.10/ 03/ 2006 1 PHOTOSENSI Tl VE RESI N COVPCOSI TI ON AND PRI NTED W RI NG BOARD
This application clainms priority to Japanese Patent applicationlOg03/2006
2001- 288818, filed Septenber 21, 2001. 5 TECHNI CAL FIELD This invention
relates to a photosensitive resin conposition which is useful in formng
an image by a process conprising a step of ultraviolet ray exposure and a
step of devel opnent using a dilute aqueous al kaline solution, and is

excel I ent not i ness (dry to touch) but also in film
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produci ng faed &pté}hﬂéi-zm pogyg board. This invention also relates to a printed
Wi ring board formed by 15 meking use of such photosensitive resin

corrpOsﬁt I on as nentioned above. BACKGROUND OF THE | NVENTI ON The printed
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t he sol der resi st, I n nost cases, by a process Wwherein a
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(fi nenese) of wri ngs of the printed wiring board, a solder resist
* compost 1 BRcKERERIS e 5L BVEGhER 2 20, 25, 2,50l der resi st nk composi ti on
preci si on. Thel@Finted CWirid Rr® is2BfpRyed T MobAtngl 8/8B6mE Wmponents 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 ﬁIrn.
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 wirirrg board, a solder resist composition (referred
“hereinafter also as a solder resist ink composition) is also required to be more

excellent in resolution as welfl as in precision. Under such circumstances, there has



been proposed, in place of the conventional screen printing nethod. and
irrespective of the kinds of substrate i.e. consuner's use or LOdW3/f2806
use, a liquid photosolder 'resist nethod (photodevel opi ng nethod) which is
excellent in registration precision and in covering property of the edge
portions of conductive body. For exanpte, 5 Japanese Patent Unexam ned
Publ i cati on S50-144431 and Japanese Patent Publication S51-40451 disclose
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use of a dilute aqueous alkaline solution. For example,[dapanese Patent Publications
$56-40329 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, Japaneée
Patent Publication H1-54390 discloses a photo-curablé ligquid 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



I ntroduced into epoxy acrylate to thereby provide themw th

phot osensitivity and capability of being devel oped using a dil b¢ 03/ 2006
al kali solution. These liquid solder resist conpositions are further
featured in that they usually include a thernosetting conponent, e.g. an
epoxy conpound in general, for thernosgtting a 5 coated fil mof these
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products to be he novol ac epoxy resin Is consisted of a chain
conpound Wéeﬁﬂrﬂﬂﬁﬂh%alﬁﬂ'ybaﬁ'ﬁr?&%ﬁc@mw@@@ﬁ tathe npyplaciepdyieridr , and

that {die iﬁbfedS.soferﬁM@ybda RN RhseU! aﬁetﬁéaegrwoaae 'a§ lthg tuﬁgatﬁpaté&wt the

skel eton itself to be incorporated i s of relatively sinple chalin |inkage

t hus |i mi mpperarbrxylicyagid. sindsan amsptyratgd qﬂleam Beidn v st Feleih asifeds  of

“af or ement g ARBELAAIE pﬁ%ﬁé?élﬁ'&'d Inorb&r tBRBAGFNE (Peéuli‘ QoMM WS fesBRt ¥oligSi N are
not- sufficient for designing a satisfactory sol der resist composition.
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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 6omposition.

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 fim
properties such as flexibility, adhesiveness and heat resistance without other film

properties being sacrificed, i.e. other fim properties being also maintained ‘at an



.excel lent level, thereby rendering the photosensitive resin conposition
suitable for formng a pattern of coated film A second objectlofoEYe006
present invention is to provide a photosensitive resin conposition, whose
characteristics can be easily designed in conformty with the end 5 use

t hereof, and which is capable of markegly inproving the anti-tackiness and
heat resistance thereof, especially the flexibility and adhesivity thereof
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possi bl e, objectsugh a sel ecti on of the kinds of the 25 epoxy conpound, to
mar kedly i nprove, anong others, the anti-tackiness, heat resistance,
flexibility and adhesivity-to-substrate of the coated film thus
acconpl i sBUMMARE Qbr B INVENMOM i on. . Nanmely, according to the present
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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, fiexibility and adhesivity-to-substrate of the coated film, thus accomplishihg
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



whi ch a saturated or unsaturated pol ybasic acid or a saturated or
unsaturated polybasic acid anhydride is reacted to forman epok@/03/2006
conmpound- nodi fi ed unsaturated polybasic acid, which is then allowed to
react with an -epoxy resin to obtain said epoxy 5 conpound-nodified

unsat urat ed pol ybasic acid-nodified eppxy resin. According to the present

I nvention, there is also. provided (2) the photosensitive resin
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' 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 triglycidy] isocyanurate, bisphenol époxy 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



According to the present invention, there is also provided (6) the

phot osensitive resin conposition as set forth in any one of the0/03/2006
af orenentioned itens (1) to (5), wherein said reactive diluent (C) is
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the epaxy 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
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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, 'petroieum naphtha, etc.; Cellosolves such as Cellosolve,; butyl '
Cellosolve, efc.; carbitols such as carbitol, butyl carbitol, etc.; and acetic esters such
as ethyl acetate, butyl acetate, Cellosolve acetate, butyl Cellosolve acetate, carbitol
acetate, butylcafbitol acetate, efc. As for the catalyst to be employed in this case, itis .
~ possible to employ amines such as triethyl amine, tributyl amine, etc.; and phosphides -
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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, ie. at a reaction
terperature of 80-1400. If this reaction temperature exceeds over 14001, 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 piural kinds of the epoxy compounds are to

be employed, or where only one kind of the epoxy compound is to be employed, it is
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anhydride, it is possible to employ anhydrides of these polybasic acids. These
25  compounds can be employed singly orin 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 thé 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 mannér 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
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o novolac type epoxy resin is provided with at least two functional groups. Although
there is not any paﬁicular 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 novoléc type epoxy resin; modified po!yfunctior;al
novolac type epoxy resin; efc. FUrther, halogen atoms such as Br, Cl 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



reacted with the novolac type epoxy resin at such a ratio that 1.1-4.0
equi val ent weight, nore preferably 1.6-3.0 equival ent weight oi0¥g/2006
carboxyl group of the 5 unsaturated pol ybasic acid can be reacted with one
equi val ent wei ght of epoxy group of the novolac type epoxy resin. If the
rati o of the epoxy conmpound-nodified 12nsaturated pol ybasic acid is smaller
than 1.1 equivalent weight, the stability of the resultant resin to be
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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



epoxy resin through a reaction between the carboxyl group of this novol ac
epoxy resin and a glycidyl conpound having at |east one radicalby03/2006
pol ymeri zabl e unsaturated 5 group and epoxy group, thereby obtaining a

phot osensitive resin which is further inproved in photosensitivity. Since
this photosensitive resin which is fungher inproved in photosensitivity is
featured in that the radically polynerizable unsaturated group is bonded to
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It may bgLoBRMEnPbukPeng sBlforPenerally 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 relat.ive 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
80-12001. 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.



epoxy resin fromwhich is selected at | east one kind of epoxy resin

sel ected fromthe group consisting of novolac epoxy resin, trib0yQi3f2006
i socyanur ate, bi sphenol epoxy 5 resin, biphenyl epoxy resin and gl ycidyl
am ne-type epoxy resin, instead of novolac epoxy resin. As for each of
"these resin, the specific resin as afqgpesaid also can be wused like the
novol ac epoxy resin. According to the present invention, the photosensitive
resin conpos o] ' h y X [ ( _
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econom Calgl¥ophenone, p-phenyl benzophenone, 4,4’-diethylamino benzophenone, dichloro

benzophenone, 2-methylanthraquinone, 2-ethylanthraquinone, 2-tertiary
butylanthraquinone, 2-aminoanthraquinone, 2-methylthioxanthone, 2-
ethyithioxanthone, 2-chlorothioxanthone, 2,4-dimethylthioxanthone, 2,4-

25  diethylthioxanthone, benzyIdimethyI 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 photopolymerization initiator, and henpe



di sadvant ageous. Furthernore, any excessive addition of the

phot opol yneri zation initiator may invite the deterioration of 10‘73‘03/2006
mechani cal properties of the cured film thereof. In viewpoints of the

phot o-curing properties, econony and nmechanical 5 properties of cured film
the mxing ratio of the photopol ynerizgtion initiator should preferably be
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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
diimetha)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(lmetha)acrylate, dipentaerythritol triimetha)acrylate, propionic acid-modified
dipentaerythritol triimetha)acrylate, pentaerythritol triimetha)acrylate, propylene oxide-
modified trimethylolpropane triimetha)acrylate, tris(acryloxyethyl)isocyanurate,
propionic  acid-modified dipentaerythritol penta(metha)acrylate, dipentaerythritol
hexa(metha)acrylate, caprolactone-modified dipentaerythritel hexa(metha)acrylate,



The aforenmentioned 2 to 6-functional as well as other polyfunctional
reactive diluents may be enployed singly or in conbination of {g®wooy 2®mie
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 coggonent (A). If the mxing ratio of
these reactive diluents is less than 2.0g, it would be inpossible to

achi eve a iufficient photo-curing and to obtain satisfactory properties in
terns of ' resi stance and heat resistance of the cured filmthereof. On
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' The aforementioned thermosetting compound (D) is wuseful 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



epoxy resins such as Araldite Cy-179 (Chiba Co., Ltd.); dicyclopentadiene
type epoxy resin which is based on a nodified polyhyric phenol10€9i3Y 2806h
can be obtained through a polyaddition reaction between dicycl opentadi ene
and phenol in the 5 presence of Lewis acid catal yst; xylene type epoxy
resin such as EXA-4580L (Daini hon Ink7Chem cals Industries); naphthal ene
type epoxy resin such as tetrafunctional naphthal ene skeleton type epoxy

resin which,c ctured for exarrp t fort
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photosens I've
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 sait of

dicyanine diamide or the derivatives thereof is excellent in pot life as well as in storage



di am de or N-substituted dicyanine diamde. Additionally, the coated film
of the photosensitive resin conposition according to the preseng/gmvendogn
is capabl e of extending the thermal control tolerance thereof. The m xing
ratio of the reaction 5 pronoting agent nay be selected fromthe range of
0.1-10g per 100g of the conponent (Ayg Wien the aforenentioned thermal
curing conpound is enployed singly or together wth the aforenentioned
reaction-prqomoting agent, . ecolres possible to i .ove .vari ous
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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 resuitant coated film is
then heated for 15-60 minutes at a temperature of 60-80C 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.
.Thereaﬂer, 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 agueous 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



As a result, a printed wiring board having a solder resist filmfornmed

t hereon can be obtained. Thereafter, electronic devices can bel8glodef2006
and secured onto the surface of the printed wiring board by nmeans of a jet
fl ow soldering nethod or a reflow 5 soldering nmethod, thus acconplishing 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 glpe 'tﬂBitﬁerE 163k ain?ed’@?a‘lﬁb‘i-‘?&istﬁff’r?reon’ but also a printed
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i socyanur ec;n'_\l' ssan Chem cal Industries, Ltd.; TEPIC G. epoxy equivalent:

105) and g of acrylic acid were dissolved in 630g of carbitol acetate
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obt ai n a ofithRéserempobndshis wassilbld érthepresestintentiomract under reflux until 30 the
acid yalue of the solution of the reaction product becane 62 ngKOH g. The
sol ution of photosensitive resin thus obtained was found to contain 65% of
solid reskxempled:ety, and the acid value of this resin noiety was 96

ngKOH g. Regi i X . 8 .sphenol
Fype epoxy ok BBt BHPERHFiner oliubell SR BeaRactliing oL oy
190) and ex¢aplasf which prd rot indéntleddo bmif thespreserd invent®d0g of carbitol acetate
and allowed to react under reflux to obtain epoxy acrylate. Then, to this
. epoxy _

: 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:



acryl ate, 300g of hexahydrophthalic anhydri de was added to obtain a

m xture, which 5 was then allowed to react under refiux until the/e8gi/2006
val ue of the solution of the reaction product becane 82 ngKOH g.
Thereafter, 180g of phenol novolac resin (Yuka Shell.  Co., Ltd.; Epycoat
152; epoxy equival ent: 180) was addedgpo the resultant reaction product to
obtain a m'xture whi ch was then allowed to react under refiux until the

acid val ue SOl ut i of the rea roduc KOH g. The
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Kasei Co., Ltd YH 434; epoxy eqw val ent: 120) and 288g of acrylic acid

wer e di ssol d |n 7%?8’ q 1'30 acetate and allowed to react under
reflux to o %Pﬁ"aé‘,!f ”H@Pﬁ"ﬂ?ﬁ Then, to this epoxy 30 acrylate, 460g of

hexahydr ophséay iot laﬂiwr ltﬂm wpoxyadekitl (YokalShaiinCa., niltdt, UYX-400b epoxywvas t hen

'aIIo to reac u the acid va |Ut|0 of the
onotin Souidit: 100 5ha G B alic, aciber@ Siebalred YSea o SuBR Fob8Bo o
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manufeact UiYukayShelb@m| Etd5 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
' lt'he 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 aflowed 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 refl_ux'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



210g of triglycidyl isocyanurate (N ssan Chem cal Industries, Ltd.;

TEPIC- G epoxy equivalent: 105), 190g of bisphenol type epoxy 1@g0pR/004ks
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. Thengyto this epoxy 10 acrylate, 460g of
hexahydr opht hal i ¢ anhydri de was added to obtain a m xture, which was then
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epoxy acrylate, 462g of hexahydrophthalic anhydride was added to obtain a

m xture, W[HCh was then aIIoY\e to react under reflux until the acid value
of the sol JI§SHMBRURHNMY PRIPEG YN product became 88 mgKOH g. Thereafter,

460g20f bi F16gwotrigheidylisooypaurgte (Nssam Ch¥mical MdesthieChtd.; TERIC-Ghgywgat 1001;
oPOXY COLSHEN 108Dl IR AR s BEA ghR HoRRPLGRE! 0
and allowed to react under reflux to obfain 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., Lid.; 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



reflux until the acid value of the solution of the reaction product becane
47 mgKOH g. The sol ution of photosensitive resin thus obtai nedldd® F020d6
to contain 65% of solid 10 resin noiety, and the acid value of this resin
noi ety was 73 ngKOH g. Resin manufacturing exanple 8: 210g of triglycidyl

| socyanurate (N ssan Chem cal Industriges, Ltd.; TEPIC-G epoxy equivalent:
105), 180g of biphenyl type epoxy resin (Yuka Shell Co., Ltd.; YX-4000; 15

| ¥, : ] | C i i ' 22g of
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reflux to obtain epoxy acrylate. Then, to this epoxy 30 acrylate, 416g of

hexahydr opht hal i ¢ anhydri de was added to obtain a m xture, which was then
al | owed t o Resiotmamifbeturingfekampla® il the acid val ue of the solution of the
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' 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/qg.
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):
3156g 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.



10 Resin manufacturing exanple 11 (conparative exanple): 920g of bi sphenol
A-type epoxy resin (Yuka Shell Co., Ltd.; Epycoat 1001, epoxy eQUIiQ0vBf 20086
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 hexahydroplkhal i c anhydri de was added to obtain
a mxture, which was then allowed to react under reflux until the acid

val ue of the solution of the reaction product becane 53 ngKCH g. The
solution of photosensitive resin thus obtained was found to contain 65% of
solid resin Redirmpanuiactdrinchexamplel10/@bmparstive eagplelesi n noi ety was 82

ggﬁe%gl 20 %O&?Eﬁérﬁ hl \%%cc}tesm I(TUkE Shell Crc]) dlLtd Ep]ycoat 152: eqox% egunﬁﬂgslt
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(D a5t ndfir R efifsf oplei Sods' etk s, B O NI SRbEBATER 750
talc were mwﬁmrapbthw@gnr@rdndhwas sdtled ioorvbtalnh aphmtme'ﬂmhwaaatheeallow@q A a

phot osensiyd vy ek Rl a8 PGELRE shibud ' 1 RO 5l BBOM ! Ur g

exanpl e 1! er “and di spersed
by maki ng 56segKidH/g. (The selutiarn of phiotosensitiveresie hys mbtgiradevas fowid toi aontairf

Compost t1 SR SoE{rRn IR0 o cord uld Blws' gl AL SEBEMOIONACE e it

respet®s to sensitivity, heat control tol erance, anti- tackiness, soldering

heat resi st %E’g'n"&%ﬁ%%dﬁﬁ?e%%"ﬂpﬁe” #ggﬁétwet%?wégb:vem resi stance, gold

plating resis es ul'ati on resistance and
di scol or at i 829g of bibghanebityrs dmbmgeswhma iShelT Qol.d-td.; EpyroeBi0T0@paxy Exanpl es

2-8 Th d. th
same manglyivAgitash IHADI oY Ba TRl SIRETH SPRECLEF T aRRRIES, | T TR
phot osensand abowe te séact wdtp'o@ﬂux do obtein #boadacnylatene Thsovty Hissiepoxy

rranuffabct u&z’frglgtee)éaﬁ) EFﬁex%hf r}‘)\ﬁ{tﬁalirc cﬂdev\ﬁ & ac?dégéﬁ'otb\“glrﬁg ré Q@hl&\o | ution

of the photosensityve resin conp 05| tarned in t oveé resin
manuf act uwas dgherx afigwed o, r&anﬁumdﬁe I‘Eﬂiett snttbfthe lacidsvalug job the soletm phithe i n the

igma MANNGL A HRAGL BRdme s N RINg.L TH SollifhUbt Bhdibidngited P¥d ithus Tabl e 1.
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)phenyi]-2~morpholino—1-—propan-1-one (B) a
photopolymerization initiator), 8g of trimethylolpropane friacrylate ({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.



Conpar ati ve Exanples 1-3 The solutions of photosensitive resin conpositions
were prepared in the sane nanner as described in Exanple 1 excepyo3ymoobe
sol utions of the photosensitive resin conpositions obtained in the above
resin manufacturing exanples 9-11 were 15 respectively substituted for the
solution of the photosensitive resin gegnposition obtained in the above
resin manufacturing exanple 1, and the tests of the solutions were nmade in-
t he sane manner as described in Exanple 1, the results being shown in
Table 1. The details of these testing nmethods are as follows. 20 (1)
Sensi tivity:Exanpgss?-835ti min thickness (before drying) of the

Conpar ot ve ERafisds {FERsbe BpcBhiichy e BpeBE P HE S, °0c cen
printing medrined as alebonilradain Fxastpép 1 texbémttthatnitie tsvdtionsinf G plwtpsesptive a
coat ed Sugﬁéié\g:tgﬁnga%}ngﬁseg‘é}%@%d flr!i I{'hee[ laﬁgv%;rﬁa%[lﬁ &Qﬁuﬁaﬁ@ff SQasn'wa;géé/ 9.8 Wi 25

corrposisti | ecte irs 0 avi o rrradration at an
exposur e despecivfely 200stiatéd i@ #red sblotion tod the dehobdsepsitivet rgsiro cesmpobitiomaki ng

use of 1% agueous ., S i on_of di. um_ car e t.a I ressure of
05 Wpans PR s Bhille @SRt Biculib iRp0 BT, nd e Mor 2ol Bp ey BeRE S
conposi t i everevasde irethe atmd nizmsechsodestiiteed imExampien hthelresulte fheigeshswntirer e t he
coated fi I.ln%lh d been conpletely left renmained. 30 The | arger the maxi mum
nunber of '8 Sgs is, the nore excellent the photosensitivity of the

phot os@nsitive resin conposition is. (2) Heat control tolerance: A |ayer

35pmin thi &%ggaélg%%@éﬁ]sgig ng) of the photosensitive resin conposition
Y

of each of t S 1-5 and Conparative Exanples 1 and 2 was
coat ed 10/ 03h2CGOEtiIGAs oh photpsansitive fresie -compasiichsswhbiet praparefainctbppsames| ad

| ami | ' T : . : h
e hanner RRDET 20 dofEIR08 1P EXARDETT exitol M e FBLOGR, &fle distheshifie, § 1oc
pr ol ongedresin eompasitieny abtadfed1if the mbbesrason praepfactaringiekauples Gotlt were

substrates. T a e Lne | aye t h MYRY es] NOSi tion
of 5 i(’5:;10 h%S'P e?ﬁélgeé%bgﬁuz)egs%éotgigeao '@@Bs?fér?ee%%&%g&isﬁ%e%ts fé"d%g@p?lg@ to an
ul t ravi ol etttained iratheatkiose rein manefapusng exatogle lofand @it tediscofhasdiutien to a

car bonat enereaEt e tan BEhi st 8 2CHITAL S, BB el e Bofth AR |,
control tE@hia&nce of the photosensitive resin conposition was eval uated
Dased 00 | i SRR i Bl PGl 1 which 10 enabl ed the
20 (1) Senéitivity:np 4 '
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 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/cm? and then to a development process by making use of 1% aqueoi.ls
solution of sodium carbonate and at a spray pressure of 0.2 MPads 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 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



(3) Anti-tackiness (dry to touch): A layer 35pmin thickness (before
drying) of .the photosensitive resin conposition of each of the @po3¢2006
Exanpl es 1-5 and Conparative Exanples 1 and 2 was coated on a
pre-surface-treated substrate (a copper-clad |am nate plate) by nmeans of
screen 15 printing nethod and then drped for 20 mnutes at a tenperature of
800 to prepare a coated substrate. Thereafter, a negative filmwas adhered

onto 11 S B thcd e 8Edl @45hper Al D) RO By, exposur e

process, e magni eslion e negatlve
filmwas ipnnwmgﬁméandm@newiadi rasusl aapanrfep tHad the. tink0of: pr@ivainaig ldegih@at or t he

trace pf %qgﬁﬁ?r%g.lr%§ 69 Ii:vas ?@g@eﬁesﬂ #hin Hal of10 éﬁ'ﬁiﬁ]sr f%g[ﬁ‘ V\ggre%n&% on was

recogni ze sur ace of coat e a er. S recognlzed
resi st anceoated mbétran@ t mlaeresfmt the dafer | onthe ph&bmsztvasesimcogpomm eh adhered

matter _of t t ed th f f . th f 2
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of the phataeReios iat awex;roesnemoeeﬂpasbtmmmszdtﬁach Diievelprahbprecessanp| es 1-5
on a surface

and Conparatjve pat ed
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nmet hod t 00@bRENS 6T 60 Becoki$ d Thothead adraab! samémfeabfeme phatdsenditivehiesin was t hen
30 dried for 20 minutes at a tenperature of 80~. ejreafte .. av‘g_&gﬁtive

filmuwas ERMRRSEIPN WAt Bvaluated hpsescan dhe dongrstciag of Prelininary

subj efdedeﬁébléﬂh%@été&lﬂmﬂartjé%ﬁ@ietelﬁaéiﬁb\/éa the coated substrates was
-subjected to a devel opnent process by making use of 1 wt % aqueous

sol ution of (QMF’@ﬁkE‘&F%@I%'PéOW@)form a pattern. Then, each of the coated

~substrate WAYaylr 360N tRcKN@SS (BRFdr¥ drpR® di e PRuBANEIIGS rédiin dorhsdErhat ure of
10/ 03/ 2006 26 %50"}&?0 t hereb é(wrfepﬂ £?est p?eces each having a cured film
B

t her eon. dfteach of e ahoye Bxeme 311'5 @8d Sompggative Examples \leand dwas reeted as
fol | ows. {p) pl%% dceméﬂa%ﬁﬁstraw@a ERPLRMaH I|Annﬁatw§e)eaﬁhea{se& Rased on JI'S
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follows

20 I'l; The adhesion or the {race of adhesion was not recognized at all.
o: The trace of adhesion was recognized on the surface of the coated layer.
0: 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 (8) Characteristics of coated film:
~ Alayer 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
printing method to obtain various kinds of coated substrates, each of which was then
30 dried for 20 minutes at a temperature of 8001. 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 Lsdbjected 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



vi sual observation. ~: There was no change in the coated filmeven after
three cycles of peeling test. o: There was recogni zed slight chadgsy 2006
the coated filmafter three cycles of peeling test. 15 ”~: There was
recogni zed changes in the coated filmafter two cycles of peeling test. x:
There was recogni zed the peeling of tBé& coated filmafter one cycle of
peeling test. (c) Acid resistance: 20 The test pieces each having the
cured fil mshorigaferebe HRYAreVREE pictB® ea&HndviNg 8CGurdd M BdrdoR. 1theM theaqueous
solution of sulfuric acid at normal tenperature. Then, after being

wat er - was [fearactgrigtics |of peptecljms weireigvaluated aoiohewse adhesi ve t ape was
performed t o sHithh¥ngxal uate the acid resistance of the coated film

t hr ough theqa)observat |non of the peeling and discol oration of the coated
film 25 ~: Thaepateddnsivere ieyalyated hasgrcorod8te008. M- o There was recogni zed
sl i ght g changgssdidbrin : .Im ~: There was recogni zed prom nent
changess I n tHe cozglt ggle%??énaagnéé The coated filmwas swell ed and peel ed. (d)
Sol vent resiThe dasle pieges Faeh thayingpthecewee dih fesveddheraen ovare devialuatad or ned

t hereon wgre q"ﬂdﬂg #R0E6; ' 4n n Ll I

t enper at ur_é. ' en, af teer gb@lgwgmm%'ttjg@ |Mé%?ngp§gﬂghgeégggﬁth§%éﬁg

Cel | ophanpieggfnwas immersgkfoRad8 sseerfdsrimadolder tankumaintgined b derperatuee gl vent

resi stanc | vVal.i . i ng and
di scol or atg?ddaﬁ f)rp %’%%ﬁ?@#%é E“‘?W %%f@%@@ﬁ%ff &{ah%en?% E\}/@Ea‘r’l%%ange in

t he clant edas rdpeated:upthdhree fiass te evajuate dob cdndigibb of thengaged filmtblyevayoaft ed fil m
N There alB@s%?\géﬁiﬁed prom nent changes in the coated film x: The
coated fi WS e lled and peeled. 5 (e) CGold-plating resistance: The test
pi eces eachlhtharegas he cbangedn thd cnateni filre d@véreftardimereydesofifjeeliteidst 0 a

gol d-plating work. Then, a peeljng test ugin | | ophane adhesi ve tape
bes. ber t or fretfars Ak oadbrireBalohhanda iy ettt i, SR PGEIHES A ¢ ho
coat ed figgatitdestigh the observation of the peeling and discol oration of

the coated film 10 ~: There was no _change in the coated film
15 4: 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 suifuric 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 0: There was no change in the coated film.

o: There was recognized slight changes in the coated film.

0: 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 peelin'g 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.



o: There was recogni zed slight changes in the coated film ”: There was
recogni zed prom nent changes in the coated film x: The coatedldV/IOBARBS06
swel l ed and peeled. (f) Electric properties: 15 A tandem el ectrode B coupon
of I PC SM 840B, B-25 was placed on the cured film of a test piece. Then, a
DC vol tage of 100V was applied to thegzured filmin a thernmohygrost at

whi ch was maintained at a tenperature of 600 and a relative humidity of

90% to ther esi stance (C) 500 hours later. At
ORI R Sl Ptk Bl

the sane tinme e coated fil mwas observed to

visual ly evalUfaérewag(i)ertdgenzd&gll‘gaema‘ngdst mabe osaléd im. ~: There was no change
in the coated_film o: There was recogni zed slight changes in the coated
film ~: Th&é&h %M*é@?@(‘i‘izfgcﬂ"%?'@ﬁﬂtﬁ@?ﬂgeéI'fhW@éQatieFl filhe coated film x: The
coated fil mwas syeld A idwRA&d 85l peerdlabl e 1 Exanpl eConp. Ex. 123456. 78123
Sensi tivityl1099111010101010107 Heat control 1001001009010010010010090100100
Tol er ance ((ﬁ)rﬁ?)OFdﬁnhlﬁt'ﬂQ@él’étﬂ%%s 0007 AA00” Har dness 6H6H6 H6H6 H6 HGH6 HEHEHS H

10/ 03/2006 #fl H Hdok Sabie Abvin B cured i Feiftied 1AGHEEN Wé'réjs%bje%ted to a

resi st anceo OOO"" Aan ol vent T esi St ancerMNAAAAANA
a”oao M gld-RieENG twaike Enascta pegting olgel usieg 4 @guqman@nadheswe 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 [1: There was no change in the coated film.
o: There was recognized slight chahges in the coated film.
0): There was recognized prominent-changes in the coated film.
x: The coated film was swelled and peeled.
(f) Electric propertles
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 ([J 500 hours later. At
~ the same time, the discoloration of the coated film was observed to visually evaluate
20 the degree of discoloration. |
[J: There was no change in the coated film.
o: There was recognized slight changes in the coated film.
[1: There was recognized prominent changes in the coated film.

x: The coated film was swelled and peeled.

25
Table 1
‘ Example ‘ Comp.Ex.
i1 213 14]5]6]7]8]1 [2 |3
Sensitivity 0| 9| 9 |1 |10 |10 ]| 10]10][10 | 10] 7
Heat control 700 | 100 | 100 | 90 | 100 | 100 | 100 | 100 | 90 | 100 | 100

Tolerance {min)
Anti-tackiness EJ 0 o o O 0 ad ] a 0 a
Hardness 6H [ 6H | 6H | 6H | 6H | 6H | 6H | 6H | 6H | 6H | 5H




1.Ox 5.0¢ 1.0k 2.0k 1.Ox 2.0x 3. 0x 2. Ox 5. Ox 2. Ox 2. XX
Resi st ance([)10121012101210121012101210121012101210121012 10/03/2006
Di scol orati onooo”aao™”o00 It will be recognized fromthe results of Table 1
that in the case of Conparative Exanple 1 using a resin corresponding to
the (A) conponent and obtained in the28sane manner as the present invention
except that novoI ac type epoxy resin was not 5 errpl oyed in the exarrpl e 1,
it was i g(ﬁ 510 obtai %X EIOI n% e%UIIEM bn rﬁg rB OD n% e%}
control tjoler an acid resgi stance {and |gol d-pl ating resi Stance.] Furither{ in
the cass Bﬁsl@amratlve Exanplle 2|using a|resin whi ch|was|obtai ned t hrfough
a procesy pOXy T@ST | sgch—asingvotacitype Epox esiT g redct ed
W th acryAcm"%lsgichgnd t heh Wit Hu sgt urgt edgdl b%llls Ea:i | wa\é%h

I npossi bl|solventietidtancexcel lent [rasul ts|10 W th|regard t oot hen [ o

anti-tackiness. \hereas inithelcase¢s o Fy§nplat 1{to 8 using.-an %pgxy
conpound- (ASE-PIEEY unsat ur al el pofybasi ¢ &cii dompdPf{ed hoVol al %p@xy Pegi n
whi ch wag f@&t@g,{&d through|thefreacti on befween an| epoxy conpouind- rodi fli ed
unsat ura pol vbasi c _acidland| epoxy resinlsuch asia novolac epoxy resin,
it was p@wtr@ﬂ:@@q@ﬂ@ﬁt ain|excgllent resulfs wth fegard to all of [the
featuresjas _described 15 apovelexcept for that|each result|of Insuliatign
resi st ange |insulgtinonst same. | BOONHO *  hew] 2P n| 1he] 2asp30F | EanpP s | 20%n&0 |an
epoxy resinm %&k@%&@ ske| eaop1a8t | 105 peganue’t 1| ' vaso'emody ad” asioBn
epoxy conmpound of epoXy conpouhd-npdif]ed [ unshaturated! polybasic ag¢id, jit
was poss| bl Biscoloationi nentlly ¢ nprove ¢hp [@nfietpcki pess| @and Sof deriing heat

r esi st aneelef—the—+est+n—cohpostti-on—Further f—the—ease—of— - MEkanple 2

where a bi sphenol type epoxy resin was enployed It was possible to
. prom nent | i wilivpe ogeghlized ohdthel rebultsgofr Fables1 vt dén tHe tdse asfe@dampamtmosi tion,

S, EXbe LA B SR oS REL OB PR A Tl Y S0
epoxy r essannef\maneermsoty:eqbreseht mt:opmsemItlmttquﬁa@typeepbkwresnpwawaot he '
di SCO'SO ' at | &oyecrm fiS ;tex%%pe ? c{ \Lai:scl pogg Ble t(') %Etalcr)]fextcg%nt 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 resulis

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 excelient 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



~is relatively hi'gh in nolecular wei

10/ 03/ 2006 29 resin conposition. In the case of Exanple 4 where a gl ycidyl
anmi ne type epoxy resin was enployed, it was possible to prom nedyDB/2006
i mprove the photosensitivity and heat resistance of the resin conposition.
Anong t hese exanples, in the case of Exanple 5 where an epoxy resin having
t he skel eton of isocyanuric acid and 29bi sphenol type 5 epoxy resin were
co-used, it was possible to concurrently obtain the excellent features of
not only RXQMBbRpdsitint Iﬁh%%agé%ﬁﬁkﬁnﬁe 4%&@atglycfdywuaﬁm@mléaoﬁy r&irexpect
the synergistic effec ts of these features. Kewi se, it is also possible

t o conbi naashamplexede ftivegssposeiblertg mremingntin =ﬁwrove>aaﬁmhe@sqn9§'vgb apd heat expect
the syner gésﬁété&eed‘fiﬁé:ﬁe&n%m pbdiRRE ArfcHghés exé&p(ers) ,ﬁltﬁ@cagerbfmsmﬁw of
Exanpl es where an epoxy resin having the skeleton of isocyanuric acid
enpl oyed ahemnar goRy Esidrving the skgleley o dypsiamec msidi anded bispheag! dyre ed

pol yb E&*ﬁeg‘ﬁ%e‘r@@éjué’!ot w2k p‘é’éé ) ‘tﬁ c%ﬁﬂ&ﬁ@@bta% ﬂm\é%&cé@ﬁf(ﬁéatures

resin/ |ph type epoxy resin, bi sphenol A-type e

resin enpbbyedonlyExamplen byt @isei emple @asd taptt ih wasi rossiblextp expect the
conpound- % sp.g effw@wf?ege%aa}aéb ﬁ@&.séS.ﬁglé?satﬂﬁasm@% dombifes tHiRPSSi bl e

to inprov eatures. It goes wt saylng that th case i s nore
~excel | ent "latﬁmfstm fertts in etherCoxamples il vese A% ip E¥PSt Hifepneiisticsefiectoph ai ned by
reacting f fgﬁaﬁ]_g sA-type epoxy resin with acrylic acid first, and then

W th unsaturate di basi c acid, except for that each result of I nsul ati on

r esi stanc BLTAIsa| innthe casexefeExamplas, 6-Bhwhere a8 @ppyy Fesinehdinsnibgeskeleforeqicel | ent
than the gasgnific 'ééﬁ”ahﬁé écr 382291 \é@bﬁhcérﬁp Heoresy! &Mpdutainddifedcase _Of

Conpar at i ve "exanpl e er this case has sone
features, uwatufatedrreo!yhas@ é%éeWﬂ%rﬂseﬂhwﬁhtWos-@h@#t bisphengb A-HprR ERMYDl es 1- 5.

In the cagepyl dheh WW%sﬁ(%mk&ﬁe? aSolsﬂhléﬁolrlﬁﬁlPQ%pémegﬁferﬁ}ﬁéﬁedom ai ned

through a proc el n"an epoxy resin was reac acrylic acid and
t hen wi t has 2% ep@yaR$iate prachwith '%ﬁ%rqwou%moﬁﬂﬁéénﬁﬂé@l?dr RSN

pr OdLi%t S AifwhoLoR( |thas%os§ﬂ@'t6‘ln%?8Wéll‘Qa@Eesr 9t §ddswalnbu %ari@th@%lsar wei ght

and having no ring structure of art i s bonded t he epoxy resin.
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features such'as anti-tacki ness (not sticky),
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.
o 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 medified 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),
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also in film properties such as fiexibility, 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 eas'ily

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 clained is: 1. A photosensitive resin conposition conprising (A)
an active energy ray-curable resin having ethylenic unsaturated))oskade)é
(B) a photopol ynerization initiator, (C) a 5 reactive diluent, and (D) a

t hernmosetting conmpound; . wherein said active energy ray-curable resin

havi ng ethyl enic unsaturated |inkagesf{A) conprises an epoxy

conpound- nodi fi ed unsat urated pol ybasic acid- nodified epoxy resin which is
obt ai ned F{ process.wherein an epoxy conpound is reacted with a
radicall y%@ ?ﬁéﬁ‘m?ébﬁ'e unsat ur at ed nonocarboxylic acid to forma 10
conpound havi ng hydroxyl group with which a saturated or unsaturated

pol ybasic,acjd,_ _or a.satur.ated or,unsaturated,polybasi id - ride is
eacted 1 PhPhpareRiEEy ol shmetieaa oy tn e LS hos S B0k, .G

whi ch i s igsnhadidgosadenio uneatatatad lirkage, (Bpaxphoterslymetipatmntinitiatos JCH aepoxy

compoynd- nodi. fi gd unsaf urated pol ybasi c aci.d- nodified epoxy resin. 15 2.
The p t oS8R ‘ﬁetcﬁ{f%"r%’é‘f@i)ééﬁ%{[{@?‘?tﬁ%"%%"é’nf‘ ing to claiml, wherein said

active ener gyhdréinesaidiradivee enesiynrdyasurakie ebdiy | ieaving ethglehior anssdurbtedkage (A)
has an acjd val ranging from40 to 160 Ki e 2 . The .photosensitive
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sel ect ed muddifleglasploxpresinki nd of epoxy resin selected fromthe group 30

consi gti ng of novol ac epoxy resin, triglycidyl isocyanurate, bisphenol

epoxy*“resin, biphenyl epoxy resin and glycidyl am ne-type epoxy resin. 4.
The phot @seliseé phutesersdtiva resinposipbsitien acaoodidg hg ctaim cll, avherdin eeid2activaer ei n

e oung ol PRI o AT TSR AR Dl EpdOTaRE 01 7,
kinds of raping/fraodpdeungd mgKeelfeed from the group consisting of triglycidyl
i socyanur ate, bisphenol epoxy resin, biphenyl epoxy
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 of 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, triglycidy! 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



resin and glycidyl am ne-type epoxy resin are reacted wth unsaturated
monocar boxylic acid to forma conpound having hydroxyl group wi10/@3/,20665
saturated or unsaturated pol ybasic acid or a saturated or unsaturated

pol ybasic acid anhydride is reacted to form said epoxy conpound-nodified
unsaturated polybasic acid. 5. The photosensitive resin conposition
according to any one of clains 1 to 4, 10 ' \Werein said

hot opol ynerization initiator .S enpl d_at ' . 30
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to any one of clains.1 to 5, . 15 wherein.said reacti VﬁY“@i lﬁh%g{ur%t 2i S
formed off€sipiRAfoSbicisder FRRBIMWEOTRIEr &/ 8F° aF98Pda solvent, and said
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conposi t i HRyd@eRos teided & fih SHIE epbxyCtahpounti-niaiifed unshterated peiybdsic
t hernosetting conmpound (D) is constituted by an epoxy conmpound with or

wi t hout dftcl‘i’er ki nd(s) of thernpbsetting conpound(s) and is enployed at a
ratio of 5 to 100g based on 100g of said active energy ray-curable resin

having ethyleni¢c unsaturated |inkage (A).,. 25 8. A print i1 board

W o i DR tRIeERbe: B ouBAsRerteoh e ot ARLAEE T FHEFbi® % ne
pringgd WiHekdnd shiaastbtdpplyrterieaienr Mfiawr (B) & enpldped aesiratio of 0@ tw66gi t ut ed by
a cured filmof the phaotosensitive resi 0,89 ogi t.i on a8 %el} L&rég I n any
one of clPaFeR;on 109g ofsaid@ctive energy ray-cura le’ resin having ethyleni¢ 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
_ to7.
30



