POSITIVE PHOTOSENSITIVE RESIN COMPOSITION, CURED FILM,
PROTECTING FILM, INSULATING FILM, AND

SEMICONDUCTOR DEVICE AND DISPLAY DEVICE USING THE SAME

Technical Field
[0001]
The present invention relates to a positive
photosensitive resin composition, a cured f£film, a
protecting film, an insulating £film, and a

semiconductor device and a display device using the

same.

Background Art
[0002)

Polyimide 1resin, which has excellent  Theat
resistance and outstanding electrical and mechanical
properties, has been used for forming surface
protection and  interlayex insulation films  of
semiconductor devices. In recent years, however,
polybenzoxazole resin has begun to be used because it
does not have an imide ring-derived, highly polar
carbonyl group and thus shows good moisture resistance
reliability. In addition, a photosensitive resin

composition has been developed, which comprises a resin



provided with photosensitivity and is thus able to

simplify a part of the process o¢of forming a relief

pattern.
[0003)]

Recently, positive ' photosensitive resin
compositions comprising a polybenzoxazole precursor and
a diazoquinone compound '(photosensitive agent) have
been developed, which can be developed with alkaline
aqueous solutions as a result of further improvements
in safety (for example, see Patent Literature 1).

[0004]

Herein, the production of a relief pattern with
a positive photosensitive resin composition and the
mechanism of developing the same will be described. A
coating film of a positive photosensitive resin
composition is formed on a wafer and exposed to actinic
radiation with an exposure device through a mask, the
device being called “stepper”. As a result, a portion
of the film which was subjected to the exposure
(hereinafter referred to as “exposed portion”) and a
portion of the same which was not subjected to the
exposure (hereinafter referred to as  “unexposed
portion”) are formed. The diazogquinone compound which

is present in the unexposed portion 1is insoluble in



alkaline agqueous solutions; moreover, it Dbecomes
resistant to alkaline aqueous solutions by the
interaction with the resin. On the other hand, the
diazoguinone compound which is present in the exposed
portion causes chemical change by the'action of the
actinic radiation to produce a carboxylic acid;
therefore, it becomes soluble in alkaline aqueous
solutions and accelerates the dissolution of the resin.
By dissolving and xremoving the exposed portion using
the solubility difference between the exposed and
unexposed portions, it becomes able to produce a relief
pattern comprising the unexposed portion only.

[0005]

In the case of wusing such a photosensitive
composition, its sensitivity is very important. When
the sensitivity is low, that is, when the sensitivity
is poor, it takes a long exposure time, resulting in a
low throughput.

Consequently, to improve the sensitivity of the
photosensitive resin composition, when the
concentration of the photosensitive group
(naphthoguinone diazide sulfonyl group) in the
photosensitive resin composition is increased by adding

a large amount of ' photosensitive agent (photosensitive



diazoguinone compound) or increasing the substitution
rate of the photosensitive group in the photosensitive
agent, the dissolution rate of the exposed porxtion is
accelerated, that 1is, the sensitivity is improved.
However, there is a problem that an undissolved residue
of the photosensitive xresin composition (hereinafter
referred to as “scum”} is produced at the bottom of the
pattern in the exposed portion after development, the
residue being derived from, for example, the
photosensitive resin composition which comprises the
photosensitive agent, etc. which failed to be an
alkali-soluble compound since the actinic radiation

caused poor chemical change.

A different method for improving the sensitivity
is a method in which, while the developing time 1is
lengthened to increase the dissolution amount of the
exposed portion in alkaline aqueou§ solutions, for
increasing the resistance of the unexposed portion to
alkaline agqueous solutions, the concentration of the
photosensitive group in the photosensitive resin
composition is increased as described above, the
dissolution rate of the unexposed portion is decreased
by increasing the molecular weight of ﬁhe resin, oxr the

molecular weight of a phenolic compound is increased,



which 1s a component that retains or supports the
photosensitive agent. However, this method not only
results in a low throughput but also increases the
SCum.

Similarly, when the dissolution rate of the
exposed portion is increased Dby, for example,
decreasing the molecular weight of the resin to
increase the dissolution amount of the exposed portion
in alkaline aqueous solutions, the unexposed portion is
also more 1likely to be soluble; therefore, it is
difficult to form a relief pattern and when it
collapses, there is a problem such as scum production
and a deterioration in resolution. Furthermore, the
unexposed portion is needed to have a predetermined
film thickness or more, so that the developing time is
extremely shortened, and not only is it difficult to
control pattern production, but also there is a
deterioxation in.the sensitivity of the photosensitive
resin composition, to the contrary.

It is also important to improve resolution
because, with an increase in the degree of integration
of semiconductor chips in recent years, the size of
relief pattern has been declining steadily. It is said.

that there is a trade-off relationship between



resolution and sensitivity; therefore, there is a
strong demand for the development of a photosensitive
resin composition which produces no scum, shows high
sensitivity and high resolution, and has high relief
pattern productivity.

[0006]

A positive photosensitive resin composition is
mentioned in Patent Literature 2, which comprises an
alkaline soluble resin <consisting of an acrylic
copolymer, 1,2-naphthoquinone diazide-5- (and/or -4-)
sulfonyl ester wusing a polyhydroxy compound and a
crosslink agent, and tetrakisphenocl compounds are
mentioned as polyhydroxy  compound examples {see
formulae [I-¢] to [I-e] in ©paragraph 0037 of the
literature).

However, the positive photosensitive resin
composition of Patent Literature 2 uses an acrylic
copolymer as the alkaline soluble resin and uses no

polyimide resin or polybenzoxazole resin.

Citation List
[0007]

Patent Literature 1: Japanese Patent Application

Laid-Open (JP-A) No. 2004-125814



Patent Literature 2: JP-A No. 2004-004233

Summary of Invention

Technical Problem

(0008]

The present invention was achieved in light of
the above circumstances and the object of the present
invention is to provide a positive photosensitive resin
composition which produces no 'scum and has high
sensitivity and high resolution, a cured £ilm, a
protecting film, an insulating film, and a
semiconductor device and a display device wusing the

same.,

Solution to Problem
{0009]}

The object was achieved by the present invention

described below under [1l] to [9].

[1] A positive photosensitive resin composition
comprising:

a polyamide resin (A) <comprising a polymer

including a repeating unit represented by the following

formula (1), and



a photosensitive agent (B) comprising an ester
of a phenolic compound represented by the following
formula (2) with at least one of 1,2~
naphthogquinonediazide-4-sulfonic acid and 1,2-
naphthoquinonediazide-5~sulfonic acid:

[0010]

[Chemical Formula 1]

(R (Ro)

.<N X—N—C—Y Cl)l) Formula (1)
O

[0011]

wherein each of X and Y is an organic group; R; is a
hydroxyl group, —-O-R3, an alkyl group, an acyloxy group
or a cycloalkyl group; Rz 1is a hydroxyl group, a
carboxyl group , -0-R3 or —COO-Rsz; h is an integer from
0 to 8; 1 is an integer from 0 to 8; Rs is an organic
group having 1 to 15 carbon atoms; when there are
plurality of Ris, Rzs or Rss, they may be the same or
different from each other; when there is no hydroxyl
group as Ri, at least one R; has to be a carboxyl
group; and when there is no carboxyl group as Ry, at
least one R; has to be a hydroxyl group; and

[oo12]

[Chemical Formula 2]



HO L~ y OH
S (2
(R} ™\ le F‘eﬁ / _/\(RIO)I
l Z I Formula (2)
(Rs)k T Re Rz ;R'E Drn ‘

& /

HO —

[0013]

wherein 2 1is an oxrganic group; each of Ry to Ry is a
hyd;ogen atom or an alkyl group; each of Rg to Rj1 is a
. hydrogen atom, a hydroxyl g?oup, a halogen atom, an
alkyl group, an alkoxy group, an alkenyl group or a
cycloalkyl group; each of j to m is an integer from O
to 4; and when there are plurality of Rgs, Res, Rips or

Ri1s, they may be the same or different from each

other.
[0014]

{21] The positive photosensitive resin
composition according to [1], wherein in the polyamide
resin (A), X of the formula (1) contains a repeating
unit having a structure selected £from the group
consisting of the following formulae (3-1) to (3-6):
{0015]

{Chemical Formula 3}
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Formula (3)

* % * %
CFs %
O+ - OO
CFa o
Formula (3-1) Formula (3-2)

* % * %
DO OO

HO OH
. Forrnula (3-3) Formula (3-4)
ok * * *
(R12)s (Raoks

Formula (3-6)
Formulz (3-5)

[0016)

wherein * means being connected to an NH group;
D in the formula (3-5) is =-CHz~, =-CH{(CH3)-, -C{CH3)-, -
0~-, -S-, -802-, -CO-, -NHCO-, -~C(CF3)2- orxr a single
bond; E in the formula (3-6) is -CHy-, -CH(CH3)- or -
C(CHs)2~-7 Ri2 is an alkyl group, an alkoxy group, an
acyloxy droup or a cycloalkyl group; s is an integer
from 1 to 3; and when there are plurality of R;z;s, they
may be the same or different from each other.

[0017)

[3] The positive photosensitive resin
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composition according to (11 oxr (2], wherein Z in the
phenolic compound represented by the formula (2)
contains a structure selected from the group consisting
of the following formulae (4-1) and (4-2):

{00181

[Chemical Formula 4]

Formula(4)
N\
KX X

| Formula (4-1) < > Formula (4-2)

[4)] The positive photosensitive resin
composition according to any of [1] to (3], wherein the
phenolic compound represented by the formula (2)
contains at least one or more kinds selected from the
group consisting of the following formulae (5-1) to ({5-
5):

[0020]

[Chemical Formula 5}



[0021]

Formula (5)

12

Formuta (&-1)

Formula (5-2)

Formula (5-3)

Forraula (5-4)

Formuta (5-5)
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[5) A cured film comprising a cured product of
the positive photosensitive resin composition defined
by any of [1] to [4].

[6] A protecting film comprising the cured film
defined by [5].

(71 An insulating film comprising the cured film
defined by [5].

[8] A semiconductor device having the cured film

defined by [5].

[9] "A display device having the cured £ilm

defined by [5].

Advantageous Effects of Invention

[0022])

According to the present invention, a positive
photosensitive resin composition which produces no scum
and has high sensitivity and high resolution, a cured
£ilm, &a ©protecting £film, an insulating £ilm, a
semiconductor device using the same and a display

device, are obtained.

Description of Embodiments

{0023]

Herxeinafter, a suitable embodiment of the
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posgtive photosensitive resin composition, cured film,
protecting film, dinsulating film, semiconductor device
and display device of the present invention will be
described each in detail.

[(0024]

{l) Positive Photosensitive Resin Composition

The positive photosensitive resin composition
will be described below.

The positive photosensitive resin composition of
the present invention is a positive photosensitive
resin composition comprising a polyamide resin (A)
including a repeating unit represented by the following
formula (1), and a photosensitive agent (B) comprising
an ester of a phenolic compound represented by the
following formula (2) with at least one of 1,2~
naphthoquinonediazide~4-sulfonic acid. and 1,2~
naphthoquinonediazide~5-sulfonic acid:

[0025]

[Chemical Formula 6]

<N K——N—C—Y O) Formula (1)

[C02¢6]

wherein each of X and Y is an organic group; R;
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is a hydroxyl group, -O0-Rz, an alkyl group, an acyloxy
group or a cycloalkyl group; Rz is a hydroxyl group, a
carboxyl group , —-0-Rz or —~COO-Riz; h is an integer from
0 to 8; i is an integer from 0 to 8; Rz is an oxganic
group having 1 to 15 carbon atoms; when there are
plurality of Rys, Rzs or Rzs, they may be the same or
different from each other; when there is no hydroxyl
group as R;, at least one R has to be a carboxyl
group; and when there is no carboxyl group as Rz, at
least one R; has to be a hydroxyl group; and

{0027]

{Chemical Formula 7]

HO~— /, /<OH
(Rﬁfﬁgf—:> \\ Ry Rﬁ// <i:::> Rmh
%

\(
(Rﬁkzﬁf“ Rz ,/ >€q“}“
X _/ ¥

Ho =—"H

-,

Formula (2)

[0028]

wherein Z is an organic group; each of Rg to Ry
is a hydrogen atom or an alkyl group:; each of Rg to Ry
is a hydrogen atom, a hydroxyl group, a halogen atom,
an alkyl group, an alkoxy group, an alkenyl group or a

cycloalkyl group; each of j to m is an integer from 0



le

~to 4; and when there are plurality of Rgs, Re¢s, Rygs ox
Ry1s, they may bYbe the same or different from each
other.
[0029]

The polyamide resin (A) is a polymexr which has a
main chain backbone including a polyamide structure and
which has a hydroxyl group, carboxyl group, ether group
or ester group in the main chain backbone or a side
chain of the backbone. When the polyamide resin (A) 1is
cured by heating, by the action of the hydroxyl group,
carboxyl group, ether group or ester group, it causes a
cyclization reaction which involves the elimination of
a small molecule, thereby producing a cured product
having a c¢yclic structure in the main chain backbone.
Also, this polymer has a hydroxyl group and/or carboxyl
group that is necessary to exhibit alkali solubility.

Examples of the polyamide resin (A) include a
polymer having a polybenzoxazole precursor structure, a
polymer having a polyimide precursor structure and a
polymer having a polyamic acid ester structure (a
structure in which an acid group of the polyamic acid
is esterified), in addition to a copolymer comprising
at least one of the three precursor structures, a

mixture of a polybenzoxazole precursor polymer and a
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polybenzoxazole derived therefrom, a mixture of a
polyimide precursor polymer and a polyimide derived
therefrom, a partially cyclized product in which a part
of the repeating unit that is present in the molecule
of a polybénzoxazole precursor polymer is changed to a
benzoxazole ring, a ﬁixture of a polybenzoxazole
precursor polymer and a partially cyclized product
thereof, a partially cyclized product in which a part
of the repeating unit that is present in the molecule
of a polyimide precursor polymer is changed to an imide
ring, and a mixture of a polyimide precursor polymer
and a partially cyclized product thereof.
[0030]

Particularly preferred as the polyamide resin
(A) is a polymer comprising a polybenzoxazole precursor
structure. This 1s because the polymer has a hydroxyl
group, which has an acidity that is not higher than
that of a carboxyl group but is appropriate, so that
while the exposed portion is soluble, the unexposed
portion is allowed to be sufficiently resistant to
alkaline aqueous solutions by the interaction with a
photosensitiye group, thereby obtaining an excellent
relief pattern with no pattern collapse. Also, this is

because when the benzoxazole structure is contained in



18

the cured product, the cured product does not contain a
carbonyl group, which is a polar group compared to the
imide sgructure, so that there is an increase in the
moisture resistance reliability of a semiconductor
device.
[0031]

In the polyamide resin (A) including a rxepeating
unit represented by the formula (1), -0O-R3, which is a
substituent of X, and -0-R3; and -COO-R3, which are each
a substituent of Y, are each a group which is protected
by Rz that is an organic group having 1 to 15 carbon
atoms, for the purpose of controlling the solubility of
the hydroxyl oxr carboxyl group in alkaline aqueous
solutions. R3; can also protect the hydroxyl or
carboxyl group as neéded. Examples of Rz include a
formyl group, a methyl group, an ethyl.group, a propyl
group, an isopropyl group, a t-butyl group, a t-
butoxycarbonyl group, a phenyl group, a benzyl group, a
tetrahydrofuranyl group and a tetrahydropyranyl group.

In the present invention, “organic group” refers
to a  hydrocarbon structure that can contain a
heteroatom other than a carbon atom.

[0032)

The polyamide resin (A) 1s obtained by the
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reaction of, for example, a compound selected from a
diamine, bis(aminophenol), all of which containing the
organic group X, 2,4-diaminophenol, etc. with a
compound selected from a tetracarboxylic dianhydride, a
trimellitic anhydride, a dicarboxylic acid, a
dicarboxylic acid dichloride, a dicarboxylic acid
derivétive, a hydroxy dicarboxylic acid, a hydroxy
dicarboxylic acid derivative, etc., all of which
containing the organic group Y.

When the compound is a dicarboxylic acid, to
increase the reaction yield, etc., an active ester type
dicarboxylic acid derivative can be used, which is
produced by previously reacting the dicarboxylic acid
with l-hydroxy-1,2,3-benzotriazole, etc.

[0033]

Examples of ¥ in the formula (1) include
aromatic compounds such as a Dbenzene ring and
naphthalene ring, bisphenols, heterocyclic compounds
such as pyrroles and furans and siloxane compounds.
More specifically, preferred examples of X include
those represented by the £ollowing formula (6), that
is, the formulae (6-1) to (6-7). As needed, they can

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

[0034]
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[Chemical Formula 8]

Formula (B) .
fﬁjjg?d»
00 O
Formula (6-1) Formula (6-2) Formula (6-3)

AR I
TSt
|
Ris
Formula(8-4)  Formula (6-5).

O 1,
Q0 H@A‘@

Formula (6-6)
Ri7 Riz
* —Rg—8i— 0 —8—Rys—*
Rig Rig
Formula (6-7)
[0035]
In the formulae, * means being connected to an
NH group; A is -CH-, -CH{(CH3)-, -C(CH3)2-, =-0-, -S-, -
80;-, =-CO-, -NHCO=-, =C(CF3)2—- or a single bond; R;; is
one selected from an alkyl group, an alkyl ester group
and a halogen atom, and Rj3s may be the same or
different from each other; Rjy is any of an alkyl

group, an alkoxy group, an acyloxy group and a
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cycloalkyl group, and Riss may be the same or different
from each other; r is an integer of 0 to 4; and Ris to
Ri1s are an organic group each.

[0036]

As shown by the formula (1}, the number of Ry
connected to X is 0 to 8 (R; is omitted in the formulae
(6-1) to (6-7})).

[0037]

Among the formula (6), those represented by the
following formula (7), that is,.the formulae (7-1) to
(7-17) are preferred, so that the positive
photosensitive resin composition shows particularly
excellent heat resistance and mechanical properties,
In the formula (7), Ry is shown. For example, the
formula (7-1) is a structure that is encompassed in the
formula (6-3).

[0038)

{Chemical Formula 9]



Formula (7)-(1/2)
0F3 X ¥ o *
OF0 ! O
Forrnula (7-1) Formula (7-2)
OO OO
HO OH
Formula (7-3) Formula (7-4)
(R (Ri2)s ,

Formula (7-5)

* —L/Q\-/*
@&f)
Formula (7-7)

o]
D B O
*
“
o)
Formula (7-8)

~-O0—0O-

Forraula (7-10)

22

Formula (7-6)

~0~-0-
Formula (7-8)
CHs

OO~

Formula (?-1 1)

o83 @*@ 79

Formula (7-12)

Oppy O
i 0
o H T =
HO H
CF3

Formula (7-13)

[0039]
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In the formulae, * means being connected to an
NH group; D in the formula (7-5) is -CHy-, -CH(CH3)~-, =~
Cc (CH3)2—-, -O0-, =-S5-, -~S803~-, -CO-, -NHCO-, -C{CF3)2- or a
single bond; E in the formula (7-6) is =~CHz~, -CH(CHj3)-
or =-C(CH3)z2-; Ri2 is any of an alkyl group, an alkoxy
group, an acyloxy group and a cycloalkyl group, and
Ri2s may be the same or different from each other; Rjsg
is one selected from an alkyl group, an alkyl ester
group and a halogen atom, and Rjss may be the same or
different from each othexr; s is an iﬁteger of 1 to 3;
and t is an integer of 0 to 4.
{0040]

[Chemical Formula 10]
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Formula (7)-(2/2)

CHs CHs
*—(CHap)s—Si—O —S8i—{CHps—* Formula (7-14)
CHs CHs
o
* ‘@'S{l—o —SI:4©——0 “Formula (7-15)
CHs CHg
T |
* @(C H?)Q—Sli—o ""‘Sli—'(C H?)2‘©'* Formula (7-16)
CHa CHs
* *
('IJH:3 CHs
HO Si—O0—Si H Formula (7-17)
CHg CHs

[0041)

In the formulae, * means being connected to an
NH group.

[0042]

Furthermore, among the formula (7)., those
represented by the following formula (3), that is, the
following formulae (3-1) to ({3-6) are particularly
preferred. When X of the polyamide resin - (B)
represented by the formula (1) is the following formula

(3), the positive photosensitive resin composition
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shows particularly excellent heat <resistance and

mechanical properties.
[0043]

[Chemical Formula 11}

Formula (3)

* & * "
Chs (;_’;
WgSug Mg Ny &
CF3 O
Formula(3-1) Forraula (3-2)

b % * %
-G O

HO OH
Formula (3-3) Formula (3-4)
* %k * %*
Mo Tue S o S o &
(R12)s (Ri2ks

Formuia (3-6)
Formula (3-5)

[0044.]

In the formulae, * means being connected to an
NH group: D in the formula (3-5) is -CH,~, -CH(CH3)-, -
C (CH3)2-, -0-, -S-, -80;-, -CO-, -NHCO-, -C(CF3);- or a
single bond; E in the formula (3-6) is -~CHz-, —-CH(CH;)-
or —C(CHs)2—; Ri» is an alkyl group, an alkoxy .group, an

acyloxy group or a cycloalkyl group; s is an integer of
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1l to 3; when there are plurality of R;28, they may be
the same or different from each other.
[0045]

Y of the polyamide resin {A) represented by the
formula (1) is an organic group. Examples of Y are the
same as the above-described examples of X, including
aromatic compounds such as a benzene fing and
naphthalene ring, bisphenols, heterocyclic compounds
such as pyrroles, pyridines and furans, and siloxane
compounds. More specifically, those represented by the
following formula (8), that is, the formulae (8-1) to
(8-8) are preferred. They can be used alone or in
combination of two or more.

[0046]

[Chemical Formula 12]
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Formula (8)
L O OQ
Formula (8-1) Formula (8-2) Formula (8-3)

[

F **7-' -T* N

g ¥ {2 /N

oY K
21

Forrrla (8-4) Formula (8-5) Formuia (8-5)

Formula (8-7)
Ros Ros
*—~Rp—SI—0—S8i—Ryg—*
Ros Ros
Farmula (8-8)
[0047]
In the formulae, * means being connected to a
C=0 group; A is ~CHz-, -CH(CHj3)-, -C(CH3)2-, -0-, -S-, -
80;~, =CO-, =-NHCO-, ~C(CF3);~ or a single bond; Rz is
one selected from an alkyl group, an alkyl ester group
and a halogen atom, and Rzys may be the same or

different from each other; Ry;; is one selected from a

hydrogen atom, an alkyl group, an alkyl ester group and
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a halogen atom; Rz; to Rzs are an organic group each; u
is an integer of 0 to 4.
[0048]

As shown by the formula (1), the number of R
connected to Y is 0 to 8 (R is omitted in the formula
(8)).

(00491

Among the formula (8), those represented by the
following formula (9), that is, the formulae (8-1) to’
(9-21) and those represented by the formula (10), fhat
is, the formulae (10-1) to (10-4) are preferred, so
that the positive photosensitive resin composition
shows excellent heat resistance and mechanical
properties. In the formulae (9) and (10), Rz is shown.
For example, the formula (9-6) is a. structure that is
encompassed in the formula (8-3).

The tetracénboxylic dianhydride-derived
structures 1in the following formula (9) include a
structure in which both of the positions connected to a
C=0 group each are meta positions, and a structure in
which both of the positions are para positions. The
tetracarboxylic dianhydride-derived structures can
include a structure in which the positions are a meta

position and a para position.



100501
{Chemical Pormula 13]

29
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Formula (9)-(1/2)

*—©70_©~* *@ Formula (8-2).

(Radn
Formula (9-1) %

Formula (8-3) Formula (9-4)
& x *
G
’ ~—OReo7 Re70—C @ @ (g—ORey
Formula (8-5) O o CF3 0
o Formula (3-6)
il
Re70~C, CFs Clg—ORm * o x
’"‘{I:>“+“<G:§_* Rao—o—%z:j>—§—%(:j;—o—ORw
6 1 [}
CFa . 0 0
Formula ( 9-?) . Formula (8-8)
Il * «
R270-G, o O"‘ORQ?
@%} g O~ Orgom
. ) .4
0 o)
Formula (9—9) Forrnula (8-10)
Re:eo—G —OR27y
@_ Ra0—g g oRw
Formula (8-11) Formula (8-12)
i i . x
R270-C, —OR27 CHs
Re70—G O @ (;r-ORQ?
* * O CHg 3
Formuia (8-13) Formula (9-14)

(0051}
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In the formulae, * means being connected to a
C=0 group; Rzs is one selected from an alkyl group, an
alkyl ester group, an alkyl ether group, a benzyl ether
group and a halogen atom, and Rzgs may be the same or
different from each other; Ry; is one selected from a
hydrogen atom or an organic group having 1 to 15 carbon
atoms and can be partially substituted; n is an integer
of 0 to 4.
[0052]

[Chemical Formula 14]
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Formula (9)-(212)

0 0
I il * ¥

R270—C CH3 O—-ORer

Formula (8-16)

9
GC—0ORa3

0
I{
o O

*

Formula (8-17} Formula (8-18)

*

R 0—C GC—OQRaz
1]
0 g

*

Formula (8-19)

0
(l; OF's
R270—'0 "—OR27
0}

Formulz (9-20)
Q 0]
It _Q_ 1}
R2720—C C—0ORa7 -
: I OFs

OFs

0
*

@Y

Forrnula (8-21)
[0053]

In the formulae, * means being connected to a

C=0 group; Rz7 is one selected from a hydrogen atom and
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an organic group having 1 to 15 carbon atoms and can be
partially substituted.
[0054}

[Chemical Formula 15]

Formula (10)
CHs CHs
*—(C Hq)a"*“SIi"“O ~—Si—{(CHylz—* Forrmula (10-1)
CHa CHs
T |
*‘@vsli—o —SI;4©—* Formula (10-2)
CHg CHg ,
CI‘Ha CI>Ha
*—@—(CHQ)Q'-*SF*O *-"S"i'——(Cl‘b)Q"@_’ Formula (10-3)
éH3 CHg
* %
CHs CHs
Lol
HO o‘u—o 9 H Formula (10-4)
CHs CHs

(0055)

In the formulae, * means being connected to a
C=0 group.
[0056]

Furthermore, among the formulae (8) and (10),

those represented by the following formula (11), that
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is, the formulae (11-1) to (11-4) are particularly
preferred.

When Y of‘ the polyamide resin represented by the
formula (1) is the following formula (11), the positive
photosensitive resin composition shows particularly
excellent heat resistance and mechanical properties.
[0057])

[Chemical Formula 16]

Formuta(11)

-O0-0- @

(Res)n

Formula (11-1) Formula (11-2)
o
% I * x
R270—C, —ORa7
Formula (11-3) Formula (11-4)
f0058]

In the formulae, * means being connected to a
C=0 group; Rys is one selected from an alkyl group, an
alkyl ester group, an alkyl ether group, a benzyl ether
gréup and a halogen atom, and Rz¢s may be the same or
different from each other; Ry is one selected from a
hydrogen atom and an organic group having 1 to 15

carbon atoms and can be partially substituted; n is an
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integexr of 0O to 4.
[0059]

The polyamide resin (A) including a repeating
unit represented by the above formula (1} is preferably
such that the polymer chain of the polyamide xresin (A)
has an amino group at one end thereof and the amino
group is capped with, to be an amide, an acid anhydride
which contains an aliphatic group or a cyclic compound
group that has at least one alkenyl or alkynyl group.
Becau_se of this, there is an increase in the shelf
stability of the positive photosensitive resin
composition. Examples of the group which is attributed
to, as just described, the acid anhydride that was
reacted with the amino group, the acid anhydride
containing an aliphatic group or a cyclic compound
group that has at least one alkenyl or alkynyl group,
include groups represented by the formula (12), that
is, the formulae (12-1) to (12-8), and groups
represented by the formula (13), that is, the formulae
(13-1) to (13-8). They may be used alone or in
combination of two or more.

[0060]

[Chemical Formula 17]
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Formula(12)
7 H
— A
ol HC—C—0
\%—OH H0—0 \clal —OH
0 0
Formula (12-1) Farmula (12-2)
o o
i it
L O

}"GO—O:(}“E}Z*“O
H H

NS |
A ~o—oH

I
HgC—C=C—C—C

H?_“
HC—C=C—0C 0\0

i —CH
0O i
o
Formula (12-3) Forrmula (12-4)
‘ . ll?
Ha .
/3 —O\ /(l}f—— P o
3 o
m\C_O/C\O_OH %—OH
R 0
Formula (12-5) Forrula (12-6)
1 i
1l
— Heo—g==0—C20—G% 0 G—
/ o JOL
C—0H HC—C==0—C—0—C—0 G—0H
& 3

Formula (12-7)

[0061]

(Chemigal Formula 18]

Forrula (12-8)
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Formula (13)
?r 0
——o—@—cson —5@—05014
HC -G

& Formula (13-2)
Formula (13-1)

CHs

2
—-é—Q—C”CH _— =CH
CH O"C

8 Formula (13-4)

Farmuia {13-3)

C=CH O=CH

Q 0
—C =CH —c’i-@—ceo&n

il Formula (13-8)

7 HO—G

Forrula (13-7) Forrnula (13-8)

{0062}

Of these, dgroups represented by the formula
(14), that is, the formulae (14~1) to (14-3) are
particularly preferred. Thexeby, particularly, there

is an increase in the shelf stability of the positive
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photosensitive resin composition.
[0063]

[Chemical Formula 19]

Formula (14)

O )

] - | 9

HC/C—_- — —C =—=CH
{
Moo —on - Ho—C

i B

O
Formula (14-1) Formula (14-2) Formula (14-3)
[0064)]

The capping method is not limited to the above
method. The acid group at one end of the polymer chain
of the polyamide resin (A) can be capped with, to be an
amide, an amine derivative which éontains an aliphatic
group or a cyclic compound group that has at least one
alkenyl or alkynyl group.

[(0065]

The polymer chain of the polyamide resin (A) can
have a nitrogen~-containing cyclic compound at at least.
one of a side chain of the polymer chain and the other
end of the same. Because of this, there is an increase
in the adhesion of a cured film of the polyamide resin

(A) to metal wiring (especially copper wiring) etc.
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This is because when one end of the polymer chain of
the polyamide resin (A) has an oxganic group having an
unsaturated group, the unsaturated group at the end
reacts, so that a cured film of the polyamide resin (A)
shows excellent mechanical properties (e.g., excellent
tensile elongation rate). Meanwhile, when the polymer
chain of the polyamide resin (A) has a nitrogen-
containing cyclic compound at at least one of a side
chain of the polymer chain and the other end of the
same, the nitrogen-containing cyclic compound reacts
with metal wiring of copper and copper alloy, so that a

cured f£ilm of the polyamide resin (A) shows excellent

adhesion.
[0066]

Exanmples of the nitrogen-containing cyclic
compound include a 1-(5-1lH-triazoyl)methylamino group;
a 3-(lH-pyrazoyl)amino group, a 4-(lH-pyrazoyl)amino
group, a 5-(lB-pyrazoyl)amino group, a 1-(3-1H-
pyrazoyl)methylamino group, a 1-(4-1H-
pyrazoyl)methylamino group, a 1-(5-1H-
pyrazoyl)methylamino group, a (lH-tetrazol-5-yl)amino
group, a 1l-(lH-tetrazole-5-yl)methyl-amino group and a
3-(lH-tetrazole-5~yl)benz~amino group. Of  these,

compounds represented by the formula (15), that is, the
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formulae (15-1) to (15-2) are preferred. Because of
this, especially, there is an increase in the adhesion
of a cured film of the polyamide resin (A) to metal

wiring of copper and copper alloys.

{0067]

[Chemical Formula 201

Formula(15)

Neo_ N
7 N Ve
N NG
N\ \ N—
N N
| N=— i
H H
Forrmula (15-1) Formula (15-2)
[0068]

The number average molecular weight (Mn) of the
polyamide resin (A) is preferably 5,000 to 40,000,
particularly preferably 6,000 to 20,000. The number
molecular average weight (Mn) can be measured with a
molecular weight measuring apparatus using gel
permeation chromatography (GPC) and by calibration
using a polystyrene standard polymer.

[0069])

The positive photosensitive resin composition of

the present invention comprises the photosensitive

agent (B) comprising an ester of a phenolic compound
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represented by the aforementioned formula (2) with at
least one of 1,2-naphthoquinonediazide-4-sulfonic acid
and 1,2-naphthoquinonediazide-5-sulfonic acid. Because
of this, it is possible to improve the sensitivity and
rgsolution of the positive' photosensitive resin,
composition higher than conventional photosensitive
compositions.

The reason is assumed to be as follows.

Considering a photosensitive agent in which all
of the hydroxyl groups of the phenolic compound
represented by the formula (2) are substitutéd with an
ester of 1,2-naphthoquinonediazide sulfonic acid, which
is a photosensitive group, the photosensitive agent
(B) of the present invention is charactexrized in that
the distance between a photosensitive group (a) which
is present in an aromatic ring (a) that is one of the
four aromatic rings, and a photosensitive group (b)
which is present in an aromatic ring (b} that is the
other ring connected to, as a result of substitution, a
site of the cyclohexyl structure, which is the same as
the site to which the aromatic ring (a) is connected
(that 1is, the distance between the photosensitive
groups (a) and (b)) 4is short, while the distance

between the photosensitive group (a) and a
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photosensitive group (¢} ox (d), each of which 1is
diagonally opposite to the photosensitive group (a)
through an organic group (Z) (that is, the distance
between the photosensitive groups (a) and {c) and
between the photosensitive groups (a) and (d)), is very
long; therefore, the phenolic compoﬁnd represented by
the formula (2) is found to have a large molecular
weight and the structure having such a position of the
photosensitive groups is unique.

The distance between the photosensitive groups
in the photosensitive agent (B), which are diagonally
opposite to each other through the organic group %, is
longex than conventional photosensitive agents, so that
interaction with polyamide resins in a wide area can be
caused efficiently. As a result, the éesistance of the
unexposed portion to alkaline agueous solutions is
increased, resulting in an improvement in the
resolution of the ©positive photosensitive resin
composition.

On the other hand, in the exposed porxtion, since
the photosensitive agent (B) has the cyclohexyl
structure, the photosensitive agent itself absorbs less
actinic radiation. As a result, a large amount of

light reaches the bottom of the coating f£ilm;
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therefore, photosensitive groups that are close to the
substrate is more likely to cause chemical change and
the production of the carboxyl acid group is more
likely to occur. In addition, the photosensitive agent
(B) contains a structure in which the distance between
the photosensitive groups thraugh the same substitution
site of the cyclohexyl structure is short, so that the
areas show a high carboxylic acid concentration. Such
a’ structure with a high carboxylic acid concentrxation
is arranged at the both ends, so that the solubility of
the photosensitive agent (B) in developers is increased
even though the photosensitive agent (B) has a large
molecular weight. It is considered  that the
photosensitive agent in the coating £ilm is then
dissolved and removed, resulting in the entrance of a
developer into a hollow space thus obtained. However,
because of the large molecular weight of the
photosensitive agent (B), a large amount of developer
enters, so that the resin is likely to collapse and it
is easy to remove the resin in the exposed portion;
therefore, compared to photosensitive agents having a
similar molecular weight, the photosensitive agent (B)
is able to shorten the developing time while being

highly sensitive, and is able to shorten the throughput
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time in not only the exposure step but also the
developing step. Moreover, scum production is reduced
due to the above reason.

[0070]}

The photosensitive agent (B) is obtained by the
esterification of a phenolic compound represented by
the formula (2) with at least one of 1,2~
naphthoquinonediazide-4-sulfonic acid and 1,2~
naphthoquinonediazide-5~-sulfonic acid. Among the four
‘hydroxyl groups of the phenolic compound represented by
the formula (2), at least one is esterified with 1,2~
naphthoquinonediazide-4-sulfonic acid or 1,2-
naphthoquinonediazide~5-sulfonic acid.

[0071]

[Chemical Formula 21]

Formula (2)

[0072]
In the formula, z is an organic group; each of Ry

to Ry 1is a hydrogen atom or an alkyl group; each of Rg
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to Ry; is a hydrogen atom, a hydroxyl group, a halogen
atom, an alkyl group, an alkoxy group, an alkenyl group
or a cycloalkyl group: each of j to m is an integer
from 0 to 4; and when there are plurality of Rgs, Rss,
Rigs or Ruis, they may be the same or different from
each other.

{0073]

In the formula (2), 2 is an organic group and is
not particularly limited; however, examples thereof
iﬁclude the structures represented by the following
formula (16), that is, the following formulae (16-1) to
(16-5). Of these, the formulae (16-3) and (l6-4) are
particularly preferred, so that there is a further
improvement in the sensitivity and resolution of the
positive photosensitive resin composition.

[0074)

[Chemical Formula 22]~
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Formula (16)
—(CHg)5 —O(CHg)o—
Forraula (18-1) Formula (18-2)
R\ au
Forrnula (1B6-3) Formula (16-4)

{0075]

In the formulae, A is -CHy-, -CH(CH3)-, -C(CHz)z~,
-0-, -8-, -S0-, -CO-, -NHCO-, -C(CF3)z2- or a single
bond, and p is an integer of 1 to 10.

{0076]

Also in the formula (2), each of R4 to Ry is a
hydrogen atom or an alkyl group and is not particularly
limited. Examples of the alkyl group include a methyl
group, an ethyl group, a propyl group, a butyl group, a
pentyl group, a hexyl group, a heptyl group, an octyl
group, a nonyl group, a decyl group, an undecyl group

and a dodecyl group. They may be the same or different
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from each other. O0f these, a hydrogen atom, a methyl
group and an ethyl group are especially preferred, so
that the positive photosensitive resin composition
shows excellent sensitivity and resolution.

[0077])

In the formula (2), each of Rg to Rn is one
selected from a hydrogen atom, a hydroxyl group, a
halogen atom, an alkyl group, an alkoxy group, an
alkenyl group and a cycloalkyl group, and they may be
the samé or different from each other. Examples of the
halogen atom include chlorine and bromine. Examples of
the alkyl group include a methyl group, an ethyl gréup,
a'propyl group, a butyl group, a pentyl group, a hexyl
group, a heptyl group, an octyl group, a nonyl group, a
decyl group, an undecyl group and a dodecyl group.
Examples of the alkoxy group include a methoxy group,
an ethoxy group, a propoxy group and a butoxy group.
Examples of the alkenyl group include an ethenyl group,
a propenyl group and a butenyl group. Examples of the
cycloalkyl group 1include a cyclopropyl gxroup, a
cyclobutyl group, a cyclopentyl group and a cyclohexyl
group. Of these, a hydrogen atom, a methyl group and
an ethyl group are particularly preferred, so that the

positive photosensitive resin composition shows
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excellent sensitivity and resolution. Also in the

formula (2), each of j to m is an integer from 0 to 4.

(0078}

The phenolic compound represented by the formula

(2) is not particularly limited and specific examples

thereof include those represented by the £following

formula (17), that is, the formulae (17-1) to (17-14).

[0079]

[Chemical Formula 23]
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Formula (17)-(1/2)

HO H i{) OH
M C M O+C
Ke i s NS &

H
Formula (17-1) ormula (17-2)

HC) OH
TO+0
: :

Formuta (17-4)

HO OH HO H
@ )
:' o ': :' o ';

F ormﬁ(a (17-8)

Formuta (17-3)

- Formula (17-8)
Ho H Ho on

OO
@0 & .@ QQ

Farmula (17-7) Formula (17-8)

{0080]

[Chemical Formula 24}



Formula (17)-(2{2)

HO o4  HO OH
W, (> w, (D
CRzCH;—GH, { )-CH—(CHa—Cte
v, & W, &

HO OH Ho OH
Forroula (17-9) ' Formuia (17-10)

HO OH HO OH
D, - &7 ()
( -cHr—(CH oM~ ) (YN

v, . - P, -
HO OH HO . OH
Formula (17-11) Formula {17-12)
HO OH OH “
W, ¢ v, ot
’ CHsz ' . 0Hz_I_OHz .
O Q @ CHs Q
HO OH OH OH
Formula (17-13) Forraula (17-14)

[0081]

Of these, phenolic compounds represented by the
following formula (5), that is, the formulae (5-1) to
(5-5) are preferred, SO that the positive
photosensitive resin composition  shows | excellent
sensitivity and resolution.

[0082]

[Chemical Formula 25]



Formula (5)
HO

X

J

iy

O

x

X

Sar 8o n®

OO OO

X

[0083]
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QOH

OH

Formula (5-1)

Formuia {5-2)

Formuja (5-3)

Formula (5-4)

Forrnula (5-5)
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In the formula (2), each of Rg to Ri; is more
preferably a methyl group oxr ethyl group, so that
compared to the case of hydrogen atom, there is an
improvement in the «resolution of the positive
photosensitive resin composition with maintaining the
sensitivity of the same. The reason is not clear but
is assumed to be as follows. In the case of methyl or
ethyl group, the size of the functional group is not so
large. During development, therefore, in the exposed
portion, the photosensitive group does not sterically
inhibit the reaction of a chemically-changed carboxylic
acid from the photosensitive group with an alkaline
agqueous solution component; meanwhile, in the unexposed
portion, there is an increase in the number of alkyl
groups, resulting in an increase 1in hydrophobicity.
Also, it is clear from computational chemistry that the
electron density of the carbon atom of the methyl
group, and in the case of ethyl group, the electron
density of the carbon atom which is not connected to
the aromatic ring and faces outward, are the same as
the electron density of the wunsubstituted ortho
position of the hydroxyl group. Therefore, it is
considered that photosensitive groups are 1likely to

sterically interact with each other, so that the
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ability of the dissolution inhibition is increased and
dissolution contrast between the exposed and unexposed
portions is thus increased, resulting in an increase in
the resolution of the positive photosensitive resin
composition.

[0084]

The content of the photosensitive agent (B) is
not particularly limited. With 1respect to the
polyamide resin (A) of 100 parts by weight, it is
preferably 1 to 50 parts by weight, particularly
preferably 10 to 40 parts by weight. When the content
is in the range, a positive photosensitive resin
composition is obtained, which produces no scum and
shows excellent sensitivity and resolution.

[0085]

To be highly sensitive and to inhibit scum
production upon patterning, the positive photosensitive
resin composition of the present invention can further
contain a compound having a phenolic hydroxyl group.
[0086]

Examples of the specific structure of the
compound include those represented by the formula (18},
that is, the formulae (18-1) to (18-3). They can be

used alone or in combination of two or more.
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[0087]

[Chemical Formula 26}

Formula (18)
OH HO OH HO,
CHs HO CHyp OH
Formula (18-1) Formula (18-2)
HO HO
OH
HO HO

Formula (18-3)

(0088]

The content of the compound having a phenolic
hydroxyl group is not particwnlarly limited. With
respect to the polyamide resin (A) of 100 parts by
weight, it is preferably 1 to 30 parts by weight, more
preferably 1 to 20 parts by weight. When the content
is in the range, it is able to inhibit scum production
further during development and dissolution of the
exposed portion is promoted, so that there 1is an
inprovement in the sensitivity of the positive

photosensitive resin composition.
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[0089]

As needed, the positive photosensitive resin
composition of the present invention can alsoc contain
additives such as an acrylic-type leveling agent, a
silicon~containing leveling agent, a fluorine-
containing leveling agent, a vinyl-type leveling agent,
and a silane coupling agent.

[0090]
Examples of the silane coupling agent include,

but not limited to, 3-glycidoxypropyltrimethoxysilane,

3-glycidoxypropylmethyldiethoxysilane, 3-
glycidoxypropyltriethoxysilane, p-
styryltrimethoxysilane, 3-
methacryloxypropylmethyldimethoxysilane, 3~
methacryloxypropyltrimethoxysilane, 3~
methacryloxypropylmethyldiethoxysilane, 3-
methacryloxypropyltriethoxysilane, 3=
acryloxypropyltrimethoxysilane, N-2-{aminoethyl) ~3-

aminopropylmethyldimethoxysilane, N-2- (aminoethyl)-3-

aminopropyltrimethoxysilane, N-2- (aminoethyl)-3-
aminopropyltriethoxysilane, 3-
aminopropyltrimethoxysilane, 3-
aminopropyltriethoxysilane, N-phenyl-3-

aminopropyltrimethoxysilane, 3-
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mercaptopropylmethyldimethoxysilane, 3-
mercaptopropyltrimethoxysilane, bis(triethoxypropyl)
tetrasulfide, 3-isocyanatepropyltriethoxysilane, and
silane coupling agents obtained by the reaction of a
silicon compound having an amino group with an .acid
dianhydride or acid anhydride.

{0091]

The silicon compound having an amino group 1is
not particularly limited and examples thereof include
3-~aminopropyltrimethoxysilane, '. N-2-(aminoethyl) -3~
aminopropyltrimethoxysilane, 3~
aminopropylmethyldimethoxysilane, N-2-(aminoethyl)-3-
aminopropyltriethoxysilane, and 3-
aminopropyltriethoxysilane.

[0092]
In the present invention, these components are
dissolved in a solvent and used in the form of varnish.
Examples of the solvent include N-methyl-2-
pyrrolidone, v~butyrolactone, N,N-dimethylacetamide,
dimethyl sulfoxide, diethylene glycol dimethyl ether,
diethylene glycol diethyl ethex, diethylene glycol
dibutyl ether, propylene glycol monomethyl ether,
dipropylene glycol monomethyl ether, propylene glycol

monomethyl ethexr acetate, methyl lactate, ethyl
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lactate, Dbutyl lactate, methyl-1l,3-butylene glycol
acetate, 1,3-butylene glycol—3—monomethyl.ether, methyl
pyruvate, ethyl pyruvate, and methyl-3-
methoxypropionate. They can be used alone or in
combination of two or more.

[0093]

The method for using the positive photosensitive
resin composition of the present invention is as
follows. First, the composition 1is applied to an
appropriate suppoxrt (substrate) Ssuch as a silicon
wafer, a ceramic substrate and an aluminum substrate.
The applied amount is, when applied to a semiconductor
chip, an amount that forms a film having a final
thickness of 0.1 to 30 pm after curing. If the
thickness is less than the lower limit, it is difficult
for the film to fully function as the surface
protection £ilm of the semiconductor chip. If moxe
than the upper 1limit, not only it 1is difficult to
obtain a fine processing pattern, but also it takes a
long processing time, resulting in a low throughput.
Examples of the method for applying the composition
include spin coating using a spinner, spray coating
using a spray coater, immersion, printing and roll

coating. Next, the coated film is dried by pre-baking
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at 60 to 130°C and then exposed to actinic radiation in
a desired pattern. As the actinic radiation, X-rays,
electron beans, ultraviolet radiation, visible
radiation or the 1like can be used. Preferred is one
having a wavelength of 200 to 500 nm.

{0094]

Then, the exposed portion is dissolved and
removed with a developer to obtain a relief pattern.
As the developer, an agqueous solution of -an alkali can
be suitably used, examples of the alkali including
inorganic alkalis such as sodium hydroxide, potassium
hydroxide, sodium carbonate, sodium silicate, sodium
metasilicate and ammonia water, primary amines such as
- ethylamine and n-propylamine, secondary amines such as
diethylamine and di-n-propylamine, tertiary amines such
as triethylamine and methyldiethylamine, alcohol amines
such as dimethylethanolamine and triethanolaﬁine, and
quaternary ammonium salts such as tetramethyl ammonium
hydroxide and tetraethyl ammonium hydroxide. Also, an
aqueous solution produced by adding an appropriate
amount of water-soluble organic solvent or surfactant
to said aqueous solution can be suitably used as the
developer, examples of the solvent including alcohols

such as methanol and ethanol. As the development
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method, spraying, paddling, immersion, sonication,
etc., can be used.

[0085]

Next, the relief  pattern formed by the
development is rinsed. Distilled water is used as the
rinsing solution. Next, a heat treatment is performed
on the pattern to form an oxazole ring, an imide ring,
or both of them, thereby obtaining a final pattern with
excellent heat resistance.

The heat treatment temperature 'is preferably
180°C to 380°C, more preferably 200°C to 350°C. The

heat treatment performed here is the above-described

heat treatment process.
(0096]
(2) Cured Film, Protecting Film and Insulating Film
Next, the cured film formed with the positive
photosensitive 1resin composition of the present
invention will be described. The cured film is a cured
product of the positive photosensitive resin
composition. It is useful for not only semiconductor
devices such as a semiconductor chip, but also for
display devices such as a TFT liquid crystal display
and an organic EL display. It 1is also useful as the

interlayer insulation f£ilm of a multilayered circuit,
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the cover coat of a flexible copper-clad board, a
solder resist film, and a liquid crystal alignment
film.
[0097)

Examples of the applications to semiconductor
devices include the following: a passivation film which
is the aforementioned cured £film of the positive
photosensitive resin composition that is formed on a
semiconductor chip to protect metal wiring from
corrosion dune to water entering from the outside of the
semiconductor chip or ionic impurities contained in
molding compounds fér encapsulation; a protecting £ilm
such as a buffer coating £film, which is the
aforementioned cured film of the positive
photosensitive resin composition that is formed on a
passivation film to protect metal wiring from physical
damage due to a filler contained in the molding
compounds for encapsulation or to reduce the
transformation of metal wiring by shear stress which is
induced by the difference in coefficient of thermal
expansion (CTE) between the molding compound for
encapsulation and substrate; an insulating film such as
an interlayer insulation £ilm, which is the

aforementioned cured £film of the positive
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photosensitive resin composition that is formed on a
circuit formed on a semiconductor chip; an o-ray
shielding film for preventing soft errors due to c-rays
emitted from a minute amount of radiocactive substance
contained in the molding compounds for encapsulation; a
planarizing film; a projection (resin post) used for
producing a wafer level chip size package (W-CSP); and

a barrier rib.
[0098]

Examples of the applications to display devices
include a protecting film which is the cured £film of
the positive photosensitive resin composition that 1is
formed on a display chip; an insulating £film or
planarizing film for TFT chips, color filters, etc.; a
projection foxr MVA-type liguid crystal displays, etc.:
and a barrier rib for oxrganic EL chip cathodes, etc.
The positive photosensitive resin composition is used
in such a manner that according to the intended use of
a semiconductor device, a patterned layer of the
positive photosensitive resin composition is formed on
a substrate on which a display chip or color filter is
formed. High transparency is required particularly for
an insulating film or planarizing film of display

devices. The positive photosensitive resin composition
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is able to form a <resin layer with excellent
transparency by employing a post-exposure step before
curing the layer of the positive photosensitive resin

composition, so that it is practically more preferable.

Exanmples
[0099]

The present invention will be described in
detail by way of examples. The scope of the present

invention is not limited to the examples, however.
<Example 1>
{8ynthesis of Polyamide Resin (A-1)}]

A dicarboxylic acid derivative (active esterxr) of
443.21 g {(0.3%00 mol} and hexafluoro-2,2-bis(3-amino-~4-
hydroxyphenyl)propane of 366.26 g (1.000 mol) were put
in a four-neck separable flask equipped with a
thermometer, stirrer, raw material inlet and dry
nitrogen gas feed pipe, the derivative being obtained
by the reaction of diphenyl ether-4,4'-dicarboxylic
aclid of 0.900 mol with- l-hydroxy-1,2,3-benzotriazole of
1.800 mol. N-methyl-2-pyrrolidone of 3,200 g was added
to dissolve them. The mixture was reacted at 75°C for

12 hours with an oil bath.

Next, 34.43 g (0.200 mol} of 4-ethynylphthalic
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anhydride dissolved in 100 g of N-methyl-2-pyrrolidone
was added thereto and the mixture was stirred for
another 12 hours to complete the reaction. After
filtering the reaction mixture, the reaction mixture
was poured into a mixed solution of water and
isopropanol at 3:1 (volume ratio). The resulting
precipitate was collected by filtration, washed
sufficiently with water, and dried under wvacuum to
obtain the target polyamide resin (A-1l) having a number
average molecular weight of 11,500,
[0100]
[Synthesis of Photosensitive Agent]

Phenol represented by the following formula (B-
1) of 18.78 g (0.025 mol) and triethylamine of 8.40 g
(0.083 mol) were put in a four-neck separable flask
equipped with a thermometer, stirrer, raw material
inlet and dry nitrogen gas feed pipe. Tetrahydrofuran
of 145 g was added to dissolve them. After cooling the
reaction solution to 10°C or less, 1,2-naphthoquinone-
'2—diazide—4~sulfony1 chloride of 22.30 g (0.083 mol)
and tetrahydrofuran of 100 g were gradually added drop-
wise, keeping the temperature at less than 10°C. The
mixture was stirred for five minutes at 10°C or less

and then for five hours at room temperature to complete
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the reaction. After filtering the reaction mixture,
the reaction mixture was poured into a solution of
water and methanol at 3:1 (volume ratio). The
resulting precipitate was c¢ollected by filtration,
washed sufficiently with water and dried under vacuum
to obtain a photosensitive diazogquinone compound
represented by the following formula (Q-1).

(0101]

[Chemical Formula 27]

HO OH
oSNNI
Formula B-1 | @ |
W, -
HO OH
QO oQ
oSN &
Forrnula Q-1 A
HSR
oRhdis
QO oQ
[0102]

In the formula, Q represents a hydrogen atom or

1l,2-naphthoquinone~2-diazide-4-sulfonic acid group and
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83% of the Qs are 1,2-naphthoquinone-2-diazide-4-
sulfonic acid groups.
[0103]
[Production of Positive Photosensitive Resin
Composition]

The thus-synthesized polyamide resin (A-1) of
100 g, the photosensitive diazoquinone compound
represented by the formula (Q-1) of 15 g, and a silicon
compound having a structure represented by the
following formula {(C-1) of 18 g were dissolved in
y—butyrolactone of 150 g. Then, the mixture was
filtered with a Teflon (trademark) filter having a pour
diameter of 0.2 um to obtain a positive photosensitive
resin composition.
(01041

[Chemical Formula 28]

CHs

ForrmulaC-1  HyC=—C O— CghHg—Si(OCHg)3

o0=Q

(0105}
[Evaluation of Photosensitive Characteristics)

The positive photosensitive resin composition
was applied on a silicon wafer with a spin coater and

then pre-baked on a hot plate at 120°C for four minutes
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to obtain a coating f£ilm having a thickness of about
8.0 um. Using an i-line stepper (4455i manufactured by
NIKON Corporation), the coating film was exposed to i-
line radiation of from 100 mJ/cm? to 780 mJ/cm? in
increments of 10 mJ/cm® through a mask manufactured by
Toppan Printing Co., Ltd. (Test Chart No. 1, a mask on
which negative- and positive patterns having a width of
0.88 to 50 um are drawn).

Next, puddle development was performed thereon
with a 2.38% tetramethylammonium hydroxide aqueous
solution, controlling the developing time so that .the
difference between the film thickness of an unexposed
portion of the coating film after the prebaking and the
film thickness of the same after the development is 1
pm. Then, the coating film was rinsed with pure water
for 10 seconds. As a result, it was found that a
pattern was formed in a portion which was exposed to
the radiation at an exposure amount of 250 mJ/cm® or
more (the sensitivity was 250 mJ/cm?). At this time,
the resolution was as high as 5 pm.

[0106]
<Comparative Example 1>

[Synthesis of Photosensitive Agent]

Phenol represented by the following formula (B-
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2y of 11.41 g (0.050 mol) and triethylamine of 8.40 g
{0.083 mol) were put in a four-neck separable flask
equipped with a thermometer, stirrer, raw material
inlet and dry nitrogen gas feed pipe. Acetone of 100 g
was added to dissolve them; After cooling the reaction
solution to 10°C or less, 1,2-naphthoquinone-2-diazide-
4-sulfonyl chloride of 22.30 g {({0.083 mol) and
tetrahydrofuran of 100 g were gradually added drop-
wise, keeping the temperature at more than 10°C. The
mixture was stirred for five minutes at 10°C or less
and then for five hours at room temperature to complete
the reaction. After filtering the reaction mixture,
the reaction mixture was poured into a solution of
water and methanol at 3:1 {volume «ratio). The
resulting precipitate was collected by filtration,
" washed sufficiently with water and dried under vacuum
to obtain a photosensitive diazoquinone compound

represented by the following formula (Q-2).

[Production of Positive Photosensitive Resin
Composition and Evaluation of Photosensitive
Characteristics]

Next, a positive photosensitive resin

composition was obtained in the same manner as Example

1 except that the photosensitive diazoguinone compound
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represented by the formula (Q-1) was changed to one

represented by the formula (Q-2). The positive
photosensitive resin composition was evaluated in the
same manner as Example 1.

As a result, the sensitivity was 480 mJ/cm® and
the resolution was as low as 9 pm at this time.
[0107]

[Chemical Formula 29]

CHs

Formula B-2 HO OH
CHs
CHg

Forrnula Q-2 QO 0Q
CHs

{0108}

In the formula, Q represents a hydrogen atom or
1,2-naphthoquinone-2~diazide-4-sulfonic acid group and
83% of the Qs are

1,2-naphthoquinone-2-diazide-4-~

sulfonic acid groups.

[(0109]
[Table 1]
Resin Photosensitive - .
. (Common) Agent Sensitivity Resolution
Example 1 (A-1 (Q-1) 250 mJ/em” 5 um
Comparative
Exarr?p!e 1 (A-1) (Q-2) 480 mJlerm? 9 pm
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[0110]
<Example 2>
{Synthesis of Polyamide Resin (A-2)]

A dicarboxylic acid derivative (active estexr) of
408.74 g (0.830 mol) and hexafluoro-2,2-bis(3-amino-4-
hydroxyphenyl)propane of 366.26 g (l.OOQ nol) were put
in a four-neck separable flask equipped with a
thermometer, stirrer, raw material inlet and dry
nitrogen gas feed pipe, the derivative being obtained
by the reaction of diphenyl ether-4,4’-dicarboxylic
acid of 0.830 mol with 1l-~hydroxy-1,2,3-benzotriazole of
1.660 mol. N-methyl-2-pyrrolidone of 3,100 g was added
to dissolve them. The mixture was reacted at 75°C for
16 hoﬁrs with an oil bath.

Next, 69.77 g (0.425 mol) of 5-norbornene-2,3-
dicarboxylic anhydride dissolved in 280 g of N-methyl-
2-pyrrolidone was added thereto and the mixture was
stirred for three hours to complete the reaction.
After filtering the reaction mixture, the reaction
mixture was poured into a mixed solution of water and
isopropanol at 3:1 (volume xratio}. The resulting
precipitate was collected by filtration, washed

sufficiently with water, and dried under vacuum to
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obtain the target polyamide resin (A-2) having a number
average molecular weight of 8,700.
[0111]
[Synthesis of Photosensitive Agent]

Phenol represented by the following formula (B-
1) of 18.78 g (0.025 mol) and triethylamine of 7.59 g
(0.075 mol) were put in a four-neck separable flask
equipped with a thermometer, stirrer, raw matexial
inlet and dry nitrogen gas feed pipe. Tetrahydrofuran
of 140 g was added to dissolve them. After cooling the
reaction solution to 10°C or less, 1,2-naphthoguinone-
2-diazide-4-sulfonyl chloride of 20.15 g (0.075 mol)
and tetrahydrofuran of 100 g were gradually added drop-
wise, keeping the temperature at more than 10°C. The
mixture was stirred for five minutes at 10°C or less
and then for five hours at room temperature to complete
the reaction. After filtering the reaction mixture,
the reaction mixture was poured into a solution of
water and methanol at 3:1 (volume ratio). The
resulting precipitate was collected by filtration,
washed sufficiently with water and dried under vacuum
to obtain a photosensitive diazoquinone compound
representéd by the following formula (Q-3).

[0112]
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[Chemical Formula 30]

HO OH
W, ()
Forrula B-1 } @ i
W, ) -
HO OH
QO jole
W, @
Forrnula Q-3 i @ i
) (2
Q0O oQ

[0113]

In the formula, Q represents a hydrogen atom or
1,2-naphthoquinone-2-diazide-4-sulfonic acid group and
75% of the Qs axe 1,2-naphthoquinone-2-diazide-4-
sulfonic acid groups.

{0114]
(Production of Positive Photosensitive Resin
Composition]

The thus-synthesized polyamide resin (A-2) of

100 g, the photosensitive diazoquinone compound having

a structure represented by the formula (Q-3) of 20 g,
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and a silicon compound having a structure represented
by the formula (C-1) of 8 g were dissolved in
v—butyrolactone of 150 g. Then, the mixture was
filtered with a Teflon (trademark) filter having a pour
diameter of 0.2 um to obtain a positive photosensitive
resin composition.

[0115]

[Evaluation of Photosensitive Characteristics]

The positive photosensitive resin- composition
was applied on a silicon.wafer with a spin coater and
then pre-baked on a hot plate at 120°C for four minutes .
to obtain a coating film having a thickness of about
8.0 pym. Using an i-line stepper (4425i manufactured by
NIKON Corporation), the coating film was exposed to i-
line . radiation of from 100 wJ/cm® to 780 mJ/cm® in

increments of 10 nmJ/cm?

through a mask manufactured by
Toppan Printing Co., Ltd. (Test Chart No. 1, a mask on
which negative and positive patterns having a width of
‘0.88 to 50 um are drawn).

Next, puddle development was performed twice
thereon with a 2.38% tetramethylammonium hydroxide
agqueous solution, controlling the developing time so

that the difference between the film thickness of an

unexposed portion of the coating film after the
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prebaking and the f£ilm thickness of the same after the
development is 1 um. Then, the coating film was rinsed
with pure water for 10 seconds. As a result, it was
found that when the developing time is 45 seconds x
twice, the difference between the film thicknesses of
an unexposed portion of the coating film after the
prebaking and the film thickness of the same after the
development is 1 nm; moreover, a pattern was formed in
a portion which was exposed to the radiation at an
eXposure amount of 210 mJ/cm? or more (the sensitivity
was 210 mJ/cm?). No scum was found around the
openings. At this time, the resolution was as high as
4 um.
[0116]
<Comparative Example 2>
[0117]
[Synthesis of Photosensitive Agent]

Phenol represented by the following formula (B-
3) of 15.82 g (0.025 mol) and triethylamine of 7.59 g
(0.075 mol) were put in a four-neck separable flask
equipped with a thermometer, stirrer, raw material
inlet and dry nitrogen gas feed pipe. Tetrahydrofuran
of 120 g was added to dissolve them. After cooling the

reaction solution to 10°C or less, 1,2-naphthoquinone-
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2-diazide-4~sulfonyl chloride of 20.15 g (0.075 mol)
and tetrahydrofuran of 100 g were gradually added drop-
wise, keeping the temperature at more than 10°C. The
mixture was stirred for five minutes at 10°C or less
and then for five hours at room temperature to complete
the reaction. After filtering the reaction mixture,
the reaction mixture was poured into a solution of
water and methanol at 3:1 (volume ratio). The
resulting precipitate was collected by filtration,
washed sufficiently with water and dried under vacuum
to obtain a photosensitive diazoquinone compound
represented by the following formula (Q-5).

(0118}

{Chemical Formula 31}
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HO

L

W,
Formula B-3 . .
W
HO OH
Q0 0Q
», @
Formila Q-5 . '
() ()
QO oQ
[0119]

In the formula, Q represents a hydrogen atom or
1,2-naphthoquinone~2-diazide-4~sulfonic acid group and
75% of the Qs are 1,2-naphthoguinone~2-diazide-4-

sulfonic acid groups.

[0120]
[Production of Positive Photosensitive Resin
Composition and Evaluation of Photosensitive
Characteristics]

Next, a positive photosensitive resin

composition was obtained in the same manner as Example

2 except that the photosensitive diazoquinone compound
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represented by the formula (Q-3) was changed to one
represented by the formula (0-5). The positive
photosensitive resin composition was evaluated in the
same manner as Example 2.

As a result, it was found that when the
developing time is 60 seconds x twice, the difference
between the film thicknesses of an unexposed portion of
the coating £ilm after the prebaking and the film
thickness of the same after the development is 1 um:
noreover, the sensitivity was 260 mJ/cm®. Scum was
found around the openings. At this time, the
resolution was as low as 25 pm.

[0121]
<Comparative Example 3>
[Synthesis of Photosensitive Agent)

Phenol represented by the following formula (B-
4) of 19.77 g (0.030 mol) and triethylamine of 6.83 g
(0.068 mol) were‘ put in a four—-neck separable flask
equipped with a thermometer, stirrer, raw matexrial
inlet and dry nitrogen gas feed pipe. Tetrahydrofuran
of 200 g was added to dissolve them. After cooling the
reaction solution to 10°C or less, 1,2-naphthoquinone-
2-diazide-4-sulfonyl chloride of 18.14 g ({(0.068 mol)

and tetrahydrofuran of 100 g were gradually added drop-
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wise, keeping the temperature at more than 10°C. The
mixture was stirred for five minutes at 10°C or less
and then for five hours at room temperature to complete
the reaction. After filtering the reaction mixture,
the reaction mixture was poured into a solution of
'water and methanol at 3:1 (volume ratio). The
resulting precipitate was collected by filtration,
washed sufficiently with water and dried under vacuum
to obtain a photosensitive diazoquinone compound
represented by the following formula (Q-7).

(0122]

{Chemical Formula 32}
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Formula B-4

Farmula Q-7

[0123]

In the formula, Q represents & hydrogen atom or
1,2-naphthoquinone-2-diazide-4-sulfonic acid group and
75% of the Qs are 1,2-naphthoquinone-2-diazide-4-

sulfonic acid groups.

[0124)]

[Production of Positive Photosensitive Resin
Composition and Evaluation of Photosensitive
Characteristics]

Next, a positive photosensitive resin
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composition was obtained in the same manner as Example
2 except that the photosensitive diazoquinone compound
represented by the formnla (Q-3) was changed to one
represented by the £formula (Q-7) . The positive
photosensitive resin composition was evaluated in the
same manner as Example 2.

As a result, it was found that when the
developing time is 64 seconds x twice, the difference
between the film thicknesses of an unexposed portion of
"the coating film after the prebaking and the f£film
thickness of the same after the development is 1 pm;
moreover, the sensitivity was 300 mJ/cm?. Scum was
found around the openings. At this time, the

resolution was as low as 20 um.

{0125]
(Table 2]
Resin Photosensitive | Sensitivity | Resolution Scum
(Common) Agent

Example 2 3 _ 210

' 260
gﬁ?ﬁ?{:tﬁve (A-2) (Q-5) mlfem? 25 pm Yes
Comparative 300
Exan?plets (A-2) @Q-7) )om? 20 pm Yes
[0126]

<Example 3>
[Synthesis of Polyamide Resin (A-3)]

A dicarboxylic acid derivative (active ester) of
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364.39 g (0.800 mol), 4,4’-~methylenebis(2-amino-3, 6-
dimethylphenocl) of 186.14 g (0.650 mol) and 3,3'-
diamino-4,4’-dihydroxydiphenylmethane of 80.5% g (0.350
mol) were put in a four-neck separable flask equipped
with a thermometer, stirrer, raw material inlet and dry
nitrogen gas feed pipe, the derivative being obtained
by the reaction of isophthalic acid of 0.320 mnol,
diphenyl ether-4,4’'-dicarboxylic acid of 0.480 mol and
l1-hydroxy~1l,2,3-benzotriazole of 1.600 mol. N-methyl-
2-pyrrolidone of 2,520 g was added to dissolve them.
The mixture was reacted at 75°C for 16 hours with an
oil bath.

Next, 86.07 g. (0.500 mol) of 4~ethynylphthalic
anhydride dissolved in 340 g of N-methyl-2-pyrrolidone
was added thereto and the mixture was stirred for 3
hours to complete the reaction. After filtering the
reaction mixture, the reaction mixture was poured into
a mixed solution of water and isopropanol at 3:1
(volume ratio}) . The resulting ©precipitate was
collected Dby filtration, washed sufficiently with
water, and dried under vacuum to obtain the target
polyamide resin (A-3) having a number average molecular
weight of 7,500.

[0127]
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[Synthesis of Photosensitive Agent]

Phenol represented by the following formula (B-
1) of 18.78 g (0.025 mol) and triethylamine of 10.12 g
(0.100 mol) wexre put in a four-neck separable flask
equipped with a thermometer, stirrer, raw material
inlet and dry nitrogen gas feed pipe. Tetrahydrofuran
of 160 g was added to dissolve them. After cooling the
reaction solution to 10°C or less, 1,2-naphthoquinone-
2-diazide-4-sulfonyl chloride of 26.87 g (0.100 mol)
and tetrahydrofuran of 120 g were gradually added drop-
wise, keeping the temperature at more than 10°C. The
nixture was stirred for five minutes at 10°C or less
and then for five hours at room temperature to complete
the reaction. After filtering the reaction mixture,
the reaction mixture was poured into a solution of
water and methanol at 3:1 (volume ratio). The
resulting precipitate was collected by filtration,
washed suffiéiently with water and dried under vacuum
to obtain a photosensitive dilazogquinone compound
represented by the following formula (Q-4).
(0128}

[Chemical Formula 33]
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HO OH
Formula B-1 %} } @ }
™
’ HO

H

9
JJ U

QO

0Q
Formula Q-4 . O .
QO QQ
[{0129]
In the formula, Q represents a 1,2~

naphthoquinone-2-diazide-4-sulfonic acid group and 100%
of the Qs are 1,2-naphthoquinone-2-diazide-4-sulfonic
acid groups.
[0130)
[Production of Positive Photosensitive Resin
Composition]

The thus-synthesized polyamide resin (A-3) of
100 g, the photosensitive diazoquinone compound having
a structure represented by the formula (Q~4) of 18 g,

and a silicon compound having a structure represented
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by the formula (C-1) of 8 g were dissolved in
y—butyrolactone of 200 g. Then, the mixture was
filtered with a Teflon (trademark) filter having a pour
diameter of 0.2 pm to obtain a positive photosensitive
resin composition.

[0131]

[Evaluation of Photosensitive Characteristics]

The positive photosensitive resin composition
was evaluated in the same manner as Example 2 except
that the developing time was controlled so that the
difference between the film thickness of an unexposed
portion of the coating film after the prebaking and the
film thickness of the same after the development is 2
pm. As a result, it was found that when the developing
time is 26 seconds x twice, the difference between the
film thicknesses of +the unexposed portion of the
coating film after the prebaking and the film thickness
of the same after the development is 2 pm; moreover,
the sensitivity was 200 mnJ/cr?. No scum was found
around the openings. At this time, the resolution was
as high as 3 um.

[0132]
<Comparative Example 4>

[Synthesis of Photosensitive Agent]
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Phenol represented by the following formula (B-
3) of 15.82 mol) and triethylamine of 10.12 g (0.100
mol) were put in a four-neck separable flask equipped
with a thermometer, stirrer, raw material inlet and dry
nitrogen gas feed pipe. Tetrahydrofuran of 160 g was
added to dissolve them. After cooling the reaétion
solution to 10°C or less, 1,2-naphthoquinone-2-diazide-
4-sulfonyl chloride of 26.87 g (0.100 mol) and
tetrahydrofuran of 100 g were gradually added drop-
wise, keeping the temperature at more than 10°C. The
mixture was stirred for five minutes at 10°C or less
and then for five hours at room temperature to complete
the reaction. After filtering the reaction mixture,
the reaction mixture was poured into a solution of
water and methanol at 3:1 (volume ratio). The
resulting precipitate was . collected by £iltration,
washed sufficiently with water and dried under vacuum
to obtain a photosensitive diazoguinone compound
represented by the following formula (Q-6).
[0133)

[Chemical Formula 34)



HO OH
W, ()
Formula B-3 ' .
{4 @
HO OH
Q0 oQ

W,
Formula Q-6 | . .
§ (0
QQC
[0134]
In the formula, Q represents a . 1,2-
naphthoquinone-2-diazide-4-sulfonic acid group and 100%
of the Qs are 1,2-naphthoquinone-2-diazide-4-sulfonic

acid groups.

[0135]

[Production of Positive Photosensitive Resin
Composition and  Evaluation of Photosensitive
Characteristics]

Next, a positive photosensitive resin
composition was obtained in the same manner as Example

3 except that the photosensitive diazoguinone compound
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represented by the formula (Q-4) was changed to one
represented by the formula (Q-6). The positive
photosensitive resin composition was evaluated in the
same manner as Example 3.

As a result, it was found that when the
developing time is 36 seconds x twice, the diffexence
between the film thicknesses of an unexposed portion of
the coating film after the prebaking and the film
thickness of the same after the development is 2 um;
moreover, the sensitivity was 240 mJ/cm®’. Scum was
found around the openings. At this time, the
resolution was as low as 20 um.

[0136]
<Comparative Example 5>
[Synthesis of Photosensitive Agent]

Phenol represented by the following formula (B-.
4) of 19.77 g (0.030 mol) and triethylamine of 9.11 g
(0.090 mol) were put in a four-neck separable flask
equipped with a thermometer, stirrer, raw material
inlet and dry nitrogen gas feed pipe. Tetrahydrofuran
of 230 g was added to dissolve them. After cooling the
reaction solution to 10°C or less, 1,2-naphthoquinone-
2-diazide-4-sulfonyl chloride of 24.18 g {0.090 mol)

and tetrahydrofuran of 120 g were gradually added drop-
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wise, Kkeeping the temperature at more than 10°C. The
mixture was stirred for five minutes at 10°C or less
and then for five hours at room temperature to complete
the reaction. After filtering the reaction mixture,
the reaction mixture was poured into a solution of
water and methanol at 3:1 (volume ratio). . -The
resulting precipitate was collected by filtration,
washed sufficiently with water and dried under vacuum
to obtain a photosensitive diazoquinone compound
represented by the following formula (Q-8).

[0137]

[Chemical Formula 35])
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Formula B-4

Formula Q-8

[0138)

In the formula, Q represents a 1,2~
naphthoquinone-2-diazide-~4~sulfonic acid group and 100%
of the Qs are l,2—naphthoquinone—é—diazide-4~sulfonic

acid groups.

[0139]

[Production of Positive Photosensitive Resin
Composition and Evaluation of Photosensitive
Characteristics]

Next, a positive photosensitive resin
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composition was obtained in the same manner as Example
3 except that the photosensitive diazoquinone compound

represented by the £formula (Q-4) was changed to one

represented by the formula (Q-8). The positive

photosensitive resin composition was evaluated in the

same manner as Example 3.

As

developing time is 38 seconds

a result, it

was

found that

x twice,

when

the

the difference

between the film thicknesses of an unexposed portion of

the

coating film after

the prebaking and the

£film

thickness of the same after the development is 2 um;

A dicarboxylic acid derivative

moreover, the sensitivity was 270 mJ/cm?. Scum was
found around the openings. At this time, the
- resolution was as low as 25 um.
E0140]
[Table 3]
Resin Photosensitive | Sensitivity | Resolution Scum
(Common) Agent
Example 3 (A-3) (Q-4) e, 3 um No
S| w9 | @0 | a0 | wm | ve
Sl I I P T
©[0141]
<Example 4>
[Synthesis of Polyamide Resin (A-4)]

(active ester) of
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371.79 g (0.800 mol), 4,4’ -methylenebis(2-amino-3,6~
dimethylphenol) of 128.87 g (0.450 mol) and hexafluoro-
2,2-bis (3-amino-4~hydroxyphenyl)propane of 201.50 g
{0.550 mol) were put in a four-neck separable £flask
eduipped with a thermometer, stirrer, raw material
inlet and dry nitrogen gas feed pipe, the derivative
being obtained by the reaction of isophthalic acid of
0.240 mol, diphenyl ether-4,4’~dicarboxylic acid of
0.560 mol and 1l-hydroxy-1,2,3-benzotriazole of 1.600
mol. Nmmethyl—2~pyrrolidone.of 2,800 g was added to
dissolve them. The mixture was reacted at 75°C for 16
hours with an oil bath.

Next, 82.08 g {0.500 mol) of 5-~norbornene-2,3-
dicarboxylic anhydride dissolved in 330 g of N-methyl-
2—pyrrolid§ne was added thereto and the mixture was
stirred for 3 hours to complete the reaction. After
filtering the reaction mixture, the reaction mixture
was poured into a mixed solution of water and
isopropanol at 3:1 (volume ratio). The resulting
precipitate was collected by filtration, washed
sufficiently with water, and dried under vacuum to
obtain the target polyamide resin (A-4) having a number
average molecular weight of 9,000.

[0142]



91

[Production of Positive Photosensitive Resin
Composition]

The thus-synthesized polyamide resin (A-4) of
100 g, the photosensitive diazogquinone compound having
a structure represented by the formula (Q-4) of 19 g,
.and a silicon compound having a structure represented
by the formula (C-1) of 8 g were dissolved in
vy—butyrolactone of 200 g. Then, the mixture was
filtered with a Teflon (trademark) filter having a pour
diameter of 0.2 um to obtain a positive photosensitive
resin composition.

[0143]
[Evaluation of Photosensitive Characteristics])

The positive photosensitive resin composition
was evaluated in the same manner as Example 2 except
that the developing time was controlled so that the
difference between the film thickness of an unexposed
portion of the coating film after the prebaking and the
film thickness of the same after the development is 0.5
pm. As a result, it was found that when the developing
time is 95 seconds x twice, the difference between the
film thicknesses of the unexposed portion of the
coating film after the prebaking and the film thickness

of the same after the development is 0.5 um; moreover,
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the sensitivity was 210 mJ/cm?. No scum was found
around the openings. At this time, the resolution was
as high as 3 pm.

[0144]

<Comparative Example 6>

[Production of Positive Photosensitive Resin
Composition and Evaluation of Photosensitive
Characteristics]

A positive photosensitive resin composition was

obtained in the same manner as Exémple 4 except that
the photosensitive diazoquinone compound represented by
the formula (Q-4) was changed to one represented by the
formula (Q-6). The positive photosensitive resin
composition was evaluated in the same manner as Example
4.
As a result, it was found that when the developing time
is 140 seconds x twice, the difference between the film
thicknesses of an unexposed portion of the coating film
after the prebaking and the film thickness of the same
after the development is 0.5 pm; moreover, the
sensitivity was 250 mJ/cm®. Scum was found around the
openings. At this time, the resolution was as low as
18 um.

[0145]
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<Comparative Example 7>

[Production of Positive Photosensitive Resin
Composition and Evaluation of Photosensitive
Characteristics]

A positive photosensitive resin compositién was

obtained in the same manner as Example 4 except that
the photosensitive diazoquin;ne compound represented by
the formula (Q-4) was changed to one represented by the
formula (Q-8). The positive photosensitive resin
compeosition was evaluated in the same manner as Example
4.
As a result, it was found that when the developing time
is 148 seconds x twice, the difference between the film
thicknesses of an unexposed portion of the coating film
after the prebaking and the £film thickﬁess of the same
after the development is 0.5 um; moreovex, the
sensitivity was 270 mJ/cm®. Scum was found around the
openings. At this time, the resolution was as low as
15 um.

[0146]
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[Table 4]
Resin Photo- | Sensitivity | Resolution | Developing Film Scum
(Common) | sensitive | (md/cm?) (um) time Thickness
Agent Difference
(um)
Example 4 (A-4) (Q-4) 210 3 95 sec,x2 0.5 No
Comparative
Example 6 (A-4) {Q-6) 250 18 140 sec.x2 0.5 Yes
Comparative
Example 7 (A-4) (Q-8) 270 15 148 sec.x2 0.5 Yes
(0147]
<Exanple 5>
[Synthesis of Polyamide Resin (A-5)]
3,3’ -diaminodiphenylsulfone of 24.83 g (0.100

mol) and N-methyl-2-pyrrolidone of 2,000 g were put and

dissolved in a four-neck separable flask equipped with

a thermometer, stirrer, raw material inlet and dry

nitrogen gas feed pipe. Then, while water-cooling the

flask, 4,4'-oxydiphthalic anhydride of 26.06 g (0.084

mol) was gradually added thexeto. After reacting the

mixture at room temperature foxr two hours, hexafluoro-

2,2~bis(3-amino~4-hydroxyphenyl)propane of 21%.82 ¢

(0.600 mol), 3,3’-diamino-4,4’-dihydroxydiphenylmethane

of 69.08 g (0.300 mol) and N-methyl-2-pyrrolidone of

500 g were added and the mixture was reacted at room

temperature for one hour. Then, a dicarboxylic acid
derivative (active ester) of 364.53 g (0.756 mol) and
N-methyl-2-pyrrolidone of 320 g were added to the



95

mixgture, the derivative being obtained by the reaction
of isophthalic acid of 0.084 mol, diphenyl ether-4,4’-
dicarboxylic acid of 0.672 mol and 1l-~hydroxy-1,2,3-
benzotriazole of 1.512 mol. The mixture was reacted at
60°C for 14 hours with an oil bath. Next, 68.86 g
{(0.400 mol) of 4-ethynylphthalic anhydride dissolved in
270 g of N-methyl-2-pyrrolidone was added thereto and
the mixture was stirred for 3 hours to complete the
reaction. After filtering the reaction mixture, the
reaction mixture was poured into a mixed solution of
water and isopropancl at 3:1 (volume ratio). The
resulting precipitate was collected by filtration,
washed sufficiently with water, and dried under vacuum
to obtain the target polyamide resin (A-5) having a
numbex average molecular weight of 7,800.
[0148]
(Production of Positive Photosensitive Resin
Composition]

The thus-synthesized polyamide resin (A-5) of
100 g, the photosensitive diazoquinone compound having
a structure represented by the formula (Q-3) of é g,
the photosensitive diazoquinone compound having a
structure represented by the formula (Q-4) of 10 g, and

a silicon compound having a structure represented by
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the formula (C-1) of 8 g were dissolved in
vy—butyrolactone of 180 g. Then, the mixture was
filtered with a Teflon (trademark) filter having a pour
diameter of 0.2 pm to obtain a positive photosensitive
resin composifion.
[0149]
[Evaluation of Photosensitive Characteristics]

The positive photosensitive resin conmposition
was evaluated in the same manner as Example 2. As a
result, it was found that when the developing time is
36 seconds x twice, the difference between the film
thicknesses of the unexposed portion of the coating
film after the prebaking and the film thickness of the
same after the development is 1 um; moreover, the
sensitivity was 330 mJ/cm®. No scum was Ffound around
the openings. At this time, the resolution was as high
as 5 um.
[0150]

<Comparative Example 8>

[Production of Positive Photosensitive Resin
Composition and Evaluation of Photosensitive
Characteristics]

A positive photosensitive resin composition was

obtained in the same manner as Example 5 except that
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the photosensitive diazoquinone compound represented by
the formula (Q-3) was changed to one represented by the
formula (Q-5) and the photosensitive diazoguinone
compound represented by the formula (Q-4) was changed
to one represented by the formula (Q-6). The positive
photosensitive resin composition was evaluated in the
same manner as Example 2,

As a result, it was found that when the
developing time is 48 seconds x twice, the difference
between the film thicknesses of an unexposed portion of
the coating film after the prebaking .and the film
thickness of the same after the development is 1 unm;
moreover, the sensitivity was 380 mnJ/cm?. Scum was
found around the openings. At  this time, the
resolution was as low as 30 um.

[0151]

<Comparative Example 9>

{Production of Positive Photosensitive Resin
Composition and Evaluation of Photosensitive
Characteristics]

A positive photosensitive resin composition was
obtained in the same manner as Example 5 except that
the photosensitive diazoquinone compound represented by

the formiula (Q-3) was changed to one represented by the
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formula (Q-7) and the photosensitive diazoquinone
compound represented by the formula (Q-4) was changed
to one represented by the formula (Q-8). The positive
photosensitive resin composition was evaluated in the
same manner as Example 2.

As a result, it was found that when the
developing time is 53 seconds x twice, the difference
between the film thicknesses of an unexposed portion of
the coating £film after the prebaking and the £ilm
thickness of the same after the development is 1 hm;
moreover, the sensitivity was 430 mJ/cm’. Scum was
found around the openings. At this time, the

resolution was as low as 25 um.

[0152]
{Table 5]
Resin Photo- | Sensitivity | Resolution | Developing Film Scum
(Common) | sensitive | (mJ/cm?) (um) time Thickness
Agent Difference
‘ (pm)
Example 5 (A-5) (?Q'_‘?; 330 5 36 sec.x2 1 No
Comparative ) (Q-5)+
Example 8 (A-5) (Q-6) 380 30 48 sec.x2 1 Yes
Comparative . (Q-7)+
Example 9 (A-5) (Q-8) 430 25 53 sec.x2 1 Yes
[0153]

Table 5 shows that the positive photosensitive
resin composition comprising the specific

photosensitive agent (B) produces no scum, provides
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high sensitivity and high resolution, and shows high
productivity in the production of a relief pattern.
Also, it is indicated that when formed into a
protecting film and insulating film, the positive
photosensitive resin composition produces no scum,
provides high sensitivity and high resolution, and
shows high productivity in the production of a relief
pattern. It is also indicated that a semiconductor

device and display device comprising such a cured film

also show excellent performances.
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Claims

1. A positive photosensitive resin composition
comprising:

a polyamide resin (A) including a repeating unit
represented by the following formula (1), and

a photosensitive agent (B) comprising an ester
of a phenolic compound represented by the following
formula (2) with at least one of 1,2~
naphthoduinonediazide-4-sulfonic acid and i,2-
naphthoguinonediazide-S-sulfonic acid:

[Chemical Formula 1]

- (R - (Roi
I
—fN—X—N—Cl)l —‘—Y*—Cﬁ%—‘ Formula (1)
0 O

wherein each of X and Y is an organic group; Ri is a
hydroxyl group, -O0-Rsz, an alkyl group, an acyloxy group
or a cycloalkyl group; Rz is a hydroxyl group, a
carboxyl group , -O0-R3 or -COO-~R3; h is an integer from
0 to 8; i is an integer from 0 to 8; R; is an organic
group having 1 to 15 carbon atoms; when there are
plurality of R;S, Rz5 or Rss, they may be the same or
different from each other; when there is no hydroxyl

group as R;, at least one R, has to be a carboxyl
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group; and when there is no carboxyl group as Rz, at
least one Ry has to be a hydroxyl group; and

{Chemical Formula 2]

S
(R N R« Re = YRioh

L Formula (2)
(Rg)k<\-—- Rs }\Rn)m
X /
Ho™R —oH

wherein 2 is an organic group; each of Ry to R; is a
hydrogen atom or an alkyl group; each of Rg to Ryj; is a
hydrogen atom, a hydroxyl group, a halogen atom, an
alkyl group, an alkoxy group, an alkenyl grouwp or a
cycloalkyl group; each of jJ to m is an integer from 0
to 4:; and when there arxe plurality of Rgs, Rgs, Rips or

Ri1s, they may be the same or different from each

other.

2. " The positive photosensitive resin composition
according to claim 1, wherein in the polyamide resin
(A), X of the formula (1) contains a xepeating unit
having a structure selected from the group consisting
of the following formulae (3-1) to (3-6):

{Chemical Formula 3)
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Formula (3)
* & * ¥
Cha (I)I
O Lo OO
CRs 0
Formula (3-1) Formula (3-2)
* * * *
oo O O—O
HO OH
Formula {3-3) Formula (3-4)
* : i * *
oo - OO
(Riok
(Rro)s ! Formula (3-6)
Formulza (3-5)

wherein * means being connected. to an NH group; D in
the formula (3-5) is ~CHa-, =~CH(CH3)-, -C(CH3)z-, =-0-, -
8-, -80;~, ~-CO—-, -NHCO-, -C(CF3)2- or a single bond; &
in the forxmula (3-6) dis -CHz-, -CH{CH3)- oxr -C{CH3)z-:
Ri2 is an alkyl group, an alkoxy group, an acyloxy
group or a cyecloalkyl group; s is an integer from 1 to
3; and when there are plurality of Rj;zs, they may be

the same or different from each other.

3. The positive photosensitive resin composition

according to claim 1 or 2, wherein 2 in the phenolic



103

compound represented by the formula (2) contains a
structure selected from the group consisting of the
following formulae (4-1) and (4-2):

[Chemical Formula 4]

Formula (4)

< > Formula (4-1) < > Fomula (4-2)

4, The positive photosensitive resin composition
according to any of claims 1 to 3, wherein the phenolic
compound represented by the f£formula (2) contains at
least one or more kinds selected from the gxroup
consisting of the following formulae (5-1) to (5-5):

[Chemical Formula 35)
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Formula (5)

| (D
' ‘ . Formula (6-1)

Formula (5-2)

Formula (5-3)

Formuta (5-4)

Formula (5-5)
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5. A cured film comprising a cured product of the
positive photosensitive resin composition defined by any

of claims 1 to 4.

6. Use of the cured f£ilm defined by claim 5 as a
protecting film, as an insulating  film, in a

semiconductor device or in a display device.



