
SPECIFICATION        PHOTOSENSITIVE RESIN COMPOSITION,
INSULATING FILM, PROTECTIVE FILM, AND ELECTRONIC
EQUIPMENT TECHNICAL FIELD  [0001]The present invention relates to
a photosensitive resin composition, an insulating film, a protective film,
and electronic equipment. BACKGROUND ART  [0002]Recently, a
semiconductor element is formed by laminating a plurality of wiring layers
for downsizing it or high integration thereof. Further, a type of the
semiconductor element is changed to a chip size package (CSp) or a
wafer level package (WLP). [0003]For these reasons, a case that a
surface protective film and an interlayer insulating film are directly formed
on a metal wiring (which is generally made of copper, copper alloy or the
like) of the wiring layer is increased. [0004]Therefore, adhesiveness
between the films and the wiring made of copper, copper alloy or the like
affects reliability of the semiconductor element remarkably. As a result, a
film having high adhesiveness to the wiring made of copper, copper alloy
or the like is required.  protective and interlayer insulating films (cured
films) can be obtained through a curing treatment having a low curing
temperature of 200 to 300C, and have an excellent mechanical property
such as elongation percentage. 



[0006]In the case where the surface protective and interlayer insulating
films can be obtained through the curing treatment having the low curing
temperature, it is possible to prevent occurrence of damage due to heat in
a high integration semiconductor element, and to improve productivity.
thereof. [0007]For such a requirement, although there are known methods
in which an additive ingredient is added to resin compositions for
constituting the films in order to improve adhesiveness between the films
and the copper and copper alloy (See, for example, Patent Document 1:
Japanese Patent Application Laid-open No. 2005-336125 and Patent
Document 2: Japanese Patent Application Laid-open No. 2005-173528),
such methods could not improve the above adhesiveness sufficiently.
[0008]Further, for example, in the case of a package provided with an
insulating film obtained by curing a conventional resin composition at a
low curing temperature, when solder balls were mounted onto the
package, there was a case that appearance abnormalities such as rucks
and cracks occurred on a surface of the insulating film due to a treatment
using a flux or the like. DISCLOSURE OF THE INVENTION [0009]It is
therefore an object of the present invention  to provide a photosensitive
resin composition which has excellent adhesiveness to a wiring made of
copper and copper alloy and can be cured at a low temperature, and to
provide an insulating film, a protective film and electronic equipment each
obtained by using the photosensitive resin composition. [00103in order to
achieve the object described above, the present invention is directed to a
photosensitive resin composition. The photosensitive resin composition
includes an alkali solubility resin including molecules each composed of a
main chain having one end and the other end opposite to the one end, an
organic group bonded to the one end thereof, the organic group having at
least one unsaturated group, and a substituent group bonded to at least
one of the other end of the main chain and a branch thereof, the
substituent group having a cyclic chemical structure containing nitrogen
atoms and a photosensitive agent. [00113In the above photosensitive
resin composition, it is preferred that the substituent group has a tetrazole
group as the cyclic chemical structure containing nitrogen atoms. 



[0012]in the above photosensitive resin composition, it  is preferred that
the substituent group has at least one of chemical structures
representedbythe following formulas (1-1) and (1-2).      [0013]In the
above photosensitive resin composition, it is preferred that an amount of
the cyclic chemical structures containing nitrogen atoms is in the range of
1.0 to 10.0 wt% with respect to a total weight of the molecules included in
the alkali solubility resin. [0014]in the above photosensitive resin
composition is preferred that the organic group having the at least one
unsaturated group is an organic group having at least one triple bond.
[0015]In the above photosensitive resin composition, it is preferred that
the main chain of each of the molecules included in the alkali solubility
resin has at least one of a chemical structure which can change to a
polybenzoxazole structure and a chemical structure which can change to
a polyimide structure.  



product of the above photosensitive resin composition.
[0017]Furthermore, the present invention is directed to a protective film_
The protective film is composed of a cured product of the above
photosensitive resin composition. [0018]In the above protective film, it is
preferred that the protective film is used for 'protecting a semiconductor
element or a liquid crystal display element. [0019]Moreover, the Present
invention is directed to electronic equipment. The electronic equipment is
provided with the protective film. [0020]Moreover, the present invention is
directed to electronic equipment. The electronic equipment is provided
with the insulating film. BRIEF DESCRIPTION OF THE DRAWINGS
[0021]FIG. 1 is a sectional view showing one example of a semiconductor
device. BEST MODE FOR CARRYING OUT THE INVENTION
[0022]Hereinbelow, a photosensitive resin composition, 



an insulating film, a protective film, and electronic equipment according to
the present invention will be described. [0023]The photosensitive resin
composition according to the present invention includes an alkali solubility
resin including molecules each composed of a main chain having one
end and the other end opposite to the one end, an organic group bonded
to the one end thereof, the organic group having at least one unsaturated
group, and a substituent group bonded to at least one of the other end of
the main chain and a branch thereof, the substituent group having a cyclic
chemical structure containing nitrogen atoms, and a photosensitive agent.
[0024]Further, the insulating film according to the present invention is
composed of a cured product of the above described photosensitive resin
composition. [0025]Furthermore, the protective film according to the
present invention is composed of a cured product of the above described
photosensitive resin composition. [0026]Moreover, the electronic
equipment according to the present invention is provided with the above
described protective film. [0027]Moreover, the electronic equipment
according to the present invention is provided with the above described
insulating film. 



[0028]First, the photosensitive resin composition, the insulating film, and
the protective film will be described. [0029]As shown in FIG. 1, a
semiconductor device includes a silicon wafer 1, an aluminum pad 2
provided on a part of the silicon wafer 1 ( a part of an upper surface of the
silicon wafer 1 in FIG. 1) , and a protective film 3 provided so as to  cover
the upper surface of the silicon wafer 1 other than the aluminum pad 2.
[0030]Further, the semiconductor device 10 includes a conductor portion 4
formed on an upper side of the protective film 3, an insulating film 6
provided so as to remain a barrier metal 5 joined to the conductor portion
4 and cover the conductor portion 4, and a solder bump 7 provided on the
barrier metal 5 for electrically connecting an external electrode. [0031]The
protective film 3 is composed from a pas s ivation film 31 and a buffer
coating film 32. The passivation film 31 is joined to the silicon wafer 1. A
concave portion 33 is formed through the passivation film 31 and the
buffer coating film 32 so that the aluminum pad 2 is exposed inside the
concave portion 33. [0032]The conductor portion 4 is composed from a
metal film 41 and a pad portion 42. The metal film 41 is provided on an
upper surface of the buffer coating film 32 and an inner surface of the
concave portion 33, and the pad portion 42 is filled into the concave
portion 33 and electrically connected to the solder bump 7. 



[00331The pad portion 42 is composed from a metal wiring made of
copper or copper alloy. The barrier metal 5 is joined to the pad portion 42
on a lower side thereof. [0034)The photosensitive resin composition of the
present invention is preferably used for constituting the  buffer coating film
32, the insulating film 6 and the like included in the semiconductor device
10 as described above. [0035]However, the photosensitive resin
composition of the present invention is especially preferably used for
constituting the insulating film 6 which is directly joined to the metal wiring.
This makes it possible to provide a semiconductor device 10 having
excellent reliability. [0036]Such a photosensitive resin composition
includes an alkali solubility resin and a photosensitive agent. The alkali
solubility resin includes molecules each composed of a main chain having
one end and the other end opposite to the one end, an organic group
bonded to the one end thereof, the organic group having at least one
unsaturated group, and a substituent group bonded to at least one of the
other end of the main chain and a branch thereof, the substituent group
having a cyclic chemical structure containing nitrogen atoms. [0037]This
makes it possible to improve adhesiveness of a cured film, which is
obtained by curing a film, made of the photosensitive resin composition, to
the metal wiring made of copper and copper alloy, in a state that the cured
film maintains a mechanical property such as elongation percentage.
[0038](Alkali Solubility Resin) 



[0039]Next, the alkali solubility- resin, which is a main component
contained in the photosensitive resin composition, will be described.
[0040]Examples of the alkali solubility resin include cresol type novolak
resin, hydroxy styrene resin, acrylate based resin such as methacrylate
resin or methacrylic acid ester resin, cyclic olefin based resin containing
hydroxyl group (s) , carboxyl group(s) or the like, polvamide based resin,
and the like. 2;mong these alkali solubility resins, the polyaraide based
resin is preferably used. [0041]Specifically, examples of such a polyamide
based resin include: a resin including molecules each composed of a main
chain having at least one of a bolybenzoxazole structure and a polyimide
structure, and at least one kind of hydroxyl group (s) , carboxyl group (s) ,
ether bond ( s) and ester bond (s) each bonded to or contained in the
main chain; a resin including molecules each having a polybenzoxazole
precursor structure (that is, a chemical structure which can change to a
polybenzoxazole structure) ; a resin including molecules each having a
polvimide precursor structure (that is, a chemical structure which can
change to a polyimide structure) ; a resin including molecules each having
a polyamide acid ester structure; and the like. [0042]Such a polvamide
based resin may include molecules each represented by the following
formula (2) .  P. 2 )11  II 0 



wherein X is a group having a cyclic chemical structure;  RI is a hydroxyl
group! 0-R3, an alkyl group, an acvloxy group or a cycloalkyl group; m is
an integral number of 0 to 2; and R1 is the same or different in each
repeating unit; wherein Y is a group having a cyclic chemical structure; R2
is a hydroxyl group, a carboxyl group, 0-R3, C00-R3, CO-R10; n is an
integral number of 0 to 4; and R2 is the same or different in each
repeating unit;        wherein a carbon number of R3 is in the range of 1 to
15; and B1 is a group having a cyclic chemical structure containing
nitrogen atoms;        wherein in all repeating units, when each R1 is not
the hydroxyl group, at least one of R2s is the carboxyl group, or when
each R2 is not the carboxyl group, at least one of R's is the hydroxyl
group; and wherein p is an integral number of 2 to 300. [0043]Each
molecule (polyamide based resin) represented 



by the general formula (2) maybe obtained by reacting a compound
selected from the groups comprising diamine, bis(aminophenol) and
diaminophenol each having the chemical structure of the above
mentioned X, and a compound selected from the groups comprising
tetracarboxylic acid anhydride, trimellitic acid anhydride, dicarboxvlic acid,
dicarboxylic acid dichloride, a dicarboxylic acid derivative,
hydroxydicarboxylic acid and a hydroxydicarboxylic acid derivative each
having the chemical structure of the above mentioned Y with each other.
[0044]In the case of using the dicarboxylic acid, the dicarboxylic acid is
converted into an activated ester type dicarboxviic acid derivative by
reacting, in advance, it with  1-hydroxy-1,2,3-benzotriazole or the like, and
the activated ester type dicarboxylic acid derivative may be used in the
above reaction. This makes it possible to improve a reaction yield of the
molecules each represented by the general formula (2) constituting
(included in) the polyamide based resin. [0045]In the case where the
molecules each represented by the general formula (2) are heated at a
temperature of about 150 to 400'C, they are dehydrated and cyclized. As
a result, thermostable resin such as polyimide, polybenzotriazole or a
copolymer of the polyimide and the polybenzotriazole can be obtained.
[0046]As described above, the X shown in the general formula (2) is the
group having the cyclic chemical structure, and examples of the group
having the cyclic chemical structure include a group having an aromatic
ring such as a benzene ring or a naphthalene ring, a group having a
bisphenol structure, a group having a hetero ring such as a pyrrole ring or
a furan ring, and the like. [0047]Specifically, a group represented by the
following formula (3) is preferably selected as the group having the cyclic
chemical structure (that is, the X).           wherein each group is bonded to
NH groups at * positions, Ais CH2, C(CH3)2, 0, S, SO2, CO, NHCO,
C(CF3)2 or a single bond, and R4 is a hydrogen atom, an alkyl group, an
alkylester group or a halogen atom. 



[0.048]As represented by the formula. (2), the RI is not bonded to the X, or
one or two of the R's are bonded to the X. In this regard, it is to be noted
that even in the case where one or two of the Rs are bonded to the X,
each RI is omitted in each of the formulas (3-1) to (3-6). [0049]As
described above, the Rl is the hydroxyl group or the 0-R3, and the R3 is
an organic group having the carbon number of 1 to 15. Concrete
examples of the R3 include a formyl group, a methyl group, an ethyl
group, a propyl group, an isopropyl group, a tertiary butyl group, a tertiary
butoxycarbonyl group, a phenyl group, a benzyl group, a tetrahydrofuranyi
group, a tetrahydropyranyl group, and the  like. The above R's are used
for adjusting solubility of the polyamide based resin in an alkaline aqueous
solution. [0050]Among these groups, the X is especially preferably
selected from the formula (3-1), the formula (3-2) and the formula (3-3),
and two or more of the groups selected may be used in combination. This
makes it possible to especially improve workability of a patterning of the
photosensitive resin composition, a film physical property and flux
resistance (low temperature curability) of a cured film which is obtained by
curing the film. [0051]As described above, the Y shown in the general
formula (2) is the group having the cyclic chemical structure, and is
selected from the same one described in the X. Examples of the group
having the cyclic chemical structure include a group having an aromatic
ring such as a benzene ring or a naphthalene ring, a group having a
bisphenol structure, a group having a hetero ring such as a pyrrole ring, a
furan ring or a pyridine ring, and the like. [0052]Specifically, a group
represented by the following formula (4) is preferably selected as the
group having the cyclic chemical structure (that is, the Y).  (4-7) 



wherein each group is bonded to 0=0 groups at *positions, A is CH2,
C(CH3),, 0, S, 502, CO, NHCO, C(0F3)2 or a single bond, and R5 is a
hydrogen atom, an alkyl group, an alkylester group or a halogen atom.
[0053]As represented by the formula (2), the R2 is not bonded to the Y, or
one to four of the R2s are bonded to the Y. In this regard, it is to be noted
that even in the case where one to four of the R2s are bonded to the Y,
each R2 is omitted in each of the formulas (4-1) to (4-7). [0054]As
described above, the R' is the hydroxyl group, the carboxyl group, the
0-R5, the C00-R3, or the C0-R'. In the case where a plurality of the n s are
bonded to the Y in one repeating unit, the R2s are the same or different.
[0055]The R3 is an organic group having a carbon number of 1 to 15.
Concrete examples of the R5 include a formvl group,  a methyl group, an
ethyl group, a propyl group, an isopropyl group, a tertiary butyl group, a
tertiary butoxycarbonyl group, a phenyl group, a benzyl group, a
tetrahydrofuranyl group, a tetrahydro pvranyl group, and the like. [0056]in
this regard, it is to be noted that in all repeating units of the formula (2),
when each RI is not the hydroxyl group, at least one of the R2s is the
carboxyl group, or when each R2 is not the carboxyl group, at least one of
the Rls is the hydroxyl group. The above R3s are used for adjusting
solubility of the polyamide based resin in an alkaline aqueous solution.
[0057]Further, as described above, the RI' is the group having the cyclic
chemical structure containing nitrogen atoms. Concrete examples of the
Rl include a (1H-tetrazol-5-vi) amino group (that is, the chemical structure
represented by the formula (1-1)), a 1- (1H-tetrazol-5-y1) methyl-amino
group, a 3-(1H-tetrazol-5-y1) benz-amino group (that is, the chemical
structure represented by the formula (1-2)), and the like. In this case, the
substituent group having the cyclic chemical structure containing nitrogen
atoms is bonded to the branch of the main chain in each molecule
included in the polyamide based resin (alkali solubility resin). [0058]The
above Rls are used for improving adhesiveness 



of the cured film to a metal wiring (especially, a copper wiring).  selected
from the formula (4-1), the formula (4-2) and the formula (4-3), and two or
more of the groups selected may be used in combination. This makes it
possible to especially improve workability of a patterning of the
photosensitive resin composition, a physical property of a cured film which
is obtained by curing the film. [0060]Further, polyamide based resin
including molecules each represented by the following formula (5) may be
used as base resin of the alkali solubility resin. This makes it possible to
further improve storage stability of the photosensitive resin composition.
wherein X is a group having a cyclic chemical structure; RI is a hydroxyl
group, 0-P.3, an alkyl group, an acyloxy group or a cycloalkyl group; m is
an integral number of 0 to 2; and X, R1 and in are the same or different in
each repeating unit, respectively;        wherein Y is a group having a cyclic
chemical structure; R2 is a hydroxyl group, a carboxyl group, C-R3,
COC-R3, CO-R; n is an integral number of 0 to 4; and Y, R2 and n are the
same or different in each repeating unit, respectively;        wherein a
carbon number of R3 is in the range of 1 to 15; and Rl is a group having a
cyclic chemical structure containing nitrogen atoms;        wherein in all
repeating units, when each R. is not the hydroxyl group, at least one of
R2s is the carboxyl group, or  when each R2 is not the carboxyl group, at
least one of Rs is the hydroxyl group; 



wherein a and b represents mole percent (mol%), a + b = 100, a is in the
range of 60 to 95 mol%, and b is in the range of 5 to 40 mol%; and
wherein Z is a siloxane structure represented by the following formula (6).
R8R8 R6 - Si - 0 - Si - R7( 6) R9Rg        wherein the siloxane structure is
bonded to NH groups at * positions, and R9 to R9 are organic groups and
the same or different. [0061]The polyamide based resin including the
molecules each represented by the formula (5) is preferably used as the
alkali solubility resin. Specifically, it is preferred that such an alkali
solubility resin is a copolymer including repeating units enclosed within
parentheses to which "a" is applied and repeating units enclosed within
parentheses to which "b" is applied, as represented by the formula (5).
[0062]Each repeating unit "a" is derived from a compound which maybe
obtained by reacting a compound selected-fromthe groups comprising
diamine, bis(aminophenol) and diaminophenol each having a chemical
structure of the above mentioned X, and a compound selected from the
groups comprising tetracarboxylic acid anhydride, trimellitic acid
anhydride, dicarboxylic acid,  dicarboxylic acid dichloride, a dicarboxylic
acid derivative, hvdroxydicarboxylic acid and a hydroxydicarboxylic acid
derivative each having a chemical structure of the above mentioned Y with
each other. [0063]On the other hand, each repeating unit "b" is derived
from a compound which may be obtained by reacting silicone diamine
having the chemical structure of the above mentionedZ (that is, the
formula (6)), anda compound selected from the groups comprising
tetracarboxylic acid anhydride, trimellitic acid anhydride, dicarboxylic acid,
dicarboxylic acid dichloride, a dicarboxylic acid derivative,
hydroxydicarboxylic acid and a hydroxvdicarboxylic acid derivative each
having the chemical structure of the above mentioned Y with each other. 



[0064]By using the polyamide based resin including such molecules as
the base resin of the alkali solubility resin, it is possible to especially
improve the storage stability of the photosensitive resin composition.
[00651Concrete examples of the Z include chemical structures
represented by the following formula (7).  CH3CH3 II *(CH2)3- 9i -CI -11-
(CH2)3 - * CH3CH3 CH3CH3 II * -- (CH04-- Si --0-Si- (CH2)4 -- 1I
CH3CH3 



C6H5C6H5 I1 * - (CH2)3- Si -0 -Si -(CH2)3 - I1 C6H5C6H5 CH3CHI3
*(CH03-- --O(CH2)3* C6H5C6H5            H3 Si -0 -SiCH3 CH3  CH.CH I3 '
-0 - - 



CH3CH,      61156H5  Si - - Si- CH,CH, I-I C6H5C6H5         wherein each
chemical structure is bonded to NH groups at * positions.  



[0066]In the case where the polyamide based resin including molecules
each represented by the general formula (5) having the chemical structure
of the I is used as the alkali solubility resin, a cured film, which is obtained
by curing a film made of the photosensitive resin composition, can exhibit
especially excellent adhesiveness to a substrate such as a silicon wafer.
[0067]In this case, a ratio of each of the "a" and the "b" is not particularly
limited to a specific value, but the ratio of the "b" is preferably 40 mol% or
less, and more preferably 30 mol% or less. By setting the ratio of the "b"
within the above range, the film can have excellent solubility at an
irradiated portion thereof and good pattern workability. Further, the film
cured (insulating film 6) can maintain excellent adhesiveness to the metal
wiring (conductor portion 4). [0066]In each of the molecules included in
such an alkali solubility resin, the organic group having the at least one
unsaturated group is bonded to the one end of the main chain. This
makes it possible to improve a mechanical property such as elongation
percentage of the cured film. [0069]Examples of such an organic group
include an aliphatic group having at least one kind of alkenyi group(s) or
alkynyl group ( s ) , an acid anhydride group containing a cyclic chemical
structure, and the like. This makes it possible to improve the mechanical
property of the cured film.  [0070]By reacting the above aliphatic or acid
anhydride group with an amino group, the group can be transformed into a
group having alkenyl group (s) as represented by the following formula (8)
, a group having alkynyl group (s) as represented by the following formula
(9) , or the like.    



-C- HC I HC NC-OH 10i(8-1) H H H3C-C = C - H2C H H H3C -C = C -
H2C (8-3) Hc 7112C - 0\,c - He. H2c -0/c \ C OH (8-5) g 



C - OH 0(8-6)    ( 8 )  HO - C 0 (94) ( 9-2)  



0Cr-CH - COaCH 0     [0071]Amon, these groups, the group having the
alkenyi group or alkvnvl group is especially preferably selected from the
formula (8-1), the formula (8-7) and the formula (9-1) each transformed by
the reaction, and two or more of the groups selected may be used in
combination. This makes it possible to especially improve the mechanical
property of the cured film. [0072]Further, in each of the molecules
included in the alkali solubility resin, the substituent group having the 



cyclic chemical structure containing nitrogen atoms is bonded to at least
one of the other end of the main chain and the branch  thereof. This
makes it possible to improve adhesiveness of the cured film to the metal
wiring (especially, copper wiring) and the like. [0073]Examples of the
substituent group having the cyclic chemical structure containing nitrogen
atoms include a 1-(5-1H-tetrazoyl) methyl-amino group, a 3-(1H-pyrazoyl)
amino group, a 4-(1H-pyrazov1) amino group, a 5,-(1H-pyrazoyl) amino
group, a 1-(3-1H-pyrazoyl) methyl-amino group, a 1-(4-1H-pyrazoyl)
methyl-amino group, a 1-(5-1H-pyrazoyl) methyl-amino group, a
(1H-tetrazol-5-y1) amino group (that is, the chemical structure represented
by the formula (1-1)), a 1-(1H-tetrazol-5-y1) methyl-amino group, a
3-(1H-tetrazol-5-vi) benz-amino group (that is, the chemical structure
represented by the formula (1-2)), and the like. [0074]Among these
groups, it is preferred that the substituent group has at least one of the
chemical structures represented by the formulas (1-1) and (1-2). This
makes it possible to especially improve the adhesiveness of the cured film
to the metal wiring made of copper and copper alloy. [0075]As described
above) in the present invention, the alkali solubility resin includes the
molecules each containing the organic group bonded to the one end of the
main chain and having the at least one unsaturated group, and the
substituent group bonded to at least one of the other end of the main
chain and the branch thereof and having the cyclic chemical structure
containing nitrogen atoms. [0076]This makes it possible to improve the
mechanical property of the cured film and to enhance the adhesiveness of
the cured film to the metal wiring. It is supposed that these facts are
because of the following reason. [0077]Since each of the molecules
included in the alkali solubility resin contains the organic group having the
at least one unsaturated group at the one end of the main chain, when the
cured film is formed by curing the film made of the photosensitive resin
composition, a reaction occurs between the molecules. As a result, the
mechanical property such as elongation percentage of the cured film can
be improved. 



[0078]Further, since each of the molecules included in the alkali solubility
resin contains has the substituent group having the cyclic chemical
structure containing nitrogen atoms at the other end of the main chain or
the branch thereof, when the cured film is formed by curing the film made
of the photosensitive resin composition, a reaction occurs between the
cyclic chemical structure containing nitrogen atoms and copper or copper
alloy constituting the metal wiring. As a result, the cured film can enhance
the adhesiveness tothemstalwiring. [0079]On the other hand, in the case
where a cyclic compound containing nitrogen atoms is merely added to a
photosensitive resin composition, namely, an alkali solubility resin
including molecules each having no cyclic chemical structure containing
nitrogen atoms is used, such molecules each having no cyclic chemical
structure containing nitrogen atoms themselves cannot react with copper
and copper alloy  constituting a metal wiring. [0080]Therefore, it is difficult
that a cured film obtained by curing a film composed of the photosensitive
resin composition has sufficient adhesiveness to the metal wiring. [0081]In
other words, in this case, in order to obtain sufficient adhesiveness
between the cured film and the metal wiring, it is important that both a
reaction between the cyclic compound containing nitrogen atoms and the
copper and copper alloyconstitutingthemetal wiring, and a reaction
between the cyclic compound containing nitrogen atoms and the
molecules included in the alkali solubility resin are carried out sufficiently.
[0082]However, generally, in the case where the cyclic compound
containing nitrogen atoms is merely added to the photosensitive resin
composition, the reaction between the cyclic compound containing
nitrogen atoms and the molecules included in the alkali solubility resin
cannot be carried out sufficiently. [0083]In the present invention, the alkali
solubility resin includes the molecules each containing the substituent
group bonded to at least one of the other end of the main chain and the
branch thereof and having the cyclic chemical structure containing
nitrogen atoms (in other words, the alkali solubility resin includes the cyclic
compound containing nitrogen atoms in a molecule thereof). 



containing nitrogen atoms can react with the copper and copper alloy
constituting the metal wiring, so that the cured film can have excellent
adhesiveness to the metal wiring. [0085]As described above, the alkali
solubility resin includes the molecules each containing the organic group
bonded to the one end of the main chain and having the at least one
unsaturated group, and the substituent group bonded to at least one of the
other end of the main chain and the branch thereof and having the cyclic
chemical structure containing nitrogen atoms. [0086]Examples of such an
alkali solubility resin include the following types of alkali sollibility resins.
[0087]Afirst type of an alkali solubility resin includes molecules each
composed of a main chain having one end and the other end opposite to
the one end, an organic group bonded to the one end thereof, the organic
group having the at least one unsaturated group, and a substituent group
bonded to the other end of the main chain, the substituent group having
the cyclic chemical structure containing nitrogen atoms. [0088]A second
type of an alkali solubility resin includes molecules each composed of a
main chain having one end and the other end opposite to the one end, an
organic group bonded to the one end thereof, the organic group having
the at least one unsaturated group, and a substituent group bonded to a
branch of the main chain, the substituent group having the cyclic
chemical structure containing nitrogen atoms. In this regard, in this second
type of the alkali solubility resin, the other substituent group may be
bonded to the other end of the main chain. [0089]Athird type of an alkali
solubility resin includes molecules each composed of a main chain having
one end and the other end opposite to the one end, an organic group
bonded to the one end thereof, the organic group having the at least one
unsaturated group, and substituent groups bonded to both the other end
of the main chain and a branch thereof, the substituent groups each
having the cyclic chemical structure containing nitrogen atoms. 



[0090]In this regard, it is to be noted that within a scope of the object of
the present invention, the photosensitive resin composition may contain
an alkali solubility resin including molecules each composed of a main
chain having both ends, substituent groups bonded to at the both ends,
the substituent groups each having the cyclic chemical structure
containing nitrogen atoms, and/or an alkali solubility resin including
molecules each composed of a main chain having both ends, organic
groups bonded to the both ends thereof, the organic groups each having
at least one unsaturated group. [0091](Photosensitive Agent) [0092]Next,
the photosensitive agent will be described.
Thephotosensitiveresincompositionincludesthe photosensitive agent. In
the case where the photosensitive  resin composition contains the
photosensitive agent, when an ultraviolet ray or the like is irradiated onto a
film made of the photosensitive resin composition, a chemical change of
each molecule included in the alkali solubility resin occurs within irradiated
portions of the film easily. [0093]As a result, by irradiating the ultraviolet
ray or the like onto the film, solubility of each chemically changed
molecule in an alkali aqueous solution is increased. Therefore, a
difference of solubility between the irradiated portions and non-irradiated
portions of the film is generated. [0094]Examples of the photosensitive
agent include: an estercompoundofaphenoliccompoundand
1,2-naphthoquinone-2-diazide-5-sulfonic acid;an ester
compoundofaphenoliccompoundand 



1,2-naphthoguinone-2-diazide-4-sulfonic acid; and the like.
[0095]Specifically, examples of the photosensitive agent include ester
compounds represented by the following formulas (10) to (14), and two or
more of the ester compounds maybe used in combination. In the regard, it
is to be noted that in the formulas (10) to (14), Q is a hydrogen atom, a 1,
2-naphthoguinone-2-diazide-5-sulfonylgroup,ora
1,2-naphthoguinone-2-diazide-4-sulfonyl group.  CH3 CH3 Q- NH- (CH-Si
-0-  Si - (CH2)3 - NH- Q 1 CH3 CT-13 ( 1 0 )    



(12)    0 0 0 0 0 00 QOOQ OQ (13)  [0096]An amount of the
photosensitive agent is preferably in the range of 1 to SO wt%, and more
preferably in the range of 5 to 30 wt% with respect to a total weight of the
photosensitive resin composition. By setting the amount of the
photosensitive agent contained in the photosensitive resin composition
within the above range, the film made of the
photosensitiveresincompositioncanhaveespeciallyexcellent sensitivity.
[0097]It is preferred that the photosensitive resin composition further
includes a compound having phenolic hydroxyl groups. This makes it
possible to further improve 



sensitivity of the film.Ih addition, when the film is  developed after
irradiation, it can be patterned at high resolution without occurrence of a
developing residue (i.e., scum). [0098]Examples of the compound having
phenolic hydroxyl groups include compounds represented by the following
formulas (15) to (21) .    OH OH       9.13 CH -CH3 HO OH HO OH 



CH3CH CH3- y -cH3 \ CI3- -013 CH3 CH3 CH3CH3    ( 1 7)      RH
CH2OH 



(20-1) cH3 qu OH CH3 110(S OH I I  H91-1 OH  I I 0 ( 2 0 )  



[0099]Among these compounds, the compound having phenolic hydroxyl
groups is preferably selected from the formula (15-1), the formula (16-1)
and the formula (20-1), and  two or more of the compounds selected may
be used in combination. This makes it possible to especially improve the
sensitivity of the film. [0100]An amount of the compound having phenolic
hydroxyl groups is not particularly limited to a specific value, but is
preferably in the range of 1 to 30 parts by weight, and more preferably in
the range of 1 to 20 parts by weight with respect to 100 parts by weight of
the alkali solubility resin. [0101]By setting the amount of the compound
having phenolic hydroxyl groups contained in the photosensitive resin
composition within the above range, it is possible to especially improve
the sensitivity of the film. [0102]Further, the photosensitive resin
composition may, if needed, include an addition agent such as a leveling
agent, a coupling agent (e.g., a silane coupling agent or a titanate based
coupling agent) or a reactant of them, and the like. [0103]The
photosensitive resin composition of the present invention is preferably
used in the form of varnish by dissolving the above materials into a
solvent. [0104]Examplesofthesolventinclude N-methyl-2-pyrolidone,
y-butyrolactone, N,N'-dimethyl acetamide, dimethyl sulfoxide, diethvlene
glycol dimethyl ether, diethylene glycol diethyl ether, diethylene glycol
dibutyl ether, propylene glycol monomethyl ether, dipropylene glycol
monomethyl ether, propylene glycol monomethyl ether 



acetate, methyl lactate, ethyllactate,butyllactate,methyl-1, 3-butylene
glycol acetate, 1,3-butylene glycol-3-monomethyl ether, methyl pyruvate,
ethyl pyruvate, methyl-3-methoxy propionate, and these solvents may be
used singly or in combination. [0105]Next, the insulating film, theprotective
film, and the electronic equipment according to the present invention will
be described. [0106]For example, the insulating film and protective film of
the present invention can he obtained through the following steps.
[0107]<Application Stao> [0108]First, the above described photosensitive
resin composition is applied onto a support member such as a silicon
wafer, a ceramics substrate or an aluminum substrate to obtain a coating
film. [0109]In the case where the photosensitive resin composition is
applied onto a semiconductor device, an application amount thereof is set
to a specific value so that the coating film after being cured (that is, a
cured film) can have a thickness of about 0.1 to 30 um. [0110]If the
thickness of the coating film is less than the above lower limit value, there
is a case that it is difficult that the cured film can exhibit a function as the
insulating 



film or protective film ( surface film) sufficiently, whereas if the thickness of
the coating film exceeds the above upper limit value, there is a case that it
is difficult that the coating film can be processed so as to have a refined
pattern. [0111]Examples of an application method include a spin
application method using a spinner, a spray application method using a
spray coater, a dipping method, a printing method, a roll coating method,
and the like. [0112]<Irradiation Step> [0113]Next, the coating film is
pre-baked at a temperature of about 60 to 130' C so that it is dried to
obtain a dry film (dried coating film) , and then an actinic ray is irradiated
onto the dry film in a predetermined pattern. [0114]As the actinic ray, an
X-ray, an electron ray, an ultraviolet ray, a visible ray or the like can be
used, but an actinic ray having a wavelength of about 200 to 500 nm is
preferably used. [0115]<Development Step> [0116]Next, portions of the
dry film, on which the actinic ray are irradiated, are dissolved and removed
using a developing solution to obtain a relief pattern. [0117]As the
developing solution, an aqueous solution containing inorganic alkalis such
as sodium hydroxide, 



potassium hydroxide, sodium carbonate, sodium silicate, sodium
meta-silicate and ammonia water; an aqueous solution containing organic
alkalis such as primary amines (e.g., ethyl amine and n-propyl amine) ,
secondary amines (e.g., diethyl amine and di-n-propyl amine) , tertiary
amines (e.g., triethyl amine and methyl diethyl amine) , alcohol amines
(e.g., dimethyl ethanol amine and triethanol amine) , and quaternary
ammonium salts (e.g., tetramethyl anunonium hydroxide and tetraethyl
ammonium hydroxide) ; an aqueous solution in which a water-soluble
organic solvent such as alcohol (e.g., methanol or ethanol) or a surface
active agent is added to the above aqueous solution in an adequate
amount; and the like can be preferably used. [0118]As a developing
method, a spray method, a puddle method, a dipping method, an
ultrasonic sound method or the like can be used. [0119]<Rinse Step>
[0120]Next, the relief pattern formed by the development  is rinsed or
washed. As a rinse solution, a distilled water or the like can be used.
[0121]<Heat Step> [0122]Next, the relief pattern is subjected to a heat
treatment so that ring closure structures such as oxazole rings and imide
rings are formed within the molecules included in the alkali solubility resin
to thereby obtain a final pattern (that is, the insulating film or protective
film) having an abundance  of heat resistance. [0123]In this heat step, it is
possible to convert the above described photosensitive resin composition
into a cured product thereof. A heat treatment temperature is not
particularly limited to a specific value, but is preferably in the range of 150
to 400C, and more preferably in the range of 200 to 300C. 



[0124]The above described cured product of the photosensitive resin
composition obtained through the above steps can be used as an
insulating film for a semiconductor element, an interlayer insulating film for
a multilayer circuit board, a cover coat film for a flexible copper-clad plate,
a solder resist film, a liquid crystal orientation film, an interlayer insulating
film for elements provided in a display device, or the like, depending on
kinds of support members on which the cured product is formed. [0125]A
thickness of the insulating film or protective film to be obtained is not
particularly limited to a specific value, but is preferably in the range of 0.1
to 50 um, and more preferably in the range of 1 to 30 la [0126]By setting
the thickness of the insulating film or protective film to be obtained within
the above range, the coating film can significantly exhibit workability, and
the insulating film or protective film obtained can have a good membrane
physical property.  [0127]Specifically, in the case where the cured product
of the above described photosensitive resin composition is used for
manufacturing semiconductor devices, examples of the cured product
(cured film) include a passivation film to be provided on a semiconductor
element, abuffer coating film to be provided on a passivation film formed
on a semiconductor element, an interlayer insulating film to be provided
on a circuit formed on a semiconductor element, and the like.
[0128]Further, in the case where the cured product of the above described
photosensitive resin composition is used for manufacturing display
devices, examples of the cured product (cured film) include an interlayer
insulating film for TFT elements, a flattening film for TFT elements, a
flattening film for a color filter, a protrusion for an MVA type liquid crystal
display device, a partition for cathodes of organic electroluminescent
elements, and the like. [0129]Each part can be obtained by forming a, film,
which is composed of the cured product of the photosensitive resin
composition and has a predetermined pattern, on a substrate provided
with display elements or color filter elements according to the same
method as described in the semiconductor use. [0130]In this regard,
although it is required that the 



film for display devices, especially, the interlayer insulating film or the
flattening film has high transparency, such a film having high transparency
can be obtained by irradiating the actinic ray onto the relief pattern once
again before the relief  pattern is cured. [0131]This process can be carried
out by introducing a subsequent irradiation step after the irradiation step.
This makes it possible to obtain a film having preferable utility to the
display devices. [0132]The electronic equipment of the present invention
is provided with the protective film and/or the insulating film. Specifically,
examples of the electronic equipment include a semiconductor device, a
liquid crystal display device, an organic electroluminescent device,
amultilayer circuit board, and the like. Examples  [0133]Hereinbelow, the
present invention will be described in detail based on the following
Examples and Comparative Examples, but the present invention is not
limited thereto. [0134](Example 1) [0135]1. Synthesis of Polyamide Resin
(A-1) [0136]First, 80.7g (170.3 mmol) of a mixture of dicarboxylic acid
ester derivatives obtained by reacting 35.2 g (136.3 mmol) of
diphenylether-4,4'-dicarboxylic acid and 5.7 g (34.5 mmol) of isophthalic
acid with 46.0 g (340.8 mmol) of 1-hydroxy-1,2,3-benzotriazole, 41.6g
(179.3 mmol) of 



4,4'-oxvbis(2-aminophenol),and 3.3 a(31.4 mmol)of  5-amino-1H-tetrazole
1-hydrate were put into a four-necked separable flask equipped with a
thermometer, a stirrer, a raw material input port and a dry nitrogen
gas-introducing tube. [0137]Next, 363.5 g of N-methyl-2-pyrrolidone
(NMP) was added to the above materials so that they were dissolved into
the NMP to obtain a liquid solution, and then the liquid solution was stirred
at room temperature for 2 hours. [0138]Thereafter, the liquid solution was
heated at 75"C for 12 hours using an oil bath so that the dicarboxylic acid
ester derivatives, the 4,4'-oxybis(2-aminophenol) and the
5-amino-1H-tetrazole 1-hydrate were reacted with each other. [0139]Next,
11.5 g of NMP, in which 2.3 g (13_4 mmol) of
5-ethynyl-isobenzofuran-1,3-dionewas dissolved, was added to the liquid
solution, and then the liquid solution was stirred for 2 hours so that the
reaction was completed to obtain a reaction mixture. [0140]The reaction
mixture was filtered, and then put into a liquid solution containing water
and methanol in a volume ratio of 3:1 so that a precipitate was produced
in the liquid solution. Thereafter, the produced precipitate was filtered and
washed using water sufficiently, and then dried under a vacuum condition
to thereby obtain a polyamide resin (A-1). [0141]In this regard, it is to be
noted that an amount of cyclic chemical structures containing nitrogen
atoms contained in the obtained polyamide resin (A-1) was 3.2 wt%. 



[0143]51g(120mmol)of
1-[1-(4-hydroxyphenyl)isopropyl]-4-[1,1-bis(4-hydroxyphenyl )ethyl]
benzene and 72.5 g (270 mmol) of 1,2-naphthoquinonediazide-4-sulfonic
acid chloride were dissolved into 450 mL of tetrahydrofuran to obtain a
liquid solution, and then 28.3 g (280 mmol) of triethyl amine was dropped
into the liquid solution. [0144]Next,the
1-[1-(4-hydroxy-phenyl)isopropy1]-4-[1,1-bis(4-hydroxy-phen
yflethyl]benzene and the 1,2-naphthoquinone diazide-4-sulfonic acid
chloride were reacted with each other at room temperature for 20 hours.
At this time, triethyl amine hydrochloride was deposited in the liquid
solution. [0145]Thereafter,thedeposited triethylamine hydrochloride was
filtered and removed from the liquid solution, and then the liquid solution
was put into 10 L of an ion exchanged water to obtain aprecipitate in the
ion exchanged water. This precipitate was collected, and then was dried
at room temperature for 48 hours to thereby obtain a photosensitive
diazoquinone (3-1) as the photosensitive agent.
[0146]3.ManufactureofPhotosensitiveResin Composition [0147]100 g of
the synthesized bolvamide resin (A-1) and 48  17 g of the synthesized
photosensitive diazoquinone (B-1) were dissolved into 300 g of
y-butyrolactone (GEL), and then filtered using a filter having a pore size of
0.2 pm and made of fluororesin to thereby obtain a positive type
photosensitive resin composition. [0148](Example 2) 



[0149]A positive type photosensitive resin composition was obtained in the
same manner as in the Example 1 except that the following polyamide
resin (A-2) was used instead of the polyamide resin (A-1). [0150]Synthesis
of Folyamide Resin (A-2) [0151]6.5 g (34.1=1) of trimellitic acid anhydride
and 4.3 g (41.3 mmol) of 5-amino-1H-tetrazole 1-hydrate were put into a
four-necked separable flask equipped with a thermometer, a stirrer, a raw
material input port and a dry nitrogen gas-introducing tube.
[0152]Thereafter, 37.8 g of NMP was added to the above materials so that
they were dissolved into the NM.? to obtain a liquid solution, and then the
liquid solution was stirred at 20'6 or less overnight so that the trimellitic
acid anhydride and the 5-amino-1H-tetrazole 1-hydrate were reacted with
each other to obtain an amide compound. [0153]Next,31.6g(136.2mmol)of
diphenylether-4,4'-dicarboxylic acid and 46.0 g (340.6 mmol)  of
1-hydroxy-1,2,3-benzotriazole were added to the liquid solutionsothatthe
1-hydroxy-1, 2, 3-benzotriazole was reacted with the amide compound
and the diphenylether-4,4'-dicarboxylic acid to obtain 76.0 g (170.3 mmol)
of a mixture of dicarboxylic acid ester derivatives.
[0154]Next,41.6g(179.0mmol)of 4,4'-oxybis(2-aminophenol) was added to
the liquid solution, 363.5 g of NMP was further added to the liquid solution
so that the 4, 4' -oxybis (2-aminophenol) was dissolved into the liquid
solution, and then the liquid solution was stirred at room temperature for 2
hours. [0155]Thereafter, the liquid solution was heated at 75C 



for 12 hours using an oil bath so that the dicarboxylic acid ester
derivatives and the 4,4'-oxybis(2-aminophenol) were reacted with each
other. [0156]Next, 11.5 g of NM?, in which 3.7 c (19.3 ramol) of
5-ethynyl-isobenzofuran-1, 3-dione was dissolved, was added to the liquid
solution, the liquid solution was stirred for 2 hours so that the reaction was
completed, and then the same treatment as the Example 1 was carried
out to thereby obtain a polyamide resin (A-2). [0157]In this regard, it is to
be noted that an amount of cyclic chemical structures containing nitrogen
atoms contained in the obtained polyamide resin (A-2) was 4.5 wt%.
[0158](Example 3)  [0159]A positive type photosensitive resin composition
was obtained in the same manner as in the Example 1 except that the
following polyamide resin (A-3) was used instead of the polyamide resin
(A-1). [0160]Synthesis of Polyamide Resin (A-3) [0161]6.6g (34.4 mmol)
of trimellitic acid anhydride and 4.3 g (41.7 mmol) of 5-amino-1H-tetrazole
1-hydrate were put into a four-necked separable flask equipped with a
thermometer, a stirrer, a raw material input port and a dry nitrogen
gas-introducing tube. [0162]Thereafter, 37.8 g of NMP was added to the
above 



materials so that they were dissolved into the NMP to obtain a liquid
solution, and then the liquid solution was stirred at 20C or less overnight
so that the trimellitic acid anhydride and the 5-amino-1H-tetrazole
1-hydrate were reacted with each other to obtain an amide compound.
[0163]Next,35.2g(136.2mmol)of dibhenylether-4,4'-dicarboxylic acid and
46.0 g (340.6 mmol) of 1-hydroxy-1,2,3-benzotriazole were added to the
liquid solution so that the 1-hydroxy-1,2,3-benzotriazolewas reacted with
the amide compound and the diphenylether-4,4'-dicarboxylic acid to obtain
76.7 g (170.3 mmol) of a mixture of dicarboxylic acid ester derivatives.
[0164]Next,35.2g(144.6mmol)of  4,4'-oxybis(2-aminophenol)and 3.2
g(31.5 mmol)of 5-amino-1H-tetrazole 1-hydrate were added to the liquid
solution, and then the liquid solution was stirred at room temperature for 2
hours. [0165]Thereafter, the liquid solution was heated at 75`C for 12
hours using an oil bath so that the dicarboxylic acid ester derivatives, the
4,4'-oxybis(2-aminophenol) and the 5-amino-1H-tetrazole 1-hydrate were
reacted with each other. [0166]Next, 11.5 g of NMP, in which 3.7 g (19.3
mmol) of 5-ethynyl-isobenzofuran-1,3-dione was dissolved, was added to
the liquid solution, the liquid solution was stirred for 2 hours so that the
reaction was completed, and then the same treatment as the Example 1
was carried out to thereby obtain a polyamide resin (A-3). [0167]In this
regard, it is to be noted that an amount of cyclic chemical structures
containing nitrogen atoms contained in the obtained polyamide resin (A-3)
was 4.8 wt%. 



[0168](Example 4) [0169]A positive type photosensitive resin composition
was obtained in the same manner as in the Example 1 except that the
following polyamide resin (A-4) was used instead of the polyamide resin
(A-1). [0170]Synthesis of Polyamide Resin (A-4)  [0171]A polyamide resin
(A-4) was obtained in the same manner as in the synthesis of the
polyamide resin (A-1) except that 3.2 g (31.0 mmol) of the
5-amino-1H-tetrazole 1-hydrate was changed to 5.0 g (31.0 mmol) of
3-(1H-tetrazole-5-y1) aniline. [0172]In this regard, it is to be noted that an
amount of cyclic chemical structures containing nitrogen atoms contained
in the obtained polyamide resin (A-4) was 5.6 wt%. [0173](Example 5)
[0174]A positive type photosensitive resin composition was obtained in the
same manner as in the Example 1 except that the following polyamide
resin (A-5) was used instead of the polyamide resin (A-1). [0175]Synthesis
of Polyamide Resin (A-5) 



[0176]A polyamide resin (A-5) was obtained in the same manner as in the
synthesis of the polyamide resin (A-1) except that 2.3 g (13.4mmol)
ofthe5-ethynyl-isobenzofuran-1,3-dione was changed to 2.2 g (13.4 mmol)
of 5-norbornene-2,3-dicarboxylic acid anhydride. [0177]In this regard, it is
to be noted that an amount of cyclic chemical structures containing
nitrogen atoms contained in the obtained polyamide resin (A-5) was 2.5
wt%. [0178](Example 6)  [0179]A positive type photosensitive resin
composition was obtained in the same manner as in the Example 1 except
that the following polyamide resin (A-6) was used instead of the polyamide
resin (A-1). [0180]Synthesis of Polyamide Resin (A-6) [0181]A polyamide
resin (A-6) was obtained in the same manner as in the synthesis of the
polyamide resin (A-1) except that 3.2 g (31.0 mmol) of the
5-amino-1H-tetrazole 1-hydrate was changed to 2.6 g (31.0 mmol) of
5-amino-1H-pyrazole. [0182]In this regard, it is to be noted that an amount
of cyclic chemical structures containing nitrogen atoms 



contained in the obtained polyamide resin (A-6) was 3.0 wt%.
[0183](Example 7) [0184]A positive type photosensitive resin composition
was obtained in the same manner as in the Example 1 except that the
following polyamide resin (A-7) was used instead of the polyamide resin
(A-1). [0185]Synthesis of Polyamide Resin (A-7) [0186]3.2 g (16.7 mmol)
of trimellitic acid anhydride and 1.7 g (16.7 mmol) of 5-amino-1H-tetrazole
1-hydrate were put into a four-necked separable flask equipped with a
thermometer, a stirrer, a raw material input port and a dry nitrogen
gas-introducing tube. [0187]Thereafter, 15.0 g of NMP was added to the
above materials so that they were dissolved into the NMP to obtain a
liquid solution, and then the liquid solution was stirred at 20eC or less
overnight so that the trimellitic acid anhydride and the
5-amino-1H-tetrazole 1-hydrate were reacted with each other to obtain an
amide compound. [0188]Next,4.5g(33.4mmol)of
1-hydroxy-1,2,3-benzotriazole was added to the liquid solution so that it
was reacted with the amide compound to obtain 16.7 mmol of a
dicarboxylic acid ester derivative. [0189]Thereafter,46.7g(150.5mmol)of 



4,4'-oxydiphthalic acid anhydride was added to the liquid solution together
with 297.0 g of NMP, and then the liquid solution was stirred at room
temperature for 10 minutes. [0190]Inaddition,23.9g(85.3mmol)of
3,3'-diamino-4,41-dihydroxydiphenyl sulfone, 19.8 g (85.3 mmol) of 4, 4'
-oxybis (2-aminophenol) and 50 . 0 g of NIIP were added
totheliquidsolutionsothatthe 3,3'-diaminc-4,4'-dihydroxydiphenyl sulfone
and the 4,4'-oxybis(2-aminophenol) were dissolved into the liquid solution
to obtain a mixture solution. [0191]Thereafter, the mixture solution was
stirred and heated at 140-C for 2.5 hours using an oil bath so that the
dicarboxylic acid ester derivative, the 4,4'-oxydiphthalic  acid, the 3, 3'
-diamino-4, 4' -dihydroxydiphenyl sulfone and the
4,4'-oxybis(2-aminophenol) were reacted with each other. [0192]After the
mixture solution was cooled up to 80C, 2.9 g (17.1 mmol) of
5-ethynyl-isobenzofuran-1,3-dione was added to the mixture solution
together with 30 g of MP, and then the mixture solution was stirred at 80'C
for 2 hours so that the reaction was completed to thereby obtain a
polyamide resin (A-7). [0193]In this regard, it is to be noted that an
amount 



of cyclic chemical structures containing nitrogen atoms contained in the
obtained polyamide resin (A-7) was 1.7 wt%. [0194](Example 8) [0195]A
positive type photosensitive resin composition was obtained in the same
manner as in the Example 1 except that the following polvamide resin
(A-8) was used instead of the pclyamide resin (A-1). [0196]Synthesis of
Polyamide Resin (A-8) [0197]A polyaraide resin (A-8) was obtained in the
same manner as in the synthesis of the polyamide resin (A-1) except that
41.6 g (179.0 mmol) of the 4, 4'-oxybis (2-aminophenol) was changed to
0.2 g (179.0 mmol) of 3, 3'-dihyroxy-4, 4'-diphenyl sulfone. [0198]In this
regard, it is to be noted that an amount  of cyclic chemical structures
containing nitrogen atoms contained in the obtained polyamide resin (A-8)
was 3.4 wt%. [0199](Example 9) [0200]A positive type photosensitive
resin composition 



was obtained in the same manner as in the Example 1 except that the
following polyamide resin (A-9) was used instead of the polyamide resin
(A-1). [0201]Synthesis of Polyamide Resin (A-9) [0202]38.3 g (77.8 mmol)
of a dicarboxylic acid ester derivative obtained by reacting 17.8 g (77.8
mmol) of diphenylether-4,4'-dicarboxylic acid and 23.3 g (155.6 mmol) of
1-hydroxy-1,2,3-benzotriazole with each other, 18.0g (62.9 mmol) of
bis(3-amino-4-hydroxy-2,5-dimethylphenyl) methane, and 1.6 g (18.7
mmol) of 5-amino-1H-tetrazole were put into a four-necked separable
flask equipped with a thermometer, a stirrer, a raw material input port and
a dry nitrogen gas-introducing tube. [0203]Thereafter, 315.0 g of
N-mehy1-2-pyrrolidone (NMP) was added to the above materials so that
they were dissolved into the NMP to obtain a liquid solution, and then the
liquid solution was stirred at room temperature for 2 hours.
[0204]Thereafter, the liquid solution was heated at 75'C for 12 hours using
an oil bath so that the dicarboxylic acid esterderivative,the
bis(3-amino-4-hydroxy-2,5-dimethylphenyl) methane and the
5-amino-1H-tetrazole were reacted with each other.
[0205]Next,3.2g(18.7mmol)of 5-ethynyl-isobenzofuran-1, 3-dione was
added to the liquid solution, and then the liquid solution was stirred for 2
hours so that the reaction was completed to obtain a reaction mixture.
[0206]The reaction mixture was filtered, and then put into 



a liquid solution containing water and methanol in a volume ratio of 3:1 so
that a precipitate was produced in the liquid solution. Thereafter, the
produced precipitate was filtered and washed using water sufficiently, and
then dried under a vacuum condition to thereby obtain a polyamide resin
(A-9). [0207]In this regard, it is to be noted that an amount of cyclic
chemical structures containing nitrogen atoms contained in the obtained
polyamide resin (A-9) was 2.6 wt%. [0208](Example 10) [0209]A positive
type photosensitive resin composition was obtained in the same manner
as in the Example 9 except that the following polyamide resin (A-10) was
used instead of the polyamide resin (A-9). [0210]Synthesis of Polyamide
Resin (A-10) [0211]A polyamide resin (A-10) was obtained in the same
manner as in the synthesis of the polyamide resin (A-9) except  that an
additive amount of the 5-amino-1H-tetrazolewaschanged to 0.6 g (7.5
mmol), and an additive amount of the 5-ethynyl-isobenzofuran-1,3-dione
was changed to 5.2 g (30.0 mmol). [0212]In this regard, it is to be noted
that an amount of cyclic chemical structures containing nitrogen atoms 



contained in the obtained polyamide resin (A-10) was 1.0 wt%.
[0213](Example 11) [0214]A positive type photosensitive resin
composition was obtained in the same manner as in the Example 9 except
that the following polyamide resin (A-11) was used instead of the
polyamide resin (A-9). [0215]Synthesis of Polyamide Resin (A-11) [0216]A
polyamide resin (A-11) was obtained in the same manner as in the
synthesis of the polyamide resin (A-9) except that an additive amount of
the 5-amino-1H-tetrazolewas changed to 4.0 g (30.0 mmol), and an
additive amount of the 5-ethynyl-isobenzofuran-i,3-dione was changed to
0.5 g (7.5 mmol). [0217]In this regard, it is to be noted that an amount of
cyclic chemical structures containing nitrogen atoms contained in the
obtained polyamide resin (A-11) was 6.6 wt%. [0218](Comparative
Example 1)  [0219]A positive type photosensitive resin composition was
obtained in the same manner as in the Example 1 except that the
following polyamide resin (a-1) was used instead of the polyamide resin
(A-1). 



[0220]Synthesis of Polyamide Resin (a-1) [0221]83.9 g (170.3 mmol) of a
mixture of dicarboxylic acid ester derivatives obtained by reacting 35.2 g
(136.3=01) of diphenylether-4,4'-dicarboxylic acid, 5.7 g (34.5 mmol) of
isophthalic acid and 46.0 g (340.6 mmol) of 1-hydroxy-1,2,3-benzotriazole
with each other, and 41.6 g (179.0 mmol) of 4,4'-oxybis(2-aminophenol)
were DU* into a four-necked separable flask equipped with a
thermometer, a stirrer, a raw material input port and a dry nitrogen
gas-introducing tube. [0222]Thereafter, 363.5 g of N-mehy1-2-pyrrolidone
(NMP) was added to the above materials so that they were dissolved into
the NMP to obtain a liquid solution, and then the liquid solution was stirred
at room temperature for 2 hours. [0223]Thereafter, the liquid
solutionwasheated at 75-0 for 12 hours using an oil bath so that the
dicarboxylic acid ester derivatives and the 4,4'-oxybis(2-aminophenol)
were reacted with each other. [0224]Next, 11.5 g of NMP, in which 7.7 g
(44.6 mmol) of 5-ethynyl-isobenzofuran-1, 3-dione was dissolved, was
added to  the liquid solution, the liquid solution was stirred for 2 hours so
that the reaction was completed to obtain a reaction mixture. [0225]The
reaction mixture was filtered, and then put into a liquid solution containing
water and methanol in a volume ratio of 3:1 so that a precipitate was
produced in the liquid solution. Thereafter, the produced precipitate was
filtered and washed using water sufficiently, and then dried under a
vacuum condition to thereby obtain a polyamide resin (a-1). 



[0226]In this regard, it is to be noted that an amount of cyclic chemical
structures containing nitrogen atoms contained in the obtained polyamide
resin (a-1) was 0 wt%. [0227](Comparative Example 2) [0228]A positive
type photosensitive resin composition was obtained in the same manner
as in the Example 1 except that the following polyamide resin (a-2) was
used instead of the polyamide resin (A-1). [0229]Synthesis of Polyamide
Resin (a-2) [0230]83.9 g (170.3 mmol) of a mixture of dicarboxylic acid
eater derivatives obtained by reacting 35.2 g (136.3 mmol) of
diphenylether-4,4-dicarboxylic acid, 5.7 g (34.5 mmol) of isophthalic acid
and 46.0 g (340.6 mmol) of 1-hydroxy-1,2,3-benzotriazole with each other,
41.6 g (179.0 mmol) of 4,4'-oxybis(2-aminophenol), and 4.6 g (44.3 mmol)
of 5-amino-1H-tetrazole 1-hydrate were put into a four-necked  separable
flask equipped with a thermometer, a stirrer, a raw material input port and
a dry nitrogen gas-introducing tube. [0231]Thereafter, 363 . 5 g of
N-mehy1-2-pyrrolidone (NMP) was added to the above materials so that
they were dissolved into the NMP to obtain a liquid solution, and then the
liquid solution was stirred at room temperature for 2 hours.
[0232]Thereafter, the liquid solution was heated at 75'C for 12 hours using
an oil bath so that the dicarboxylic acid ester derivatives, the 4,4' -oxybis
(2-aminophenol) and the 5-amino-1H-tetrazole 1-hydrate were reacted
with each other. 



[0233]Next, the liquid solution was cooled up to room temperature, and
then was subjected to the same treatment as the Example 1 to thereby
obtain a polyamide resin (a-2). [0234]In this regard, it is to be noted that
an amount of cyclic chemical structures containing nitrogen atoms
contained in the obtained polyamide resin (a-2) was 5.3 wt%.
[0235](Comparative Example 3) [0236]A positive type photosensitive resin
composition was obtained in the same manner as in the Example 1 except
that it was manufactured as follows. [0237]100 g of the polyamide resin
(a-1) synthesized in the Comparative Example 1, 17 g of the
photosensitive diazoquinone (3-1) and 3 g of 5-amino-1H-tetrazole were
dissolved into 300 g of y-butyrolactone (GBL) , and then filtered using a
filter having a pore size of 0.2 pm and made of fluororesin to thereby
obtain the positive type photosensitive resin composition. [0238]The
following evaluations were carried out to the 



photosensitive resin compositions obtained in the Examples 1 to 11 and
the Comparative Examples 1 to 3. Obtained results were indicated in the
following Table 1 together with contents of evaluation items [0239]1.
Adhesiveness to Copper [0240]A Ti sputtering film having a thickness of
50.0 A was formed on a silicon wafer, and then a Cu sputtering film having
a thickness of 3,000 A was formed on the Ti sputtering film. [0241]Next, a
coating film was formed on the Cu sputtering film by applying each of the
positive type photosensitive resin compositions obtained in the Examples
1 to 11 and the Comparative Examples 1 to 3 using a spin coater so as to
have a thickness of 5 Tim when being cured. [0242]Thereafter, the coating
filmwas dried at 120C for 4 minutes using a hot plate, and then was cured
at 250C for 90 minutes under an atmosphere having an oxygen
concentration of 1,000 ppm or less using a clean oven to thereby obtain a
cured film (protective film).  [0243]Next, using a cutter knife, the cured film
was separated to 100 square areas each having a size of 1 x 1 mm to
obtain a sample. In this regard, the 100 square areas were provided so as
to array 10 lines each including 10 square areas arrayed in a lengthwise
direction in a lateral direction. The thus obtained sample was subjected to
a pressure cooker test (POT) under a condition of 125cO, 100% and 0.2
MPa for 500 hours continuously. [0244]Next, an adhesive tape was stuck
on the samples, and then was peeled off therefrom at once. And the
number of the samples peeled off from the Cu sputtering film was
counted. [0245]2. Mechanical Property 



[0246]A coating film was formed on a silicon wafer having a size of 6
inches by applying each of the positive type photosensitive resin
compositions obtained in the Examples 1 to 11 and the Comparative
Examples 1 to 3 using a spin coater so as to have a thickness of 10 pm
when being cured. [0247]Thereafter, the coating film was dried at 120C for
4 minutes using a hot plate, and then was cured at 250'C for 90 minutes
under an atmosphere having an oxygen concentration of 1,000 ppm or
less using a clean oven to thereby obtain a cured film. [0248]Next, the
cured film of each silicon wafer was cut using a dicing saw so as to form a
plurality of strip parts each having a width of 10 Iran. Thereafter, each
silicon wafer was  immersed into a 2% hydrofluoric water to obtain the
strip parts each released from the silicon wafer. [0249]Next, a tensile
measurement of the obtained strip parts was carried out using a tensile
measuring apparatus at speed of 5 ram/min, and then tensile elongation
percentage was evaluated. [0250]3. Developing Property [0251]Each of
the positive type photosensitive resin compositions obtained in the
Examples 1 to 11 and the Comparative Examples 1 to 3 was applied onto
10 silicon wafers using a spin coater, and then was dried at 120C for 4
minutes using a hot plate to thereby obtain a dry film (protective film)
having a thickness of about 5 pm on each silicon wafer. 



[0252]Thereafter, an ultraviolet ray was irradiated onto each obtained dry
film using a high pressure mercury vapor lamp through a mask ("test chart
No.1", produced by TOPPAN PRINTING Co., LTD.), while adjusting an
irradiance (exposure) thereof depending on each obtained dry film.
[0253]In this regard, it is to be noted that the mask had patterns to be not
removed and patterns to be removed, and a width of each pattern was in
the range of 0.88 to 50 um. [0254]Next, each silicon wafers was immersed
into a 2.38% tetramethyl ammonium hydroxide aqueous solution for BO
seconds so that irradiated portions of the dry film were removed to form
removed portions in each dry film, and then was rinsed for 30 seconds
using a purified water. [0255]Thereafter, in each dry film, the removed
portion having awidth of 50 pm was checked, and its state was evaluated.
In this regard, it is to be noted that symbols A to D shown in Table 1
indicated the following contents. [0256]A: In all 10 dry films, the removed
portions were patterned without scums.               B: In 7 to 9 dry films
among the 10 dry films, the removed portions were patterned without
scums.               C: In all 10 dry films, the removed portions were
patterned with a few scums at peripheries of openings thereof. 



D: In all 10 dry films, the removed portions were patterned with many
scums, or were not patterned. [0257]4. Flux Resistance [0256]The above
silicon wafers each having the patterned dry film were heated at 250CC
for 90 minutes under an atmosphere having an oxygen concentration of
1,000 ppm or less using a clean oven so that the patterned dry films were
cured to thereby obtained cured films. [0259]Next, a flux ("BF-30",
produced by TAMURA KAKEN CORPORATION) was applied onto each
of the silicon wafers using a spinner at 500 rpm for 5 seconds, and then at
1,000 rpm for 30 seconds. Thereafter, the flux was pre-heated at 140 to
160C for 100 seconds, and then was heated at 250C for 10 seconds  by
passing each silicon wafer thorough a reflow furnace. This cycle was
consecutively carried out twice. [0260]Next, each of the silicon wafers was
washed for 10 minutes using xylene heated at 40C to remove the flux
therefrom, was rinsed using isopropyl alcohol, and then was dried.
Thereafter, a surface of each cured film was checked using a
metallographical microscope, and its state was evaluated. In this regard, it
is to be noted that symbols A to D shown in Table 1 indicated the following
contents. [0261]A: In all 10 cured films, the surfaces thereof had no rucks
in whole.               B: In 7 to 9 cured films among the 10 cured films, the
surfaces thereof had no rucks in whole.               C: in all 10 cured films,
the surfaces thereof had rucks in part. 



D: In all 10 cured films, the surfaces thereof had rucks in whole.  [0262]
Table 1  Poly- amide Resin Photo- sensitive Anent Solvent Additive Agent 
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[0263]As can be seen from Table 1, ineachoftheExamples 1 to 11, the
number of the samples peeled off from the Cu sputtering film was w0".
This result indicated that the cured film (protective film) had excellent
adhesiveness to copper. [0264]Further, in each of the Examples 1 to 11,
the cured film (protective film) also had excellent flux resistance, namely,
even in the case where the cured film was obtained by a curing treatment
having a low temperature of 250C, rucks and the like did not occur on the
surface thereof. This result indicated that the cured film had an excellent
curing property at a low temperature. [0265]Furthermore, in each of the
Examples 1 to 11, the cured film also had excellent tensile elongation
percentage. This result indicated that the cured film has an excellent film
physical property.  [0266]Moreover, in each of the Examples 1 to 3 and 5,
the dry film (protective film) had an excellent developing property. [0267]In
addition,each of the positive type photosensitive resin compositions
obtained in the Examples 1 to 11 and the Comparative Examples 1 to 3
was applied onto semiconductor elements provided on a substrate to
forma coating film. The formed coating film was pre-baked at 60 to 130C
so that it was dried to obtain a dry film, and then an ultraviolet ray was
irradiated onto the dry film at a predetermined pattern. 



[0268]Next, portions of the dry film, where the ultraviolet ay was irradiated,
were removed using a developing solution to obtain a relief pattern, and
then the relief pattern was subjected to a heat treatment to obtain a
protective film which also could function as an insulating film [0269]After
forming the protective film, semiconductor devices were manufactured
through steps including a dicing step in which the substrate was cut to a
plurality of chips, amounting step in which each diced chip was mounted
onto a circuit board, a wire bonding step, and a sealing step in which each
chip was sealed by a sealing compound. The thus obtained
semiconductor devices normally operated. INDUSTRIAL APPLICABILITY
[0270]According to the present invention, it is possible to provide a
photosensitive resin composition which has excellent adhesiveness to a
wiring made of copper and copper  alloy and can be cured at a low
temperature. [0271]In a semiconductor element field or a crystalline liquid
display element field being representative of a display element field, such
a photosensitive resin composition can be preferably used for forming a
protective film, an insulating film and the like. [0272]An insulating film, a
protective film and electronic equipment, which are formed using the
photosensitive resin composition, can have improved reliability. Thus, the
present invention has industrial applicability. 



MCSLLP  What is claimed is:  1. A photosensitive resin composition,
comprising: an alkali solubility resin including molecules each 5 composed
of a main chain having one end and the other end opposite to the one
end, an organic group bonded to the one end thereof, the organic group
having at least one unsaturated group, and a substituent group bonded to
at least one of the other end of the main chain and a branch 10 thereof,
the substituent group having a cyclic chemical structure containing
nitrogen atoms; and a photosensitive agent, wherein the substituent group
has a tetrazole group as the cyclic chemical structure containing nitrogen
atoms. 15 2. The photosensitive resin composition as claimed in claim 1,
wherein the substituent group has at least one of chemical structures
represented by the following formulas (1-1) and (1-2).  



3.The photosensitive resin composition as claimed in claim 1, wherein an
amount of the cyclic chemical structures containing nitrogen atoms is in
the range of 1.0  MCSLLP to 10.0 wt% with respect to a total weight of the
molecules included in the alkali solubility resin.  4. The photosensitive
resin composition as claimed in 5 claim 1, wherein the organic group
having the at least one unsaturated group is an organic group having at
least one triple bond. 5. The photosensitive resin composition as claimed
in 10 claim 1, wherein the main chain of each of the molecules included in
the alkali solubility resin has at least one of a chemical structure which can
change to a polybenzoxazole structure and a chemical structure which
can change to a polyimide structure. 15 



6. An insulating film composed of a cured product of the photosensitive
resin composition defined by claim 1.      7. A protective film composed of
a cured product of the 20 photosensitive resin composition defined by
claim 1.  8. The protective film as claimed in claim 7, wherein the
protective film is used for protecting a semiconductor element or a liquid
crystal display element. 25  9. Electronic equipment provided with the
protective film defined by claim 7.      10. Electronic equipment provided
with the insulating film 30 defined by claim 6. 






