
SPECIFICATION            Positive photosensitive resin composition,
and semiconductor device and display therewith TECHNICAL FIELD [0001]
The present invention relates to a positive photosensitive resin
composition, and a semiconductor device and a display therewith. 10
BACKGROUND ART  [0002] Polybenzoxazole resins and polyimide resins
having high heat resistance, excellent electrical and mechanical
properties and the like have been used fora surface protective layer
or an interlayer insulating 15 layer for a semiconductor chip. For
simplifying a process useing a polybenzoxazole or polyimide resin,
there has been used a positive photosensitive resin composition in
which a diazoquinone compound of aphotosensitivematerial, is
combinedwithsucha resin (patent document 20[0003]          Such a
positive photosensitive resin composition must be heated, after
patterning, at a temperature of 300 C or higher in its use for
cyclizing a resin component. However, as semiconductor chip
interconnections have been recently finer, the problem of generated
25 thermal damage to a semiconductor chip has been prominent in
heating at the high temperature. There have been, therefore,
investigations for cyclizing a resin component at a lower
temperature, but it is known  2 that a cyclizing rate is reduced if
heating temperature for cyclizing is simply lowered, leading to
problems in subsequent processes. [0004] 



There has been investigated, as a method for cyclization at 5 a low
temperature, the use of an acid catalyst such as a sulfonic acid and
an onium salt. [0005]          Meanwhile, recent size reduction of
semiconductor chip, acceleration of multilayering of interconnections
with higher 10 integration and shift to chip size package (CSP),
wafer level package (WLP) or the like have resulted in treatment of
wafers with various chemicals in their processing. In these new
packages, there has been shifted to the use of a bump instead of
conventional wire bonding. [patent document 1] Japanese Laid-open
Patent Publication No. 11-54934 15 DISCLOSURE OF THE INVENTION
[0006]          However the related art described in the above
publication has room for improvement described below. [0007] 20When a
polybenzoxazole precursor or polyimide precursor in a positive
photosensitive resin composition is cyclized at a low temperature,
addition of a conventional acid catalyst as a cyclization catalyst
can promote cyclization, but its strong acidity causes corrosion of
an aluminum circuit, leading to deterioration in reliability. 25
Furthermore, whenan acid ispresent in a state as
apositivephotosensitive resin composition before patterning, the acid
is inactivatedbyanalkali during patterning and alkali development and
thus does not work as a  3 catalyst in a cyclization step.
In view of these problems, the present invention provides a positive
photosensitive resin composition which can be cyclized at a lower
temperature with reduced corrosion. 



5[0008]          When a bump is generally mounted through a reflow
using a flux, during which a cured layer of the above positive
photosensitive resin comes into direct contact with the flux, often
causing folds or cracks in the cured layer of the positive
photosensitive resin and thus 10 deterioration in reflow resistance
to be problem.          Furthermore, in the field of a display
device, a manufacturing process involves various chemicals, which
cause the same problems as described above occur during the process.
The present invention further provides a positive 15 photosensitive
resin having excellent reflow resistance and solvent resistance.
[0009]          According to the present invention, there is
provideda positive photosensitive resin composition including 20(A)
an alkali-soluble resin, (B) a diazoquinone compound, (d1) an
activated silicon compound, and (d2) an aluminum complex. Using the
particular components (dl) and (d2), an acid generates 25 in the
cyclization step after the alkali development process and can
properly act as a catalyst while corrosion of an aluminum circuit can
be prevented. 4 [0010]          According to the present invention,
there is also provided a positive photosensitive resin composition
including (A) an alkali-soluble resin, 5(B) a diazoquinone compound,
(C) a compound having two ormore oxetanyl groups in onemolecule, and
(D) a catalyst for accelerating the ring-opening reaction of the
oxetanyl groups of compound (C). 



10[0011]          The use of the particular component (C) can give
excellent reflow resistance and solvent resistance. [0012]
According to the present invention, there is also provided a 15
patterning process including          applying any of the positive
photosensitive resin compositions described above on a substrate to
form a resin layer,          irradiating a desired area in the resin
layer with an active energy beam, 20developing the resin layer after
the irradiation with an active energy beam and then heating the resin
layer. [0013] There is also provided a semiconductor device,
including a semiconductor substrate, 25a semiconductor chip formed in
the semiconductor substrate,          a protective layer or
insulating layer formed over the semiconductor chip,  5
wherein the protective layer or insulating layer is a layer formed by
applying, developing and heating any of the above positive
photosensitive resin compositions. [0014) 5There is also provided a
display including a substrate for a display device, a flattened layer
or insulating layer covering the surface of the substrate for a
display device and a display device formed over the substrate for a
display device,            wherein the flattened layer or insulating
layer is a layer formed 10 by applying, developing and heating any of
the above positive photosensitive resin compositions. [0015] 



According to the present invention, there is also provided a process
for manufacturing a semiconductor device including a 15 semiconductor
chip and a protective layer or insulating layer formed over the
semiconductor chip, including          applying a positive
photosensitive resin composition on the semiconductor element to form
a resin layer,               irradiating a desired area in the resin
layer with an active 20 energy beam, developing
theresinlayeraftertheirradiationwith an active energy beam, and then
heatingtheresinlayertoformtheprotectivelayerorinsulating layer,
25wherein the positive photosensitive resin composition is any of the
above positive photosensitive resin compositions. [0016]  6
According to the present invention, there is also provided a process
for manufacturing a display including a substrate for a display
device, a flattened layer or insulating layer covering the surface of
the substrate for a display device and a display device formed over 5
the substrate for a display device, including          applying a
positive photosensitive resin composition on the substrate to form a
resin layer,          irradiating a desired area in the resin layer
with an active energy beam, 10developing the resin layer after the
irradiation with an active energy beam, and then heating the resin
layer to form the flattened layer or insulating layer,
wherein the positive photosensitive resin composi on s any 15 of the
above positive photosensitive resin compositions. 



[0017]          According to the present invention, there can be
provided a positive photosensitive resin composition which can be
cyclized at a lower temperature with reduced corrosion, and a
semiconductor device 20 and a display therewith. [0018]
According to the present invention, there can be provided a positive
photosensitive resin composition with excellent reflow resistance and
solvent resistance, and a semiconductor device and a 25 display
therewith. [0019]  7 photosensitive resin composition which can give
excellent physical properties even after heating a low temperature
and which can be suitably used for a protective layer for the surface
of a semiconductor chip and an interlayer insulating layer or a
flattened layer or insulating 5 layer in a display. BRIEF DESCRIPTION
OF THE DRAWINGS  [0020] The above objectives, and other objectives,
features and
advantageswillbemoreclearlyunderstoodwithreferencetothesuitable 10
embodiments described below and an accompanying drawing below. [0021]
FIG. 1 is a cross-sectional view showing a pad unit in a
semiconductor device representing an embodiment of the present
invention. BEST MODE FOR CARRYING OUT THE INVENTION 15[0022]
The present invention relates to a positive photosensitive resin
composition including (A) an alkali-soluble resin, (B) a diazoquinone
compound, (dl) an activated silicon compound and (d2) an
aluminumcomplex [0023] 20The present invention also relates to a
positive photosensitive 



resin composition including (A) an alkali-soluble resin, (B) a
diazoquinone compound, (C) a compound having two or more oxetanyl
groups in one molecule and (D) a catalyst for accelerating the
ring-opening reaction of the oxetanyl groups of compound (C), and a
semiconductor 25 device therewith and the like. [0024]  8 of the
present invention will be detailed. The followings are provided for
purposes of illustration and not limitation to the present invention.
[0025] Examples of (A) an alkali-soluble resin used in the present 5
invention include cresol type novolac resins, polyhydroxystyrenes and
polyamide resins containing a structure represented by general
formula (1) . Among these, polyamide resins are preferable;
specifically, resins having at least one of a polybenzoxazole (PBO)
structure and a polyimide (PI) structure and having a hydroxy group,
a carboxyl group or a sulfonic 10 group in a main chain or a side
chain, resins having a polybenzoxazole precursor structure, resins
having a polyimide precursor structure and resins having a polyamide
acid ester structure or the like. Such a polyamide resin may be, for
example, a polyamide resin represented by formula (1): 15[0026]
(Rdin1-2,111(R2:111 I'I a ) IIIaI(li15 C)000 [0027] wherein X and Y
are an organic group; a and b represent a molar 20 percentage, a + b
= 100, a is 60 or more and 100 or less and b is 0 or more and 40 or
less; R1 is a hydroxy group or -0-R3, which may be the same or
different; R2 is a hydroxy group, a carboxyl group, -0-R3 



or -00O-R3, which may be the same or different; m is a positive
number of 0 to 2; n is a positive number of 0 to 4; R3 is an organic
group having  9 1 to 15 carbon atoms, where when Ris are not a
hydroxy group, at least one of R2s must be a carboxyl group and where
when R2s are not a carboxyl group, at least one of Ris must be a
hydroxy group; Z is represented by -R4-Si(R6)(R7)-0-Si(R6) (R-7)-R5-
where R4 to R7 are an organic group. 5  A polyamide resin containing
a structure represented by general formula (1) is, for example,
prepared by reacting a compound selected from an diamine containing X
or bis(aminophenol), 2,4-diaminophenol and the like with a compound
selected from a tetracarboxylic anhydride containing Y, trimellitic
anhydride, a dicarboxylic acid or a 10 dicarboxylic dichloride, a
dicarboxylic acid derivative, a hydroxycarboxylic acid, a
hydroxydicarboxylic acid derivative and the like. For a dicarboxyl c
acid, an activated ester type dicarboxylic acid derivative which is
preliminary reacted with, for example, 1-hydroxy-1, 2,
3-benzotriazolemaybe usedfor improving a reaction yield . 15  A
polyamide resin containing a structure represented by general formula
(1) may be a homopolymer containing only a polybenzoxazole or
polyimide structure, or alternatively a polybenzoxazole/polyimide
copolymer. [0028] 20In a polyamide resin containing a structure
represented by general formula (1), -0-R3 as a substituent on X and
-0-R3 and -000-R3 as a substituenu on Y are groups protected by R3
which is an organic group having 1 to 15 carbon atoms for adjusting
solubility in an aqueous alkali solution of a hydroxyl group and a
carboxyl group, and if necessary, 25 a hydroxy group and a carboxyl
group can be protected. Examples of R3 include formyl, methyl, ethyl,
propyl, isopropyl, tertiary-butyl, tertiary-butoxycarbonyl, phenyl,
benzyl, tetrahydrofuranyl,  10 tetrahydropyranyl and the like. [0029]
By heating, this polyamide resin is cyclodehydrated to give a
heat-resistant resin in the form of a polyimide resin, a
polybenzoxazole 5 resin or a copolymer of these.           X in
general formula (1) may be represented by, for example, the following
formulas: [0030] 10[0031] 



wherein A is -CH2-, -C (CH3)2-, -0-, -S-, -SO2-, -CO-, -NHCO-, -C (C
F3 ) or a single bond; X1 is selected from a hydrogen atom, a hydroxy
group and ORioi R10 is an alkyl group having 1 to 15 carbon atoms,
where when X1 is a hydroxy group, the hydroxy group is at
ortho-position to 15 an amino group; R8 and R9 may be the same or
different, R8 is selected from an alkyl group, an alkyl ester group
and a halogen atom, which  11 may be the same or different; r is a
positive number of 0 to 2; and R9 is selected from a hydrogen atom,
an alkyl group, an alkyl ester group and a halogen atom. [0032]
5Among these, particularly preferred are those represented by the
following formulas. These may be used alone or in combination of two
or more. [0033] 0(Rd '24c, CL__/11C:11 CH3 7 ./-:( ).\77:-..I  , -..
\ \ C....)/' r I )--- c i \N-11I CHz F, 



,  --,' C  0 0 H   CF3 pr, ,F3 -xF,i(c-, 1 1\/ CF3  12          In
these formulas, Xi is selected froma hydrogen atom, a hydroxy group
and -0R10; R10 is an alkyl group having 1 to 15 carbon atoms, where
when X1 is a hydroxy group, the hydroxy group is at ortho-position to
an amino group; R8 is selected from an alkyl group, an alkyl ester
group 5 and a halogen atom; and r is an integer of 0 to 2. [0034]
Furthermore Y in general formula (1) may be represented by, for
example, the following formulas: [0035]    



)\!-- -2/ (.1) 10 [0036] wherein A is -CH2-, -C(CH2)2-, -0-, -S-,
-502-, -CO-, -NHCO-,        -C(CF2)2- or a single bond; R11 is
selected from an alkyl group, an alkyl ester group and a halogen
atom, which may be the same or different; 15 and r is a positive
number of 0 to 2.          The compounds represented by the above
formulas has a plurality of dangling bonds, of which any dangling
bond is linked to a main chain. [0037]  13  CI I, OH. C.H3 1- I I I I
- (C112)3- Si -C) - 



HI -Hi- ICI lz)i - (1:H4 h I; CI 13 OH, CI. :11: Ci-L. . CI I, CH. '
- (CI 1)3- Si -0 -SIi -iCHz), -- (2.H,A)c Sii. -0 -Sii - (CH,.:', - I
0.H,C,1-1,  CH,CH, e -0 - -( CH3CH,  



CH,CH, - 0 - CH,OH,     CH,CH, (CH:dr- II CI I.  CI e.C* r-- CH,CH,
[0038]          Among these, particularly preferred are those
represented by the following formulas. These may be used alone or in
combination of 5 two or more. [0039] 



14              When R12 is selected from an alkyl, an alkyl ester
group and a halogen atom, which may be the same or different; and r
is a positive 5 number of 0 to 2. [00411  15  CII,CH II3 (CII12)3,rt
-0 -9i- (CITA - CII3      CAC143 II Si 0 Si CH3CH3  



[0042]          Here, b as a molar percentage of a repeating unit
containing Z and Y in general formula (1) may be zero. 5[0043]
In the present invention, it is desirable to cap a terminal in the
light of improving the storage stability. For capping, a derivative
including an aliphatic group or a cyclic compound group having at
least one alkenyl or alkynyl group can be introduced at the terminal
10 of a polyamide represented by general formula (1) as an acid
derivative or amine derivative. [0044]  16          Specifically, for
example, a compound selected from a diamine having a X structure or
bis(aminophenol), 2,4-diaminophenol and the like is reacted with a
compound selected from a tetracarboxylic anhydride having a Y
structure, trimellitic anhydride, a dicarboxylic acid or 5 a
dicarboxylic dichloride, a dicarboxylic acid derivative, a
hydroxydicarboxylic acid, a hydroxydicarboxylic acid derivative and
the like to synthesize a polyamide resin containing a structure
represented by general formula (1), and then the terminal amino group
contained in the polyamide resin is preferably capped as an amide,
using 10 an acid anhydride or an acid derivative containing an
aliphatic or cyclic compound group having at least one an alkenyl or
alkynyl group. [0045]          Examples of this terminal-capping
functional group include those represented by the following formulas:
15(0046)  17 0 HC- 1]C 



113C. - H9(:\ C:-0H C-OIL 0 0 H H =H3C - C = - H21,' H    II0II IIH
H3C C2 =- I1,12 -0 N., 11II1(7)1 EV- (3= C-112C -0 - Ric -07-OH i I
[004 7 ]  18 



HO -C 0 0 -CC-CH C11%0 -(1; 0 0/CCil HO -C 0 0 C -CU -(: II 0 C113 0
-CCCH 0 C 



0 ))-C 110 - C 0  (0098]           Among these, particularly
preferred are those represented by the following formulas. These can
be used alone or in combination of 5 two or more. Without being
limited to the above method, a terminal acid contained in the
polyamide resin may be capped as an amide, using an amine derivative
containing an aliphatic or cyclic compound group having at least one
alkenyl or alkynyl group. (0099]  [0050]          (B) a diazoquinone
compound, used in the present invention is a compound having a
1,2-benzoquinone diazide or 1,2-naphthoquinone 5 diazide structure,
which is known from U. S. Patent No.2,772,975, No. 2, 797, 213 andNo.
3,669,658. Examples include thecompounds represented by the following
formulas. [00511    21 [0053] 



In these formulas, Q is selected from a hydrogen atom and formula (2)
or formula (3). In these compounds, at least one Q is represented by
formula (2) or formula (3). 5[0054]          Among these,
particularly preferred is an ester of a phenol compound with
l,2-naohthoguinone-2-diazide-5-sulfonic acid or
1,2-naphtoguinone-2-diazide-4-sulfonic acid. Specific examples are
those represented by the following formulas. These may be used alone
10 or in combination of two or more. [0055]  CH.1 0(((X) CH ,t- C-CH;
0Q OQ 0Q. OQ / 0 Q- OQ CI ),T Q0 Q0 C113 t3 [0056] 



OU  / \Lt-Li (1)-Q CH; QOOQ I .y. OQ (RQ , OQ C ,0Q. 0 CI-13 \ Q. CI
13  22   



OQ 09'1113 I 13C-cUi-CH09 CH 3  100571  \CH3 CH; CH3 9.0-(011---\09
01 0 --T-- CH, (AR \---/\Ltd/ - \\ )\  23  



CT-I3CT-13C  CH,CH2 OQOQ CH3CH3CH3  24  OQ  25 [0059]    1111:r(1:11,



1 Q10,1\i,' /-- Al 1,11- 1-1C1 (..._./1...,/ 'L-c_.': I 41:'Cul
[0060]  5[0061]           In these formulas, Q is selected from a
hydrogen atom and formula (2) or formula (3) . In these compounds, at
least one Q is represented by formula (2) or formula (3) .  26 [0062]
The additive amount of (B) a diazoquinone compound used in the
present invention is preferably 1 to 50 parts by weight, more
preferably 10 to 40 parts by weight to 100 parts by weight of resin
(A). The additive 5 amount equal to or more than the lower limit can
improve patterning while the amount equal to or lower than the upper
limit can improve sensitivity. [0063] (dl) an activated silicon
compound is a compound uses in the 10 present invention generating a
silanol group by heating. It is preferably a compound having a
Si-0--C bond, more preferably an alkoxysilane compound. Among
alkoxysilane compounds, suitably used is an activated silicon
compound having a R1-Si-(0-R)3 structure where R' is an organic group
and R is an alkyl group because it has many reaction 15 sites. Such a
compound generates a silanol group by hydrolysis during heating. The
silanol group is preferably generated not at a pre-baking temperature
in patterning, but during temperature rising in a curing process. A
pre-baking temperature is generally 80 C to 130 C. [00641 20specific
examples of an activated silicon compound include 



alkoxysilanecompoundssuchasdiphenyldimethoxysilane,
diphenyldiethoxysilane,diphenyldiisopropoxysi lane,
diphenyldiacetoxysilane,diphenyldiphenoxysilane,
triphenylmethoxysilane,triphenylethoxysilane, 25
diphenylvinylethoxysilane,vinyltris()3-methoxyethoxy)silane,
vinyltriethoxysilane,vinyltrimethoxysilane,
y-(methacryloxypropyl)trimethoxysilane,13-(3,  27
4-epoxycyclohexyl)ethyltrimethoxys ane,
y-glycidoxypropyltrimethoxysilane,
y-glycidoxypropylmethyldiethoxysilane,
N-P-(aminoethyl)-y-aminopropyltrimethoxysilane, 5
N-0-(aminoethyl)-y-aminopropylmethyldimethoxysilane,
y-aminopropyltriethoxysilane, N-phenyl-y-aminopropyltrimethoxysilane,
y-mercaptopropyltrimethoxysilane,
triethoxy(4-(trifluoromethyl)phenyl)silane 10
pentafluorophenyltrimethoxysilane or the like, andmay include
activated silicon compounds represented by the following structure.
Among these, preferred are y- (methacryloxypropyl ) trimethoxysilane
and the activated silicon compounds having any of the following
structures. These may be used alone or in combination of two or more.
15[00651  28  00 HO-C7-00  



(C5H;0) 3 Si-C3H6- y- H 0 C-1C-C,116- Si ( CC :1s) 0I 0 H    00 III
HO-CC-OH (C214.) 3/CN--C3H6- Si ( 0C29.03   If- El 0 S-CH.-N- 0-
CH-(1H(.100H III 11 0 CH. I 



(C21150) L Si-C'3116-N-CII=CHCCKA I III H 0
(.C111"0),Si-C.016-N-C:-CII-C11C001I II II 0 [0066] The additive
amount of the activated silicon compound is preferably 0.1 to 50
parts by weight, more preferably 1 to 30 parts 5 by weight to 100
parts by weight of an alkali-soluble resin. The amount more than the
lower limit results in a reaction with an aluminum complex compound
to generate an acid in an adequate amount, while the amount  29 less
than the upper limit results in an improved storage stability. [0067]
The activated silicon compound has a characteristic that it is
inactive to the other resin composition components of the present 5
invention at a room temperature, but when being heated at a certain
temperature, it generates a silanol group which initiates a reaction
with an aluminum complex compound in the resin composition. After the
reaction, there generates a Broensted acid, which would be a catalyst
accelerating cyclization of (A) an alkali-soluble resin of the
present 10 invention. While the reaction of the activated silicon
compound with the aluminum complex compound forms a Broensted acid
generates, it forms an aluminum silicate compound. By the coexistence
of an activated silicon compound and an aluminum complex compound in
a resin composition, there is provided a system that an acid
generates not at a room temperature 15 but under heating and the acid
accelerates cyclization. [0068] 



A positive photosensitive resin composition of the present invention
is applied on a support, patterned (including pre-baking),
developedwithanalkali, cyclizedand the like tobepatternedas described
20 later. Here, when an acid is present in an initial positive
photosensitive resin composition, a required acid during alkali
development is so inactivated that in the cyclization process,
cyclization cannot be adequately accelerated. It is, therefore,
desirable that a cyclization accelerator generates as an acid for the
25 first time at the cyclization process. [0069]  30 an aluminum
chelate complex; for example, aluminum ethylacetoacetate
diisopropylate, aluminum tris(ethylacetoacetate), aluminum
tris(acetylacetonate), alkylacetoacetate aluminum diisopropylate,
aluminum bisethylacetoacetate monoacetylacetonate or the like. Among
5 these, preferred are aluminum tris(acetylacetonate) and aluminum
ethylacetoacetate diisopropylate. These may be used alone or in
combination of two or more. [00701 The additive amount of the
aluminum complex is preferably 0.1 10 to 20 parts by weight, more
preferably 0.5 to 10 parts by weight to 100 parts by weight of an
alkali-soluble resin. The amount more than the lower limit results in
more effective acceleration of cyclization while the amount equal to
or less than the upper limit results in reducing problems such as
precipitation during cryopreservation. 15[0071]          In the
present invention, (C) a compound having two or more oxetanyl groups
in one molecule is a compound having two or more four-membered cyclic
ether structures in one molecule, which may have a cation
ring-opening polymerization reaction or an addition reaction 20 with
a carboxylic acid, a thiol or a phenol. Examples may include, but not
limited to, 1,4-bisi[(3-ethy1-3-oxetanyl)methoxy]methyl)benzene,
bis[1-ethyl(3-oxetany1)]methylether,
4,4'-bis[(3-ethy1-3-oxetanyl)methoxymethyl]biphenyl,
4,4'-bis(3-ethy1-3-oxetanylmethoxy)biphenyl,ethyleneglycol 25 bis
(3-ethyl-3-oxetanylmethyl)ether,diethyleneglycol  31
pentaerythritoltetrakis(3-ethy1-3-oxetanylmethyl)ether, 



poly[[3-[(3-ethyl-3-oxetanyl)methoxy]propyl]silasesquioxane]
derivatives, oxetanyl silicate, phenol novolac type oxetane,
1,3-bis[(3-ethyloxetan-3-yl)methoxy]benzene and the like. These may 5
be used alone or in combination of two or more. [0072]          The
additive amount of the compound containing oxetanyl groups is
preferably 1 part by weight or more to 100 parts by weight of an
alkali-soluble resin. The amount of 1 parts by weight or more can
provide 10 adequate reflow resistance and chemical resistance. [0073]
(D) a catalyst for accelerating the ring-opening reaction of the
oxetanyl groups of compound (C) used in the present invention is
added for accelerating a reaction of a compound containing an
oxetanyl 15 group, including onium salts, halogenated organic
compounds, quinone diazide compounds, sulfone compounds and the like.
Specific examples of an onium salt include diazonium salts, ammonium
salts, iodonium salts, sulfonium salts, phosphonium salts, arsonium
salts, oxonium salts having unsubstituted or symmetrically or
unsymmetrically substituted alkyl, 20 alkenyl, aralkyl, aromatic and
heterocyclic groups. Specific examples of a counter anion to such an
onium salt include compounds capable of forming a counter anion with
no particular restrictions; for example, boronic acid, arsenic acid,
phosphoric acid, antimonic acid, sulfonic acids, carboxylic acids or
their halogenatedderivatives Ahalogenated 25 organic compound may be
any halogenated derivative thereof, halogenated 



organic compounds include halogenated compounds of an organic
compound with no particular restrictions, and various known compounds
may be  32 used; specific examples include various compounds such as
halogen-containing oxadiazole compounds, halogen-containing triazine
compound halogen-containing acetophenone compounds,
halogen-containing benzophenone compounds,halogen-containing 5 sulf
oxide compounds, halogen-containing sulfone compounds,
halogen-containing thiazole compounds, halogen-containing oxazole
compounds, halogen-containing triazole compounds, halogen-containing
2-pyronecompounds, halogen-containingaliphatichydrocarboncompounds,
halogen-containing aromatic hydrocarbon compounds, other 10
halogen-containing heterocyclic compounds, sulfenyl halide compounds
or the like. Further examples of a halogenated organic compound may
includetris(pentafluorophenyl)borane,pentafluorophenylboronicacid,
tris(2,3-dibromopropyl) phosphate, tris(2,3-dibromo-3-chloropropyl)
phosphate, chlorotetrabromoethane, hexachlorobenzene, 15
hexabromobenzene,hexabromocyclododecane,hexabromobiphenyl,
tribromophenylallylether,tetrachlorobisphenol-A,
tetrabromobisphenol-A, bis(bromoethyl ether) tetrabromobisphenol-A,
bis(chloroethylether)tetrachlorobisphenol-A,
tris(2,3-dibromopropyl)isocyanurate, 20
2,2-bis(4-hydroxy-3,5-dibromophenyl)propane,
2,2-bis(4-hydroxyethoxy-3,5-dibromophenyl)propane,
dichlorodiphenyltrichloroethane,benzenehexachloride,
pentachlorophenol,2,4,6-trichloropheny1-4-nitrophenylether,
2,4-dichloropheny1-31-methoxy-41-nitrophenylether, 25
2,4-dichlorophenoxyaceticacid,4,5,6,7-tetrachlorophthalide,
1,1-bis(4-chlorophenyl)ethanol,
1,1-bis(4-chloropheny1)-2,2,2-trichloroethanol,  



33 ethyl-4,4-dichlorobenzylate, 2,4,5,4'-tetrachlorodiphenyl sulfide,
2,4,5,4'-tetrachlorodiphenyl sulfone and the like. Specific examples
of a quinone diazide compound include o-quinone azide compounds
including sulfonates of a quinone diazide derivative such as 5
1,2-benzoquinonediazide-4-sulfonicacidester,
1,2-naphthoquinonediazide-4-sulfonicacidester,
1,2-naphthoquinonediazide-5-sulfonicacidester,
1,2-naphthoquinonediazide-6-sulfonicacidester,
2,1-naphthoquinonediazide-4-sulfonicacidester, 10
2,1-naphthoquinonediazide-5-sulfonicacidester,
2,1-naphthoquinonediazide-6-sulfonic acid ester, sulfonic acid ester
oftheotherquininediazidederivative,
1,2-benzoquinonediazide-4-sulfonicacidchloride,
1,2-naphthoquinonediazide-4-sulfonicacidchloride, 15
1,2-naphthoquinonediazide-5-sulfonicacidchloride,
1,2-naphthoquinonediazide-6-sulfonicacidchloride,
2,1-naphthoquinonediazide-4-sulfonicacidchloride,
2,1-naphthoquinonediazide-5-sulfonicacidchloride,
2,1-naphthoquinonediazide-6-sulfonic acid chloride, sulfonic acid 20
chloride of the other, or the like. Furthermore, an acid generated by
combining a silicon compound with an aluminum chelate complex can be
also suitably used. These active compounds acting as a catalyst may
be used alone or in combination of two or more. [0074] 25An activated
silicon compound and an aluminum complex compound may be selected
from those described above. 



[0075]  34          A positive photosensitive resin composition in
the present invention may contain, if necessary, additives such as a
leveling agent, a silane coupling agent and the like. [0076] 5In the
present invention, these components are dissolved in a solvent to
prepare a varnish, which is used. Examples of the solvent include
N-methyl-2-pyrrolidone, y-butyrolactone, N,N-dimethylacetamide,
dimethylsulfoxide, diethyleneglycol dimethyl ether, diethyleneglycol
diethyl ether, diethyleneglycol dibutyl ether, 10 propyleneglycol
monomethyl ether, dipropyleneglycolmonomethyl ether,
propyleneglycolmonomethyletheracetate, methyl lactate, ethyl lactate,
butyl lactate, methyl-1,3-butyleneglycol acetate,
3,3-butyleneglycol-3-monomethylether,methylpyruvate, ethyl pyruvate,
methyl-3-methoxypropionate or the like, which may be used alone or in
15 combination of two or more. [0077]          A positive
photosensitive resin composition in the present invention may
contain, if necessary, additives such as a leveling agent, a silane
coupling agent and the like. 20In the present invention, these
components are dissolved in a solvent to prepare a varnish, which is
used. Examples of the solvent include N-methyl-2-pyrrolidone,
y-butyrolactone, N, N-dimethylacetamide, dimethylsulfoxide,
diethyleneglycol dimethyl ether, diethyleneglycol diethyl ether,
diethyleneglycol dibutyl ether, 25 propyleneglycol monomethyl ether,
dipropyleneglycol monomethyl ether, propyleneglycol monomethyl ether
acetate, methyl lactate, ethyl lactate, butyl lactate, methyl-1,
3-butyleneglycol acetate,  35 1, 3-butyleneglycol-3-monomethyl ether,
methyl pyruvate, ethyl pyruvate, methy1-3-methoxypropionate or the
like, which may be used alone or in combination of two or more.
[0078] 5In amethod for using a positivephotosensitive resin
composition of the present invention, first the composition is
applied to a suitable support such as a silicon wafer, a ceramic
substrate an aluminum substrate and the like. The application amount
is an amount such that for a semiconductor device, a final layer
thickness becomes 0 .1 to 30 pm after 



10 curing. A layer with a thickness less than the lower limit maybe
dif f icult in performing enough function as a protective surface
layer for a semiconductor chip, while a layer with a thickness more
than the upper limit becomes difficult to give a fine processing
pattern and takes much time for the processing, leading to a reduced
throughput. Examples 15 of application method can include
spin-coating using a spinner, spraying using a spray coater,
immersion, printing , roll coating or the like. Next, the layer is
prebaked at 60 to 130 C to dry the coating layer and then is
irradiated with chemical rays in a desired pattern. Examples of the
chemical rays which can be used include X-ray, electron beam, 20
ultraviolet ray, visible light and the like, preferably rays with a
wavelength of 200 to 500 nrn. [0079] Next, the irradiated part is
removed by dissolving in a developer to form a relief pattern.
Examples of the developer include aqueous 25 solutions of an
inorganic alkali such as sodium hydroxide, potassium hydroxide,
sodium carbonate, sodium silicate, sodium metasilicate and ammonia; a
primary amine such as ethylamine and n-propylamine ; a secondary  36
amine such as diethylamine and di-n-propylamine; a tertiary amine
such as triethylamine and methyldiethylamine; an alcoholamine such as
dimethylethanolamine and triethanolamine; a quaternary ammonium salt
such as tetramethylammonium hydroxide and
tetraethylammoniumhydroxide; 5 and these aqueous solutions added with
a water-soluble organic solvent such as an alcohol including methanol
and ethanol and a surfactant in appropriate amount. Example of the
development method may be conducted by, for example, spraying,
paddling, immersion ultrasonication or the like. 10[0080]
Then, the relief pattern formed by development is rinsed. A rinse
agent for use is distilled water. Subsequently, it is heated for
forming an oxazole ring and/or an imide ring to give a final pattern
with excellent heat resistance. 15[0081)          In terms of a
development mechanism of this positive photosensitive resin
composition, an unexposed area becomes insoluble in an aqueous alkali
solution due to a diazoquinone compound preventing dissolution of a
resin such as a polybenzoxazole resin and a polyimide 20 resin. On
the other hand, an exposed area becomes soluble in an aqueous alkali
solution because of chemical change of a diazoquinone compound. By
removing the exposed area by dissolution utilizing a solubility
difference between the exposed and the unexposed areas, a coating
layer pattern only in the unexposed area can be formed. 25[0082] A
positive photosensitive resin composition of the present 



37 but also useful as an interlayer insulating layer in a
multilayered circuit board or a cover coat in a flexible copper-clad
plate, a solder resist layer or a liquid-crystal oriented layer, an
interlayer insulating layer in a device in a display and the like.
5[0083]          A positive photosensitive resin composition of the
present invention can be used for semiconductor device applications;
for example, it can be used as an insulating layer such as a
passivation layer by forming a layer of the above positive
photosensitive resin composition 10 on a semiconductor chip, a
protective layer by forming a layer of the above positive
photosensitive resin composition on a passivation layer formed on a
semiconductor element, and an interlayer insulating layer by forming
a layer of the above positive photosensitive resin composition on or
over a circuit formed on a semiconductor chip. 15[0084]          In
addition a positive photosensitive resin composition according to the
present invention can be used for display applications; for example,
it can be used as an insulating layer such as an interlayer
insulating layer fora TFT, a flattened layer such as a flattened
layer 20 for a TFT device and a flattened layer for a color filter, a
projection for an MVA type liquid crystal display or a cathode septum
for an organic EL element. Its application method involves, according
to application for the semiconductordevice, forming
apatternedpositivephotosensitive resin composition layer on or over a
substrate with a display element 25 and a color filter by the
above-mentioned method. For display applications, particularly an
interlayer insulating layer or a flattened layer, require high
transparency, and introduction of a post-exposure  38 process before
curing a layer of this positive photosensitive resin composition can
allow for forming a highly transparent resin layer and thus the
composition of the present invention is practically further
preferable. 5 EXAMPLES  (00851 Experimental Example Al  Synthesis of
a polyamide resin  En a four-necked separable flask equipped with a
thermometer, 10 a stirrer, a material input port and a dry nitrogen
gas inlet tube were placed a mixture of dicarboxylic acid derivatives
(0.016 mol) prepared by reacting 4.13 g of diphenyl
ether-4,4'-dicarboxylic acid (0.016 mol) with 4.32 g of
1-hydroxy-1,2,3-benzotriazole (0.032 mol) and 7.33 g of
hexafluoro-2,2-bis(3-amino-4-hydroxyphenyl)propane (0.020 mol), to 15
which 57 0 g of N-methyl-2-pyrrolidone was added to be dissolved.
Then, the mixture was reacted at 75 C for 12 hours using an oil bath.
Then, to the mixture was added 1.31 g of
5-norbornene-2,3-dicarboxylic anhydride (0.008 mol) dissolved in 7 g
of N-methyl-2-pyrrolidone, and the resulting mixture was stirred for
additional 12 hours for completing 



20 the reaction. After filtration of the reaction mixture, the
reaction mixture was poured into a solution of water/methanol = 3/1
(volun)E?. ratio) , and the precipitate was collected by filtration,
thoroughly washed with water and dried in vacuo to provide a desired
polyamide resin (A-1). [0086]  39    A-1 [0087] In this figure, n is
an integer of 1 or more. [0088] 5 Preparation of a resin composition
In 20 g of y-butyrolactone were dissolved 10 g of the polyamide resin
(A-1) synthesized, 2 g of a photosensitive diazoquinone (B-1) having
the structure illustrated below, 0.8 g of an activated silicon
compound having the structure of below formula (d1-1) and 0.1 g of an
10 aluminum complex having the structure of below formula (d2-1), and
the mixture was filtrated by a 0.2 pm fluororesin filter to give a
positive photosensitive resin composition. [0089] B-1 CI 13il Try I
/7_7, i vn-Li T' [01so, 



i- ,,r, cH,- C - CHI ).`,. Oi OQ 1 15[0090]  40 (4) and 25 % is a
hydrogen atom. [0091] CIII -0-0-03146 Si(OCI-13)3 d1-1. [0092] 0 42-1
5 [0093] Evaluation of development properties  Using a spin coater,
on a 8 inch silicon wafer was applied a 



positive photosensitive resin composition, which was then dried at
120 10 C for 4 min on a hot plate to give a coating layer with a
thickness of about 10 pm. The resulting coating layer was exposed
under stepwise increase of an exposure amount from 100 mJ/cm2 to 10
mJ/cm2 through a mask fromToppan Printing Co. , Ltd. (Test Chart
No.1, in which a remaining pattern and a removing pattern with a
width of 0.88 to 50 pm were drawn) 15
usingi-linestepperNSR-4425ifromNikonCorporation. Then, the exposed
area was removed by dissolution while adjusting a development time
such that a layer thinning was 1.5 pm during development in a 2.38 %
aqueous solution of tetramethylammonium hydroxide, and then rinsed
with pure water for 30 sec. Observation of the pattern indicatedthat
at an exposure  41 amount of 350 mJ/cm2, the pattern was
satisfactorily opened with no scums. [0094] Evaluation of a
cyclization rate The wafer obtained in the evaluation of development
properties 5 was cured at 150 C/30 min + 250 C/60 min under a
nitrogen atmosphere using a clean oven from Koyo ThermK)Systems Co.,
Ltd. (CLH-21CDH). This curing temperature is lower than a
conventional typical cyclization temperature of 320 C/60 min.
Therefore, evaluation of a cyclization rate under these conditions
allows for determining cyclization status 10 at a low temperature.
Then, the wafer was immersed in a 2 % aqueous solution of
hydrofluoric acid to remove the cured layer from the silicon wafer
for determining a cyclization rate. Separately, curing was conducted
at 150 C/30 min + 320 C/60 min and the same procedure was conducted,
15 to obtain a cured layer. A cyclization rate was calculated by the
following procedure using an infrared spectrometer (FT-IR), and was
as high as 80 %. 



[0095] Determination of a cyclization rate  20A cyclization rate was
calculated from the following equation using an FT-IR (Parkin Elmer
Paragon 1000) as an apparatus. Cyclization rate (%) =
((B/A)/(D/C))x100 A: a peak length due to all aromatic rings at 1490
cmin 250 C curing 25B: a peak length due to cyclization at 1051 cm in
250 C curing C: a peak length due to all aromatic rings at 1490 cm-1
in 320 C curing  42 D: a peak length due to cyclization at 1051 cm in
320 C curing [0096) Evaluation of corrosion properties The obtained
positive photosensitive resin composition was 5 applied on a silicon
wafer (TEG-3) with a comb-shaped aluminum circuit, and dried on a hot
plate at 120 C for 4 min. Then, curing was conducted as described
above at 150 C/30 min + 250 C/60 min. Subsequently, the obtained
wafer was treated by a pressure cooker under the conditions of 125 C,
a relative humidity of 100 % and 2.3 atm, and observation 10 of an
aluminum circuit by metallographic microscopy indicated no corrosion
in the aluminum circuit. [0097) Experimental Example A2 Synthesis of
a polyamide resin  



15In a four-necked separable flask equipped with a thermometer, a
stirrer, a material input port and a dry nitrogen gas inlet tube were
placed 6.82 g of 4,4r-oxydiphthalic anhydride (0.022 mol), 3.26 g of
2-methyl-2-propanol (0.044 mol) and 10.9 g of pyridine (0.138 mol),
to which and 150 g of N-methyl-2-pyrrolidone was added to be
dissolved. 20 Into the reaction solution was added dropwise 5.95 g of
1-hydroxy-1,2,3-benzotriazole (0.044 mol) with 30 g of
N-methyl-2-pyrrolidone, and then added dropwise 22.7 g of
dicyclohexylcarbodiimide(0.110mol)with5OgofN-methyl-2-pyrrolidone,
and the mixture was reacted at room temperature overnight. Then, to
25 this reaction solution were added 43 . 34 g of adicarboxylic acid
derivative (active ester)prepared by reacting 1molof diphenyl
ether-4,4'-dicarboxylicacidwith2molof  43
1-hydroxy-1,2,3-benzotriazole(0.088mol)and44.7gof
hexafluoro-2,2-bis(3-amino-4-hydroxyphenyl)propane (0.122 mol) with
70 g of N-methyl-2-pyrrolidone, and the mixture was stirred at room
temperature for2 hours. Subsequently, the mixture was reacted at 75C
5 for 12 hours using an oil bath.          Then, to the mixture was
added 3.94 g of 5-norbornene -2,3-dicarboxylic anhydride (0.024 mol)
dissolved in 20 g of N-methyl-2-pyrrolidone, and the mixture was
stirred for additional 12 hours to complete the reaction. The
subseguent procedure was conducted 10 as described in Experimental
Example Al, exceptthatthereactionmixture was filtrated and then
poured into a solution of water/methanol = 3/1 (volume ratio) , and a
precipitate was collected by filtration, thoroughly washed with
water, re-precipitated and purified to give a desired polyamide resin
(A-2). 15[0098]  111Atp-01::\ CFa Cjru"'al -0 IHI 



C?7-..?:"'OFI;DiCr:`oo   to-cp-oolv- ccz --1111-0 v46:I IR.1 -4:77sON
1.1001  A-2 In this formula, n and m are an integer of 1 or more.
[0099] Preparation of a resin composition  20In 20 g of
y-butyrolactone were dissolved 10 g of the synthesized  44 polyamide
resin (A-2), 1.5 g of a photosensitive diazoquinone (B-2) having the
structure illustrated below, 1.5 g of an activated silicon compound
having the structure of below formula (d1-2)
(triethoxy(4-(trifluoromethyl)phenyl)silane) and 0.5 g of an aluminum
5 complex having the structure of below formula (d2-2) (aluminum
ethyl acetoacetate diisopropylate), and the mixture was filtrated by
a 0.2 pm fluororesin filter to give a positive photosensitive resin
composition. This resin composition was also evaluated as described
in Experimental Example Al. 10[0100]    



In these formulas, 87.5 % of Ql, Q2 and Q3 is represented by formula
(4) and 12.5 % is a hydrogen atom. [0101]  dl-2 [0102] 0C2H5
(H3C)2HCO, ip 0-13c),Fico bV d2-2 [0103] 5 Experimental Example A3
A positive resin composition was prepared as described in
Experimental Example Al without an aluminum complex compound (d2-1).
This resin composition was evaluated as described in Experimental
Example Al. The evaluation results are shown in Table 1. 10[0104]
Experimental Example A4           A positive resin composition was
prepared as described in Experimental Example Al without an activated
silicon compound (d1-1). This resin composition was evaluated as
described in Experimental Example 15 Al. The evaluation results are
shown in Table 1. [0105]  46 



Experimental Example A5          A positive resin composition was
prepared as described in Experimental Example Al, substituting 0.1 g
of p-toluenesulfonic acid for an aluminumcomplex compound (d2-1)
without a silicon compound (d1-1) . 5 This resin composition was
evaluated as described in Experimental Example Al. The evaluation
results are shown in Table 1. [0106] Experimental Example A6 A
positive resin composition was prepared as described in 10
Experimental ExampleAl, without a silicon compound (d1-1) and an
aluminum complex compound (d2-1). This resin composition was
evaluated as described in Experimental Example Al. The evaluation
results are shown in Table 1. [0107] 15 Table 1     Content
Properties   (A) Alkah- soluble resin (g) (13)Diazoquinone compound
(g) (0 Activated silicon 



compound (g) (D) Aluminum complex (g) Sensitivit y (mitcm2)
Cyrlization rate (63 Corrosion properties Experimental Example Al
Aquo 31 (2.0) d1-1(0 8) d2-I(0.1) 350 80 None  



A-2(10) 3-2(1.5) d1-2(0 5) d2-2(o.5) 570 84 None  A3 A-1(10) 3-1(2.0)
dl -1 a .0)  340 63 None  A4 A1(10) 



I3-1(2.0)  d21(0 1) 350 58 None  AS A-l(1U) 13-1(2.0)  p-T3*1(0 1)
360 86 Observed  A6 A-1(10) 84(2.0)  



350 64 None  '113.Talunnamic acid [0108] Experimental Example A7  One
of application examples of a positive photosensitive resin 20
composition of the present invention to a semiconductor device will
be described for application to a semiconductor device having a bump
47 with the drawing. FIG. 1 is an enlarged cross sectional view of a
pad in a semiconductor device of the present invention having a bump.
As shown in FIG. 1, over a silicon substrate 1 having a semiconductor
chip and an interconnection on its surface are formed an Al pad 2 for
5 input/output, on which is formed a passivation layer 3 having a via
hole. On the surface is applied a positive photosensitive composition
of the present invention, which is then dried to form a positive
photosensitive resin (buffer coat layer) 4. Furthermore, a metal (for
example, Cr, Ti or the like) layer 5 is formed such that it is
connected 10 to the Al pad 2, and the metal layer 5 etches the
periphery of a solder bump 9 to insulate between the pads. Over the
insulated pad, a barrier metal 8 and a solder bump 9 are formed. In
this figure, 6 is an interconnection (for example, Al, Cu or the
like) and 7 is an insulating layer. 15The semiconductor device thus
obtained is manufactured in a high yield and exhibits higher
reliability. [0109] Experimental Example A8  



After formingan ITOlayer on aglass substratebyvapordeposition, 20 the
ITO layer was divided in a stripe form by ordinary photolithography
using a photoresist. On the layer was applied the positive
photosensitive resin composition prepared in Experimental Example Al
to forma resin layerwitha thickness of about 2 pm. Then, it was
exposed at an exposure strength of 25 mW/cm2 for 10 sec through a
glass mask, 25 using a collimated exposure machine (light source: a
high-pressure mercury-vapor lamp). Then, by immersing the resin layer
in an 2.38 % aqueous solution of tetramethylammonium hydroxide for 20
sec for  48 development, the areas other than the edge of the ITO on
each stripe were exposed, and the layer was processed such that the
resin layer was formed on the edge of the ITO layer and the area
where the ITO layer had been removed. Then, the whole resin layer was
post-exposed at an 5 exposure strength of 25 mW/cm2 for 40 sec using
the collimated exposure machine used in the exposure, and then cured
by heating at 230 C for 1 hour in the air using a hot air circulation
drying machine. [0110] On this substrate were vapor-deposited under a
reduced pressure 10 of 1x10-4 Pa or less, copper phthalocyanine as a
hole injection layer and bis-N-ethyl carbazole as a hole transport
layer, and then
N,N'-diphenyl-N,N1-m-toluy1-4,4'-diamino-1,1'-biphenyl as a
luminescent layer and tris(8-quinolinolate) aluminum as an electron
injection layer, in sequence. Furthermore, on the surface was formed
15 by vapor deposition an aluminum layer as a second electrode, which
was divided as a stripe orthogonal to the above ITO-layer stripe by
ordinary photolithography using a photoresist. After drying the
obtained substrate in vacuo, an sealing glass plate was attached to
it by using an epoxy adhesive to prepare a display. The display was
heated at 80 C 20 for 200 hours and then sequentially activated by
applying a voltage between both electrodes, resulting in satisfactory
light emission of the display.          The device according to this
example is manufactured in a high yield and exhibits higher
reliability. 25[0111] Experimental Example Bl  Preparation of a resin
composition   49          In 20 g of y-butyrolactone were dissolved
10 g of the polyamide resin (A-1) synthesized in Experimental
ExampleAl, 2 gofa photosensitive diazoquinone (B-1) having the above
structure, 3 g of an oxetanyl-containing compound having the
structure represented by below 5 formula (C-1), 0.8 gof a silicon
compound having the structure represented by below formula (d1-1) and
0.1 g of an aluminum chelate having the structure represented by
below formula (d2-1), and then the solution was filtrated through a
0.2 pm fluororesin filter, to obtain a positive photosensitive resin
composition. 



10[0112]    [0113] Evaluation of development properties  The obtained
positive photosensitive resin composition was 15 evaluated for its
development properties as described above. Observation of the pattern
indicated that at an exposure amount of 350 mJ/cm2, the pattern was
satisfactorily opened with no scums. Evaluation of reflow resistance
The above patterned wafer was heated for curing in a clean oven 20 at
150 C/30 min and 250 C/60 min under a nitrogen atmosphere. Then, to
this wafer was applied a flux BF-30 from Tamura Kaken Corporation
using a spinner under the conditions of 500 rpm/30 sec +1000 rpm/30
sec. The waferwas passed twice through a reflow oven under the
conditions of 140 to 200 C/120 sec (pre-heating) and 250 C/60 sec.
After washing  50 with xylene for 10 min, the wafer was rinsed with
isopropyl alcohol and dried. After removing the flux, observation by
a metaloscope indicated a satisfactory layer surface with no cracks
or folds. [0114] 5 Evaluation of chemical resistance          The
above patterned wafer was cured in a clean oven at 150 C/30 min + 250
C/60 min under a nitrogen atmosphere. Then, the cured wafer was
immersed in STRIPPER-106 from Tokyo Ohka Kogyo Co., Ltd. at room
temperature for 5 minutes. Next, the wafer was rinsed with isopropyl 



10 alcohol at room temperature and then dried . Observation by a
metaloscope indicated a surface with no cracks, folds or peelings.
Determination of a cyclization rate          A cyclization rate was
calculated as described in Experimental Example Al. 15[0115]
Experimental Example 62  Synthesis of a polyamide resin           In
a four-necked separable flask equipped with a thermometer, a stirrer,
a material input port and a dry nitrogen gas inlet tube were 20
placed 17.06 g of 4,4'-oxydiphthalic anhydride (0.055 mol), 8.15 g of
2-methyl-2-propanol (0.110 mol) and 10.9 g of pyridine (0.138 mol),
to which was then added 150 g of N-methyl-2-pyrrolidone to be
dissolved. To the reaction solution was added dropwise 14.9 g of
1-hydroxy-1,2,3-benzotriazole (0.110 mol) with 30 g of 25
N-methyl-2-pyrrolidone, and then added dropwise 22.7 g of
dicyclohexylcarbodiimide (0. 110 mol) with 50
gofN-methyl-2-pyrrolidone, and the mixture was reacted at room
temperature overnight. Then, to  51 this reaction solution were added
27.1 g of a dicarboxylic acid derivative (active ester)prepared by
reacting 1 mol of diphenyl ether-4,41-dicarboxylicacidwith2molof
1-hydroxy-1,2,3-benzotriazole(0.055mol)and44.7gof 5
hexafluoro-2,2-bis(3-amino-4-hydroxyphenyl)propane (0.122 mol) with
70 g of N-methyl-2-pyrrolidone, and the mixture was stirred at room
temperature for2 hours. Subsequently, the mixture was reacted at 75C
for 12 hours using an oil bath. [0116] 10Then, to the mixture was
added 3.94 g of 5-norbornene -2,3-dicarboxylic anhydride (0.024 mol)
dissolved in 20 g of N-methyl-2-pyrrolidone, and the mixture was
stirred for additional 12 hours to complete the reaction. The
subsequent procedure was conducted as described in Experimental
Example A1, except that the reaction mixture 15 was filtrated and
then poured into a solution of water/methanol = 3/1 (volume ratio) ,
and a precipitate was collected by filtration, thoroughly washed with
water, re-precipitated and purified to give a desired polyamide resin
(A'-2). 



[0117]  IIMI;C VI Cet4H_rci_irm _H  [ HAS" ega "ti,-".40ry
--cAxNFo--mmi,4 / n kr.' \e--y  <L)7- can wor'k%    52 [0118]
In this formula, n and m are an integer of 1 or more. Preparation of
a resin composition and evaluation of development properties  5In 20
g of y-butyrolactone were dissolved 10 g of the synthesized polyamide
resin (A'-2), 1.5 g of a photosensitive diazoquinone (B-2) having the
structure illustrated above, 3 g of an oxetanyl-containing compound
having below formula (0-2), 0.8 g of a silicon compound having the
structure of below formula (d1-2) and 0.3 g of an aluminum chelace 10
having the structure of below formula (d2-2), and themixture was
filtrated by a 0.2 pm fluororesin filter to give a positive
photosensitive resin composition. 



This resin composition was also evaluated in Experimental Example Bl.
15[0119] H a 0 0   [0120] Experimental Example B3            A
positive resin composition was prepared in Experimental 20 Example
81, using 0.3 g of catalyst (E-1). This resin composition was
evaluated as Experimental Example Bl. [0121]  53    S 0 OH [01221
Experimental Example B4  



A positive resin composition was prepared in Experimental 5 Example
81, using 0.3 g of catalyst (E-2). This resin composition was
evaluated as Experimental Example Bl. [0123]    [01241 10
Experimental Example 135
ApositiveresincompassionwaspreparedinExperimentalExample 31 without
the oxetanyl-containing compound (C-1).This resin composition was
evaluated as Experimental Example Bl. [0125) 15 Experimental Example
36  A positive resin composition was prepared in Experimental  54
Example Bl without the oxetanyl-containing compound (0-1), catalyst
(d1-1) and (d2-1). This resin composition was evaluated as
Experimental Example Bl. [0126] 5 Experimental Example 87
After forming an ITO layer on a glass substrate byvapordeposition,
the ITO layer was divided in a stripe form by ordinary
photolithography using a photoresist. On the layer was applied the
positive photosensitive resin composition prepared in Experimental
Example B1 10 to forma resin layer witha thickness of about 2 pm.
Then, it was exposed at an exposure strength of 25 mW/cm2 for 10 sec
through a glass mask, using a collimated exposure machine (light
source: a high-pressure mercury-vapor lamp). Then, by immersing the
resin layer in an 2.38 % aqueous solution of tetramethylammonium
hydroxide for 20 sec for 



15 development, the areas other than the edge of the ITO on each
stripe were exposed, and the layer was processed such that the resin
layer was formed on the edge of the ITO layer and the area where the
ITO layer had been removed. Then, the whole resin layer was
post-exposed at an exposure strength of 25 mW/cm2 for 40 sec using
the collimated exposure 20 machine used in the exposure, and then
cured by heating at 250 00 for 1 hour in the air using a hot air
circulation drying machine. [0127]          This substrate was
further processed as described in Experimental Example A4 to prepare
a display. The display was heated 25 at 80 C for 200 hours and then
sequentially activated by applying a voltagebetweenbothelectrodes,
resulting in satisfactory light emission of the display.  55
The device according to this example is manufactured in a high yield
and exhibits higher reliability. [0128] Table 2     Con ten t Proper
e   (A) Alkali- soluble resin (g) 



(B) Dime- qui none compound (g)  CO Compound having two or more """1
groups in one molecule (g) (E) Acid- generating substance (g)
Development properties Cycliz- ation rate (50 Reflux resistance
Chemical resistance       Sensit- ivity (m3/cm2) 



Scum    a perim- enta I Example  A1-1(10) 13-1(2.0) 0)(3.0)
d1-1(0.4512-1(0.3) 350 None 32 Unchanged Unchanged  HocI A1-2(10)
B-2(1.5) 02(3.0) 



d1-2(0,8)512-2(0.3) 370 None 85 Unchanged Ilinthanged  III CO I
N-1(10) 13-1(2.0) C-1(3.0) 3-1(0.3) 330 None 85 Unchanged Unchanged
,-1 16 -1 (10) 



13-1(2.0) C-1(3.0) 3-2(0.8) 350 None 83 Unchanged Unchanged  In
R-1(10) 3-1(2.0)  d1-1(0.8YrI2-1(0.3) 340 None 33 Folds Dissolution  



AL1(10) 13-1(2 0)   359 None 66 Folds Folds  56 CLAIMS 1, A positive
photosensitive resin composition comprising (A) an alkali-soluble
resin, (B) a diazoquinone compound, (dl) an activated silicon
compound, and (d2) an aluminum complex.           2. The positive
photosensitive resin composition as claimed in Claim 1, wherein said
(dl) activated silicon compound is a compound having an alkoxysilane
bond.           3. The positive photosensitive resin composition as
claimed in Claim 1 or 2, wherein said (A) alkali-soluble resin is a
resin comprising a polybenzoxazole structure, a polybenzoxazole
precursor structure, a polyimide structure, a polyimide precursor
structure or a polyamide acid ester structure. 



4. The positive photosensitive resin composition as claimed in any of
Claims 1 to 3, wherein said (A) alkali-soluble resin is a resin
represented by general formula (1): (Ri)n(R,)n I -ek1.1- X - - C!-- Y
C ) NH - -(1 - 1 - C.7- (IIairu1,          wherein X and Y are an
organic group; a and b represent a molar percentage, a + b = 100, a
is 60 or more and 100 or less and b is 0 or more and 40 or less; RI
is a hydroxy group or -0-R3, which may be the same or different; R2
is a hydroxy group, a carboxyl group, -0-R3 or -COO-R3, which may be
the same or different; m is a positive number  57 of 0 to 2; n is a
positive number of 0 to 4; R3 is an organic group having 1 to 15
carbon atoms, where when Ris are not a hydroxy group, at least one of
R2s must be a carboxyl group and where when R25 are not a carboxyl
group, at least one of Ris must be a hydroxy group; Z is represented
by -R4-Si(R6) (R7)-0-Si(R5) (R7)-R5- where R4 to R7 are an organic
group.           5. A patterning process comprising          applying
the positive photosensitive resin composition as claimed in any of
Claims 1 to 4 on a substrate to form a resin layer,
irradiating a desired area in said resin layer with an active energy
beam,          developing said resin layer after the irradiation with
an active energy beam and then heating said resin layer. 6. A
semiconductor device, comprising a semiconductor substrate,
a semiconductor chip formed on or over said semiconductor substrate,
a protective layer or insulating layer formed over said semiconductor
chip,          wherein said protective layer or insulating layer is a
layer formed by applying, developing and heating the positive
photosensitive resin composition as claimed in any of Claims 1 to 4.
7. A display comprising a substrate for a display device, a flattened
layer or insulating layer covering the surface of said substrate and
a display device formed over said substrate for a display device, 



wherein said flattened layer or insulating layer is a layer formed by
applying, developing and heating the positive photosensitive  58
resin composition as claimed in any of Claims 1 to 4.           8.
Aprocess formanufacturing a semiconductor device comprising a
semiconductor chip and a protective layer or insulating layer formed
over said semiconductor chip, comprising          applying a positive
photosensitive resin composition on said semiconductor chip and
drying said composition to form a resin layer,          irradiating a
desired area in said resin layer with an active energy beam,
developing said resin layer after the irradiation with an active
energy beam, and then          heating said resin layer to form said
protective layer or insulating layer,          wherein said positive
photosensitive resin composition is the positive photosensitive resin
composition as claimed in any of Claims 1 to 4.           9. A
process for manufacturing a display comprising a substrate, a
flattened layer or insulating layer covering the surface of said
substrate and a display device formed over said substrate for a
display device, comprising          applying a positive
photosensitive resin composition on said substrate to form a resin
layer,          irradiating a desired area in said resin layer with
an active energy beam,          developing said resin layer after the
irradiation with an active energy beam, and then          heating
said resin layer to form said flattened layer or insulating layer,
59          wherein said positive photosensitive resin composition is
the positive photosensitive resin composition as claimed in any of
Claims 1 to 4. 10. A positive photosensitive resin composition
comprising 



(A) an alkali-soluble resin, (B) a diazoquinone compound, (C) a
compound having two ormore oxetanyl groups in one molecule, and
(D) a catalyst for accelerating the ring-opening reaction of said
oxetanyl groups of compound (C).           11. The positive
photosensitive resin composition as claimed in Claim 10, wherein said
(D) component is at least one selected from an onium salt, a sulfone
compound or the combinations of an activated silicon compound with an
aluminum complex.           12. The positive photosensitive resin
composition as claimed in Claim 10, wherein said (D) component
comprises an aluminum complex and an activated silicon compound.
13. The positive photosensitive resin composition as claimed in any
of Claims 10 to 12, wherein said (A) alkali-soluble resin is a resin
comprising a polybenzoxazole structure, a polybenzoxazole precursor
structure, a polyimide structure, a polyimide precursor structure or
a polyamide acid ester structure.           14. The positive
photosensitive resin composition as claimed in any of Claims 10 to
13, wherein said (A) alkali-soluble resin is a resin represented by
general formula (1):  60 (ROin(R011(ROn Ng-1-X -MR/ II ab 0000 (I)
wherein X and Y are an organic group; a and b represent a molar
percentage, a + b = 100, a is 60 or more and 100 or less and b is 0
or more and 40 or less; Ra is a hydroxy group or -0-R3, which may be
the same or different; R2 is a hydroxy group, a carboxyl group, -0-R3
or -000-R3, which may be the same or different; m is a positive
number of 0 to 2; n is a positive number of 0 to 4; R3 is an organic
group having 1 to 15 carbon atoms, where when Ris are not a hydroxy
group, at least one of R2s must be a carboxyl group and where when
R2s are not a carboxyl group, at least one of Ris must be a hydroxy
group; Z is represented by -R4-Si(R6) (R7)-0-Si(R5)(R7)-R5- where R4
to R7 are an organic group. 15. A patterning process comprising
applying the positive photosensitive resin composition as claimed in
any of Claims 10 to 14 on a substrate to forma resin layer,
irradiating a desired area in said resin layer with an active energy
beam, 



developing said resin layer after the irradiation with an active energy beam
and then heating said resin layer. 16. A semiconductor device, comprising a
semiconductor substrate,          a semiconductor chip formed on or over
said semiconductor substrate, a protective layer or insulating layer formed
over said  61 semiconductor chip,          wherein said protective layer or
insulating layer is a layer formed by applying, developing and heating the
positive photosensitive resin composition as claimed in any of Claims 10 to
14.          U. A display comprising a substrate for a display device, a
flattened layer or insulating layer covering the surface of said substrate
and a display device formed over said substrate for a display device,
wherein said flattened layer or insulating layer is a layer formed by
applying, developing and heating the positive photosensitive resin
composition as claimed in any of Claims 10 to 14.           18. A process
for manufacturing a semiconductor device comprising a semiconductor chip and
a protective layer or insulating layer formed over said semiconductor chip,
comprising          applying a positive photosensitive resin composition on
said semiconductor chip and drying said composition to form a resin layer,
irradiating a desired area in said resin layer with an active energy beam,
developing said resin layer after the irradiation with an active energy
beam, and then          heating said resin layer to form said protective
layer or insulating layer,          wherein said positive photosensitive
resin composition is the positive photosensitive resin composition as
claimed in any of Claims 10 to 14.           19. Aprocess formanufacturing a
display comprising a substrate, a flattened layer or insulating layer
covering the surface of said substrate and a display device formed over said
substrate for a display  



62 device, comprising         applying a positive photosensitive
resin composition on said substrate and drying the composition to
form a resin layer,         irradiating a desired area in said resin
layer with an active energy beam,         developing said resin layer
after the irradiation with an active energy beam, and then
heating said resin layer to form said flattened layer or insulating
layer,         wherein said positive photosensitive resin composition
is the positive photosensitive resin composition as claimed in any of
Claims 10 to 14.   




