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RESIN COMPOSITION AND PRINTED WIRING BOARD  This application claims
priority to Japanese Patent application No. 2001-288818,  filed September
21, 2001. 5 TECHNICAL FIELD This invention relates to a photosensitive
resin composition which is useful in  forming an image by a process
comprising a step of ultraviolet ray exposure and a  step of development
using a dilute aqueous alkaline solution, and is excellent not only 10 in
anti-tackiness (dry to touch) but also in film properties such as
flexibility,  adhesiveness and heat resistance without other film
properties being sacrificed, i.e.  other film properties being also
maintained at an excellent level, thereby rendering the  photosensitive
resin composition suitable for use as a solder resist for producing a
printed wiring board. This invention also relates to a printed wiring board
formed by  15 making use of such photosensitive resin composition as
mentioned above. BACKGROUND OF THE INVENTION The printed wiring board is
employed for mounting electronic components on  soldering lands of a
conductive circuit pattern which has been formed in advance on  20 the
substrate of the printed wiring board, wherein all of the circuit regions
excluding the soldering lands are covered by a solder resist film as a
permanent protective film.  By this covering of solder resist film, it
becomes possible to prevent the solder from  adhering onto regions which
are not required to be coated with the solder on the  occasion of soldering
electronic components to the printed wiring board, and to 25 prevent the
conductor constituting the circuit pattern from being directly exposed to
air  and hence from being oxidized or corroded by moisture. Conventionally,
the solder resist film is formed, in most cases, by a process  wherein a
liquid composition of the solder resist film is coated on a substrate by
means of a screen printing to form a pattern, which is then dried to remove
a solvent  30 and cured by means of ultraviolet rays or heating. Recently
however, due to the increasing demands for the enhancement in density
(fineness) of wirings of the printed wiring board, a solder resist
composition (referred  hereinafter also as a solder resist ink composition)
is also required to be more  excellent in resolution as well as in
precision. Under such circumstances, there has 



I IIIIIII IIN IIIN IIIII IIIII IIIII IIII IIII *coooo2* 2  been proposed,
in place of the conventional screen printing method and irrespective  of
the kinds of substrate i.e. consumer's use or industrial use, a liquid
photosolder  resist method (photodeveloping method) which is excellent in
registration precision  and in covering property of the edge portions of
conductive body. For example, 5 Japanese Patent Unexamined Publication
S50-144431 and Japanese Patent  Publication S51-40451 disclose solder
resist compositions comprising bisphenol type  epoxy acrylate, a
sensitizer, an epoxy compound and an epoxy curing agent. These  solder
resist compositions are designed to be employed in such a manner that a
liquid  photosensitive composition is coated all over a printed wiring
board, and after the 10 solvent included therein is permitted to
volatilize, the layer of the photosensitive  composition is selectively
exposed to irradiation, unexposed regions of the layer being  subsequently
removed by making use of an organic solvent to thereby perform the
development of the solder resist. However, the removal of the unexposure
regions (development) by making use of  15 an organic solvent necessitates
a large quantity of the organic solvent, hence giving  rise to
environmental contamination or the generation of fire. Particularly, since
the  influence of the environmental contamination upon human body is
high-lighted  recently, the photosolder resist method is confronted with
much difficulties for finding  countermeasures for solving such problems.
20 With a view to solve these problems, there has been proposed an alkali-
development type photosolder resist composition which can be developed by
making  use of a dilute aqueous alkaline solution. For example, Dlapanese
Patent Publications  S56-40329 and S57-45785 disclose a material
comprising, as a base polymer, a  reaction product which can be obtained by
a process wherein an epoxy resin is 25 reacted with unsaturated
monocarboxylic acid to obtain a compound to which a poly- basic acid
anhydride is added to obtain the reaction product. Further, Japanese
Patent Publication H1-54390 discloses a photo-curable liquid resist ink
composition  which can be developed by making use of a dilute aqueous
alkaline solution, this  photo-curable liquid resist ink composition
comprising an active energy beam-curable 30 resin which can be obtained
from a reaction between a saturated or unsaturated poly- basic acid
anhydride and a reaction product obtained from a reaction between a
novolac epoxy resin and an unsaturated monocarboxylic acid, and a  



photopolymerization initiator. These liquid solder resist compositions are
featured in that carboxylic group is 3  introduced into epoxy acrylate to
thereby provide them with photosensitivity and  capability of being
developed using a dilute aqueous alkali solution. These liquid  solder
resist compositions are further featured in that they usually include a
thermosetting component, e.g. an epoxy compound in general, for
thermosetting a 5 coated film of these resist compositions after this
coated film is formed into a resist  pattern by way of exposure and
development, thereby allowing a thermal curing to  take place through a
reaction between the carboxylic group introduced into a side  chain of the
epoxy acrylate and the epoxy group. As a result, it is possible to form a
resist film which is excellent in adhesion, hardness, heat resistance and
electric 10 insulating properties. In this case, an epoxy resin-curing
agent is generally employed  together with the epoxy resin. However, in the
case of a solder resist composition comprising a resin that can be
obtained by a process wherein unsaturated monocarboxylic acid is added to a
novolac  epoxy resin and then a polybasic acid is further added to the
novolac epoxy resin, 15 there is employed, for example, (metha)acrylic acid
as the unsaturated  monocarboxylic acid, and an unsaturated dibasic acid
such as maleic acid is  employed as the polybasic acid in order to obtain
the resin, so that the resultant solder  resist composition is somewhat
insufficient in anti-tackiness. Additionally, even if it is  intended to
obtain a solder resist composition which is further improved in properties,
20 in conformity with the object of use, such as heat resistance,
flexibility of coated film  required for gold plating resistance and
adhesivity, it is difficult to design such a solder  resist composition due
to the facts that any of these reaction products to be bonded to  the
novolac epoxy resin is consisted of a chain compound where monomolecular
compounds thereof are linked together, and that the kinds of such a
monomolecular 25 compound is limited so that the skeleton itself to be
incorporated is of a relatively  simple chain linkage thus limiting the
range of selectivity. Namely, merely the changes  of aforementioned chain
compound to be bonded to the novolac epoxy resin are not  sufficient for
designing a satisfactory solder resist composition. Therefore, a first
object of the present invention is to provide a photosensitive resin  30
composition which is useful in forming an image by a process comprising a
step of  ultraviolet ray exposure and a step of development using a dilute
aqueous alkaline  solution, and is excellent not only in anti-tackiness
(dry to touch) but also in film  



properties such as flexibility, adhesiveness and heat resistance without
other film  properties being sacrificed, i.e. other film properties being
also maintained at an 4  excellent level, thereby rendering the
photosensitive resin composition suitable for  forming a pattern of coated
film. A second object of the present invention is to provide a
photosensitive resin  composition, whose characteristics can be easily
designed in conformity with the end  5 use thereof, and which is capable of
markedly improving the anti-tackiness and heat resistance thereof,
especially the flexibility and adhesivity thereof so as to  satisfactorily
perform a gold plating. A third object of the present invention is to
provide a printed wiring board with or  without an electronic component
being mounted thereon, the printed wiring board  10 being provided with a
cured solder resist film constituted by the aforementioned photosensitive
resin composition which is capable of achieving the aforementioned
objects. SUMMARY OF THE INVENTION 15 The present inventors have found, as a
result of intensive studies for achieving the  aforementioned objects, that
a photosensitive resin composition comprising, in  addition to ordinary
components to be included therein, a resin which can be obtained  by a
process wherein novolac epoxy resin is allowed to react with a specific
unsaturated polybasic acid, more specifically, wherein an epoxy compound
having a 20 ring structure is allowed to successively react with
unsaturated monocarboxylic acid  and with an unsaturated polybasic acid is
useful for forming a coated film which is  excellent in anti-tackiness (not
sticky) as well as for forming a cured film which is  excellent in
flexibility, in adhesion onto a printed circuit substrate, and in heat
resistance, and moreover that it is possible, through a selection of the
kinds of the 25 epoxy compound, to markedly improve, among others, the
anti-tackiness, heat  resistance, flexibility and adhesivity-to-substrate
of the coated film, thus accomplishing  the present invention. Namely,
according to the present invention, there is provided (1) a photosensitive
resin composition comprising (A) an active energy ray (line)-curable resin
having  30 ethylenic unsaturated linkage, (B) a photopolymerization
initiator, (C) a reactive diluent, and (D) a thermosetting compound;
wherein said active energy ray-curable  resin having ethylenic unsaturated
linkage (A) comprises an epoxy compound- modified unsaturated polybasic
acid-modified epoxy resin which is obtained by a  



process wherein an epoxy compound is reacted with a radically polymerizable
5  unsaturated monocarboxylic acid to form a compound having hydroxyl group
with  which a saturated or unsaturated polybasic acid or a saturated or
unsaturated  polybasic acid anhydride is reacted to form an epoxy
compound-modified unsaturated  polybasic acid, which is then allowed to
react with an epoxy resin to obtain said epoxy 5 compound-modified
unsaturated polybasic acid-modified epoxy resin. According to the present
invention, there is also provided (2) the photosensitive  resin composition
as set forth in the aforementioned item (1), wherein said active  energy
ray-curable resin having ethylenic unsaturated linkage (A) has an acid
value  ranging from 40 to 160 mgKOH/g. 10 According to the present
invention, there is also provided (3) the photosensitive  resin composition
as set forth in the aforementioned item (1) or (2), wherein said  epoxy
compound-modified unsaturated polybasic acid is formed of a compound which
is obtained by a process wherein one kind of epoxy compound selected from
the  group consisting of triglycidyl isocyanurate, bisphenol epoxy resin,
biphenyl epoxy 15 resin and glycidyl amine-type epoxy resin is reacted with
unsaturated monocarboxylic  acid to form a compound having hydroxyl group
with which a saturated or unsaturated  polybasic acid or a saturated or
unsaturated polybasic acid anhydride is reacted,  wherein said epoxy resin
reacted with epoxy compound-modified unsaturated  polybasic acid is
selected at least one kind of epoxy resin selected from the group 20
consisting of novolac epoxy resin, triglycidyl isocyanurate, bisphenol
epoxy resin,  biphenyl epoxy resin and glycidyl amine-type epoxy resin.
According to the present invention, there is also provided (4) the
photosensitive  resin composition as set forth in the aforementioned item
(1) or (2), wherein said  epoxy compound-modified unsaturated polybasic
acid is formed of a compound which 25 is obtained by a process wherein at
least two kinds of epoxy compound selected from  the group consisting of
triglycidyl isocyanurate, bisphenol epoxy resin, biphenyl epoxy  resin and
glycidyl amine-type epoxy resin are reacted with unsaturated
monocarboxylic acid to form a compound having hydroxyl group with which a
saturated or unsaturated polybasic acid or a saturated or unsaturated
polybasic acid  30 anhydride is reacted. According to the present
invention, there is also provided (5) the photosensitive  resin composition
as set forth in any one of the aforementioned items (1) to (4),  wherein
said photopolymerization initiator (B) is employed at a ratio of 0.2 to 30g



based on 100g of said active energy ray-curable resin having ethylenic
unsaturated 6  linkage (A). According to the present invention, there is
also provided (6) the photosensitive  resin composition as set forth in any
one of the aforementioned items (1) to (5),  wherein said reactive diluent
(C) is employed at a ratio of 2 to 40g based on 100g of  5 said active
energy ray-curable resin having ethylenic unsaturated linkage (A).
According to the present invention, there is also provided (7) the
photosensitive  resin composition as set forth in any one of the
aforementioned items (1) to (6),  wherein said thermosetting compound (D)
is constituted by an epoxy compound with  or without other kind(s) of
thermosetting compound(s) and is employed at a ratio of 5 10 to 100g based
on 100g of said active energy ray-curable resin having ethylenic
unsaturated linkage (A). According to the present invention, there is also
provided (8) a printed wiring board  with or without an electronic
component being mounted thereon, the printed wiring  board being covered
with a solder resist film constituted by a cured film of the 15
aforementioned photosensitive resin composition as set forth in any one of
the  aforementioned items (1) to (7). DETAILED DESCRIPTION OF THE INVENTION
As for "(A) an active energy ray-curable resin having at least two
ethylenic  20 unsaturated linkages in one molecule" according to the
present invention is preferably  constituted entirely by or alternatively
may be constituted mainly by an epoxy  compound-modified unsaturated
polybasic acid-modified novolac epoxy resin which is  obtained by a process
wherein an epoxy compound is reacted with an unsaturated  monocarboxylic
acid to form a compound having hydroxyl group with which a 25 saturated or
unsaturated polybasic acid or a saturated or unsaturated polybasic acid
anhydride (it may be referred to hereinafter as a saturated or unsaturated
polybasic  acid or an anhydride thereof) is reacted to form an epoxy
compound-modified  unsaturated polybasic acid, which is then allowed to
react with a novolac epoxy resin  to obtain said unsaturated polybasic
acid-modified novolac epoxy resin. It is also 30 possible to co-use other
kinds of epoxy compound-modified unsaturated polybasic  acid-modified
novolac epoxy resin which can be manufactured according to the same  method
as mentioned above except that an epoxy resin other than the
aforementioned novolac epoxy resin is employed. As for the epoxy compound,
a polyfunctional epoxy compound can be employed. 



7  As for the polyfunctional epoxy compound, it is preferable to use a
compound having  a ring structure, specific examples thereof being
compounds having one or a plurality  of aromatic rings (such as benzene
ring) or isocynuric acid rings attached to the  polymeric skeleton thereof.
As for the epoxy equivalent of the epoxy compound, it is 5 preferable that
it falls within the range of 90 to 500 in view of improving the
photosensitivity of the epoxy compound-modified unsaturated polybasic
acid-modified  novolac epoxy resin which can be ultimately obtained. As for
the molecular weight of  the epoxy compound, it is preferable that it falls
within the range of 200 to 1000 in  view of facilitating the control of
reaction in the synthesis of the novolac epoxy resin. 10 Specifically, it
is preferable to employ one kind or at least two kinds, i.e. two, three  or
four kinds of epoxy compounds selected from the group consisting of
triglycidyl  isocyanurate, bisphenol epoxy resin, biphenyl epoxy resin and
glycidyl amine-type  epoxy resin. Preferably, this at least two kinds of
epoxy compounds are allowed to  react with a radically polymerizable
unsaturated monocarboxylic acid to produce a 15 compound having hydroxyl
group with which a saturated or unsaturated polybasic acid  or anhydride
thereof is reacted to obtain the aforementioned epoxy compound- modified
unsaturated polybasic acid. In the case where a mixture comprising two or
more kinds of epoxy compounds is employed, as the ratio of the radically
polymerizable unsaturated monocarboxylic acid per one mole of epoxy group
(one 20 epoxy equivalent) is decreased smaller than one mole, the
possibility of other kind of  epoxy compound to bond to the hydroxyl group
that has been 'generated from the  addition of radically polymerizable
unsaturated monocarboxylic acid to one molecule  of epoxy compound or to
bond to the carboxyl group that has been generated from  the reaction of a
saturated or unsaturated polybasic acid or an anhydride thereof to be 25
subsequently reacted therewith would be correspondingly increased. Since
the same  situation can be applied to the compounds that have bonded
thereto in this manner,  the epoxy compounds employed as a mixture are more
likely to be turned into a resin  where a plurality of molecules are bonded
to each other. On the contrary, as the ratio  of the radically
polymerizable unsaturated monocarboxylic acid per one mole of epoxy 30
group is increased larger than one mole, the possibility of forming a
mixture of adducts  of various kinds of epoxy compounds employed as a
mixture with the radically  polymerizable unsaturated monocarboxylic acid
would be increased. By the way, the aforementioned epoxy compound-modified
unsaturated polybasic  acid may be a mixture of compounds which can be
obtained by a process wherein at 



8  least two kinds, i.e. two, three or four kinds of epoxy compounds
selected from the  group consisting of triglycidyl isocyanurate, bisphenol
epoxy resin, biphenyl epoxy  resin and glycidyl amine-type epoxy resin are
respectively reacted with an unsaturated  monocarboxylic acid to produce a
compound having hydroxyl group with which a 5 saturated or unsaturated
polybasic acid or anhydride thereof is reacted to thereby  obtain the
mixture of compounds. As for the triglycidyl isocyanurate, it is possible
to employ TEPIC-G (epoxy  equivalent: 105; Nissan Chemical Industries,
Ltd.). As for the bisphenol epoxy resin, it  is possible to employ, as
bisphenol A, Epycoat 828 (epoxy equivalent: 190; liquid at 10 normal
temperature; Yuka Shell Co., Ltd.) and Epycoat 1001 (epoxy equivalent: 460;
Yuka Shell Co., Ltd.). As for the biphenyl epoxy resin, it is possible to
employ YX- 4000 (2,6-xylenol dimmer diglycidyl ether; epoxy equivalent:
188; glass transition  temperature: 105-110^; Yuka Shell Co., Ltd.) and
YL-6121 (epoxy equivalent: 172;  glass transition temperature: 111 ^; Yuka
Shell Co., Ltd.). 15 As each of aforementioned epoxy compounds is permitted
to react with the  radically polymerizable unsaturated monocarboxylic acid,
the epoxy group is cleaved  due to the reaction between the epoxy group and
the carboxyl group to thereby  generate hydroxyl group and ester linkage.
In this case, there is not any particular  limitation regarding the kind of
the radically polymerizable unsaturated monocarboxylic 20 acid, so that it
is possible to employ acrylic acid, methacrylic acid, crotonic acid,
cinnamic acid, etc. However, it is preferable to employ at least either
acrylic acid or  methacrylic acid (which may be referred to as
(metha)acrylic acid), acrylic acid being  most preferable. There is not any
particular limitation regarding the reacting method  between the epoxy
resin and the radically polymerizable unsaturated monocarboxylic 25 acid.
For example, these epoxy resin and acrylic acid can be reacted by heating
them  in a suitable diluent. As for the diluent, it is possible to employ
ketones such as  methylethyl ketone, cyclohexanone, etc.; aromatic
hydrocarbons such as toluene,  xylene, etc.; alcohols such as methanol,
isopropanol, cyclohexanol, etc.; alicyclic  hydrocarbons such as
cyclohexane, methylcyclohexane, etc.; petroleum solvents such 30 as
petroleum ether, petroleum naphtha, etc.; Cellosolves such as Cellosolve,
butyl  Cellosolve, etc.; carbitols such as carbitol, butyl carbitol, etc.;
and acetic esters such  as ethyl acetate, butyl acetate, Cellosolve
acetate, butyl Cellosolve acetate, carbitol  acetate, butylcarbitol
acetate, etc. As for the catalyst to be employed in this case, it is
possible to employ amines such as triethyl amine, tributyl amine, etc.; and
phosphides 



9  such as triphenyl phosphine, triphenyl phosphate, etc. In the reaction
between the aforementioned epoxy compounds and radically  polymerizable
unsaturated monocarboxylic acid, polyfunctional epoxy compounds  having two
or more epoxy groups in one molecule is employed as the epoxy 5 compounds
to thereby enable at least two epoxy groups are allowed to react with the
radically polymerizable unsaturated monocarboxylic acid. As a result, when
a  saturated or unsaturated polybasic acid or the anhydride thereof to be
explained  hereinafter is permitted to react with the above reaction
product, an epoxy compound- modified unsaturated polybasic acid (at least
bibasic acid) can be obtained. If the 10 epoxy compound is bifunctional,
one equivalent weight of the radically polymerizable  unsaturated
monocarboxylic acid is allowed to react with one equivalent weight of the
epoxy group of the epoxy compound. Further, if the epoxy compound is
trifunctional,  0.7-1.2 equivalent weight of the radically polymerizable
unsaturated monocarboxylic  acid is preferably allowed to react with one
equivalent weight of the epoxy group of the 15 epoxy compound. If at least
one of carboxylic acid selected from acrylic acid and  methacrylic acid is
to be employed, 0.8-1.0 equivalent weight of these carboxylic  acids may be
reacted with one equivalent weight of the epoxy group of the epoxy
compound. If the quantity of the radically polymerizable unsaturated
monocarboxylic  acid is less than 0.7 equivalent weight, the gelation of
the reaction product may be 20 caused in a subsequent step of synthesizing
reaction, or the stability of the resin may  be deteriorated. On the other
hand, if the quantity of the radically polymerizable  unsaturated
monocarboxylic acid is excessive, a large quantity of unreacted  carboxylic
acid may be left remain, thereby possibly deteriorating the various
properties (such as water proofness) of the cured product. The reaction
between the 25 epoxy compounds and the radically polymerizable unsaturated
monocarboxylic acid  should preferably be performed under a heated
condition, i.e. at a reaction  temperature of 80-1400. If this reaction
temperature exceeds over 1400, the thermal  polymerization of the radically
polymerizable unsaturated monocarboxylic acid may be  easily caused to take
place, thereby making it difficult to perform the synthesis. On 30 the
other hand, if this reaction temperature is lower than 800, the speed of
reaction  would become too slow and therefore is not preferable in the
actual manufacturing  process. Irrespective of the situations where a
plural kinds of the epoxy compounds are to  be employed, or where only one
kind of the epoxy compound is to be employed, it is 



10  preferable, if the molecules of each epoxy compound are desired to be
linked to each  other, to enable 0.4-0.9 mole of the radically
polymerizable unsaturated  monocarboxylic acid to react with one mole of
the epoxy group. In the reaction between the epoxy compounds and the
radically polymerizable  5 unsaturated monocarboxylic acid in a diluent,
the mixing quantity of the diluent should  preferably be within the range
of 20 to 50% based on the total weight of the reaction  system. The
reaction product between the epoxy compounds and the radically
polymerizable unsaturated monocarboxylic acid can be presented, without
being  isolated, in the form of solution in the diluent, for the following
reaction with polybasic  10 acids. An unsaturated monocarboxylic
acid-modified epoxy compound which is a reaction  product between the epoxy
compounds and the radically polymerizable unsaturated  monocarboxylic acid
is then allowed to react with a saturated or unsaturated polybasic  acid or
the anhydride thereof to obtain the aforementioned epoxy compound-modified
15 unsaturated polybasic acid. As for the polybasic acid useful in this
case, it is possible  to employ succinic acid, maleic acid, adipic acid,
citric acid, phthalic acid,  tetrahydrophthalic acid,
3-methyltetrahydrophthalic acid, 4- methyltetrahydrophthalic  acid, 3-
ethyltetrahydrophthalic acid, 4- ethyltetrahydrophthalic acid,
hexahydrophthalic acid, 3- methylhexahydrophthalic acid, 4-
methylhexahydrophthalic 20 acid, 3- ethyl hexahyd rophtha I ic acid,
4-ethylhexahydrophthalic acid,  methyltetrahydrophthalic acid,
methylhexahydrophthalic acid,  endomethylenetetrahydrophthalic acid,
methylendomethylenetetrahydrophthalic acid,  trimellitic acid, pyromellitic
acid, and diglycolic acid. As for the polybasic acid  anhydride, it is
possible to employ anhydrides of these polybasic acids. These  25 compounds
can be employed singly or in combination of two kinds thereof. The
saturated or unsaturated polybasic acid or anhydrides thereof is then
allowed  to react with the hydroxyl group that has been generated from the
reaction between  the epoxy compounds and the radically polymerizable
unsaturated monocarboxylic  acid, thereby providing them free with carboxyl
group. The quantity to be employed of 30 the saturated or unsaturated
polybasic acid or anhydrides thereof for the reaction can  be adjusted in
such a manner that when the reaction product between the epoxy  compounds
and the radically polymerizable unsaturated monocarboxylic acid is
provided with two hydroxyl groups in one molecule thereof, the quantity to
be  employed of the saturated or unsaturated polybasic acid or anhydrides
thereof may be 



11  one mole per mole of the hydroxyl group. However, when the reaction is
provided  with three or more hydroxyl groups in one molecule thereof, the
quantity of the  saturated or unsaturated polybasic acid or anhydrides
thereof should preferably be  adjusted so as to enable the saturated or
unsaturated polybasic acid or anhydrides 5 thereof to react with at least
two or more of these hydroxyl groups. The saturated or unsaturated
polybasic acid or anhydrides thereof are added to the  aforementioned
unsaturated monocarboxylic acid-modified epoxy compound so as to  allow a
dehydrocondensation reaction to take place. The water that has been
generated in this reaction should preferably be continuously taken out of
the reaction 10 system. It is preferable that this reaction is performed
under a heated condition at a  temperature of 70-13011. If the reaction
temperature is higher than 13011, the thermal  polymerization of the
radically polymerizable unsaturated groups that have been  bonded to the
epoxy resin or that can be derived from unreacted monomer may be  easily
caused to take place, thereby making it difficult to perform the synthesis.
On 15 the other hand, if this reaction temperature is lower than 7011, the
speed of reaction  would become too slow and therefore is not preferable in
the actual manufacturing  process. In this invention, said epoxy
compound-modified unsaturated polybasic acid  obtained as aforementioned is
reacted with epoxy resin. As for the epoxy resin,  20 novolac epoxy resin
is preferable. As for the novolac type epoxy resin which can be employed in
the present invention, there is not any particular limitation as long as
the  novolac type epoxy resin is provided with at least two functional
groups. Although  there is not any particular limitation with regard to the
epoxy equivalent, those having  an epoxy equivalent of 1,000 or less, more
preferably 100-500 are usually employed. 25 For example, the novolac type
epoxy resin may be selected from phenol novolac  type epoxy resin such as
bisphenol A, bisphenol F, bisphenol AD, etc.; cresol novolac  type epoxy
resin such as o-cresol novolac type epoxy resin; bisphenol A novolac type
epoxy resin; bisphenol-modified novolac type epoxy resin; modified
polyfunctional  novolac type epoxy resin; etc. Further, halogen atoms such
as Br, CI may be 30 introduced into these epoxy resins. These epoxy resins
may be employed singly or in  combination of two or more kinds. According
to the present invention, the aforementioned epoxy compound- modified
unsaturated polybasic acid-modified novolac epoxy resin can be obtained
through the reaction between the aforementioned epoxy compound-modified 



12  unsaturated polybasic acid and the aforementioned novolac type epoxy
resin. In this  case, the epoxy compound-modified unsaturated polybasic
acid should preferably be  reacted with the novolac type epoxy resin at
such a ratio that 1.1-4.0 equivalent  weight, more preferably 1.6-3.0
equivalent weight of the carboxyl group of the 5 unsaturated polybasic acid
can be reacted with one equivalent weight of epoxy group  of the novolac
type epoxy resin. If the ratio of the epoxy compound-modified  unsaturated
polybasic acid is smaller than 1.1 equivalent weight, the stability of the
resultant resin to be obtained would be deteriorated. On the contrary, if
the ratio of the  epoxy compound-modified unsaturated polybasic acid is
excessive, a large quantity of 10 unreacted carboxylic acid may be left
remain, thereby possibly deteriorating the  various properties (such as
water proofness) of the cured product. The reaction between the novolac
type epoxy resin and the epoxy compound- modified unsaturated polybasic
acid should preferably be performed under a heated  condition, i.e. at a
reaction temperature of 80-1401). If this reaction temperature 15 exceeds
over 1400, the thermal polymerization of the epoxy compound-modified
unsaturated polybasic acid may be easily caused to take place, thereby
making it  difficult to perform the synthesis. On the other hand, if this
reaction temperature is  lower than 80L?, the speed of reaction would
become too slow and therefore is not  preferable in the actual
manufacturing process. 20 In the reaction between the novolac type epoxy
resin and the epoxy compound- modified unsaturated polybasic acid in a
diluent, the mixing quantity of the diluent  should preferably be within
the range of 20 to 50% based on the total weight of the  reaction system.
The reaction product to be obtained in this manner can be prevented  from
being isolated and therefore can be presented, in the form of solution in
the  25 diluent, for the following process. The acid value of the epoxy
compound-modified unsaturated polybasic acid- modified novolac epoxy resin
to be obtained in this manner should preferably be  within the range of 40
to 160 mgKOH/g. If the acid value of this novolac epoxy resin is  less than
this lower limit, the developing property of this novolac epoxy resin would
be 30 deteriorated. On the other hand, if the acid value of this novolac
epoxy resin is larger  than this upper limit, the properties such as water
proofness of the cured film of the  photosensitive resin composition
comprising this novolac epoxy resin would be badly  influenced. Although
the aforementioned epoxy compound-modified unsaturated polybasic 



13  acid-modified novolac epoxy resin can be employed as a photosensitive
resin, a  radically polymerizable unsaturated group may be further
introduced into this novolac  epoxy resin through a reaction between the
carboxyl group of this novolac epoxy resin  and a glycidyl compound having
at least one radically polymerizable unsaturated 5 group and epoxy group,
thereby obtaining a photosensitive resin which is further  improved in
photosensitivity. Since this photosensitive resin which is further improved
in photosensitivity is  featured in that the radically polymerizable
unsaturated group is bonded to the side  chain of the polymeric skeleton of
the photosensitive resin constituting the precursor 10 thereof due to the
last reaction thereof with the glycidyl compound, the  photopolymerization
reactivity thereof is further enhanced, thus exhibiting excellent
photosensitive properties. As for the glycidyl compound having at least one
radically  polymerizable unsaturated group and epoxy group, it is possible
to employ glycidyl  acrylate, glycidyl methacrylate, allyl glycidyl ether,
pentaerythritol triacrylate 15 monoglycidyl ether, etc. By the way, the
molecule of these compounds may contain a  plurality of glycidyl groups.
These compounds may be employed singly or in  combination of two or more
kinds thereof. These glycidyl compounds can be mixed into a solution of the
epoxy compound- modified unsaturated polybasic acid-modified novolac epoxy
resin so as to allow the  20 reaction thereof to take place. In this case,
the reaction is executed by incorporating the glycidyl compound to the
solution generally at a ratio of 0.05-0.5 mole per mole of  the carboxyl
group that has been introduced into the epoxy resin. In view of various
factors such as the photosensitivity (sensitivity) of the photosensitive
resin  composition containing a photosensitive resin that can be obtained,
the heat control 25 tolerance (the controllable range of thermal tolerance
relative to the degree of curing  of coated film that can be removed on the
occasion of developing the unexposure  regions at the step of drying the
coated film), and the electric properties such as  electric insulation, it
would be more advantageous to execute the reaction by  incorporating the
glycidyl compound at a ratio of 0.1-0.5 mole per mole of the carboxyl 30
group. The reaction temperature in this case should preferably be within
the range of  80-12011. The acid value of the photosensitive resin which is
composed of this  glycidyl compound-added epoxy compound-modified
unsaturated polybasic acid- modified novolac epoxy resin should preferably
be within the range of 45-250  mgKOH/g. 



14  As aforementioned, novolac epoxy resin was reacted with epoxy compound
modified unsaturated polybasic acid, however, it may be one kind or some
kinds of  epoxy resin from which is selected at least one kind of epoxy
resin selected from the  group consisting of novolac epoxy resin,
triglycidyl isocyanurate, bisphenol epoxy 5 resin, biphenyl epoxy resin and
glycidyl amine-type epoxy resin, instead of novolac  epoxy resin. As for
each of these resin, the specific resin as aforesaid also can be  used like
the novolac epoxy resin. According to the present invention, the
photosensitive resin composition is  accomplished by mixing therein (B) a
photopolymerization initiator, (C) a reactive  10 diluent and (D) a
thermosetting compound in addition to the aforementioned (A). this
photosensitive resin composition is suited for use as a solder resist
composition for  manufacturing a printed wiring board for instance. As for
the aforementioned (B) a photopolymerization initiator, there is not any
particular limitation and hence any known materials can be employed.
Representative  15 examples thereof include benzoin, benzoin methyl ether,
benzoin ethyl ether, benzoin isopropyl ether, benzoin-n-butyl ether,
benzoin isobutyl ether, acetophenone,  dimethylamino acetophenone,
2,2-dimethoxy-2-phenyl acetophenone, 2,2-diethoxy-2- phenyl acetophenone,
2-hydroxy-2-methyl-1 -phenylpropan-1-one, 1- hydroxycyclohexylphenyl
ketone, 2-methyl-1-[4-(methylthio)phenyl]-2-morpholino 20 propan-1-one,
4-(2-hydroxyethoxy)phenyl-2-(hydroxyl-2-propyl) ketone,  benzophenone,
p-phenyl benzophenone, 4,4'-diethylamino benzophenone, dichloro
benzophenone, 2-methylanthraquinone, 2-ethylanthraquinone, 2-tertiary
butylanthraquinone, 2-aminoanthraquinone, 2-methylthioxanthone, 2-
ethylthioxanthone, 2-chlorothioxanthone, 2,4-dimethylthioxanthone, 2,4 25
diethylthioxanthone, benzyldimethyl ketal, acetophenone dimethyl ketal, p-
dimethylamino benzoic ethylester, etc. these compounds can be employed
singly or  in combination of two or more kinds thereof. The mixing ratio of
the photopolymerization initiator may be generally in the range  of 0.5-50g
based on 100g of the active energy ray-curable resin constituting the  30
component (A). If the mixing ratio of the photopolymerization initiator is
less than 0.5g, it would become difficult to enable the active energy
ray-curable resin to proceed  the photo-curing reaction thereof. On the
other hand, even if the mixing ratio of the  photopolymerization initiator
is increased exceeding over 50g, it is impossible to  further enhance the
effects expected of the photo polymerization initiator, and hence 



15  an excessive addition of the photopolymerization initiator is
economically  disadvantageous. Furthermore, any excessive addition of the
photo polymerization  initiator may invite the deterioration of the
mechanical properties of the cured film  thereof. In viewpoints of the
photo-curing properties, economy and mechanical 5 properties of cured film,
the mixing ratio of the photopolymerization initiator should  preferably be
in the range of 2.0-30g based on 100g of the active energy ray-curable
resin. The reactive diluent (C) means at least one kind of materials
selected from a  photo-polymerizable monomer and an organic solvent. This
photo-polymerizable  10 monomer is also called a reactive diluent and is
useful in promoting the photo-curing of the photosensitive resin
constituting the component (A). Therefore, the reactive  diluent (C) should
preferably be employed for obtaining a coated film which is  excellent in
acid resistance, heat resistance and alkali resistance. Preferably, the
photo-polymerizable monomer should be selected from compounds having at
least 15 two double bonds in each molecule. An organic solvent may be
employed for the  purpose of adjusting the viscosity and drying property of
the photosensitive resin  composition comprising the photosensitive resin
constituting the aforementioned  component (A). However, the organic
solvent may not be employed if the  employment thereof is not required.
Further, if the photo-curability of the 20 photosensitive resin
constituting the aforementioned component (A) is sufficiently  large in
magnitude, the photo-polymerizable monomer may not be employed. As for the
specific examples of the photo-polymerizable monomer, it is  possible to
employ various kinds of reactive diluents such as 1,4-butanediol
di(metha)acrylate, 1,6-hexanediol di(metha)acrylate, neopentylglycol 25
di(metha)acrylate, polyethyleneglycol di(metha)acrylate, neopentylglycol
diadipate  di(metha)acrylate, hydroxyl pivalic acid neopentylglycol
di(metha)acrylate,  dicyclopentanyl di(metha)acrylate,
caprolactone-modified dicyclopentenyl  di(metha)acrylate, ethylene
oxide-modified phosphoric acid di(metha)acrylate,  allylcyclohexyl
di(metha)acrylate, isocyanurate di(metha)acrylate, trimethylolpropane 30
tri(metha)acrylate, dipentaerythritol tri(metha)acrylate, propionic
acid-modified  dipentaerythritol tri(metha)acrylate, pentaerythritol
tri(metha)acrylate, propylene oxide- modified trimethylolpropane
tri(metha)acrylate, tris(acryloxyethyl)isocyanurate,  propionic
acid-modified dipentaerythritol penta(metha)acrylate, dipentaerythritol
hexa(metha)acrylate, caprolactone-modified dipentaerythritol
hexa(metha)acrylate, 



16  etc. The aforementioned 2 to 6-functional as well as other
polyfunctional reactive  diluents may be employed singly or in combination
of two or more kinds. The mixing  ratio of these reactive diluents may be
selected from the range of 2.0 to 40g in general 5 per 100g of the active
energy ray-curable resin constituting the component (A). If the  mixing
ratio of these reactive diluents is less than 2.0g, it would be impossible
to  achieve a sufficient photo-curing and to obtain satisfactory properties
in terms of acid  resistance and heat resistance of the cured film thereof.
On the other hand, even if  the mixing ratio of these reactive diluents is
increased exceeding over 40g, the cured 10 film thereof would become
excessively high in tackiness, thereby easily generating the  adhesion of
the cured film onto the substrate of art work film in the step of exposure,
thus making it difficult to obtain a desirable cured film. In view of
various factors such as photo-curing property, the acid resistance  and
heat resistance of cured film, and the prevention of adhesion onto the
substrate of  15 art work film, the mixing ratio of the reactive diluent
should more preferably be within  the range of 4.0 to 20g per 100g of the
active energy ray-curable resin. As for the specific examples of the
aforementioned organic solvent useful in  this case, they include ketones
such as methylethyl ketone, cyclohexanone, etc.;  aromatic hydrocarbons
such as toluene, xylene, etc.; alcohols such as methanol, 20 isopropanol,
cyclohexanol, etc.; alicyclic hydrocarbons such as cyclohexane,
methylcyclohexane, etc.; petroleum solvents such as petroleum ether,
petroleum  naphtha, etc.; Cellosolves such as Cellosolve, butyl Cellosolve,
etc.; carbitols such as  carbitol, butyl carbitol, etc.; and acetic esters
such as ethyl acetate, butyl acetate,  Cellosolve acetate, butyl Cellosolve
acetate, carbitol acetate, butylcarbitol acetate,  25 etc. The
aforementioned thermosetting compound (D) is useful in the  photosensitive
resin composition of the present invention for improving the properties  of
the coated film after the post-curing thereof which is performed in
subsequent to the  steps of exposure and development of the coated film,
and hence the thermosetting 30 compound (D) can be selected from epoxy
compounds and other kinds of  thermosetting compounds. It is preferable
however that the photosensitive resin  composition contains at least an
epoxy compound. As for the epoxy compounds  useful in this case, it is
possible to employ the aforementioned four kinds of epoxy  compounds, i.e.
triglycidyl isocyanurate, bisphenol epoxy resin, biphenyl epoxy resin 



17  and glycidyl amine-type epoxy resin. However, it is also possible to
employ aliphatic  epoxy resins such as Araldite CY-179 (Chiba Co., Ltd.);
dicyclopentadiene type epoxy  resin which is based on a modified polyhyric
phenol resin which can be obtained  through a polyaddition reaction between
dicyclopentadiene and phenol in the 5 presence of Lewis acid catalyst;
xylene type epoxy resin such as EXA-4580L  (Dainihon Ink Chemicals
Industries); naphthalene type epoxy resin such as  tetrafunctional
naphthalene skeleton type epoxy resin which can be manufactured for
example by a method set forth in Japanese Patent Unexamined Publication H4-
217675. The aforementioned dicyclopentadiene type epoxy resin and
naphthalene 10 type epoxy resin can be turned into a cured body which is
low in water absorption. As for other thermosetting compounds, other than
epoxy compounds, which  are useful in this case, they include TDO and XDO
(both being an oxetane compound  and the products of Ube Kohsan Co., Ltd.),
diallyl phthalate compounds and  bismaleimide compounds. 15 This
thermosetting compound (D) can be employed at a mixing ratio ranging  from
5 to 150g in general per 100g of the active energy ray-curable resin
constituting  the component (A). If the mixing ratio of this thermosetting
compound is less than 5g,  it would be impossible to achieve a sufficient
photo-curing and to obtain satisfactory  properties in terms of adhesivity,
heat resistance and gold-plating resistance, which 20 are required for the
post-cured solder resist film of the present invention. On the other  hand,
even if the mixing ratio of this thermosetting compound is increased
exceeding  over 150g, the developing property of the coated film prior to
the post curing would be  deteriorated, thereby deteriorating the pot life
stability of the photosensitive  composition. In view of these facts, the
mixing ratio of this epoxy thermosetting 25 compound should preferably be
in the range of 50-100g per 100g of the active energy  line-curable resin.
This epoxy thermosetting compound may be employed together with at least
one  kind of reaction-promoting agent selected from dicyan diamide, organic
acid salts of  dicyan diamide and the derivatives thereof; or with a known
epoxy curing promoting 30 agent such as melamine compounds, imidazole
compounds and phenol compounds,  thereby making it possible to further
promote the post-curing of the coated film. The  photosensitive resin
composition according to the present invention, which contains a  suitable
quantity of a latent thermal curing agent constituted by an organic acid
salt of  dicyanine diamide or the derivatives thereof is excellent in pot
life as well as in storage 



18  stability as compared with the photosensitive resin composition using
dicyanine  diamide or N-substituted dicyanine diamide. Additionally, the
coated film of the  photosensitive resin composition according to the
present invention is capable of  extending the thermal control tolerance
thereof. The mixing ratio of the reaction 5 promoting agent may be selected
from the range of 0.1-10g per 100g of the  component (A). When the
aforementioned thermal curing compound is employed singly or together  with
the aforementioned reaction-promoting agent, it becomes possible to improve
various properties such as heat resistance, moisture resistance, electric
insulating 10 property, chemical resistance, acid resistance, adhesivity,
flexibility and hardness, so  that this thermal curing compound is suited
for use as a solder resist for the  manufacture of printed wiring boards.
The photosensitive resin composition according to the present invention may
further contain various kinds of additives as required in addition to the
aforementioned  15 components, specific examples of such additives
including a filler consisting of inorganic pigment(s) such as silica,
alumina, talc, calcium carbonate, barium sulfate,  etc.; a known coloring
pigment such as an organic pigment such as phthalocyanine  green,
phthalocyanine blue, etc. and an inorganic pigment such as titanium
dioxide;  an antifoaming agent; a leveling agent; etc. 20 The
photosensitive resin composition according to the present invention which
can  be obtained as explained above can be coated to a desired thickness on
the surface  of a printed wiring board provided with a circuit pattern
which can be formed by  etching a copper foil of a copper-clad laminated
board. The resultant coated film is  then heated for 15-60 minutes at a
temperature of 60-80^ to evaporate the solvent, 25 after which a negative
film having a circuit pattern which is made light-transmissive  except
regions where soldering lands are located is adhered onto the coated film.
Thereafter, the printed wiring board is irradiated with ultraviolet rays
from over the  negative film, and the unexposure portions corresponding to
the soldering lands are  removed by making use of a diluted aqueous
alkaline solution to thereby develop the 30 coated film. As for the diluted
aqueous alkaline solution to be employed in this case,  although 0.5-5wt%
aqueous solution of sodium carbonate is usually employed, it is  also
possible to employ other kinds of alkaline solution. Then, the pattern of
the coated film is subjected to post curing for 10-60 minutes by  making
use of a hot air circulate type dryer which is heated up to a temperature
of 



19  140-160^ to thereby obtain an aimed solder resist film. As a result, a
printed wiring board having a solder resist film formed thereon can be
obtained. Thereafter, electronic devices can be soldered and secured onto
the  surface of the printed wiring board by means of a jet flow soldering
method or a reflow  5 soldering method, thus accomplishing a single
electronic circuit unit. The present invention includes as a scope thereof
not only a printed wiring  board covered with a solder resist film before
an electronic component is mounted  thereon, but also a printed wiring
board having an electronic component mounted  thereon. 10 It should be
noted that the present invention is intended to cover broader concepts
with respect to each of the components and to the ratios thereof centering
on those  employed in the following Examples, so that the employment of
analogous  compounds to those described above at the aforementioned
preferable ranges in ratio  of these compounds is possible in the present
invention. 15 Examples:  Next, the present invention will be further
explained with reference to the following  examples, which are not intended
to limit the present invention. 20 Resin manufacturing example 1
(photosensitive resin as the aforementioned  component (A); the same in the
following resin manufacturing examples 2-8): 315g of triglycidyl
isocyanurate (Nissan Chemical Industries, Ltd.; TEPIC-G; epoxy  equivalent:
105) and 216g of acrylic acid were dissolved in 630g of carbitol acetate
and allowed to react under reflux to obtain epoxy acrylate. Then, to this
epoxy 25 acrylate, 460g of hexahydrophthalic anhydride was added to obtain
a mixture, which  was then allowed to react under reflux until the acid
value of the solution of the  reaction product became 103 mgKOH/g.
Thereafter, 180g of phenol novolac resin  (Yuka Shell Co., Ltd.; Epycoat
152; epoxy equivalent: 180) was added to the resultant  reaction product to
obtain a mixture, which was then allowed to react under reflux until 30 the
acid value of the solution of the reaction product became 62 mgKOH/g. The
solution of photosensitive resin thus obtained was found to contain 65% of
solid resin  moiety, and the acid value of this resin moiety was 96
mgKOH/g. Resin manufacturing example 2: 20  380g of bisphenol type epoxy
resin (Yuka Shell Co., Ltd.; Epycoat 828; epoxy 



equivalent: 190) and 144g of acrylic acid were dissolved in 540g of
carbitol acetate  and allowed to react under reflux to obtain epoxy
acrylate. Then, to this epoxy  acrylate, 300g of hexahydrophthalic
anhydride was added to obtain a mixture, which 5 was then allowed to react
under reflux until the acid value of the solution of the  reaction product
became 82 mgKOH/g. Thereafter, 180g of phenol novolac resin  (Yuka Shell
Co., Ltd.; Epycoat 152; epoxy equivalent: 180) was added to the resultant
reaction product to obtain a mixture, which was then allowed to react under
reflux until  the acid value of the solution of the reaction product became
37 mgKOH/g. The 10 solution of photosensitive resin thus obtained was found
to contain 65% of solid resin  moiety, and the acid value of this resin
moiety was 56 mgKOH/g. Resin manufacturing example 3: 360g of biphenyl type
epoxy resin (Yuka Shell Co., Ltd.; YX-4000; epoxy  15 equivalent: 180) and
144g of acrylic acid were dissolved in 530g of carbitol acetate  and
allowed to react under reflux to obtain epoxy acrylate. Then, to this epoxy
acrylate, 300g of hexahydrophthalic anhydride was added to obtain a
mixture, which  was then allowed to react under reflux until the acid value
of the solution of the  reaction product became 84 mgKOH/g. Thereafter,
180g of phenol novolac resin 20 (Yuka Shell Co., Ltd.; Epycoat 152; epoxy
equivalent: 180) was. added to the resultant  reaction product to obtain a
mixture, which was then allowed to react under reflux until  the acid value
of the solution of the reaction product became 37 mgKOH/g. The  solution of
photosensitive resin thus obtained was found to contain 65% of solid resin
moiety, and the acid value of this resin moiety was 57 mgKOH/g. 25 Resin
manufacturing example 4: 480g of glycidyl amine type epoxy resin (Tohto
Kasei Co., Ltd.; YH-434; epoxy  equivalent: 120) and 288g of acrylic acid
were dissolved in 760g of carbitol acetate  and allowed to react under
reflux to obtain epoxy acrylate. Then, to this epoxy 30 acrylate, 460g of
hexahydrophthalic anhydride was added to obtain a mixture, which  was then
allowed to react under reflux until the acid value of the solution of the
reaction product became 85 mgKOH/g. Thereafter, 180g of phenol novolac
resin  (Yuka Shell Co., Ltd.; Epycoat 152; epoxy equivalent: 180) was added
to the resultant  reaction product to obtain a mixture, which was then
allowed to react under reflux until 21  the acid value of the solution of
the reaction product became 52 mgKOH/g. The  solution of photosensitive
resin thus obtained was found to contain 65% of solid resin  



moiety, and the acid value of this resin moiety was 80 mgKOH/g. 5 Resin
manufacturing example 5: 210g of triglycidyl isocyanurate (Nissan Chemical
Industries, Ltd.; TEPIC-G; epoxy  equivalent: 105), 190g of bisphenol type
epoxy resin (Yuka Shell Co., Ltd.; Epycoat  828; epoxy equivalent: 190) and
216g of acrylic acid were dissolved in 675g of carbitol  acetate and
allowed to react under reflux to obtain epoxy acrylate. Then, to this epoxy
10 acrylate, 460g of hexahydrophthalic anhydride was added to obtain a
mixture, which  was then allowed to react under reflux until the acid value
of the solution of the  reaction product became 96 mgKOH/g. Thereafter,
180g of phenol novolac resin  (Yuka Shell Co., Ltd.; Epycoat 152; epoxy
equivalent: 180) was added to the resultant  reaction product to obtain a
mixture, which was then allowed to react under reflux until 15 the acid
value of the solution of the reaction product became 58 mgKOH/g. The
solution of photosensitive resin thus obtained was found to contain 65% of
solid resin  moiety, and the acid value of this resin moiety was 89
mgKOH/g. Resin manufacturing example 6 20 315g of triglycidyl isocyanurate
(Nissan Chemical Industries, Ltd.; TEPIC-G; epoxy  equivalent: 105) and
216g of acrylic acid were dissolved in 785g of carbitol acetate  and
allowed to react under reflux to obtain epoxy acrylate. Then, to this epoxy
acrylate, 462g of hexahydrophthalic anhydride was added to obtain a
mixture, which  was then allowed to react under reflux until the acid value
of the solution of the 25 reaction product became 95 mgKOH/g. Thereafter,
460g of bisphenol A-type epoxy  resin (Yuka Shell Co., Ltd.; Epycoat 1001;
epoxy equivalent: 460) was added to the  resultant reaction product to
obtain a mixture, which was then allowed to react under  reflux until the
acid value of the solution of the reaction product became 50 mgKOH/g.  The
solution of photosensitive resin thus obtained was found to contain 65% of
solid  30 resin moiety, and the acid value of this resin moiety was 77
mgKOH/g. Resin manufacturing example 7: 210g of triglycidyl isocyanurate
(Nissan Chemical Industries, Ltd.; TEPIC-G; epoxy  equivalent: 105), 190g
of bisphenol A-type epoxy resin (Yuka Shell Co., Ltd.; Epycoat 22  828;
epoxy equivalent: 190) and 216g of acrylic acid were dissolved in 785g of
carbitol  acetate and allowed to react under reflux to obtain epoxy
acrylate. Then, to this epoxy  acrylate, 462g of hexahydrophthalic
anhydride was added to obtain a mixture, which  was then allowed to react
under reflux until the acid value of the solution of the 5 reaction product
became 88 mgKOH/g. Thereafter, 460g of bisphenol A-type epoxy  



resin (Yuka Shell Co., Ltd.; Epycoat 1001; epoxy equivalent: 460) was added
to the  resultant reaction product to obtain a mixture, which was then
allowed to react under  reflux until the acid value of the solution of the
reaction product became 47 mgKOH/g.  The solution of photosensitive resin
thus obtained was found to contain 65% of solid  10 resin moiety, and the
acid value of this resin moiety was 73 mgKOH/g. Resin manufacturing example
8: 210g of triglycidyl isocyanurate (Nissan Chemical Industries, Ltd.;
TEPIC-G; epoxy  equivalent: 105), 180g of biphenyl type epoxy resin (Yuka
Shell Co., Ltd.; YX-4000;  15 epoxy equivalent: 180) and 216g of acrylic
acid were dissolved in 822g of carbitol acetate and allowed to react under
reflux to obtain epoxy acrylate. Then, to this epoxy  acrylate, 462g of
hexahydrophthalic anhydride was added to obtain a mixture, which  was then
allowed to react under reflux until the acid value of the solution of the
reaction product became 89 mgKOH/g. Thereafter, 460g of bisphenol A-type
epoxy 20 resin (Yuka Shell Co., Ltd.; Epycoat 1001; epoxy equivalent: 460)
was added to the  resultant reaction product to obtain a mixture, which was
then allowed to react under  reflux until the acid value of the solution of
the reaction product became 47 mgKOH/g.  The solution of photosensitive
resin thus obtained was found to contain 65% of solid  resin moiety, and
the acid value of this resin moiety was 73 mgKOH/g. 25 Resin manufacturing
example 9 (comparative example): 315g of triglycidyl isocyanurate (Nissan
Chemical Industries, Ltd.; TEPIC-G; epoxy  equivalent: 105) and 216g of
acrylic acid were dissolved in 510g of carbitol acetate  and allowed to
react under reflux to obtain epoxy acrylate. Then, to this epoxy 30
acrylate, 416g of hexahydrophthalic anhydride was added to obtain a
mixture, which  was then allowed to react under reflux until the acid value
of the solution of the  reaction product became 103 mgKOH/g. The solution
of photosensitive resin thus  obtained was found to contain 65% of solid
resin moiety, and the acid value of this  resin moiety was 160 mgKOH/g. 23
Resin manufacturing example 10 (comparative example): 360g of phenol
novolac resin (Yuka Shell Co., Ltd.; Epycoat 152; epoxy equivalent:  180)
and 144g of acrylic acid were dissolved in 354g of carbitol acetate and
allowed to  5 react under reflux to obtain epoxy acrylate. Then, to this
epoxy acrylate, 154g of hexahydrophthalic anhydride was added to obtain a
mixture, which was then allowed  to react under reflux until the acid value
of the solution of the reaction product became  



55 mgKOH/g. The solution of photosensitive resin thus obtained was found to
contain  65% of solid resin moiety, and the acid value of this resin moiety
was 85 mgKOH/g. 10 Resin manufacturing example 11 (comparative example):
920g of bisphenol A-type epoxy resin (Yuka Shell Co., Ltd.; Epycoat 1001;
epoxy  equivalent: 460) and 144g of acrylic acid were dissolved in 354g of
carbitol acetate  and allowed to react under reflux to obtain epoxy
acrylate. Then, to this epoxy 15 acrylate, 308g of hexahydrophthalic
anhydride was added to obtain a mixture, which  was then allowed to react
under reflux until the acid value of the solution of the  reaction product
became 53 mgKOH/g. The solution of photosensitive resin thus  obtained was
found to contain 65% of solid resin moiety, and the acid value of this
resin moiety was 82 mgKOH/g. 20 Example 1 8g of
2-methyl-1-[4-(methylthio)phenyl]-2-morpholino-1-propan-1-one ((B) a
photopolymerization initiator), 8g of trimethylalpropane triacrylate ((C) a
reactive  diluent), 8g of triglycidyl tris(2-hydroxymethyl)isocyanurate
((D) a thermosetting 25 compound), 0.5g of phthalocyanine green, and 8g of
talc were added to 100g of the  solution of photosensitive resin ((A) a
photosensitive resin) which was obtained in the  above resin manufacturing
example 1 to obtain a mixture, which was then mixed  together and dispersed
by making use of a three-roll mill to thereby prepare a solution  of
photosensitive resin composition. 30 Then, this photosensitive resin
composition was investigated by way of the  following testing methods with
respects to sensitivity, heat control tolerance, anti- tackiness, soldering
heat resistance, acid resistance, adhesivity, solvent resistance,  gold
plating resistance and electric properties (insulation resistance and
discoloration),  the results being shown in Table 1. 24  Examples 2-8 The
solutions of photosensitive resin compositions were prepared in the same
manner as described in Example 1 except that the solutions of the
photosensitive  5 resin compositions obtained in the above resin
manufacturing examples 2-5 were respectively substituted for the solution
of the photosensitive resin composition  obtained in the above resin
manufacturing example 1, and the tests of the solutions  were made in the
same manner as described in Example 1, the results being shown in  



Table 1. 10 Comparative Examples 1-3 The solutions of photosensitive resin
compositions were prepared in the same  manner as described in Example 1
except that the solutions of the photosensitive  resin compositions
obtained in the above resin manufacturing examples 9-11 were 15
respectively substituted for the solution of the photosensitive resin
composition  obtained in the above resin manufacturing example 1, and the
tests of the solutions  were made in the same manner as described in
Example 1, the results being shown in  Table 1. The details of these
testing methods are as follows.  20 (1) Sensitivity: A layer 35m in
thickness (before drying) of the photosensitive resin composition  of each
of the above Examples 1-5 and Comparative Examples 1 and 2 was coated  on a
test plate by means of screen printing method to form a 21-step tablet and
then  dried to prepare a coated substrate. Thereafter, the layer of the
photosensitive resin 25 composition was subjected at first to an
ultraviolet irradiation at an exposure dose of  200 mJ/cm2 and then to a
development process by making use of 1% aqueous  solution of sodium
carbonate and at a spray pressure of 0.2 MPaLIs for 60 seconds.  The
sensitivity of the photosensitive resin composition was evaluated based on
the  maximum number of steps where the coated film had been completely left
remained. 30 The larger the maximum number of steps is, the more excellent
the photosensitivity of  the photosensitive resin composition is. (2) Heat
control tolerance: A layer 35m in thickness (before drying) of the
photosensitive resin composition  of each of the above Examples 1-5 and
Comparative Examples 1 and 2 was coated 25  on a pre-surface-treated
substrate (a copper-clad laminate plate) by means of screen  printing
method and then dried in such a manner that the time of preliminary drying
at  a temperature of 80E was prolonged at an interval of 10 minutes to
prepare various  coated substrates. Thereafter, the layer of the
photosensitive resin composition of 5 each of these various coated
substrates was subjected at first to an ultraviolet  irradiation at an
exposure dose of 200 mJ/cm2 and then to a development process by  making
use of 1% aqueous solution of sodium carbonate and at a spray pressure of
0.2 Walls for 60 seconds. The heat control tolerance of the photosensitive
resin  



composition was evaluated based on the longest time of preliminary drying
which  10 enabled the coated film to be completely removed. (3)
Anti-tackiness (dry to touch): A layer 35pm in thickness (before drying) of
the photosensitive resin composition  of each of the above Examples 1-5 and
Comparative Examples 1 and 2 was coated  on a pre-surface-treated substrate
(a copper-clad laminate plate) by means of screen 15 printing method and
then dried for 20 minutes at a temperature of 8011 to prepare a  coated
substrate. Thereafter, a negative film was adhered onto the surface of the
coated layer. After being subjected to an exposure process, the magnitude
of  adhesion of the coated layer to the negative film was investigated and
evaluated as  follows. 20 ^: The adhesion or the trace of adhesion was not
recognized at all. o: The trace of adhesion was recognized on the surface
of the coated layer.  ^: There was recognized resistance in peeling the
negative film. x: There was recognized an adhered matter of the coated
layer on the surface of  the negative film. 25 (3) Characteristics of
coated film: A layer 35-pm in thickness (before drying) of the
photosensitive resin composition  of each of the above Examples 1-5 and
Comparative Examples 1 and 2 was coated  on a pre-surface-treated substrate
(a copper-clad laminate plate) by means of screen  printing method to
obtain various kinds of coated substrates, each of which was then 30 dried
for 20 minutes at a temperature of 8011. Thereafter, a negative film was
adhered  onto the surface of each coated layer. After being subjected to an
exposure process,  each of the coated substrates was subjected to a
development process by making use  of 1 wt% aqueous solution of sodium
carbonate to form a pattern. Then, each of the  coated substrate was
allowed to thermally cure for 60 minutes at a temperature of 26  150[1 to
thereby prepare test pieces each having a cured film thereon. Then, the
characteristics of coated films were evaluated as follows. (a) Pencil
hardness: The coated films were evaluated based on JIS K-5400 6.14.  5 (b)
Soldering heat resistance: The test pieces each having the cured film
formed thereon were evaluated  according to the testing method set forth in
JIS C 6481. Namely, each of the test  pieces was immersed for 30 seconds in
a solder tank maintained at a temperature of  



26011. Then, a cycle of peeling test using a Cellophane (tradename)
adhesive tape 10 was repeated up to three times to evaluate the condition
of the coated film by way of  visual observation. ^: There was no change in
the coated film even after three cycles of peeling test. o: There was
recognized slight changes in the coated film after three cycles of  peeling
test. 15 ^: There was recognized changes in the coated film after two
cycles of peeling  test. x: There was recognized the peeling of the coated
film after one cycle of peeling  test. (c) Acid resistance: 20 The test
pieces each having the cured film formed thereon were immersed for 30
minutes in 10 wt% aqueous solution of sulfuric acid at normal temperature.
Then,  after being water-washed, a peeling test using a Cellophane adhesive
tape was  performed to visually evaluate the acid resistance of the coated
film through the  observation of the peeling and discoloration of the
coated film. 25 ^: There was no change in the coated film. o: There was
recognized slight changes in the coated film. ^: There was recognized
prominent changes in the coated film.  x: The coated film was swelled and
peeled. (d) Solvent resistance: 30 The test pieces each having the cured
film formed thereon were immersed for 30  minutes in methylene chloride at
normal temperature. Then, after being water- washed, a peeling test using a
Cellophane adhesive tape was performed to visually  evaluate the solvent
resistance of the coated film through the observation of the  peeling and
discoloration of the coated film. 27  ^: There was no change in the coated
film. o: There was recognized slight changes in the coated film. ^: There
was recognized prominent changes in the coated film.  x: The coated film
was swelled and peeled. 5 (e) Gold-plating resistance: The test pieces each
having the cured film formed thereon were subjected to a  gold-plating
work. Then, a peeling test using a Cellophane adhesive tape was  performed
to visually evaluate the gold-plating resistance of the coated film through



the observation of the peeling and discoloration of the coated film. 10 ^:
There was no change in the coated film. o: There was recognized slight
changes in the coated film. ^: There was recognized prominent changes in
the coated film.  x: The coated film was swelled and peeled. (f) Electric
properties: 15 A tandem electrode B coupon of IPC SM-840B, B-25 was placed
on the cured film  of a test piece. Then, a DC voltage of 100V was applied
to the cured film in a  thermohygrostat which was maintained at a
temperature of 600 and a relative  humidity of 90% to thereby measure the
insulation resistance (E 500 hours later. At  the same time, the
discoloration of the coated film was observed to visually evaluate  20 the
degree of discoloration. ^: There was no change in the coated film. o:
There was recognized slight changes in the coated film. ^: There was
recognized prominent changes in the coated film.  x: The coated film was
swelled and peeled. 25 Table 1 Example Comp.Ex.  1 2 3 4 5 6 7 8 1 2 3
Sensitivity 10 9 9 11 10 10 10 10 10 10 7  Heat control 100 100 100 90 100
100 100 100 90 100 100  Tolerance (min) Anti-tackiness ^ 0 0 0 ^ ^ ^ ^ o ^
D  Hardness 6H 6H 6H 6H 6H 6H 6H 6H 6H 6H 5H 28  Soldering heat ^ 0 0 0 ^ ^
^ ^ ^ o ^  Resistance Acid resistance o ^ o 0 0 ^ ^ ^ ^ o ^  Solvent
resistance ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ o  Gold-plating o ^ o 0 0 ^ ^ ^ ^ ^ o
Resistance Electric ElProperties Insulation 1.Ox 5.Ox 1.0x 2.Ox 1.Ox 2.Ox
3.Ox 2.Ox 5.Ox 2.Ox 2.Ox  Resistance(E) 1012 1012 1012 1012 1012 1012 1012
1072 1012 1012 1012  



Discoloration o 0 0 ^ o 0 0 ^ ^ o 0  It will be recognized from the results
of Table 1 that in the case of Comparative Example 1 using a resin
corresponding to the (A) component and obtained in the  same manner as the
present invention except that novolac type epoxy resin was not  5 employed
in the example 1, it was impossible to obtain excellent results with regard
to the heat control tolerance, acid resistance and gold-plating resistance.
Further, in the  case of Comparative Example 2 using a resin which was
obtained through a process  wherein epoxy resin such as novolac type epoxy
resin was reacted with acrylic acid  and then with unsaturated dibasic
acid, it was impossible to obtain excellent results 10 with regard to the
anti-tackiness. Whereas in the cases of Examples 1 to 8 using an  epoxy
compound-modified unsaturated polybasic acid-modified novolac epoxy resin
which was obtained through the reaction between an epoxy compound-modified
unsaturated polybasic acid and epoxy resin such as a novolac epoxy resin,
it was  possible to obtain excellent results with regard to all of the
features as described 15 above except for that each result of Insulation
resistance is almost same. Among  them, in the case of Example 1 where an
epoxy resin having the skeleton of  isocyanuric acid was employed as an
epoxy compound of epoxy compound-modified  unsaturated polybasic acid, it
was possible to prominently improve the anti-tackiness  and soldering heat
resistance of the resin composition. Further, in the case of 20 Example 2
where a bisphenol type epoxy resin was employed, it was possible to
prominently improve the gold-plating resistance of the resin composition,
and the  cured film thereof was prominently excellent in flexibility and
adhesivity. Additionally,  in the case of Example 3 where a biphenyl type
epoxy resin was employed, it was  possible to prominently improve the
discoloration among the electric properties of the 29  resin composition.
In the case of Example 4 where a glycidyl amine type epoxy resin  was
employed, it was possible to prominently improve the photosensitivity and
heat  resistance of the resin composition. Among these examples, in the
case of Example 5  where an epoxy resin having the skeleton of isocyanuric
acid and a bisphenol type 5 epoxy resin were co-used, it was possible to
concurrently obtain the excellent features  of not only Example 1 but also
Example 2, so that it was possible to expect the  synergistic effects of
these features. Likewise, it is also possible to combine the  materials set
forth in other examples 1-5 so as to expect the synergistic effects of
these features. 10 EEIAIso, in the case of Examples 6-8 where an epoxy
resin having the skeleton of  



isocyanuric acid employed as an epoxy compound of epoxy compound-modified
unsaturated polybasic acid was used with or without bisphenol A-type epoxy
resin/biphenyl type epoxy resin, and further, a bisphenol A-type epoxy
resin employed  as an epoxy resin to react with this epoxy
compound-modified unsaturated polybasic 15 acid was used, it was possible
to improve all features. It goes without saying that this  case is more
excellent than the case of Comparative example 3 where a resin  obtained by
reacting bisphenol A-type epoxy resin with acrylic acid first, and then
with  unsaturated dibasic acid, except for that each result of Insulation
resistance is almost  same. Also, this case is more prominently excellent
than the case of Examples 1-2 20 which is more excellent than the case of
Comparative example 3 in many points.  Further, this case has some
features, which are more excellent than those of the case  of Examples 1-5.
In the cases of Comparative Examples 1-3, the resins thereof were obtained
through a process wherein an epoxy resin was reacted with acrylic acid and
then with  25 hexahydrophthalic anhydride, and hence these reaction
products are formed of a chain compound of relatively low molecular weight
and having no ring structure of  which part is bonded to the epoxy resin.
On the other hand, the epoxy compound- modified unsaturated polybasic acid
modified epoxy resin which was employed in the  aforementioned Examples is
provided in its skeleton with a ring structure with two 30 layers (which is
structured by epoxy resin reacted firstly and finally), and hence it is
excellent in heat resistance. At the same time, since this polybasic acid
is relatively  high in molecular weight, a resin to be obtained through the
reaction thereof with  novolac type epoxy resin is provided with, in
addition to the features of the novolac  type epoxy resin, various improved
features such as anti-tackiness (not sticky), 30  soldering heat resistance
on the occasion where the cured film is contacted with a  fused solder, and
the flexibility and adhesivity of the cured film. Even if the
aforementioned monomolecular compound of chain structure (chain  compound
of acrylic acid and hexahydrophthalic anhydride acid) is bonded to novolac
5 type epoxy resin, as long as the compound bonded thereto is relatively
low in molecular weight, the cured film of such a solder resist composition
would become  highly fragile and poor in flexibility, thus making it
difficult to obtain a tenacious film.  Additionally, since such a cured
film would not contribute to the improvement of  adhesivity to a substrate
formed of glass fiber-enforced epoxy resin for instance, it is 10 quite
conceivable that the flexibility as well as adhesivity to substrate of the
cured film  



would be inferior as compared with those of the aforementioned Examples.
The aforementioned expression of "photosensitive resin composition" may be
replaced by other expressions such as " photosensitive resin composition
for solder  resist", or "printed wiring board covered with a solder resist
film, and the 15 manufacturing method thereof'. further, the present
invention may be further limited  by the aforementioned various values and
other limiting features or by the  combinations thereof. As explained
above, according to the present invention, it is possible to provide a
photosensitive resin composition which is useful in forming an image by a
process  20 comprising a step of ultraviolet ray exposure and a step of
development using a dilute aqueous alkaline solution, and is excellent not
only in anti-tackiness (dry to touch) but  also in film properties such as
flexibility, adhesiveness and heat resistance without  other film
properties being sacrificed, i.e. other film properties being also
maintained at  an excellent level, thereby rendering the photosensitive
resin composition suitable for 25 forming a pattern of coated film. It is
also possible according to the present invention  to provide a
photosensitive resin composition, whose characteristics can be easily
designed in conformity with the end use thereof, and which is capable of
markedly  improving the anti-tackiness and heat resistance thereof,
especially the flexibility and  adhesivity thereof so as to such as
satisfactorily perform a gold plating. 30 It is also possible according to
the present invention to provide a printed wiring  board with or without an
electronic component being mounted thereon, the printed  wiring board being
provided with a cured solder resist film constituted by the  aforementioned
photosensitive resin compositions. 31  What is claimed is: 1. A
photosensitive resin composition comprising (A) an active energy
ray-curable  resin having ethylenic unsaturated linkage, (B) a
photopolymerization initiator, (C) a  5 reactive diluent, and (D) a
thermosetting compound; wherein said active energy ray-curable resin having
ethylenic unsaturated  linkage (A) comprises an epoxy compound-modified
unsaturated polybasic acid- modified epoxy resin which is obtained by a
process wherein an epoxy compound is  reacted with a radically
polymerizable unsaturated monocarboxylic acid to form a 10 compound having
hydroxyl group with which a saturated or unsaturated polybasic acid  or a
saturated or unsaturated polybasic acid anhydride is reacted to form an
epoxy  compound-modified unsaturated polybasic acid, which is then allowed
to react with a  



epoxy resin to obtain said epoxy compound-modified unsaturated polybasic
acid- modified epoxy resin. 15 2. The photosensitive resin composition
according to claim 1, wherein said active  energy line-curable resin having
ethylenic unsaturated linkage (A) has an acid value  ranging from 40 to 160
mgKOH/g. 20 3. The photosensitive resin composition according to claim 1 or
2, wherein said epoxy  compound-modified unsaturated polybasic acid is
formed of a compound which is  obtained by a process wherein one kind of
epoxy compound selected from the group  consisting of triglycidyl
isocyanurate, bisphenol epoxy resin, biphenyl epoxy resin and  glycidyl
amine-type epoxy resin is reacted with unsaturated monocarboxylic acid to
25 form a compound having hydroxyl group with which a saturated or
unsaturated  polybasic acid or a saturated or unsaturated polybasic acid
anhydride is reacted to  form said epoxy compound-modified unsaturated
polybasic acid; wherein said epoxy resin reacted with epoxy
compound-modified unsaturated  polybasic acid is selected at least one kind
of epoxy resin selected from the group  30 consisting of novolac epoxy
resin, triglycidyl isocyanurate, bisphenol epoxy resin,  biphenyl epoxy
resin and glycidyl amine-type epoxy resin. 4. The photosensitive resin
composition according to claim 1 or 2, wherein said epoxy
compound-modified unsaturated polybasic acid is formed of a compound which
is 32  obtained by a process wherein at least two kinds of epoxy compound
selected from  the group consisting of triglycidyl isocyanurate, bisphenol
epoxy resin, biphenyl epoxy  resin and glycidyl amine-type epoxy resin are
reacted with unsaturated  monocarboxylic acid to form a compound having
hydroxyl group with which a 5 saturated or unsaturated polybasic acid or a
saturated or unsaturated polybasic acid  anhydride is reacted to form said
epoxy compound-modified unsaturated polybasic  acid. 5. The photosensitive
resin composition according to any one of claims 1 to 4,  10 wherein said
photopolymerization initiator (B) is employed at a ratio of 0.2 to 30g
based on 100g of said active energy ray-curable resin having ethylenic
unsaturated  linkage (A). 6. The photosensitive resin composition according
to any one of claims 1 to 5,  15 wherein said reactive diluent (C) is
formed of a photopolymerizable monomer and/or  an organic solvent, and said
photopolymerizable monomer and/or said organic solvent  



are employed at a ratio of 2 to 40g based on 100g of said active energy
ray-curable  resin having ethylenic unsaturated linkage (A). 20 7. The
photosensitive resin composition according to any one of claims 1 to 6,
wherein said thermosetting compound (D) is constituted by an epoxy compound
with  or without other kind(s) of thermosetting compound(s) and is employed
at a ratio of 5  to 100g based on 100g of said active energy ray-curable
resin having ethylenic  unsaturated linkage (A). 25 8. A printed wiring
board with or without an electronic component being mounted  thereon, the
printed wiring board being covered with a solder resist film constituted by
a cured film of the photosensitive resin composition as set forth in any
one of claims 1  to 7. 30 


