomer component.

4. The photosensitive resin composition according to claim
2, wherein the monoamine is a monoamine having a group
represented by the general formula (5):

[Chemical compound 3]

(R

e
YR,
(A

wherein, R® represents an unsaturated hydrocarbon group with
a carbon number of 1 to 6, and r represents 0 or 1; A and B may
be the same or different, and each represent a hydroxyl group,
a carboxyl group or a sulfonic acid group; and s and t each
represent 0 or 1, where s+t 2 1.

5. The photosensitive resin composition according to any one
of claims 1 to 4, wherein the photosensitive agent (b) is a
quinone diazide compound.

6. A method for producing a heat-resistant resin f£ilm, the
method comprising the steps of: applying a photosensitive resin
composition according to any one of claims 1 to 5 to a substrate
to form a photosensitive resin £ilm; drying the photosensitive

resin film; exposing the dried photosensitive resin film;
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developing the exposed photosensitive resin film; and
subjecting the developed photosensitive resin £ilm to a heating
treatment.

7. A method for producing a heat-resistant resin f£ilm, the
method comprising the steps of: applying a photosensitive resin
composition according to any one of claims 1 to 5 to a substrate
to form a photosensitive resin £ilm; drying the photosensitive
resin film; exposing the dried photosensitive resin film;
developing the exposed photosensitive resin film; and
subjecting the developed photosensitive resin £ilm to a heating
treatment, wherein using a coating apparatus fed with a
photosensitive resin composition other than the photosensitive
resin composition according to any one of claims 1 to 5, the
photosensitive resin composition according to any one of claims
1 to 5 is applied to a substrate without cleaning the inside
of a liquid feeding passage of the coating apparatus.

8. The method for producing a heat-resistant resin film
according to claim 7, wherein the photosensitive resin
composition other than the photosensitive resin composition
according to any one of claims 1 to 5 is a photosensitive resin
composition containing at least one solvent selected from
ethylene glycol monoethyl ether acetate, ethyl-3-ethoxy
propionate, methyl-3-methoxy propionate, 2-heptanone,
propylene glycol monomethyl ether acetate and cyclohexanone.

9. A display device comprising: a first electrode formed on

129



a substrate; an insulation layer formed on the first electrode
so as to partially expose the first electrode; and a second
electrode provided so as to face the first electrode, wherein
the insulation layer is a heat-resistant resin film obtained
by the method for producing a heat-resistant film according to
any one of claims 6 to 8.

10. A display device comprising: a planarizing film provided
so as to cover irregularities on a substrate provided with a
thin-film transistor (TFT); and a display element provided on
the planarizing film, wherein the planarizing film is a
heat-resistant resin f£ilm obtained by the method for producing

a heat-resistant film according to any one of claims 6 to 8.
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