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The composition exhibits photo- and thermocurability,
developability with a weak alkaline aqueous solution, especially
in resolution (line width) which can be 50 um. Further, a cured
article prepared therefrom is excellent in electroless gold plating
resistance and fully satisfactory in adhesion soldering heat
resistance.

FIELD OF THE INVENTION

This invention relates to a novel photocurable resinous com-
position, which can be used for forming a permanent protective
mask, such as solder resist or the like, to be employed for the
production of printed circuit boards (printed wiring boards), has
high sensitivity and high resolution (line width 50 pm) and high
speed curability to a ultraviolet irradiation, and forms by curing a
dry film excellent in electroless gold plating resistance, soldering
heat resistance, electrical characteristic and mechanical
characteristics.

BACKGROUND OF THE INVENTION

A solder mask is usually employed before soldering the
electronic devices to the printed wiring board, and is coated to
form a film in all areas except where circuit conductors are
soldered. This film is indispensable because it functions not only
as an insulating membrane preventing the solder from adhering
to necessary areas during the soldering, but also acts as a
protective membrane preventing the circuit conductor from being
corroded by oxidation after exposure to the air.

Hitherto, the solder mask have been formed on the board by
screen printing and cured by ultraviolet rays or heat. However,
not only has the printed board-been steadily refined, enlarged and
made into one-board, thus becoming more advanced with
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“heat resistance, electrical characteristic and mechanical
*.characteristics. BACKGROUND OF THE | NVENTI ON A solder mask is wsually
- «enployed before soldéring the electrongc devices to the printed wiring
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e o.gg}—]iﬂ&l and Japanese Patent No.51-40451. In the case of
these solder masks, the unexposed areas are removed and
developed by an organic solvent. However, there are the risks of
environmental pollution, fire and so on since a large amount of
the organic 'solvents are used in the removal (development) of the
unexposed areas.
In order to solve this problem, an alkali developing type
photoimageable solder mask capable of development by a dilute
alkali aqueous solution is proposed .
As for a photocurable composition capable of alkali deve-
lopment, a material consisting mainly of a.reactive product as a
base polymer, which is obtained by reacting epoxy resin with
unsaturated monocarboxylic acid follow by adding polybasic
acid anhydride is disclosed in Japanese Patent Publication No.
56-40329 and 57-45785. In addition, a liquid solder mask com-
position using a novolak type epoxy resin, which is superior in
heat and chemical resistance, can be developed by a dilute alkali
aqueous solution and is disclosed in Japanese Patent application
No.61-243869. And a photocurable resin comprising a reaction
product (A) an epoxy vinyl ester resin obtained by reacting a
cresol novolak epoxy resin and (B)an unsaturated monobasic
acid and a polybasic acid anhydride and (C) an alkyl ketene
dimer is disclosed in U.S. Pat. No0.4,933,259. And a
photopolymerizable compound prepared by reacting a novolak
type epoxy compound in successively, an unsaturated mono-
carboxylic acid dimer and a saturated or unsaturated polybasic
acid anhydride is disclosed in U.S. Pat. No.4,948,700. And a
photopolymerizable composition comprising (D) a reaction
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| the sol der mask have been proposed. 2
.For exanple, a solder mask conposition conprising bisphenol type epoxy
gacrylate sensitizer, epoxy conpound anél epoxy curing agent, has been

! disclosed in J panesge Pate ppligation No. 50-1 44 1. and Japa t ent
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some pro lems after app lication. hey mclude “deve oping failure
because of the advancement of heat curing electrolytic corrosion
and discoloration of the surface of copper foil at the time of pre-
drying depending on the combination of polybasic acid
anhydride which is employed in order to make the mask soluble
in the alkali developer, epoxy resin, and epoxy resin curing agent.

The composition also have the problem of deteriorating the
electrical characteristics of the board due to the influence of
carboxylic acid produced by the reaction of polybasic acid
anhydride. In addition, their usage is restricted due to the
compatibility between the carboxylic acid and epoxy resin,
therefore the heat resistance and adhesion become worse.

However, with the recent advances of high density mounting,
a reduction of the space between conductors have been required.
Several demands have been imposed on electrical insulation
between conductors, and excellent dimensional precision has
been required of solder resist and the like. While the above
mentioned photopolymerizable resinous compositions only have
low resolving power to reach 150pum to 300um, therefore the
demand of high density mounting printed wiring board such as
80um to 150um has been unable to be satisfied by the com-
positions.

The purpose of the present invention is to eliminate the above
problems of prior art and to provide a photopolymerizable
composition useful as a liquid photoimageable solder mask
which has superior ultraviolet curability, heat and chemical
resistance, flexibility, electrical characteristics and which is
possible to develop by a dilute alkalt aqueous solution. '

The above-described object is attained with a liquid hght-
sensitive resinous composition containing as main components
(A) a photopolymerizable compound represented by the general
formula [I] as follow: (which is a reaction product obtained by
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(B) a photocurable monomer containing carboxylic acid repre-
sented by the general formula [II}:
CH)-'—‘CH—C-O-CHz 0

9
R |—CH2—P'—CH1 -O-C -Ra—C—OH
CH;—CH—C—O—CH; an
o

wherein:

(1]

0~C—CH=CH

4 cuz o}

R 0

1—0~C-CH=CH; ., —-u-CH,—«, ~CHy—=0~C~CH=CHy,
(‘H:
R2:H,CH3 0"'C —CH=CH,

~0.Q0, 0
] CHy ' . CH9—CHy , CHq=CH,

(C)a photocurable monomer containing at least one vinyl group;
(D)a photopolymerization initator ;
(E)a curing agent which makes prepolymer (A) undergo
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product obt ai ned by reacting epoxy resin (melting point 65~90[err]) and an .
[err]-unsaturated carboxylic acid and then reacting with a pol ybasi'c aci d
-anhydride is disclosed in U S. Pat. Nogb5, 100, 767.

3 However, the above nentioned sol der mask conposition have sone

probl ens elﬁeﬂnaiumaotmmpn. They include devel oping failure because of the
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conbi nati on of polybasic acid anhydride which is enployed in order to
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characteristic of the invention is in the prepolymer (A) at

least four vinyl group in a molecular unit comprising increase a

liquid photoimageable solder mask photocure strength and

resolution, shortening photo reaction time. In addition, the

monomer (B) of the invention comprising hydrophilic carboxylic

acid group increase the solubility difference between the exposed

area and unexposed area. And it can increase the developability.

The liquid photocurable, prepolymer (A) of the invention
represented by the general formula [I}, which is a reaction
product obtained by reacting epoxy resin (a) containing at least
two terminated epoxy groups and an «,B-unsaturated carboxylic
acid (b) containing at least three vinyl groups represented by the
general formula [II] and an o,B-unsaturated carboxylic acid (c)
and then reacting with polybasic acid anhydride (d) and then
reacting with a monoepoxide (e) containing one vinyl group.
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“"The conposition also have the problem of deteriorating the electrical
.characteristics of the board due to the influence of carboxylic acid
. Jproduced by the reaction of polybasic id anhydride. In addition, their
usage is restricted due to the conpatibility between the carboxyllc acid
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curability, he@oanfoahen(bdlcontaining at least three vinyl groups repre-
sented by the general formula [II] is prepared by dipentaerythritol
pentaacrylate or pentaerythritol triacrylate reacted with polybasic
acid anhydride. Typical representive acid anhydride which can
be used include succinic anhydride, methyl succinic anhydride,
maleic anhydride, phthalic anhydride, tetrahydrophthalic anhy-
dride, hexahydrophthalic anhydride, methyltetrahydrophthalic
anhydride. The best product is that pentaerythritol triacrylate
reacted with tetrahydrophthalic anhydride.

The forementioned unsaturated monocarboxylic acid (1)
can’t be bought by commercial market, it can be prepared by
reacting dipentaerythritol pentaacrylate or pentaerythritol tri-
acrylate with polybasic anhydride. In the successive reactions of
a novolak type epoxy resin with these components for the
production of a photopolymerizable compound, the proportion of
the polybasic anhydride taking part in the reactions is 0.8 to 1.1
equivalent, preferably 0.9 to 1 0 equivalent, to | cquivalent of
hydroxyl groups of pentaerythritol acrylate. Suitable examples of
a catalyst which can be used in this invention include triphenyl
phosphine, triethylamine, methyl ethyl ammonium chloride and
so on. Preferably triphenyl phosphine. The catalyst may be used
preferably in an amount of 0.1 to 10 parts by weight. In order to
prevent polymerization, add thermal polymerization inhibitor
such as hydroquinone, methyl quinone preferably. The thermal
polymerization inhibitor may be added preferably in an amount
of 0.01 to 1 parts by weight, per 100 parts by weight of the
reaction mixture.
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““resistance, flexibilily, electrical characteristics and. which is possible
. .to develop by a dilute al kali aqueous-sol ution. The above-descri bed
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A o,B-unsaturated monocarboxylic acid containing at least
one vinyl linkage can be included as: methacrylic acid,
crotonic acid, cinnamic acid, and acrylic acid.

Saturated or unsaturated anhydride can be selected from
succinic anhydride, hexahydrophthalic anhydride, methyhexa-
hydrophthalic anhydride, tetrahydrophthalic anhydride, maleic
anhydride.

A monoepoxide contammg at least one vinyl linkage can be
selected from glycidyl acrylate, glycidyl methacrylate.

The amount of monoepoxide (e) containing at least one
vinyl linkage to the carboxylic group generated by above
mentioned esterification is 0.1 mole ~ 0.5 mole per chemical
equivalent.

Above mentioned photopolymerizable prepolymer (A) can
be prepared by reacting epoxide compound (a) containing at
least two epoxy groups with an unsaturated carboxylrc acrd (b)
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; .sented by the general formula [II]: [err]
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(B) a photocurabl e nonomer containing carboxylic acid repre

9

containing at least three vinyl linkages and an unsaturated
carboxylic acid (c) containing one vinyl group, then reacting
with saturated or unsaturated polybasic anhydride (d), and
reacting with a monoepoxide (e) containing at least one vinyl
group in successively.

In the reaction the amount of each component composition
one the ration of every component must be clear.

According to above mentioned discussion, the amount and
ration of every component can get the best result in the region.

In the reaction, epoxy compound (a) and a monocarboxylic |

acid (b) containing at least three vinyl linkages (formula II) the
proportion of unsaturated monocarboxylic acid (b) containing
at least three vinyl linkages taking part in the reactions is
0.1~0.5 mole, preferably 0.3 to 0.4 mole, to 1 equivalent of
epoxy groups of epoxide compound. Suitable proportion of
unsaturated carboxylic acid (c) containing one vinyl linkage
taking part in the reactions is 0.5 to 0.9 mole, preferable 0.6 to
0.7 mole, to 1 equivalent of epoxy groups of epoxide
compound. The proportion of polybasic acid anhydride (d) is
0.3 to 0.6 mole, preferably 0.4 to 0.5 mole, to 1 equivalent of
hydroxyl group produced by reacting above mentioned acid
with epoxide. The proportion of monoepoxide (e) containing
at least one vinyl linkage is 0.1 to 0.5 mole, preferably 0.2 to
0.4 mole, to 1 equivalent of carboxylic acid group produced.

In other word, in photopolymerizable prepolymer (A)
wherein (I,K,L,M,N,O,P) each represents the mole ratio of six
components and it must be satisfied in the condition as
follows:

K+LAM+N+O+P=0.9~1.1
K+L=0.4~0.7
M+N=0.3~0.6
O+P=0.03~0.3

The photopolymerizable prepolymer (A) in the invention
can be used in an amount of 40 to 80 parts by weight,
preferably 45 to 75 parts by weight of liquid photopoly-

merizable resinous composition.
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“"(C) a phot ocurabl e nonomer containing at |east one vinyl group, (Da
; -phot opol yneri zation initator (E)a curing agent which nmakes prepol yner (A)
j-undergo thermal reaction; (F)organic s%yents.

]
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The another characteristic of the invention is the photo-
curable monomer (B) containing one carboxylic acid group
and at least three vinyl groups.

The photocurable monomer (B) comprising ‘hydrophilic
carboxylic acid group increases the solubility difference
between exposed area and unexposed area. And it can increase
the developability.

The other photocurable monomer (C) containing at least
one vinyl group can select any known photocurable monomer
containing at least one vinyl group. Typical examples of the
monomer (C) are 2-hydroxy methacrylate, ethylene glycol
monoacrylate, pentaerythritol triacrylate, dipentaerythritol
pentaacrylate. The photocurable monomer (B) containing at
least one carboxylic acid group and the other photocurable

- monomer (C) can be used by mixing.

The photocurable monomer (B) and the other photocurable
monomer (C) can be used in an amount 10 to 70 parts by
weight, preferably 20 to 60 parts by weight of lquid
photopolymerizable resinous composition.

Photopolymerization initator include any known photo-
polymerization initator benzoin methyl ether, benzoin
isopropyl ether, 2,2-dimethoxy-2-phenyl acetophenone, 1,1-
dichloro-acetophenone, 1-hydroxycyclohexyl phenyl ketone,
N,N-dimethyl aminoacetophenone, 2,4- dimethylthioxan-
thone, 2,4-di-ethylthioxanthone, 2-chlorothioxanthone, 2,4-
diisopropylthioxanthone, acetophenone dimethyl ketal, benzyl
dimethyl  ketal, methyl benzophenone, 4,4°dichloro-
benzophenone, 4,4’-bis-diethylaminobenzophenone, Michler’s
ketone and the like. It is most preferred to employ the
combination of 2-methyl-1-[4-(methylthio)phenyl}-2-morpho-
lino-propane-1-one, (manufactured by Ciba-Giegy) 2,4-
diisopropylthioxanthone (manufactured by Nippon Kayaku
Co.Ltd).

The photopolymerization initator (D) can be used in an
amount of 0.5 to 10 parts by weight, preferably 1 to 5 parts by
weight of liquid photopolymerizable resinous composxtxon
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and an [err]5vs8l W GHhIE 3ypex¥poky resins, cresol novolak type epoxy

resins, halogenated phenol novolak type epoxy resins,
Bisphenol A type epoxy resins, Bisphenol F type epoxy resins,
Bisphenol S type.epoxy resins, triphenyl methane epoxy resins,
or tetrabromo Bisphenol A epoxy resins, etc. The curing agent
(E) can be used in an amount of 0.1 to 15 parts by weight,
preferably 0.5 to 5 parts by weight of liquid photopoly-
merizable resinous compositjon.

As for the organic solvent (F) used as diluent in this
invention, may be used alone or as a mixture of two or more to
dissolve the above mentioned composition. Suitable examples
of an organic solvent (F) which can be used in this invention
include propylene carbonate, butyl cellosolve, butyl cellosolve
acetate, toluene, xylene, carbitol acetate, cyclohexane,
propylene glycol monomethyl ether, dipropylene glycol diethyl
ether and so on. Preferable examples can be propylene
carbonate and butyl cellosolve acetate.

The organic solvent (F) in this invention can be used in an
amount of 5~60 parts by weight, preferably 10 to 50 parts by
weight of liquid photopolymerizable resinous composition.

Major filler used in this invention include inorganic filler
talc, silica, alumina, calcium carbonate, clay, aerosol and so
on.

The inorganic filler in this invention can be used in amount
of 20 to 40 parts by weight, preferably 25 to 35 parts by
weight of liquid photopolymerizable resinous composition.

[Example] Now, the invention will be described more
specifically below with reference to working examples and
comparative experiments. It should be noted, however, that the
present invention is not limited by these examples. Wherever
“parts” and “%” are mentioned, they are invariably used on
weights unless otherwise specified.

rtenlng phot o reactlon tine.
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"‘aci d (b) containing at |east three vinyl groups represented by the general
~formula [I'l] and an [err]-unsaturated carboxylic acid (c) and then
reacting, with polybasic acid anhydrjge (d) and then reacting with a

i nonoepoxi de (c) contai ni ng one vinyl group [err]

" Preparation example of unsaturated monocarboxylic acid
compound (formula): |

Preparation Example 1

524 parts (1 equivalent) dipentaerythritol pentaacrylate and
152 parts (I mole) tetrahydrophthalic anhydride, 0.6 parts
hydroquinone, 2.6 parts triphenylphosphine provided to
reactor, stirred at a temperature in the range 80°C melted
reaction mixture for an hours was heated to a temperature at
105°C and stirred for reaction for 32 hours. The reaction
mixture was removed from the flask and left cooling to normal
room temperature to obtain product (II-1) having an acid value
83mg KOH/g.

Preparation Example 2
Follow the product of Preparation Example 1, excepting the
dipentaerythritol pentaacrylate instead of 292 parts of
pentaerythritol triacrylate. The obtained product (II-2) having -
an acid value 126mg KOH/g.
" Preparation example of photopolymerizable compound

(A)

Preparation Example 3

210 parts (1 equivalent) of a cresol novolak type epoxy
resin having an epoxy equivalent of 210 (product of Tohto
Kasei Co., Ltd. Under registered trademark designation of
“EPO Tohto” YDCN-704) was melted and stirred at a
temperature in a range of 90°C to 100°C. Then 338 parts (0.5
mole) unsaturated monocarboxylic acid compound (II-1) and
36 parts (0.5 mole) of acrylic acid, 0.72 parts of hydroquinone,
195 parts of propylene carbonate and 195 parts of carbitol
acetate were added to the stirred molten resin and 1.05 parts
triphenyl phosphine was added. The resultant mixture was
heated to a temperature in the range of 110°C and stirred for
reaction 24 hours 1o obtain an esterification product having an
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*“6 The representative of at |east two epoxy conpounds which can be used in
_~this invention are phenol novol ak type epoxy resins, cresol novol ak type
{-.epoxy resins, and hal ogenated phenol pgvolak type epoxy resins, Bisphenol
i A type epoxy resin, Bis- phenol F type”epoxy resin, Bisphenol S type epoxy
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tri dor vl ot anchadding B paRlS odf BRGBTRERTA S Ty, B6F fiﬁ%@ h{% ve
aci d anhydr iohgawhi ai Lb@t hasdnpnatidieraduecH AnsgKiOHig {4\ - Inetsol

succinic anﬁiﬁgldi(gﬁﬁgelc anhydride, phthalic anﬁydrlde

tetrahydrop dride, hexahydrophthalic anhydride,
nethyltetralhydrophthallc anhydri de. The best product is that

pentacrythrr&%ba&a &n;ﬂegfted wi th tetrahydrophthalic anhydri de.

210 parts (1 equivalent) of a cresol novolak type epoxy
resin having an epoxy equivalent of 210 (product of Tohoto
Kasei Co., Ltd. Under registered trademark designation of
“Epo Tohto” YDCN-704 was melted and stirred at a
temperature in a range of 90°C to 100°C. then196.8 parts of
unsaturated monocarboxylic acid compound (II-2), 36 parts of
acrylic acid, 0.36 parts of hydroquinone, 140 parts of
propylene carbonate and 140 parts carbitol acetate were added
to the stirred molten resin then 0.85 parts triphenyl phosphine
was added. The resultant mixture was heated to a temperature
in the range of 110°C to 115°C, and stirred for 24 hours to
obtain an esterification procuct having an acid value of 3mg
KOH/g. Then adding 52 parts of tetrahydrophthalic anhydride
which was heated to a temperature in the range of 100°C to
105°C and stirred for reaction 5 hours, and adding 64 parts of
glycidyl acrylate stirred for 3 hours to obtain an product
having acid value 54 mg KOH/g, solid content 65% (A-2)

¥ Preparation Example or comparative polymerization
compound (A’) |

Preparation Example 5

210 parts (1 equivalent) of a cresol novolak type epoxy
resin having an epoxy equivalent of 210 (product of Tohto
Kasei Co., Ltd. Under registered trademark designation of
“Epo Tohto” YDCN-704), 13.4 parts (0.1 mole) of the
dihydro-xymethyl propanic acid, and 64.85 parts (0.9 mole) of
acrylic acid, 0.46 parts of hydroquinine, and 161.59 parts of
carbitol acetate were melted and stirred at a temperature in the
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“"The forenentioned unsaturated nonocar boxylic acid (I1) can't be bought by
.coomercial market, it can be prepared by 'reacting dipentaerythritol .
ivpentaacryl ate or pentaerythritol tri- Qﬁryl ate with pol ybasic anhydride. In
{ the successive reactions of a novolak type epoxy resin with these

brobortion SAnERBIHTIGAD OB RC, TR ASReHOR IR, OB dAC
}1 odl. 1 Iequi Ik addipile 380 parts galﬁ Blip?eﬁyﬁpﬁ@ﬁﬁﬂiﬂ}le; cﬂﬂdeﬁﬁl’r\ﬁ‘ﬂ’ef@ﬁ’ of
Chtalyat sniRedsn ggoﬁ}%’f} {1 the r2e¥ of 39%@?%&}%}?@%@%

triethyl ani Feackerhyr @atdhvalugeOahdn® Hxy
triphenyl p'@%[‘lﬁ@ €2 iﬁ;mt .SE‘HE%}/a%i&ﬁ%eg@‘Wf s gﬁ.izn FofEpLft of
0.1 to 10 b %., ) vent | at , d th |
pol ymer zaf"i‘ésr%m%%@ die rr%xérwi{mhegq@.%%&arﬁéa%éﬂuﬁah%g%% Bably.
The thermal {gel 18R Mek e AP st dP oA RO AT € Mlurs Indfhamount
| &H@ i/cf%tgéﬁ hﬂfbﬁ 5 g fl
o 0,01 o L U8 0B 100 b 2! et o (AL
having an acid value 40 mg KOH/g, solid content 65%.

Preparation Example 6 |

210 parts of (1 equivalent) of a cresol monolak type epoxy
resin having an epoxy equivalent of 210 (product of Tohto
Kasei Co., Ltd. Under registered trademark designation of
“Epo Tohto” YDCN-704), 72 parts (1 mole) of acrylic acid,
0.46 parts of hydroquinone and 161.59 -parts of carbitol
acetate were melted and stirred at a temperature in a range of
90°C to 100°C. then the reaction mixtures were cooled to
60°C, and added 1.38 parts of triphenylphosphine kept at a
temperature in the range of 100°C to 105°C and stirred for
reaction 12 hours to obtain an esterification product having
acid value 0.5 mg KOH/g, then adding 76 parts (0.5 mole) of
tetra-hydrophthalic anhydride and 19.63 parts of carbitol
acetate to the reaction mixture, were kept at an temperature in
the range of 95°C to 100°C and stirred for reaction 6 hours to
obtain an reaction product (A’-2) having an acid value 40 mg
KOH/g and solid content 65%.

Preparation Example 7
215 parts(1 equivalent) of a cresol novolak type epoxy resin
(softening point: 74-83°C, epoxy equivalent : 215), 72 parts
of acrylic acid, 0.46 parts of hydroquinone, and 155.6 parts of
butyl cellosolve acetate were melted and stired at a
~temperature in a range of 90 °C to 95 °C. Then the reaction
mixtures were cooled to 60 C and add 1.38 parts of
triphenyphosphine and heated to a temperature in the range of
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7 The suitable reaction tenperature and reaction tinme nmay be controlled
-between 80 and 120 C, 24 and 48 hours separately. Therefore thereaction

1 product ( formula I1) can be obtained, 1§1nd its reaction fornmula can be

? shown as fol |l ows: [err]

100 °C to 105 °C, and stirred for reaction 8 hours to obtain an
esterification product having an acid value 3 mg KOH/g. Then
adding 76 parts (0.5 mole)of tetrahydrophthalic anhydride
heated to a temperature in the range of 95 °C t0.100 °C and
stirred for reaction 6 hour to obtain a reaction product (A’-3)
having acid value 54 mg KOH/g and solid content 65 % .

Preparation Example 8

100 parts (0.47 equivalent) of cresol novolak type epoxy
resin (softening point:85 °C, epoxy equivalent:212), 71.3 parts
(0.49 mole) of acrylic acid dimer, 0.46 parts of hydroquinone,
and 103.6 parts of carbitol acetate were melted and stirred at a
temperature in a range of 90 °C to 95 °C. Then the reaction
mixture were cooled to 60 °C and added 1.38 parts of
triphenylphosphine and heated to a temperature in the range of
100 °C to 105 °C, and stirred for reaction 8 hours to obtain an
esterification product having acid value 3 mg KOH/g. Then
adding 70.4 parts (0.46 mole) of tetrahydrophthalic anhydride
heated to a temperature in the range of 95 °C to 100 °C and
stirred for reaction 6 hours to obtain a reaction product (A’-4)
having acid value 54 mg KOH/g, solid content 70 % .

Preparation Example 9

215 parts (1 equivalent) of cresol novolak type epoxy resin
(softening point :85 °C ,epoxy equivalent: 215), 72 parts (1
mole) of acrylic acid, 0.5 parts of hydroquinone, 103.6parts of
carbitol acetate were melted and stirred at a temperature in a
range of 90 °C to 95 °C. Then the reaction mixtures were
cooled to 60 °C and added 1.38 parts of triphenylphosphine
and heated to a temperature in the range of 100 °C to 105 °C,
and stirred for reaction 8 hours to obtain an esterification
producl having an acid value 3 mg KOH/g. Then adding 116
parts (0.75 mole) of hexahydrophthalic anhydride heated to a
temperature 95 °C and stirred for reaction 6 hours cooled to 50

This Sheet Has Been Replacex

(W III




e 2

‘“A [err]-unsaturated nonocarboxylic acid containing at |east one vinyl

; succinic anhydride,
- anhydride, f@} rimhyobtsint et |mtemmdnaﬂe hantingc amiaeid dalue A2omgpoxi de

caryrate, RIS &%ﬁ‘fggmﬁ{éﬁ T e B cﬁilflgﬁéﬁg RSB BEng i ni ng

at | east on
nmenti oned e

gpvzeyfnd)

érlflca on 1S

.linkage can be included as: nethacrylic acid, crotonic acid, cinnam'c acid,
-and acrylic acid.

Sat urated or unsatygated anhydride can be selected from
hexahydr opht hal i ¢ anhydri de, nethyhexa- hydrophthallc

WnbRriie K<t SO Rraseraleddy dhoe

nol & per cthem c 2U|valent

Above ment i qraadtmig)taipcwn@r forbl & phm)cﬂwrmbtz(m) aaompuedaléd-b

react [ ng ep

%Xa'vci?lgcg T ValSe 0 a'ﬁ@ﬁ/at

' Example |

The components indicated below were premixed in the
proportions indicated correspondingly and the premix was
kneaded three times with a three-roll mill to produce a
photosensitive thermosetting resin composition. By a test
with a grind meter (produced by Toyo Seiki Seisakusho
Co.,Ltd.), this composition was found to possess a particle
size of not more than Spm.

This photosensitive thermosetting resin was applied by the
screen printing method on the entire surface of a copper
throughhole printed circuit board. Then, a photomask having
a pre-determined pattern was set as opposed to the coated
surface.

The coating of the composition was then exposed through
the photomask to a light from collimating ultra-high-pressure

~ mercury-vapor-lamp exposure device (product of ORC

manufacture Co., Ltd.).The exposed coating was developed
with 1% sodium carbonate applied as developing solution by
spraying under a pressure of 2.0 kg/cm 2 It was placed in a
hot air circulation oven kept at a temperature of 150 °C, and
post cured for 60 minutes, to form a solder resist pattern.
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L A

-“l east two epoxy groups Wi th an unsaturated carboxylic acid (b)
,~containing at least three vinyl | i nkages and an unsaturated carboxylic acid
:*{c) containing one vinyl group, then rgacting with saturated or unsaturated
; pol ybasic anhydride (d), and reacting wth a nonoepoxide (e) containing at
} |l east one vFﬁabl(grlouﬁfha cmma:mabfexam@lehe reaction the anount of each
- conponentTonposTtTonsone t{e TattTomn of et npst—he—ct :
Accordi ng_to_above ?‘?@ﬂﬁgedlscussmn h( amm) m& rat$or 6 e\%r\a 8
conponent can get the best result in n the reaction, epoxy
conpound {Fa)y—ant—a—enecarboxytie aul(él)%‘éﬁgiél?{i]en!:n i} Heast—thr Ay
- linkages j(formula I1) (Ae' sroportion of Bs; nocarbo>y|ic e 2)

contai ning at | east th(gez\)l nyl Iinkages taking jpart i4‘8t hggr qugi 0H3Y i $74
(B) component

Iragacure 907 SIS 1S5S IS |S PSS
Kayacure ITX 0.25(0.25]0.2510.2510.25]0.25(0.2510.25
(C) component
photopolymerizable monomer (II-1)| 6 | 6 6 | 6
photopolymerizable monomer (I1I-2) | 6 | 6 6 | 6

(D) component
pentaerythritol triacrylate L {11 |11 ]1
dipentaerythritol pentacrylate | 1 | 1 | 1 | 1 |1 |1 |1 [ 1
(E) component

NPCN-704* 6.25(6.25 [6.2516.256.25 |6.25 [6.25 | 6.25
(F)component
propylene carbonate 6.2516.25(6.25|6.25|6.25(6.25 16.25}6.25
carbitol acetate 6.25(6.256.256.256.25 |6.25 [6.25]6.25
The other composition :

barium sulfate 6.5165165165165165/65]6.5
silica 11411 f 1 10 (101 (11} 11
phthalocyanine green 0.510.5{0510.510.5]05]0.510.5
KS-66(anti foamingagent) | 1 | 1 [ 1 |1 |1 11|11
Total 1001100§1001100§100(10011001100

Irgacure 907:Ciba Geigy produced photoinitator, 2-methyl-1-[4-
(methylthio) phenyl]-2-morpholino-1-propanone
Kayacure ITX:Nippon Kayaku Co., Ltd. Produced photoinitator,
isopropyl-9-oxo-thioxanthone
Kayacure DETX: Nippon Kayaku Co., Ltd. Produced photo-
initator, 2,4-diethyl9-oxo-thioxanthone
* NPCN-704: the epoxy resin manufactured by Nan'Ya plastic Co.
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0. 1~0. 5 nol e, preferably 0.3 to 0.4inDIe, to 1 equival ent of epoxy groups
-of epoxi de conpound. Suitable proportion of unsaturated carboxylic acid (c)
~»gontaining one vinyl linkage taking part i'n the reactions is 0.5 to 0.9 '

* nol e,

preferabl e O.

6 to 0.7 nole, to 1 éaﬁivalent of epoxy groups of

~ epoxi de compound. The proportion of polybasic acid anhydride (d) is 0.3 to

0.6 nol e,

preferably 0.4 to 0.5 nol e,

to 1 equival ent of hydroxyl

produced by reacting above nmentioned acid w th epoxide.

nonoepoxi de (e

contai ning at |east one vinyl

The

group
proportion of

| inkage is 0.1 to 0.5 nole,

preferably 0. Tabde@ 4 Theeompositeomiofat@mpasativer boxyl i ¢ aci d group

(KL Mo CotThatiYe BXalbl P L L L b bs farla 18
nust be batisfied in the condition §4)feompasent K- HL+M+N+O+P=0. 9~1. 1
K+L:0.4~3;71A\ N PEQ?QE%)?;? G+3=0.103~0.]3 The phot opol yjreri zbl e
pr epol ynpr—A—+na—the—+npyenti-on
(A’-2) 48 |30 [ 40 | 45
(A’-3) 60
(A’-4) 50 .
(A’-5) - 46
(B) component
Irgacure 907 3.7513.751 4 {35501 4 (34372
Kayacure DETX - 0.1610.16 1.5 2.5 3.5 4.8
diethylaminobenzophenone 0.5 1.8
' (D) component
dipentaerythritol hexaacrylate 16.2516.25| 9 5.14
- dipentaerythritol pentaacrylate [5.02 |5.02 5515
trimethyl propane triacrylate 2 4
' (E) component
2P4MHZ 1.512.0 1.43
dicyandiamide 0.31 (0.31 1.0
melamine 1.01 1
(F) component
butyl cellosolve acetate 4.6914.69| 2 5 111
carbtiol acetale 4.6914.69| 10 2
ethyl cellosolve acetate 10 | 23 7.14110.5
The other composition
Talc S | 8|5 2
Barium Sulfate 16.16]16.16| 10 | 1.0 | 9.5 12.15
Calcium Carbonate 1.5611.56]8.5 5 110 {1.71]13.7
Silica 1 ] ] ] 1
phthalocyanine 05105105405(05105(1.0 1.0
Triglycidyl isocyanurate  {6.25|625| 4 | 10 9 | 14
KS-66(antifoaming agent) | 0.1 | 0.1 | 1 ] 1 ] ] ]
NPEL-128 (Nan Ya Co;, Ltd. Produced) 1.5611.5613.0 12.5 10
Total 100 | 100 {100 {100 100 {100{ 100 |100
T
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‘" can be used in an anpbunt of 40 to 80 parts by weight, preferably 4 5 to 75

R

o
L

parts by weight of |iquid photopoly- nerizable resinous conposition.
9 The anot her characteristic of the invention is the photo- curable

: mononer (B) containing one carboxylic 32id group and at |east three vinyl

gr oups. The phot ocurabl e nononer (B) conprising hydrophilic carboxylic
acid group ”ngéeases the solubility difference between exposed area and
unexposed are SXBREIMEMan i ncrease the devel opabi lity. The ot her

phot ocur abl e TUROTRE SONGSI i £ W aAitd I CRRRDAAFIVE I to 98 UBkERpRA eCt any

known phot ocu € nonomner contﬁlnlng a one viny p. yflcal

exanpl es of beterendeyedoppagnttake-ayackwyess after druing testyexampls col
before thermocurable take developability test. Photosensitivity
test. Example after thermocure take adhesion test, solder heat
resistance test , base resistance test and solvent resistance test.

1. Tackiness after drying
The tackiness of the predried coating film was measured
by finger touch and evaluated using the following criteria:
(O :No tackiness at all.

/\ :A little tackiness was felt, but there was no trace of a
finger print.
X A trace of a finger print were left on the coating film.

2. Developability

The developing property was determined by exposing a
sample through a relevant photomask to an ultra-violet light
365 nm in wavelength to a dosage of 750mJ/cm 2 with the
aid of an integral antinometer (product of ORC
Manufacturing Co., Ltd.) thereby producing a test piece,
developing the test piece for 60 seconds with a relevant
developing solution applied by spraying under a pressure of
2 kg/cm %,and visually rating the condition of removal of the
unexposed part of the coating on the following four-point
scale,
© : Perfect development
(O :Survival of thin undeveloped surface portion
/\ : Survival of undeveloped portion throughout the entire

surface

X :Substantial absence of development

3. Adhesion |
One hundred cross-cuts(10 X 10) were made on the
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" nonoacryl ate, pentaerythritol tri acrylate, dipentaerythritol

"pent aacryl ate. The photocurabl e nononmer (B) containing at |east one .

;’car boxylic acid group and the other phghocurabl e nmononer (C) can be used by
*m Xi ng. The phot ocurabl e nononer (B)“and the other photocurabl e nononer

(G) S ve ecdoareqTimpund et peéfipetist ucoprdit (PISSTs0R020 o o0
arts we

ILI;h ot opol>/y ner ?z&quo nPPﬁerzmga ‘1‘}% ﬁeaarﬁaﬁ(ﬁﬁhﬁnﬁh &DW@H@Z aaftes

i ni tator benzosmckmﬁbhlhe @bﬂ@ h@ﬁ@z%ﬁe gﬁ@got‘b{é @blﬁ%d ﬁlmz The

non or o- acet

i ﬁyglrgg;g%%/oﬁggﬁi cpﬂgrafﬁ S§n§11?r{§r@ \nate IszIhﬁerdBatlaphenone 2, 4-

di met hyl t hi ox tTexgl abséndie @fp@eqm qu)?j 2 chl or ot hi oxant hpne
2,4- diisoprop tgsg@mt hone ace ket al , benzyl di et hyl

ketal, nethyl Hepooking u) m&ssmlmpertéemﬂ{é@g}@g) ke 14
4, 4" - bIS dleth a chler's ketone and the |ike. S
nost preferre n%ﬁgf@gzﬁgezgm nati on of :

2- met hyl - 1-[ 4- mt@g%gtg §0¢}1®b]2 i nor pho- |i no- propane-1-one,

(manuf actured by egy

4. Solder Heat Resistance

The peeling test (according to JIS C6481) was performed
using cellophane tape after dipping the sample in a solder
bath at 260 °C for 10 seconds. A single test was defined as
one cycle, and the solder heat resistance was evaluated by
the following criteria after one cycle.
(O :No abnormality in the coated film
A\ :Slight bulging or blistering on the coated film
X :Bulging or blistering on the coated film

5. Electroless Plating Resistance

First, the test piece is immersed in the acid degrease
liquid for 3 minutes at 30 °C to be degreased. Then,
immersed in water for 3 minutes to be cleaned. Second, the
test piece will be immersed in the water containing 14.3 %
(NH, ),SOq4 for 3 minutes to do soft etching. Then cleaning
in water for 3 minutes. At room temperature, immersing in
the water containing 10 vol % H,SO, for 1 minute, then in
water for 30 seconds to 1 minutes to clean the test piece.
After that, at 30 °C, immersing in activation liquid for 7
minutes then test piece to be activated. Follow this,
immersing in water for 3 minutes to clean the activated test
piece then doing the nickle plating by immersing in nickle
plating bath for 20 minutes at 85 °C. At room temperature,
for immersing in 10 % vol sulfuric acid solution for 1
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“dii sopr opyl t hi oxant hone (manufact ured ;by N ppon Kayaku Co. Ltd.). The
_;yphot opol yneri zation initator (D) can be used in an amount of 0.5 to 10

‘parts by weight, preferably 1 to 5 par%§ by weight of liquid
?photopolynerlzable resi nous conpositio

;110 Suitable ﬁﬂhmé agmstu )théapt%*ske @gﬁgr@nﬁm‘ OWﬂﬁir( r updergo a

't her mal reactlon nd, cont Ing at | east two
‘epoxy group. T‘ﬂ} ﬁsf gg? ngQn p}@ﬁlﬂgebﬁ’il Erang

‘i socyanat e, goclﬂOp%ﬁhgt ba@hep@mhﬁ%e@m 95e¥ol Ngxe! areé m@ t?goxy

resins, hal ogena enol “novo| ak Eﬁ'? resins, Bl Sp
epoxy resi ns IBHWBLD gntmjma@wa siows 3 lllﬁpl’iéﬁpand m/ Hﬂewﬁi@l‘rem ns,
triph I I
e['cp $E>e’ curin "gﬂegeﬁﬂﬁlﬁé%séﬂ”% T 518RACTCoRISRABEY) afteiPRIMy’ 85YNS:
can get the gold plated test piece. Then doing the peeling
test with cellophane tape on the test piece to evaluate the
peeling condition of protective mask.
(O :No abnormality in the coated film

/\ Slight bulging or blistering on the coated film
X :Bulging or blistering on the coated film

6. Evaluation of Sensitivity

A step wedge having a difference of 0.15 (expressed in
terms of Alog E) in density level was brought into contact
with each dry film, exposed under illuminance of 1,000mJ/
cm? by means of a 5 Kw ultra high pressure mercury lamp,
and then developed for twice as long as the time at which
the unexposed dry film was dissolved to obtain a negative
image corresponding to the wedge. Thus, the step number
at which the corresponding part of the dry film was
thoroughly elluted (clear step number) was examined. A
higher step number corresponds to a higher sensitivity.

7. Evaluation of Pencil Hardness
The pencil hardness of the coated film is evaluated
according to JIS K 5400 6-14 under a fixed load of 1 kg.

8. Evaluation of Acid Resistance |
Exposure, development and after-curing processing were
carried out in the same manner as in the evaluation of
adhesion, and each sample was soaked for 30 minutes at
20 ‘Cin a 10 vol% aqueous solution of sulfuric acid.
Then , the condition and the adhesiveness of the resulting
film were judged collectively.
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"(E) can be used in an anmount of 0.1 to 15 parts by weight, preferably 0.5
40 5 parts by weight of |iquid photopoly- nerizable resinous conposition.
“WAs for the organic solvent (F) used as &l luent in this invention, my be
+ used al one or as a mixture of two or nde to dissolve the above nentioned

conposi ti on. a lb@ani ¢ sol vent (F) which can be used
bT SFﬁXﬁBEéﬁée%f eHaflo¢?

in this |nvent| n 1 nclude pro ene cafbonate, butyl cellosolve, butyl
cel | osol ve acet@e; V’Cﬁyl&hght eewahlabhan € acetate, cycI ohexane

propyl ene gl yco th ro &) C di et et her and so
on. Preferable @%eie %é{‘ Mﬁgr%oﬂg@éagﬁg ?{ eceI | osol ve
acet at e. The wr ggPeeling (yﬁrgmﬁfé Cldatéalsgjﬂfgy;@ntlon can be used in an
anount of 5~60 parts by Welg ht, preferably 10 to 50 parts by weight of

l'i qui d phot epol yneri zabl e resi nous conposition. Major filler used in this

invention imgl Wahﬁ‘@l Eagé Reé@t&;} cgilica, alumna, calcium

carbonat e, cl ay, eroso anic filler in this

i nvention can be %(@(Q)Sqma Oﬁmgﬁtt&ﬂdl 'ﬁ%lg rwgvmﬂﬁﬁS,SIBgemrr@m y 25
to 35 parts by carried out in the same manner as in the evaluation of

adhesion, and each sample was soaked for 30 minutes at
20 in a 10 weight% aqueous solution of sodium hydroxide.
Then, the condition and the adhessiveness of the resulting
film were judged collectively.

© :Total absence of change

(O :Very slight perceivable change

/\ :Peeling on not more than 10%of coated surface

X :Peeling on entire coated surface

10. Solvent Resistance
Exposure, development and after-curing processing were
~carried out in the same manner as in the evaluation of
adhesion, and each sample was soaked for 30 minutes at
20 °C:, in trichloromethane and acetone. Then, the
condition and the adhessiveness of the resulting film were
judged collectively.
© :Total absence of change
(O :Very slight perceivable change
/\ :Peeling on not more than 10%of coated surface
X :Peeling on entire coated surface

11.Resolution
Exposure, development and after curing processing were
carried out in the same manner as in the evaluation of
adhesion.
The resulting resist pattern was observed by means of a
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‘ wei ght. of |iquid photopolynerizable resinous conposition. [ Exanpl e] ‘Now,
T the invention will be described nore specifically below with reference to
;> wor ki ng exanpl es and conparative experiggents. It should be noted, however,
! that t he present invention is not limted by these exanpl es. \Werever
"parts" and "% are nentioned, they are invariably used on weights'unless

ot herwi se specified. 11 Prepar ati on
; exanpl e of unsaturated nonocarboxylic acid conmpound (formula): Preparation
Exanpl e | 524 mpeross¢apeqi Xal ¢60) dopg yahrtmeol mdmhaamﬁ ytheg e and

152 parts (1 nol I rJ de r h none,
2.6 IOpar t s(t Fi pHg%%ﬁ@gﬁﬁrﬁg&wgt?b&%&?ﬁ%" cdch rgs’lg? Iﬁle ¥; I
the resolution value, the higher the resolution power of thc
photoresist, therefore the photomask can be widely applied.

Table 3 Coating properties comparison of example, comparative

example
Example . 1 2 | 3| 4 5 6 7 8
Tackiness after drying 0101010601010} 0O
Developability ©lo0o|o0o|o0o|lo]|O®]|O0]| 0O
Adhesion © |1 Ololo Ol || O
Solder HeatResistance | O | O 1 O O | O 1 O | O | O
Electroless Plating O1lO0O10]10]10O0]1]010] 0O
Resistance to Solvent © |l © | 0|00 |©0| 0| O
Acid Resistance ©1©0 | 00|00 |0]| O
Base Resistance © | 00000} 0]| 0
Pencil Hardness 6H | 60 | 6H | 6H | 6H | 6H | 64 | 6H
Sensitivity 13 L2 i3 || 3] 12| 4] 13
Resolution SOpm | SOpm | SOum | SOpm | SOpnt | SOpm § SOpm | S0pm
Comparative Example 1 2 3 AR 6 7 8
TackinessafterDrying | O | O | O | O 1O O | 0O} O
Developability OlAalotltala]|l OO O
Adhesion O10 ] 01O IO]® | O O
Solder Heat Resistance AlO I N[OOI A]O) O
Electroness plating AlTO1TO |1 ATO[O I Al A
Resistance to Solvent OO0 0|0|]0|0] 0
Acid Resistance ©1O0]0 0|00 0| 0
Base Resistance © 1 ©| 0|00 |06 6"
Pencil Hardness 6H | SH | sH { 6H | 6H | SH | 6H | 5H
Sensitivity W0 L 1o | o ot oo | r 10
Resolution 150pm [ 200m [ 200pm ] 200tm ] 100pm | 300am{ 200pm| 250um

EFFECTS OF THE INVENTION
From the result, carboxylic acid containing photocurable
monomer (II) and photocurable prepolymer (A) in the_inven- .
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“reactor, stirred at a tenperature in the range 80C nelted reaction nixture
~for an hours was heated to a tenperature at 105C and stirred for reaction
for 32 hours. The reaction m xture was, l{)em)ved fromthe flask and | eft

cooling to normal roomtenperature to obtain product (Il-1) having an acid

val ue 83ny tio playPr epry atilpofteartpimles. Thid opontpositednctobf this

netend  of ﬂ?@%ﬁ qan ¥ %%é’rélﬁpﬁ?f b9 AR éﬂ?yléﬁ'QU%agéi%#ﬁt ]

pr oduct (11da¢ tavting earbox gt Eathoxylic Fa@mhr@@nmnmm@pl e of

Baui val ent PSR TrARET °ﬁ£€%g Blet > yfgﬁaéﬁ@%‘egfﬁf%% AIERIRERS nbi vt en

of 210 (pr cnnmpat&biﬂ coKadiduteoalkali daqueders rsedusion ebetwadement
desi gnat i Orb(%ed% oéﬁﬁose\(%ZIM) was nelted and stirred at a
Photocurable prepolymer (A) of this invention can provide
a film excellent in sensitivity and solder heat resistance,
electroless plating resistance, and also provide a film of higher
resolution.

What is claimed is: ]
1. A photopolymerizable resinous composition which com-
prises: (A) a photocurable prepolymer represented by the

general formula [I]: " g i,
. " ;! fn
o=t ‘};o ¢=0
'!
¢y by €11
cnzdnl-t—o-mz-t-m; Rn—Ci*z—'i-CHz-O_O (uz—l ~(Hy=0)
4 Ry z“’- Py uh L=
63 . EH () (,,.H
= Ok LTI T
3 ]
3 q
Os o=t o=t
) 0
2 9 9 o g
HO—CH H—(‘,—o—c,-R,-c He Ol 4y =L
2 1 bi o

o

tu iy 0 Q &, o Ty :!
Soon -é-t -0 &—o—L-pJJl i

T ETn by o
b b él &H; ]
c=$t: o:éL o=t ?awn :
[ H; 1
Sy & Y o=t i
Ly i

' &-IJ

which is prepared by reacting epoxide compounds (a)
containing at least two terminated epoxy groups with o,B-
unsaturated carboxylic acid (b) containing at least three
vinyl linkages represented by the general formula [II] and
an o,B-unsaturated carboxylic acid (c) and then reacting
with polybasic acid anhydride (d) and then reacting with a
monoepoxide (e) containing one vinyl groups, whose
amount is 40~80 weight % ;

This Sheet Has Been Replaced
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wWenperature in a range of 90[err]C to 100C. Then 338 parts iﬂi m
insat ur at ed nonocar boxylic acid conpound (11-1) and 36 partl “llm leull”“m
acrylic acid, 0.72 parts of hydroquingge, 195 parts of propylerfe ¢arbonat e
and 195 parts of carbitol acetate were added to the stirred nolten resin

and 1.05 pHors playhatgrly pgsputiané wa?sesa.ddé‘he ch@mlges%t_ti@nt dofxtthg'ia\g?ison
i I na _stirre Qf -
24 hour st I EHAON CHOCOELALVEISBEATD S 2 Ml Bl dqticous Sol i ™
12 acid vallue 60 thg Kanboxyliengrotimdnl Searpoxylic facentd adwdtan’gﬁcigglnldc
i . r.at I e ra ‘
tiTred 1o NOLOEAARILC BorfSER! AT, rlaks® ATIERGR AMEbRCES, ikl e
stirred fdrompatibslity oft dituten alkaducaqheousg satition! bet@emK@kg (A1),
solid contshke8%Ad unexposed area.
Photocurable prepolymer (A) of this invention can provide
a film excellent in sensitivity and solder heat resistance,

electroless plating resistance, and also provide a film of higher
resolution.

What is claimed is:

1. A photopolymerizable résinous composition which com-
prises:  (A) a photocurable prepolymer represented by the

general formula [I}: cHy B §re
\ o:éu t’. =0 *'___"_)

¢r s
2 [

0 vy _ e
cHy=ch-t-o-0p-¢-t Ry~CHy=C-CHy~0 cHp—i-tay=r

dny, b0 \ X
g‘z ] ™ &, :.;u, r;;n |
- L)
o=t tz0 b =y i
f b’ Py
3 o=t e
et - o=t
§ £|n 0
L o 0 Uy o
(( 2 2 W "W A 1 [
HO—CH HodeO-Cury=C  H-{=0-C—fy=l—eht
Hz dy & ¢y
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w

R 4 ") " :
& g &, 0 o :
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%y Sy &y b |

§ b b tH;
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- &1 2 !
iy thy By e:lé” i
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which is prepared by reacting epoxide compounds (a)
containing at least two terminated epoxy groups with o,3-
unsaturated carboxylic acid (b) containing at least three
vinyl linkages represented by the general formula [1I] and
an o,B-unsaturated carboxylic acid (c) and then reacting
with polybasic acid anhydride (d) and then reacting with a
monoepoxide (e) containing one vinyl groups, whose
amount is 40~80 weight % ;
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Preparatlon exanple 4 210 parts (1 equivalent) of a cresol
1¥epoxy resin having an epoxy equival ent of 210 (product of To lm“mﬂmmmm”l“l
- *Ltd. Under registered trademark desi gt i on of "Epo Tohto"
melted and stirred at a temperature in a range of 90C to 100C then196.8
partls of unza (B atmdotmmmablmogydmonm dom o(nblcarbo&()‘yllﬁaratﬁdOL
acrylic aci r | opyl ene, car bonat e
and 140 partsr%?;\&%e?ﬁ? pg; zﬂl ﬁg rag:}@cﬂ P@ﬂjfétwch%ge YL dSin t hen
0.85 parts tripherywelmsto¥i ne was added. The resultant nixture was heated
to a tenperature in the range of 110C to 115[err]C, and stirred for 24
hours to obtain an esterification procuct having an acid value of 3ny
~ KOH g. Then addi ng 52 pahFSH@Fo{ceirah)pdropht hal i ¢ anhydri de 'whi ch was
 heated to a tenperature |n"t"rfé2'r°aﬁge°'(§f-"areﬁf'err] , 1o 105C and stirred for
~reaction 5 hours, and a8 hGEET Parts of glycidyl acrylate stirred for 3
hours to obtain an product haV| ng aci-d value 54 ng KOH g, solid content 65%
(A-2) Preparation Exanpl e ar cor‘rPar ative polynerization

1]
O"C"CH=CH

Riool ' ¢ 9
—O=C—CH=CHz ; ~—0-CH, —c ~CHy—0-C~CH =CH,
Hz
Ra: H; CHs * 0~¢-CH=CHy
. o

Ra [ ] Q O
1 Ho — —
CHy y CH2=CHa  CHy=cH,

(C) a photocurable monomer containing at least one vinyl
group, whose amount is 10~30 weight %

(D) a photopolymerization initator, whose amount is 0.5~10
weight % ;

(E) a curing agent capable of making a prepolymer (A)
undergo a thermal reaction, whose amount is 0.1~15 weight
% ;

(F) organic solvents, whose amount is 5~60 weight % .

2. A photopolymerizable resinous composition as in claim 1,
wherein photopolymerizable prepolymer (A) (formula I), R,
represents OCOCH=CH; or CH,O CH,C(CH,0 COCH=
CHy)s; R, represents hydrogen or methyl, and Rj represents
methyl cyclohexyl, cyclohexyl, ethyl, cyclo-hexanyl or vinyl.

3. A photopolymerizable resinous composition as.in claim 1,
wherein  photopolymerizable prepolymer (A) can be
prepared by reacting epoxide compounds (a) containing at
least two terminated epoxy groups with o, B-unsaturated
carboxylic acid (b) containing at least three vinyl linkages,

This Sheet Has Been Reﬂlaced
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” conpound (A
~ cresol novol

) Preparation Exanple 5 ° 210 parts (1 equival eﬂwu u
ak type epoxy resin having an epoxy equival ent of

Tohto" YDCN- 704), 13.4 parts (0.1 nole) of the dihydro-xynethyl propanic

. d , d . i i -
hyo o i e e GPEGBrPreb fenitrbiad sphocerby

arts of . . ..Gcarb acet
stirred at aCostpHmrad ffﬁassméﬁree vinyl lmckage taking part in
of 90C to 95E@%éﬂi
n

parts of tri

I tol, acet’ate wer?1

EnsTiem ey

or“reaction 3 urs i

- P

t he

& add (anI ted and
1€ 13 range

OlE Xpréferapabed 3 AP OAmladth i 138

e yi hosphi ne, a?\}@ st'i ]
range of 100€qUdva &%r&f@ﬁ%ﬁbg&pﬁp& aGRQRIGS JRIIPPRIagSBEY d val ue
0.5 nmy KOH gg(fdbiexproportion of unsaturated monocarboxylic acid (c)

containing one vinyl linkage taking part in the reactions is
0.5 to 0.9 mole, preferable 0.6 to 0.7 mole, to 1 equivalent
of epoxy groups of epoxide compound; said proportion of
polybasic acid anhydride (d) is 0.3 to 0.6 mole, preferably
0.4 to 0.5 mole, to 1 equivalent of hydroxyl group
produced by reacting above mentioned acid with epoxide;
said proportion of monoepoxide (e) containing at least one
vinyl linkage is 0.1 to 0.5 mole, preferably 0.2 to 0.3 mole,
to 1 equivalent of carboxylic group produced.

A photopolymerizable resinous composition as in claim 1,
wherein I, K, L, M, N, O, P) in photopolymerizable
prepolymer(A), each represents the mole ratio of six
components and it must be satisfied in-the condition as
follows:

KA+LAM+N+O+P=0.9~1.1;

K+1L=0.4~0.7;

M+N=0.3~0.6;

O+P=0.03~0.3.

. A photopolymerizable resinous composition as in claim 1,

wherein photopolymer prepolymer(A) can be selected from
one of phenol novolak type epoxy resin, cresol novolak type
epoxy resin, halogenated phenol novolak type epoxy resin,
Bisphenol A type epoxy resin, Bisphenol F type epoxy resin,
Bisphenol S type epoxy resin, triphenyl methane type epoxy
resin or tetrabromo bisphenol A type epoxy group, and at
least three vinyl linkages containing unsaturated mono
carboxylic acid (II), taking part in the reaction with
dipentaerythritol pentaacrylate or pentaerythritol triacrylate,
and polybasic anhydride; said polybasic anhydride can be
selected from succinic anhydride hexahydrophthalic anhy-
dride, methyl hexahydrophthalic anhydride, tetrahydro-

-
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it ot ey e, 256 09 287 berts 69020 oo DA I NE VA
sreaction m xture and stirred for rea2r7| on 6 hours in the range of 95C to

100C to obtain an reaction product ( 1) having an acid value 40 ng KCH g,

2 cresol mondtiRAlip AR IE-OR RiBleRs “anhgtftide: il vnyetiral ?die”” o
(Elro gd%}] : gf Tnbmm@gﬂ;ofyhg lacid @i rcontmmn editt ﬂaagmnedé@ny at | ?n of
hydr oqui none\fgr%l- agg, CH8 }2)‘3 tééfﬁét‘%grngﬁ‘ﬁbp @gﬁ’gpg \A‘/le(ﬁg rrem?ﬂ?iéﬁr%tsl ?red
2:) Ofieé e{rgeg gfaeugd i gretamrmeactd 905 connaanc tz:md it Isai ea&&tﬁgat Odir ets wer e
tenperature it %fIFé“F’gﬁg %@?‘%é% Saioéanatpc?l sltelqréregél P{(}?ﬁﬂ I |d§ﬁq§2ahoﬁrs
ggdlol;;a;g agam wdride,at hexahydrophthalic g antiydridie,e roes yzh - then
parts of cgr ﬁi@htﬂ%ﬁgt ?‘!@’@@‘iaea@ff@wmgﬁm@?\%ygﬁ g@ g b? o
tenperature imaleic anhydride; said monoepoxide (€) contamlng at least

one vinyl group is glycidyl acrylate or glycidyl meth

acrylate.

6. A photopolymerizable resinous composition as in claim 1,
wherein the photopolymerizable monomers containing
carboxylic acid group can be prepared by reacting di-
pentaerythritol pentaacrylate or pentaerythritol triacrylate
with succinic anhydride, hexahydrophthalic anhydride,

! methylhydrophthalic anhydride, tetrahydrophthalic anhy-
dride or maleic anhydride selected from polybasic anhy-
dride. -

' 7. A photopolymerizable resinous composition as in claim 1,
wherein the proportion of carboxylic groups of the unsa-
turated carboxylic acid taking part in the reactions is 0.8 to
1.1 equivalent to 1 equivalent of hydroxyl groups of
unsaturated monocarboxylic acid.

8. A photopolymerizable resinous composition as in claim 1,
wherein the photopolymerizable monomers (C) can be
selected from at least one of 2-hydroxyethyl methacrylate,
dipentaerythritol pentaacrylate, dipentaerythritol hexa-
acrylate, and pentaerythritol triacrylate.

Sheet Has Been Re laced |
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~the range of 95[err]C to 100C and stirred for rea tlg REBLACEMENIOSBBEES n HG
reacti on product &P@Emwrg‘@ir aci d val ue 40 yriphion spaged ..Cotot paged 2.
¥5% Preparationf EXang I5fparts(1l equival eﬁ@lamf'(sa crpget Moeopaged ¥

- type epoxy resinj(doftening poinl:}{74-83[ern|C, e oRyDexping(s) epdged ..2.140) pagéd .....
parts of acrylicladi d)7MAR 199 t

pf -hydr oqui none; EAAbstRbs 6 Pged . B tobphgel ..
cel |l osol ve acetaqe were nelted ngd stirred at ajtenperature in a range of

90C to 95[err]C [Then the reactlon m xtures were ¢og g%k%l] C #ad
add 1.38 parts o b and heated tota féﬁpé@auc y'}‘“"f'h"ﬂ """"""
range of

stirred for reacti OL)IQQ@RQIb’BBglll&%bl&tlﬁSiMﬁ%%gﬁj&wm&Fﬂg an

acid value 3 ng KOH g. Then

FIELD OF THE INVENTION

This invention relates o a novel photocurable resinous com-
position, which can be uscd for forming a pcrmancnt protective
mask, such as solder resist or the like, to be cmployed for the
production of printed circuil boards (printed wiring boards), has
high sensitivity and high resolution (line width S0 i) and high
speed curability to a ultravioletirradiation, and forms by curing a
dry film excellent in clectroless gold plating resistance, soldering
heat resistance, clectrical  characteristic  and  mcechanical
characleristics.

BACKGROUND OF THIE INVENTION

A solder mask 15 usually cmployed before soldering the
clectrontc devices to the printed wiring board, and 1s coated {o
form a Nilm m all arcas cxcept where circuil conductors arc
soldercd. This film is indispensable because it functions not only
as an insulating membranc preventing the solder from adhcering,
to nccessary arcas during the soldering, but also acls as a
protective membranc preventing the circuit conductor from being
corroded by oxidation after exposurce to the air,

Fitherto, the solder mask have been formed on the board by
screen printing and curcd by ultraviolet rays or heal. However,
not only has the printcd board been steadily refined, enlarged and
madc into onc-board, thus bccoming more advanced with
remarkable tempo, but also its mounting method have envolved
mnto a surfacc mount technology (SMT), and therelore the solder
mask is also required o be of higher resolution, accuracy and
rcliability to match the refined SMT. Various improvements in
the solder mask have been proposcd. -
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" addi ng 76 parts (0.5 nol e) of tetrahydropht hal i c a;nhy' tq a

|t"ﬁ SHEE!
Lenperature in the range of 95 [err]C to. 100 C & d%stlrred {?gzg riegction 6

“hour to obtain a reaction product (A -3)2having akif 0 MARS KGH g and
solid content 65% Preparation Exanple 8. 100 phris (0.47 equixallent) of

cresol novol ak type epoxy resin (softening point:B5 [err]C, epoxy
cqui val ent : 212) 71.3 parts (0.49 nole) of acrylit.acid dimee—o—46 parts

f hyd fcarbi d
Ctirren ar o PLseRBlRea OBtk Zogbsifife ChRabTiIng blSHhE0! o

reaction pcurcqmeyeamylmt@xcﬁ@mzer,]Ce Ryadstnapowgdpranid epoxy
t ri phenyl phosphi ne

A R R o L 9nhiepgn@COE@s@ﬂ?man@?ﬁnE;% Con
product hNo.rfiI)aMM\Bdl an I@Ig)alﬁds!/egl’at&h@ﬂ\led@]ﬂ@om K hﬁirﬂh% t@séfioﬁol e)
of tetrah)(ldr‘qghtqueﬁ I? andgg!5 E" ne to a te(np rature 1Ln ” ] a of 95
[err]C to'160C & }JE anBaSKsy r HaCt JNGXResedn BCASLIAS o (dﬂ)"cb‘l"n( Uhction
product (fevbloped by ani drgahie stivent KBtbweval ithorenarnttheorivks of
cnvironmental pollution, {irc and so on since a large amount of
the organic solvents arc used in the removal (development) of the
uncxposcd arcas.
In order to solve this problem, an alkali devcloping typc
photoimageable solder mask capable of development by a dilute
alkali aqucous solution 1s proposed .
As for a photocurable composition capablc of alkali deve-
lopment, a malerial consisting mainly of a rcactive product as a
basc polymer, which is oblained by reacting cpoxy resin with
unsaturatcd monocarboxylic acid follow by adding polybasic
acid anhydride is disclosed in Japancsc Patent Publication No.
56-40329 and 57-45785. In addition, a liquid solder mask com-
position using a novolak typc epoxy resin, which is superior in
heat and chemical resistance, can be developed by a dilute alkali
aqueous solution and is disclosed in Japancsc Patent application
N0.61-243869. And a photocurable resin comprising a reaction
product (A) an epoxy vinyl csicr resin obtained by rcacting a
cresol novolak cpoxy resin and (B)an unsaturatcd monobasic
acid and a polybasic acid anhydride and (C) an alkyl kelene
dimer 15 disclosed i U.S. Pat. No0.4,933,259. And a
photopolymerizable compound prepared by rcacling a novolak
lype cpoxy compound in successively, an unsaturatcd mono-
carboxylic acid dimer and a saturated or unsaturated polybasic
acid anhydride is disclosed in U.S. Pat. No.4,948,700. And a
photopolymerizable  composition comprising (D) a rcaction
product obtainced by reacting cpoxy resin (imelting point 65~90°)
and an o,B-unsaturated carboxylic acid and then reacting with a
polybasic acid anhydride is disclosed in U.S. Pat. No.5,100,767.
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Preparati on Exanple 9 215 parts (1 equival ent]) b KCEAMENT SORET 3
;epoxy resin (softening point :85 C cpoxy equivaleqpp—245+——¥2—p'

nole) of acrylic acid, 0.5 parts of hydrQqui noneg 103 6& iB?f (oF:
acetate were nelted and stirred at a tenﬁerature Aée g0

95 [err]C. Then the reaction m xtures were cool ed o 60 [err]lC and added
1.38 parts of triphenyl phosphine and heated to ajtenperature in tje range
of 100 [err]Cto 105 [err]C, and stirred for rea bt ain an
esterification product having an acid value 3 ng KOH g. Then adding 116
R
15 C to oSOHI® mrs%lmias cat@]ﬂawh@rhnl h@ydlmcalm dgviedorongglaidare d
content 7@claudc"BT B9ty Arcdifciit 6F HeteO8ring electrolytic corrosion

and discoloration of the surface of copper foil at the timc of pre-

drying depending on the combination of polybasic acid

anhydride which is employcd in order to make the mask soluble

in the alkali developer, epoxy resin, and epoxy resin curing agent.

The composition also have the problem of deteriorating the
clectrical characteristics of the board due to the influcnce of
carboxylic acid produced by the rcaction of polybasic acid
anhydride. In addition, their usage is restricted duc to the
compalibility bctween the carboxylic acid and cpoxy resin,
therefore the heat resistance and adhcsion become worsc.

However, with the recent advances of high density mounting,

a reduction of the spacc between conductors have been required.
Several demands have becen imposcd on electrical insulation
between conductors, and cxcellent dimensional precision has
been required of solder resist and the like. While the above
mentioned photopolymerizable resinous compositions only have
low resolving power o rcach [50um (o 300um, therefore the
demand of high density mounting printed wiring board such as
80um to 150um has been unable (o be satisficd by the com-
positions.

‘The purposc of the present invention is to climinate the above
problems of prior art and to provide a photopolymecrizable
composition useful as a liquid photoimageablc solder mask
which has superior ultraviolet curability, heat and chemical
resistance, flexibility, clectrical characteristics and  which s
possible to develop by a dilute alkali aqueous solution.

The above-deseribed object is attained with a liquid light-
sensitive resinous composition containing as main components
(A) a photopolymerizable compound represented by the general
formula [1] as follow: (which is a rcaction product obtained by
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(0.26 nole), tenperature kept at 50 C for 30 mnutes, then reacting at 80 C
for 1.5 hrs to obtain a conpound (A -5) having a acid value 70 ng KOH g.
Exanpl e The conponents indicated bel ow yere prem xed in the proportions
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(B) a photocurablc monomer containing carboxylic acid repre-
scented by the general formula [11]:

U

CHy=CH -6 ~0-C1ty n 0
I)~Cliy- ’ (H)—O-‘ l\-;-C -0l )
CH Y =CH-C -0 -Gty an
o
wherein:
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(Cya photocurable monomer containing at least onc vinyl group;
(D)a photopolymerization initator ;

(E)a curing agenl which makes prepolymer (A) undergo
thermal rcaction;

(Iorganic solvents.
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manuf act ure Co.,

2.0 kg/cnerr].

Ltd.)

The exposed coati ng was devel opgT wt
carbonate applied as devel opi ng solution by spraying un eﬁ al‘
It was placed in a hot sair circulationfoyen kept at a

tenperature oF 150 [err]C, and post cured for 60 m nuteg, jt Q7 MAR 39%DI fle
resi st pattern. ' 16 alle I  The
conponent of exanple Exanpl e Zz 3 ! 5
6 7 8 (A) conponent (A1)

48 48 48 24 24 (A-2)

agacur & BISTAIAID NESCRIRFION OF THE INVERGIFONN 1
0.25 0.25 0. 25 'ec haradcoistse of. 4 invention is in the prepolymec Agodbonent
least four vinyl group in a molecular unit comprising mncrcasc a
liquid photoimageable solder mask photocure strength  and
resolution, shortening photo rcaction time. In addition, the
monomer (B) of the invention comprising hydrophilic carboxylic
acid group increase the solubility differcnce between the exposed
arca and uncxposed area. And it can incrcasc the developability.

The liquid photocurable, prepolymer (A) of the invention
represented by the gencral formula [1], which is a rcaction
product obtained by rcacting cpoxy resin (a) containing at Icast
two terminated cpoxy groups and an o B-unsaturated carboxylic
actd (b) containing at least three vinyl groups represcnted by the
general formula [H] and an a,f-unsaturated carboxylic acid (¢)
and then reaeting with polybasic acid anhydride (d) and then
reacting with a monocpoxide (c) containing onc vinyl group.
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phot opol yneri zabl e mononer (l11-1) 6 6 6 6 photopol yneri zabl e

mononmer (I1-2) 6 6 6 6 (D
s conponent pent aeryt hr| tol triacrylateg di pent aeryt hr| toI pent acryl ate
1 1

6. 25 6. 25 ’Ehggca)rger@agxyc’gof@l least two epoxy compounds (w ld@hp@a@nt
propyl ene q5e bl dn- this tnvenbicip &czggéél%g Ao F %épg gRoxy fesins,

carbitol acetat 25 6 '
The ot her csaﬁ:ﬁ@il tﬂ(b\ﬁola< lypcba@PQWsdf@fSéﬂé al egcaacds. phegod 6.5

Sh?halﬁsogyan}%\g)lak Rﬁd ldéﬁ?y m}os%ng ?lS%l?leLé'\o(%)elégoxéﬂgmﬁ K?%G(antl

f oam ng age;mc;no[ pe epoxy resin, Bisphenal typc CpOXt aresin,

;ﬁg?oﬁg?t ;ﬁg rﬁl?@%ﬂﬁ’h&ﬂ&l c‘}[?g\ylp@sm ahda et PR M B Se AY] PACEYHEd

(et hyl t hi &nﬂr\e)ﬁqusmsrmApH@ﬂg]dhﬁSﬁr gpeade resins, phenol novolak type
epoxy resins and cresol novolak typc epoxy resin arc preferred.

Compound (b) containing at least threc vinyl groups repre-
sented by the general formula [I1] is prepared by dipentacrythritol
pentaacrylate or pentaerythritol triacrylate reacted with polybasic
acid anhydride. Typical representive acid anhydride which can
be used include succinic anhydride, methy! succinic anhydride,
maleic anhydride, phthalic anhydride, tetrahydrophthalic anhy-
dride, hexahydrophthalic anhydride, methyltctrahydrophthalic
anhydride. The best product is that pentacrythritol triacrylate
reacted with tetrahydrophthalic anhydride.

The forementioned unsaturated monocarboxylic acid (1)
can’t be bought by commercial market, it can bc prepared by
reacling dipentaerythritol pentaacrylatc or pentaerythritol tri-
acrylate with polybasic anhydride. In the successive reactions of
a novolak type epoxy resin with these componcnts for the
production of a photopolymerizable compound, the proportion of
the polybasic anhydride taking part in the rcactions is (0.8 to 1.1
equivalent, preferably 0.9 to I.O cquivalent, 1o 1 cquivalent of
hydroxyl groups of pentacrythritol acrylate. Suitable cxamples of
a catalyst which can be used in this invention includc triphenyl
phosphine, triethylamine, methyl ethyl ammonium chloride and
so on. Preferably triphenyl phosphince. The catalyst may be used
preferably in an amount of 0.1 to 10 parts by weight. In order to
prevent polymerization, add thermal polymerization inhibilor
such as hydroquinonc, methyl quinonc preferably. The thermal
polymerization inhibitor may be added preferably in an amount
of 0.01 to 1 parts by weight, per 100 parts by weight of the
reaction mixture.
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Kayacure | TX: N ppon Kayaku Co., Ltd. Produced photoinitator,

| sopropyl -9-o0x o-thioxanthone Kayacure DETX: Ni ppon Kayaku Co., Ltd.

- Produced phot o- initator, 2,4 -diethyl 9-oxo-t hi oxant hone *
NPCN- 704: the epoxy resin manufactured by NanYa plastic Co.

i? , Tabl e PheTheitablporeaditonoterperatare vand readdopatatic/ meyanpl e

conponent Be co‘:lltroﬁgg _l%_tweén g0 and 1205 °C, 24 and( A8 2§1®urs
48 30 4GegRrately. Thereffe 1Bt reaction product ( formula II) can 60

be obtaincd, and its reaction formula can be shown as follows:

0
Q
1] 1]
CHy=CH-C-0-0Hy /g\ Oy =CH-C-0-0y 2 9 . _
R s n o — R—CHy=C-CHz—0-C-Ry—C-H -
CHp=CH-C-0-0y e CHHy=CH-C-0-0Yy
) B 0 0
REPLACEMENT SHEET
wherein: VO., MAR 1997
b
0-C-O=01 —
9 o g
Rig-c-CHZCHy . -—o—ai,—c':-m;-o—c—cnzou
?"2
Ry H,CHy 0-G-CH=0Y

0

Ry

’ O ,O O an-ahn  ayEc
O|3 L] ¥ 1

A o,B-unsaturated monocarboxylic acid containing at least
onc vinyl linkage can be included as: methacrylic acid,
crotonic acid, cinnamic acid, and acrylic acid.

Saturated or unsaturated anhydride can be selecied from
succinic anhydride, hexahydrophthalic anhydridc, methyhexa-
hydrophthalic anhydridc, tetrahydrophthalic anhydride, maleic
anhydride.

A monoepoxide containing at least onc vinyl linkage can be
sclected [rom glycidyl acrylate, glycidyl methacrylate.

The amount of monocpoxide (¢) containing al least onc
vinyl linkage to the carboxylic group gencrated by abovc
mentioncd esterification is 0.1 mole ~ 0.5 mole per chemical
equivalent.

Above mentioned photopolymerizable prepolymer (A} can
bec prepared by reacting epoxide compound (a) conlaining at
least two cpoxy groups with an unsaturated carboxylic acid (b)



(A -4) | 50 (A -5)

46 (B) conponent | rgacure 907
- 3.753.75 4 3.5 504343 7.2 8 Kayacure DETX 0.16
0.16 1.5 2.5 .3.5 di et. yI am nobenzophenone
0.5 cantaining at ledst {htee viny @'mgﬁt and.wt&léﬂwm. t ol
hexaacryl a e
pent aacryl ta('faeb? %gl é %%‘d S(C) %ogtan]omv %ﬁlél V:@#)ﬂ g rq"iaqlc (’é%réo
2 4~ with ‘saturated or unsaturat ]ae asig anh ydnde gdi\m
i g ngl reacting wht% monoepdi it (€} %xﬂ%{gmo at feddt ot vmyl
(F) corrponegﬂOUp lntﬁu@(lic&fdMﬁ‘d)}!ol ve acetate 4.69 4.69 2 11

cel 050l ve-ackt 18 1eAeHibrfiaitiyid ofieach compeey) impostion

The ot her @mpb ctrashon of every componrent mustbeclew. s 5
2 According to above mentioned discussion, the amount and
ration of cvery component can get the best result in the region.
In the reaction, epoxy compound (a) and a monocarboxylic
acid (b) containing at least three vinyl linkages (formula II) the
proportion of unsaturated monocarboxylic acid (b) containing
at least three vinyl linkages taking part in the reactions is
0.1~0.5 mole, preferably 0.3 to 0.4 mole, 10 1 equivalent of
epoxy groups of epoxide compound. Suitable proportion of
unsaturated carboxylic acid (c) containing one vinyl linkagc
taking part in the reactions is 0.5 to 0.9 mole, preferable 0.6 to
0.7 mole, to 1 cquivalent of cpoxy groups of epoxidc
compound. The proportion of polybasic acid anhydridc (d) is
0.3 to 0.6 mole, preferably 0.4 to 0.5 molc, to 1 cquivalent of
hydroxyl group produced by reacting above mentioned acid
with epoxide. The proportion of monoepoxide (¢) containing
at least one vinyl linkage is 0.1 to 0.5 mole, preferably 0.2 o
0.4 molc, to 1 cquivalent of carboxylic acid group produced.
In other word, in photopolymerizablc prepolymer (A)
whercin (I,K,L,M,N,O,P) cach represents the mole ratio of six
components and 1t must be satisfied in the condition as
follows:
K-+LAM+N+O4P=0.9~1.1
K+L=0.4~0.7
M-+N=0.3~0.6
O+P=0.03~0.3
The photopolymerizable prepolymer (A) in the invention
can bc used in an amount of 40 to 80 parts by weight,
preferably 45 to. 75 parts by weight of liquid pholopoly-
merizable resinous composition. REPLACEMENT SHEET
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Barium Sul f at e 16:16 16.16 10 1.0 9.5 12. 15 Cal ci um

Car bonat e 1.56 1.56 8.5 5 10 1.71 13.7

*Silica I pht halpcyani ne 0.5 0.5 0.5 0.5
0.5 0.5 1.0 1.0 Triglyeidyl isocyanurate 6.25 6.25 4 10
9 14 ks @dtaranothei nchaneeteristio. of the invention isithe photo- 1 1

\PeL 120 (e, Gonghir, (B YSAAIR 0 il d8id group 10
18  Experiamdtat lcastrthrie exmylpgeoapso 8 and conparative 1 to 8 , exanples
Cher mocur abl o ke p&@ﬁé@?gﬁ*ﬁ At r@?XSQﬁgﬁﬁ{? B ARUroBRIALY
after ther ncarb@xykice adidsigroupstincseases thet solublhty dlIfcrcnce
between exposed area and unexposed area. And it can increasc
the developability.

The other photocurable monomer (C) containing at Jeast
onc vinyl group can sclect any known photocurable monomer
containing at least onc vinyl group. Typical examples of the
monomer (C) are 2-hydroxy methacrylate, ethylene glycol
monoacrylate, pentaerythritol triacrylate, dipentaerythritol
pentaacrylate. The photocurable monomer (B) containing at
Icast onc carboxylic acid group and the other photocurable
monomer (C) can be used by mixing.

The photocurable monomer (B) and the other photocurable
monomer (C) can bc uscd in an amount 10 to 70 parts by
weight, preferably 20 to 60 parts by weight of liquid
photopolymerizable resinous composition.

Photopolymerization initator include any known photo-
polymerization initalor benzoin mcthyl cther, benzoin
isopropyl cther, 2,2-dimethoxy-2-phenyl acetophenone, 1,1-
dichloro-acetophenone, 1-hydroxycyclohexyl phenyl ketone,
N,N-dimethyl aminoacctophenone, 24- dimethylthioxan-
thone, 2,4-di-ethylthioxanthone, 2-chlorothioxanthone, 2,4-
diisopropylthioxanthonc, acctophenonc dimethyl ketal, benzyl
dimethyl  ketal, methyl benzophenone,  4,4°dichloro-
benzophcnone, 4,4°-bis-diethylaminobenzophenonc, Michler’s
ketonc and the like. It is most preferred to cmploy the
combination of 2-methyl-1-[4-(methylthio)phenyl]-2-morpho-
hno-propane-1-one, (manufacturcd by Ciba-Gicgy) 2.4-
diisopropylthioxanthone (manufacturcd by Nippon Kayaku
Co.Lwd).

The photopolymerization initator (D) can be used m an
amount of 0.5 to 10 parts by weight, preferably 1 1o 5 parts by
weight of liquid photopolymerizable resinous compogition
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resi stance test, base resistance test and sol vent resistance test. 1.

Tacki ness after drying The tackiness of the predried coating filmwas
nmeasur ed by finger touch and eval uateggusing the followi ng criteria: 0
:No tackiness at all. [err] :Alittle tackiness was felt, but there was

no trace of aSuxLab!ctumgangoagml (E) [(mpablc Aft neadeingg mﬁnermﬁymcrnt wer e

was dot or m(S0 By ﬁm g“ic"ﬁ?!nt%&?h Béﬁladpe@f%ﬁﬁ@hﬁﬁo%%fﬁe%y

ul tra-vi ol ecomnijgbn nbariingreat! keagth twoa meoOmW;nt:air] with

Ltd.) Cher gﬁ%&&’@ﬁ%? aﬁésﬂ?%eégéd( gk °hf@%49%9#5§&%% 60

seconds wi tpphenodl eow SPOXY mslms; arcspblriaolak dypsy cppxyder a
e o RS R AT BN, M BOARD o o
: BlSphCl‘lOI A type epoxy resins, Bisphenol F type epoxy resins,
Bisphenol S type epoxy resins, triphenyl methane epoxy resins,
or tetrabromo Bisphenol A epoxy resins, ctc. The curing agent
(E) can be used in an amount of 0.1 to 15 parts by weight,
preferably 0.5 to 5 parts by weight of liquid photopoly-
merizable resinous composition.

As for the organic solvent (F) used as diluent in this
invention, may be used alonc or as a mixture of two or morc to
dissolve the above mentioned composition. Suitable cxamples
of an organic solvent (IF) which can be usced in this invention
include propylene carbonate, butyl cellosolve, butyl ccllosolve
acetate, toluene, xylene, carbitol acetate, cyclohexane,
propylene glycol monomethyl ether, dipropylene glycol dicthyl
cther and so on. Preferable examples can be propylenc
carbonatc and butyl cellosolve acetatc.

The organic solvent (I) in this invention can be uscd in an
amount of 5~60 parts by weight, preferably 10 to 50 parts by
weight of liquid photopolymerizable resinous composition.

Major filler uscd n this invention includc inorganic filler
talc, silica, alumina, calcium carbonate, clay, acrosol and so
on.

The inorganic filler in this invention can be used in amount
of 20 to 40 parts by weight, preferably 25 to 35 parts by
weight of tiquid photopolymerizablc resinous composttion.

[Example]l Now, thc invention will be described morc
specifically below with reference o working examples and
comparative experiments. It should be noted, however, that the
prescnt invention is not limited by thesc cxamples. Wherever
“parts” and “%” arc mentioned, they arc invariably used on
weights unless otherwise specified. REPLACEMENT SHEET
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scal e. [err] : Perfect devel opnent [err] :Survival of thin undevel oped
surface portion [err] : Survival of undevel oped portion throughout the
entire surface [err] :Substanijal absence of developnent 3.

Adhesi on e hundr.ed cro t 0 e made ,on t
6 coat ed m 599‘5% %berhaﬁépﬁ%@fwa%% iated TOMIATROY)IC aid

f d I f Ki h | I oph
performne oa ﬁg"{@@uﬁ%;e (peeling after sticking the cell ophane

tape onto t e pecling of the cross-cut is eval uated by
the criteria. [err] :Total absence of peeling (100/100)

Preparation Example |

524 parts (1 equivalent) dipentaerythritol pentadcryfdtc and
152 parts (1 mole) tetrahydrophthalic anhydride, 0.6 parts
hydroquinone, 2.6 parts triphenylphosphine provided to
reactor, stirred at a temperature in the range 80°C melted
reaction mixture for an hours was heated to a temperature at
105°C and stirred for reaction for 32 hours. The reaction
mixture was removed from the flask and left cooling to normal

room temperature to obtain product (II-1) having an acid value
83mg KOH/g.

Preparation Example 2
Follow the product of Preparation Example 1, excepling the
dipentacrythritol pentaacrylate instead of 292 parts of
pentacrythritol triacrylate. The obtained product (11-2) having
an acid value 126mg KOH/g.
" Preparation example of photopolymerizable compound
(A)

Preparation Example 3

210 parts (1 equivalent) of a cresol novolak type cpoxy
resin having an epoxy equivalent of 210 (product of Tohto
Kasct Co., Ltd. Under registered trademark designation of
“EPO Tohto” YDCN-704) was melted and stirred at a
temperaturc 1 a range of 90°C to 100°C. Then 338 parts (0.5
molc) unsaturatcd monocarboxylic acid compound (11-1) and
36 parts (0.5 mole) of acrylic acid, 0.72 parts of hydroquinonc,
195 parts of propylenc carbonatc and 195 parts of carbitol
acetatc were added to the stirred molten resin and 1.05 parts
triphenyl phosphinc was added. The resultant mixturc was
hcaled to a temperature in the range of 110°C and stirred for
reaction 24 hours to obtain an esteri{ication product having an

REPLACEMENT SHEET ?

07 MAR 197




[err] :Slight peeling in cross-cut portions(100/100) [err] :50/100 to
90/ 100 [err] :0/100 to 50/100 4. Sol der Heat Resi stance The
- peeling test (according to JI'S C6481) Wﬁls per f or med usi ng cel | ophane tape
after dipping {he sanple |r§a soI der ath at 260 C for_10 seconds. A
singl e testaGik ¥alugedofis 31 KQHkg, athennha ll‘tgr 3t paglssta@fice was

RN e i 08B SUEIEREID S iy o o
cloat ed r. | tihe range oBUl0Pg to amlgsbmcde ‘aforcadtibn & haurs, ;

E

thicéé?deié%}ﬁ’éaé@ﬂ‘geﬁ?gfﬁ@“‘ﬁo?f °'>A°A{1§/Zsﬂca§)"§k¢ St BUpESt, 3 *Qa“s“% B Then,

i mer sed i robtaier anopreduichiaeing deddevatwe h4 gl /g é/\ 1)t sed1ghi ece
will be i mwcgélzgé}yb@lsb}ée wat er containing 14. 3% (NH err])[err]SOerr] for

3 mnutes t tching. Then cl eaning
Preparation example 4
210 parts (1 equivalent) of a cresol novolak type cpoxy

resin having an epoxy equivalent of 210 (product of Tohoto
Kasei Co., -Ltd. Under registered trademark designation of
“Epo Tohto” YDCN-704 was melted and stirred at a
temperaturc in a range of 90°C to 100°C. then196.8 parts of
unsaturated monocarboxylic acid compound (11-2), 36 parts of
acrylic acid, 0.36 parts of hydroquinone, 140 parts of
propylenc carbonate and 140 parts carbitol acetate werc added
to the stirred molten resin then 0.85 parts triphenyl phosphine
was added. The resultant mixture was heated to a temperature
in the range of 110°C to 115°C, and stirred for 24 hours to
obtain an esterification procuct having an acid valuc of 3mg
KOH/g. Then adding 52 parts of tetrahydrophthalic anhydride
which was heated to a temperature in the range of 100°C (o
105°C and stirred for reaction S hours, and adding 64 parts of
olycidyl acrylate stirred for 3 hours to obtain an product
having acid valuc 54 mg KOH/g, solid content 65% (A-2)

[ Preparation Example or comparalive polymcrization
compound (A”)

Preparation Example 5 |
210 parts (I cquivalent) of a cresol novolak typc epoxy
resin having an cpoxy cquivalent of 210 (product of Tohto
Kasei Co., Ltd. Undcr registered trademark designation of
“Epo Tohto” YDCN-704), 13.4 parts (0.1 mole) of the
dihydro-xymethyl propanic acid, and 64.85 parts (0.9 molc) of
acrylic acid, 0.46 parts of hydroquininc, and 161.59 parts of
T u\“o&;i(?@fétc were melted and stirred at a temperature in the

Lomem ||




in water for 3 mnutes. At roomtenperature, inmersing in t he water
containing 10 vol % Herr]SJerr] for 1 mnute, then in wat er for 30
- seconds to 1 mnutes to clean the test 4pi ece. After that, at 30 [err]C,

inmmersing in activation liquid for. 7  minputes.then test, pj b
wetvat od. rhaecoal G0 to Yite: Fhgnineantion mixtareianaled f6 605Gn he
el A F St Y . ; . ) T e
Mokle o F.‘é‘gd'gg ﬁ'???%%é@?ﬁg?“@ﬁbgg?ﬁ@% Md STFLCARr e
for i nmerstagclivinoed Viwussutn dhieccrange o610 torl 15°C to obtain a
20 i nut LS| NG i - i : ' , th
Subj ecti ng EACHRE g&dé“&%i.'fﬁfn‘ R deih VAR 05 MET KOG (WSS, "
“minutes at vedpei rl. .cmaxvalm“ngad hen mddingm.¢ihpasts (Undd ngole) @f for 3
g’opn‘;lt Efa 3%@1@3&@% ic zfrﬂ’iy&n@d}“f@%?ﬁxﬁ?s [(ﬂ’ Ehibitel Czic?@%-te to
the reaction mxxf/ure and stirred for rcaction 6 hours in the
range of 95°C to 100°C to obtain an reaction product (A’-1)
having an acid value 40 mg KOH/g, solid content 65%.

Preparation Example 6

210 parts of (1 equivalent) of a cresol monolak type epoxy
resin having an cpoxy cquivalent of 210 (product ol Tohto
Kasei Co., Ltd. Under registered trademark designation of
“Epo Tohto” YDCN-704), 72 parts (1 mole) of acrylic acid,
0.46 parts of hydroquinone and 161.59 parts of carbitol
acetate were melted and stirred at a temperature in a range of
90°C to 100°C. then the reaction mixtures were cooled to
60°C, and added 1.38 parts of triphenylphosphine kept at a
temperaturc in the range of 100°C 1o 105°C and stirred for
reaction 12 hours to obtain an csterification product having
acid valuc 0.5 mg KOH/g, then adding 76 parts (0.5 molc) of
tetra-hydrophthalic anhydride and 19.63 parts of carbitol
acetate to the reaction mixture, were kept at an temperature in
the range of 95°C to 100°C and stirred for reaction 6 hours (o
obtain an reaction product (A’-2) having an acid value 40 mg
KOH/g and solid content 65%.

Preparation Example 7
215 parts(1 equivalent) of a cresol novolak type epoxy resin
(softening point; 74-83°C, cpoxy equivalent : 215), 72 parls
of acrylic acid, 0.46 parts of hydroquinone, and [55.6 parts of
butyl ccllosolve acctatc were melted and stirred at a
temperaturc in a range of 90 °C to 95 °C. Then the rcaction
mixtures werc cooled to 60 C and add 1.38 parts of
triphenyphosphine and heated to a temperature in the range of
REPLACEMENT SHEET

——

07 MAR 997

— e ]



can get the gold plated test piece. Then doing the peeling test with

cel | ophane tape on the test piece to evaluate the peeling condition of

- protective nask. [err]:No abnormality,in the coated film [err] :Slight
bul ging or blistering on the coated f|Im [err] :Bulging or bllsterlng on

the coated [QOMC Go E08 (@t iand oftigeds{of veawtion 8 Bosirstoveddaihap ng a

di fference of O. £expresse . terns 0 err]log ens ty |evel
was broughtCStgiyl Hlbé{'i@b()mdumt]ha%m&&!’r@cﬂdl\r’ﬁ]l@@ )KuQr]e]?bll he# nance

of 15 000m/addifal 6 | pRnsTES %o@c%i’("!hc‘ﬂfélﬁﬁg RophiRa s Wit B Edey | arm.

and then dev or'tw ce as nexposed
dry fil m\l\gi‘,c(ﬂll dF)ve’dUtuBlIEﬁEitC&UﬁbaﬂhéS& raggce qf ge (cdd elsQﬁnELr nguf o the

i was Stgl ThER y%’%t%dﬂ?@“@ SBralif 15 ﬁBW?*BQLRﬁr LA re

hi gher st efhavingraaidr vakpodds mg € OHg geamdenﬂuducmu(;cnt G5 %val uati on of

Penci| Har dness

Preparation Example 8

100 parts (0.47 equivalent) of cresol novolak type epoxy
resin (softening point:85 °C, epoxy cquivalent:212), 71.3 parts
(0.49 mole) of acrylic acid dimer, 0.46 parts of hydroquinone,
and 103.6 parts of carbitol acetate were melted and stirred at a
temperature in a range of 90 °C to 95 °C. Then the rcaction
mixture were cooled to 60 °C and added 1.38 parts of
triphenylphosphinc and heated to a tempcrature in the range of
100 °C to 105 °C, and stirred for reaction § hours (o obtain an
csterification product having acid value 3 mg KOHM/g. Then
adding 70.4 parts (0.46 molc) of tetrahydrophthalic anhydride
heated to a temperature in the range of 95 °C to 100 °C and
stirred for reaction 6 hours (o obiain a rcaction product (A’-4)
having acid value 54 mg KOH/g, solid content 70 %

Preparation Example 9

215 parts (1 equivalent) of cresol novolak type epoxy resin
(softening point :85 °C,cpoxy equivalen{: 215), 72 parts (1
mole) of acrylic acid, 0.5 parts of hydroquinone, 103.6parts of
carbitol acclate werc melted and stirred al a lemperaturc in a
range of 90 °C to 95 °C. Then the reaction mixtures were
cooled to 60 °C and added 1.38 parts of triphenylphosphinc
and heated 1o a temperaturc in the range of 100 °C to 105 C,
and stirred for reaction 8 hours to obtain an csterification
product having an acid valuc 3 mg KOM/g. Then adding 116
parts (0.75 molc) of hexahydrophthalic anhydride heated {o a
femperature 95 °C and stirred for reaction 6 hours cooled to 50
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The pencil hardness of the coated filmis eval uated according to JIS K
5400 6-14 under a fixed load of 1 kg. 8. Elvaluation of Acid Resistance
Exposure, devel opnent and after-curing s ocessing were carried out in
the same mgpner as-in the eyal uation of adhesi on, and each sanple was
soaked for §0 tonobéaimtan 1ateqmedjate mmvmgvan %cldqw'eldus §& utrign of

s "k e, S0, FOBGRE0'E", then' BAARRESY RS S bRt ™0
: Tot h
%E;H - Tot@. 263312 ofe), Olcﬁﬂ%@ﬁurcol([%é flat SC1T for BY AR ARFhange
reacting at 80 C for 1.5 Ins to obtain a compound (A’-5)

having a acid value 70 mg KOH/g.

I Example |

The components indicated below werc premixed in the
proportions indicated correspondingly and the premix was
kneaded three times with a three-roll mill to produce a
photosensitive thermosetting resin composition. By a test
with a grind meter (produced by Toyo Sciki Scisakusho
Co.,Ltd.), this composition was found (o possess a particle
size of not more than Sum.

This photosensitive thermoselting resin was applied by the
screen printing method on the entire surface of a copper
throughhole printed circuit board. Then, a photomask having
a pre-determined pattern was set as opposed to the coated
surface.

The coating of the composition was then exposed through
the photomask to a light from collimating ultra-high-pressurc
mercury-vapor-lamp exposure device (product of ORC
manufacture Co., L.td.).The cxposed coating was devcloped
with 1% sodium carbonatc applied as developing solution by
spraying undcr a pressure of 2.0 kg/cm 2 1t was placed in a
hot air circulation oven kept at a temperaturce of 150 °C, and
post curced for 60 minutes, to form a solder resist pattern.
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[err] :Peeling on entire coated surface 9. Evaluation of Base Resistance
Exposure, devel opnent and after-curing processing were carried out in
- the sane manner as in the evaluation of1 adhesion, and each sanpl e was
soaked for 30 minutes at , 20 in a 10 wei ght % aqueous sol ution of sodium
hydroxi de. Tabitdn, The cotiponent afdexampilthessi veness of the resul ting
filmwerfe judged colt; LY. [err - Total TakRsSgncg of change [ET B!
: Very s| '_gh'r per celi \IL%% ‘hbﬁéngp [Pr ] I : PZl ng 04 0 éan @h in710% gf
coat ed sjurface [err] :Peeling on(ﬁl)tcompgﬁt-, surface 10. Sol vent
Resi st ance EXPOSUrE, ; \JEVEropIment ang;, af LB CQf 1My~ ProCEeES[ST Ny e
carried o_u.L_J_n_t_h_e_SaLt.é"ﬂansr__a_un__ug&qa%lga f@h of adhlesi o \.Iﬂ&nd 24
each sanpl e was soaket{/(.@) 30 mi nutes at 20 |[err]] 4R, i4& 48 124 | 24
t ri chl orfomrethame—and—acetone—Fhen—the corthi-tHor—ant—the—adhesstvenress
of the rlesulting filemwere (B) component
Iragacure 907 SIS |S|IS|S|515]5
Kayacure ITX 0.25]0.25/0.25(0.25[0.25(0.25[0.25[0.25
(C) component
photopolymerizable monomer (II-1)} 6 | 6 616
photopolymerizable monomer (11-2) 6 |6 6 | 6
(D) component
pentaerythritol triacrylate L1 vt 1l 1
dipentacrythritol pentacrylate | 1 [ 1 } 1 {1 |1 | 1 |11} 1
(E) component
NPCN-704% 6.2516.25 16.256.25 |6.25 |6.25 [6.25 | 6.25
(FF)component
propylene carbonatc 6.25]6.2516.25 16.2516.25 16.2516.25 { 6.25
carbitol acetale 6.2516.2516.2516.25(6.2516.25]6.25{6.25
The other composition
barium sulfate 6.5|65]65165(65]6.5[6.5]6.5
silica P eyt pe g I
phthalocyanine green 0.510.510.5]10.5{0.5]10.570.510.5
KS-66(anti foamingagent) | I | 1T | 1 ¢ 1 {1 |1 |1 ]
Total 100{100{100]10011001100]1100}100

~ Irgacure 907:Ciba Geigy produced photoinitator, 2-methyl-1-[4-
| (methylthio) phenyl}-2-morpholino-1-propanonc
Kayacure I'TX:Nippon Kayaku Co., Lid. Produced photoinitator,
isopropyl-9-oxo-thioxanthone
Kayacurc DETX: Nippon Kayaku Co., Ltd. Produccd photo-
initator, 2,4-diethyl9-oxo-thioxanthonc
* NPCN-704: the epoxy resin manufactured by NanYa plastic Co.

REPLACEMENT SHEET

07 MAR 1997




aaern

j udged col l ectively. [err] :Total absence of change
slight perceivabl e change [err] - Peeling on not nore {t Ran f patie
- surface [err] : Peeling on entire gpated surface 11. SQJ’O&‘?‘SW
Exposure, devel opnment and after curing processing were : =11
t he sane manner as in the eval uation of adhesi on.
resist pattern was observed by neans of a

Table 2 The composition of comparative

Comparative Example ] 2 131415161718
(A) component
(A1) 48 -
(A°-2) 48 130 140 |45
(A’-3) 60
(A’-4) 50 _
(A’-5) - 46
(B) component
Irgacure 907 3.7513.75]1 4 13515014 1343172
Kayacure DETX - 0.1610.16]1.512.5 3.5 4.8
diethylaminobenzophenone | 0.5 1.8
(D) component
dipentaerythritol hexaacrylate [6.2516.25| 9 5.14
. dipentaerythritol pentaacrylate |5.02 |5.02 5515
trimethyl propane triacrylate 2 4
() component
2P4MHZ 1.512.0 1.43
dicyandiamidc 0311031 1.0
mclamine 1.0 1 1

() component

butyl ccllosolve acetale 4,6914.69 2 5 |11
carbliol acetate 4.69 {4.69 | 10 2
cthyl ccllosolve acetate 10 | 23 7.14 110.5
The other composition
Talc S P8 [ S 2
Bariom Sulfate 16.16116.16] 10 1 1.0 195 | 12.15
Calcium Carbonale 1.5611.5618.5 S 10171 {13.7
Silica 1|1 1 j
phthalocyanine 0.5105105105105105]1.011.0
Triglycidyl isocyanurate 62516251 4 110 9114
KS-66(antifoaming agent) | 0.1 | 0.1 | 1 ] N 1 1
NPEL-128 (Nan Ya Co., Ltd. Produced) 1.56{1.56{3.0 12.5 . 10
Tolal 100 1 100 110071100 (100 1100] 100 1100




m cro-scope ( X 100) to judge a line width of the ASk
separately by each resist. The snaller t he resol utfi dn val ue,
the resol ution power of the phot oreshgt, therefordg tihe
wi dely applied. Table 3 Coating properties conpari o of exanpl e,
conparative exanple Exanpl e : 2 3 I o

7 8 Tackim ’Sp&tpl\l(ijﬁég?:)xl ng O O O O Q Q Q

Devel opabi lit Sol der Heat Resi stance o] o] O
O O O E éntlim esxarfipdei hdo & a@d comparétive P to &, cx@m][)!@ O

Res! stance Hetnrl defblophit (5RE o PiSiness aflt blying 1S ERbRSIE
Sensi ti vi t pefore thermé8urable l'akcléevell@pabm%y tést. Ph@)tosenﬁiﬂévitgx i on
>OLerrIm Sebst "EXapRbFE dfer Thet St ot Takk aafesioh el Sotber vear ™! ™

resistance test , base resistance test and solvent resistance test.

1. Tackincss after drying
The tackiness of the predried coating {ilm was measured
by finger touch and evaluated using the following criteria:
(O No tackiness at all.
A\ A little tackiness was felt, but therc was no trace of a
finger print.
X :Atrace of a finger print were left on the coating film.

2. Devclopability

The developing property was determined by exposing a
sample through a relevant photomask to an ultra-violet light
365 nm in wavelength to a dosage of 750mJ/cm 2 with the
aid of an integral antinometer (product of ORC
Manufacturing Co., Ltd.) thereby producing a test piece,
developing the test piece for 60 seconds with a rclevant
developing solution applied by spraying under a pressurc of
2 kg/cm %,and visually rating the condition of removal of the
uncxposcd part of the coating on the following four-point
scale.
@ : Perfect development
(O :Survival of thin undeveloped surface portion
/N Survival of undeveloped portion throughout the entire

surface

» Substantial absence of development

3. Adhesion
Onc hundred cross-cuts(10 X 10) were made on the



SRR RS

Conpar ative Exanple 1 2 3 4 5 6 7 8 Tacki ness
after Drying O O O O O O O Devel opability
[err] Adhe5| on [err] Softgler Heat Resistance [err]

El ect | Resi st t
Reglcs{ 32528 Pcd teaemﬂn Eﬁb@ oh qﬁgﬁ&;s‘f (%CC([rc-dlﬂc lOPﬁ\i]DQﬁ(ﬁzﬁess
?T ig ET GWas Gﬁcrﬁbfnﬁid ﬁ'slmo aSeeH hario tapc peﬂhnwllaﬁéﬁ 11

Lol Woking B i Shnane tap Ot B LS LR 4T3 ng
phot ocur abl e preedimes ofl the @ndssalmnowcabl@awckbgﬂ Miteu(t/és)mn the inven-

© :Total absence of pecling (100/100)

QO :Slight peeling in cross-cut portions (100/10QT aro acemenT SREET
/\ :50/100 to 90/100

X :0/100 to 50/100 07 MAR 197

4. Solder Heat Resistance
The peeling test (according to JIS C6481) was performed

using cellophane tape after dipping the sample in a solder
bath at 260 °C for 10 seconds. A single test was dcfined as
onc cycle, and the solder heat resistance was cvaluated by
the following criteria after one cycle.
(O :No abnormality in the coated film
/\ :Slight bulging or blistering on the coated film
X :Bulging or blistering on the coated film

5. Elcctroless Plating Resistance

First, the lest picce is immersed tn the acid degreasc
liquid for 3 minutes at 30 °C to be degreased. Then,
immersed in waler for 3 minutes to be cleaned. Sccond, the
test picce will be immersed in the water containing 14.3 %
(NH,);SO, for 3 minutes to do sofl etching. Then cleaning
in water for 3 minufes. Al room {emperature, immersing in
the water containing 10 vol % H,SO, for 1 minute, then in
water for 30 seconds to 1 minutes (o clean the (est picce.
After that, at 30 °C, immersing in activation liquid for 7
minutes then test picce (o be activated. Follow this,
immersing in watcr for 3 minutes to clcan the activated test
picce then doing the nickle plating by immersing in nicklc
plating bath for 20 minutes at 85 'C. At room temperature,
for immersing in 10 % vol sulfuric acid solution for 1



23 tion play very inmportant roles. The conposition of this invention can be
devel oped by a dilute al kali aqueuos sol ution due to the carboxylic group
in carboxylic acid containing photocurgple nononer (I1) nake a |arge
differences in conpatiblity of dilute al kali,Z aqgueous sol uti on between ex-
posed and uneRpid¥HE, arvasig thot testr giecepryolrumeings) water hiferi dvent i on

clectrol ese pliadlesy 3 SRbICCLRRE IpLING QRNDIRPTE LY FraGRInE "
resol ution. in gold plating bath 10 minutes at 95 °C. Next, clcan it by
immersing on running watcr for 3 minutes, and in hol watcr
for 3 minutes at 60 °C to clean. Completely, afler fully dry
can get the gold plated test piece. Then doing the pecling
test with ccliophanc tape on the test piece to cvaluale the

peeling condition of protective mask.

(O :No abnormality in the coated film REPLAGEMENT SHEET
/\ :Slight bulging or blistering on the coated film 07 MAR 197
X :Bulging or blistering on the coated film .

6. Evaluation of Sensitivity

A step wedge having a difference of 0.15 (expressed In
terms of Alog E) in density level was brought into contact
with cach dry film, cxposed under illuminancc of 1,000ml/
cm? by means of a 5 Kw ultra high pressure mercury lamp,
and then developed for twice as long as the time at which
the uncxposed dry film was dissolved to obtain a negative
image corresponding to the wedge. Thus, the step number
at which the corresponding part of the dry film was
thoroughly clluted (clear step number) was examined. A
higher step number corrcsponds to a higher sensitivily.

7. Evaluation of Pencil FHardness
The pencil hardness of the coated {ilm is evaluated
according to JIS K 5400 6-14 under a fixed load of | kg.

8. LEvaluation of Acid Resistance
Lixposure, development and allcr-curing processing wcerce
carricd out mn the samc manner as in the evaluation of
adhesion, and each sample was soaked for 30 minulcs at
20 C in a 10 vol% aqueous solution of sulfuric acid.
Then |, the condition and the adhesiveness of the resulling

{ilm were judged collectively.



24 What is clainmed is: 1. A photopol ynerizable resi |
which com prises: (A) a phot ocurabl e prepol yner requgmyéﬁivé& i
general formula [I]: [err] 21
. 07 MAR 997
© :Total absence of change
(O :Very slight perceivable change

A\ :Pccling on not morc than 10% of coated surfacc
X :Peeling on entire coated surfacc

9. Evaluation of Base Resistance

Exposure, development and after-curing proccssing were
carried out in the same manner as in the evaluation of
adhesion, and each sample was soaked for 30 minutes at
20 1n a 10 weight% aqueous solution of sodium hydroxide.
Then, the condition and the adhessiveness of the resulting
film were judged collectively.
@ :Total abscnce of change
(O :Very slight perceivable change
A\ Peeling on not more than 10%of coated surface
X :Peeling on cntirc coated surface

10. Solvent Resistance
Exposure, development and after-curing processing werce

carricd out in the samc manner as in the evaluation of
adhesion, and each sample was soaked for 30 minutcs at
20 °C, in trichloromethane and acetone. Then, the
condition and the adhessiveness of the resulling film were
judged collectively.
© :Total absence of change
() :Very slight perceivable change
/\ :Pecling on not more than 10%o0f coated surface
X Pecling on enlire coated surface

I 1.Resolution
Exposure, development and aficr curing processing were
carricd out in the samc manner as in the evaluation of
adheston.
The resulting resist pattern was obscrved by means of a



o R

which 1is prepared by reacting epoxide conpounds @eﬁ LAG
| east two term nated epoxy groups with [err]- unsat ur et ed car boxyl i
(b) containing at |east three vi nyl JJi nkages represept dol:)yMARemln r gl
formula [I11] and an [err]-unsaturateg car boxylic aci c) and then
reacti ng wi th pol ybasic acid anhydride (d) and then fe Ty W (h a
(B)a photocurabl e nononer containing one carboxylic acfd r eprese
the general fornula [Il], whose anpunt is 10~40 wei gt 7%
micro-scope ( X 100) to judge a line width of the

maskpattern formed separately by each resist. The smaller
the resolution value, the higher the resolution power of the
photoresist, therefore the photomask can be widely applied.

&

Table 3 Coating properties comparison of example, comparative

example
Example . 1 2 3 4 5 6 7 8
Tackiness after drying OlOoOloOojOjT0O0O]0O10O0] O
Developability ©10]0©|]0]|]0]|0 0] 0O
Adhesion © 1 0Oj]0©|©® |0l ]0] O
Solder Heat Resistance O|1loOo|]OofjfOo{OlOO1 O
ElectiolessPlating | O 1 O ] 01O 1O 1O 1O | O
Resistance to Solvent © | ©| 0| © |00} O] 0
Acid Resistance ©olo|lo|lo|0o|© 0| O
Basc Resistance © ] 0|00 ]|]0]|O0|0]| 0O
Pencil Hardness 6H [ 6 | 61 | 610 | 61t | 6H | 6H | 6H
Sensitivily 312z {3zt
Resolution 50pm | SOpum | SOpm | SOpm | SOpm | SOpm | SOum | SOum
Comparative Example ] 2 3 4 5 6 7 8
Tackinessafter Drying | O | O OO |1 O 1O 10} O
Developability OlAlOoO | Al AN]O]O] O
Adhesion Ole| OOl O0O|O | O] O
Solder Heal Resistance AlLO I AN]TOlOIATO L O
Electroness plating ANJTOTO I ATOTO I A A
Resistance (o Solvent 1010|0000 ]| 0
. Acid Resistance Q@O0 00|00 | O
Base Resistance 010 0]0]|0 |0} O] O
Pencil Hardness 6H | 51 | sH | 61t | 6H | S| 6H | SH
Sensitivity o Lo oo o oo b 10
Resolution 150pm [ 200p0m [ 20050n ) 200pm | 100 | 300pm  200pm| 2504m

EFFLCTS OF THE INVENTION
From the result, carboxylic acid containing photocurablc
monomer (1) and photocurable prepolymer (A) in the inven-



25 Lerr] wher ei n: [err]

23

tion play very mmportant roles. The composition of this
invention can be developed by a dilute alkali aqucous solution
duc to the carboxylic group in carboxylic acid containing
photocurable monomer () make a large differences in
compatibility of dilutc alkali aqucous solution bctween cx-
posed and unexposed arca.

Photocurable prepolymer (A) of this invention can providc
a film cxcellent in scnsitivily and solder hcal resistance,
clectroless plating resistance, and also provide a film of higher
resolution.

REPLAGEMENT SHtE?

07 MAR 1997




(C) a photocurabl e nmononer containing at | east one vinyl
anount is 10~30 weight %; (D) a photopol ynerization in ‘!ﬁl \ Bﬁi““l
anount i s gieg=t | (E) a cyri s

Q%gv’ {lng agent capable
4 {hermal reattion, whose anount is 0.1~1 5 wei ght

g~ -
=
24
™
2
R

pr epol yne

(F) organifc fsol vents, whogejanount is 5~60 weight % 2. A

phot opol y riqg | gAREWPNOUs fconposition as in claiml, wherei n

phot opol yngerti zabl e pr epol r (A (formula 1), Rerr] represents
OCOCH=CH| gr r§~er—CHferTTO Cif{ err] C(CH err] O COCH= CH err])[err]; Rerr]
represent s hydrogen or nethyl, and R err] represents met hyl cycl ohexyl,
cycl ohexyl;—e&tnyT, cycl o- hexanyl or vinyl. 3. A photopol ynerizable

resi nous conposition as in claim 1, wherein photopol yneri zabl e

pr epolyrrerwmﬁ) 1S géa\imb,d iS: prepared by reacti ng epoxi de conmpounds (a)
cont ai nin ast two termnminated 0X roups.wth unsat ur at ed
9 A phoel()po ymcnza’ﬂlc resi usycgmpgsxtlon \Ivﬁxm com-

priscs:  (A) a photocurable prepolymer represented by (he

general formula [I}: oy Qh o
i v ™ i O
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o= %'_ > 9:«)
¥
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which 1s pnepmcd by recacting epoxidc compounds (a)
containing at lcast two ferminated cpoxy groups with o, B-
unsaturated carboxylic acid (b) containing~at lcast threc
vinyl hinkages represented by the gencral formula [H] and
an o,B-unsaturated carboxylic acid (¢) and then reacting
with polybasic acid anhydride (d) and then rcacting with a
monocpoxide () conlaining onc vinyl groups, whosc
amount 15 40~80 weight %

(B)a photocurable monomer containing one carboxylic acid
represented by the general formula [1T], whose amount is
10~40 weight % ;



carboxylic acid (b) containing at |east three vinyl |inkage

26 whil e the proportion of unsaturated nonocarboxylic acﬂ“l“l)mlu “I"“Ill “ l"'
containing at |east three vinyl Iinkag25taking part in the * r®actidns?®is*
0.1~0.5 nole, preferably 0.3 to 0.4nolé&”  to 1 equi val ent of epoxy groups
of epoxi de conpound; said sui tabl e proportion of unsaturated

nonocar boxylic acid (c) contai ning one vinyl linkage taking part in the
reactions is 0.5to0 0.9 nole, preferable 0.6 to 0.7 nole, to 1

equi val ent of epoxy groups of epoxide compound; said ! .
pol ybasi ¢ acid anhydride (d) is 0.3 to 0.6 nole, prefergbl RMENT: SHEETS
nole, to 1 equivalent of h d}o&yl group produced by rjedcti ng above
mentioned acid with epdXdg; °"74ai d brofortion of nonogpdxigly &
cont ai ning at | east on%“FmJMLgmgh1ﬁﬁRagé i$ 0.1g0 0.5 folfe, pre eﬂg%qy 0§2
to 0.3 nol e, »

wherein;
0
113
?—c-cnz-cn
. 2 GHa o
F=0-C=CHECHY | —0~CHy~C~CHy=0-C-Cli =iy
(':Hz
2 H Qg : 0’\’:;'CN=CH)

. O
- O -C
) Cit ¥ -
O QCH;, y R R P e T

(C) a photocurablc monomer containing at least one vinyl
group, whose amount is 10~30 weight % ;

(D) a photopolymerization initator, whose amount is 0.5~10
weight% ;

(IX) a curing agent capablc of making a prepolymer (A)
undergo a thermal reaction, whose amount is 0.1~15 weight
% ;

(F) organtc solvents, whose amount is 5~60 weight % .

2. A photopolymerizablc resinous composition as i claim 1,
whercin photopolymerizable prepolymer (A) (formula I), R,
represents OCOCH=CH, or CH,O CH,C(CH,O COCH=
CHa)s, R, represents hydrogen or methyl, and Rj represents
methyl cyclohexyl, cyclohexyl, ethyl, cyclo-hexanyl or vinyl.

3. A photopolymerizable resinous composition as in claim |1,
whercin  photopolymerizable  prepolymer (A) can be
prepared by reacting epoxide compounds (a) containing at
least two terminated epoxy . groups witlh o, B-unsaturated
carboxylic acid (b) containing at least three vinyl linkages,



fo L cauvatent o carboxyt i aroup produced, 4. A onot ovol HHHRHIFLAWN

=) in phot opoI yneri zabl e prepol yner (#y, each represents the frole rati‘o of
Si X “giandlt nmust, be satisfied in the condition as
K+L+M+N+O+P owgHie the propeston-of unsatuvated meuo&:arboqdwemmob)a 5. A

Phot opol yror SOBSEITTS (b TeddBRee U ikl Bichg paECIR' fiso o
type epoxy retgactionssis (hdvdl.Skmele preferaplyedid, tché). dgnobmetﬂop enol
poxy res h. COBYRIGR, L %&%ﬁegﬂﬁyl W%lff??ﬁéﬁ §<?ﬁﬂ%?ﬁ£‘i ?38 cpoxy
resin or tet rmrtanlnkqmnmmomo ysatpoalcdmomocanbaxylicl aaid (chree
it SO Ehe AR E g R iy s ok
penaer yt hri t o). 3 t0adrYImode, preferable 0.6 to 0.7 mole, to 1 equivalent

of epoxy groups of epoxide compound; said proportion of

polybasic acid anhydride (d) is 0.3 to 0.6 mole, preferably

0.4 to 0.5 mole, to 1 equivalent of hydroxyl group

produced by reacting above mentioned acid with epoxide;

said proportion of monogpoxide (¢) containing at least onc

vinyl linkage is 0.1 to 0.5 mole, prefcrably 0.2 (0 0.3 mole,

to 1 equivalent of carboxylic group produced.

4. A photopolymerizable resinous composition as in claim 1,
wherein 1, K, L, M N, O, P) in photopolymcrizable
prepolymer(A), cach represents the mole ratio of six
components and it must be satisficd in- the condition as

follows:

K+HLAMAN+O+P=0 9~1.1; REPLACEMENT SHEET
KHA0A40.7: 07 MAR 1997
M+N=(0.3~0.6;

O+P=0.03~0.3.

5. A photopolymerizable resinous composition as in claim |,
wherein photopolymer prepolymer(A) can be selected [rom
one of phenol novolak type epoxy resin, cresol novolak type
cpoxy resin, halogenated phenol novolak type epoxy resin,
Bisphenol A type epoxy resin, Bisphenol F type cpoxy resin,
Bisphenol S type epoxy resin, triphenyl methanc typc cpoxy
resin or {ctrabromo bisphenol A typc epoxy group, and at
fcast three vinyl linkages containing unsaturatcd mono
carboxylic acid (1), taking parl in thc reaction with
dipentacrythritol pentaacrylate or pentacrythritol triacrylate,
and polybasic anhydridc; said polybasic anhydride can be
sclected {rom succinic anhydride hexahydrophthalic anhy-
dride, methyl hexahydrophthalic anhydride, tetrahydro-



and pol ybasi ¢ anhydri de; said pol ybasi ¢ anhydri de can be se

succi ni ¢ anhydride hexahydrophthalic anhy- dride, nethyl ”mllfmn“mmll””"l
" hexahydrophthal i ¢ anhydride, tetrahydro * ¢ L M s %
27 pht hal i ¢ anhydride or Maleic anhydr% de; said unsaturated nono

carboxyl i ¢ ‘acigh (H(?l éoﬂﬁﬁyélr?@eabr leienantytiide; 'S@i@%ﬁﬂmﬁcﬁe' ect ed
from acrylicacid, net crotapi.c acfd .or cinnam c. acj d;

sai d sat ur at cdneno Gﬂﬂ&@&b’ﬁlﬁecﬂ )d@o(l fiag nat deast eng r\’)‘tﬂ)é ccinic
anhydri de, he b th dr

anhzdri de, tet ?12. gﬁ’regra%ﬁﬁ ?cggr%&grdlj ?rdm yc{ R?)c/a%.lni cﬂmghﬁzhc
monoepoxi de (@Cl n@&Olﬁllﬂul;P a@C] a@f cmﬁamw\yac u§Al il 93 drylate

o Iglnyg; gy'm "ifsatpatéiaathwdride @)oeany 58 '@éb%eﬂefr@ﬁv%ﬁeem tion
‘anhydride, hexahydrophthalic anhydride, methylhexahy-
drophthalic anhydride, tetrahydrophthalic anhydride, or
maleic anhydride; said monoepoxide (¢) containing at least
onc vinyl group is glycidyl acrylatc or glycidyl meth
acrylate.

6. A photopolymerizable resinous composition as in claim I,
wherein the photopolymerizable monomers containing
carboxylic acid group can be prepared by reacting di-
pentaerythritol pentaacrylate or pentaerythritol triacrylate
with succinic anhydride, hexahydrophthalic anhydride,
methylhydrophthalic anhydride, tetrahydrophthalic anhy-
dride or maleic anhydride selected from polybasic anhy-
dride. -

7. A photopolymerizable resinous composition as in claim 1,
wherein the proportion of carboxylic groups of thc unsa-
turated carboxylic acid taking part in the reactions is 0.8 to
1.1 equivalent to 1 equivalent of hydroxyl groups of
unsaturated monocarboxylic acid.

8. A photopolymecrizablc resinous composition as in claim |,
wherein the photopolymerizablc monomers (C) can be
selected from at Icast one of 2-hydroxyethyl methacrylate,
dipentacrythritol pentaacrylate, dipentacrythritol hexa-
acrylate, and pentaerythritol triacrylate.




wherei n the photopol yneri zabl e nononers cont ai ni ng carboxylic acid group
«<can be prepared by reacting di- pentaerythritol pentaacrylate or
pentaerythritol triacrylate wth succinic anhydride, hexahydrophthalic
anhydri de, met hyl hydropht hal i ¢ anhydri2de, tetrahydrophthalic anhy-
dride or mal eic anhydride selected from pol ybasi c anhy- dride. 7. A

phot opol yneri zabl e resi nous conposition as in claiml, wherein the

Pk ng part | n SO LOB IS 1Eed 4B I8 YasidOub SO pOsItiamN o
A

hydr oxyl grougz f .unsaturated nonocarboxylic acid. 8.
phot opol yner i B¢Esi nous conposition as in claim 1, wherein the

D hydroxyet ny! . ReOHERIGLaTEz Bl pEsingis caivb Gitionavpishecomprises:
di pent aer yt hrAgla hphatocurable! prepobyehdteRyRFEN 1Y hepdidPBY! Alfeting
epoxy resin (a) containing at least two terminated c,po—xy groups
with carboxylic acid (b) containing at least three vinyl lirikages
and an o,B-unsaturated carboxylic acid (¢) and then rcacting
with polybasic acid anhydride (d) and with a monocpoxide (e)
containmng one vinyl group,
(B) a photocurable monomer containing onc carboxylic acid,
which contains at least two vinyl linkages |
(C) a photocurable monomer containing at least one vinyl group,
(D) a photopolymerization initator,
(F) a curing agent undergoing a thermal reaction, and
(F)organic solvents.

The composition exhibits photo- and thermocurability,
devclopability with a weak alkaline agqueous solution, a curcd
article is excellent in electroless gold plating resistance and
satisfactory in adhesion soldering heat resistance.
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Photopolymerizable resinous composition

Abstract:
A photopolymerizable resinous composition which comprises:

(A) a photocurable prepolymer represented by the general
formula [I]: |

CHa H
o0=&" =0 =

Ha e
, crr=cr-B-o-on-Sotry  Ri~CHI- AL I GHo—
H2 Ri s R

H
o= =0 H2

O= 0= X O-"-'
X .
Ho— E’ H- -o-g-na gﬂ He —o—g-m-B oM
% 2
© ‘ © @ © © M
EoH -o-@_ Ra~B-0H ’33 —Ra~
1 . H2 :
0 O 0 H2
o= O=f o= H~0H
s Ha
CH {42 H2 o=C.
. H
Hy

which is prepared by reacting epoxy resin (a) containing at least
two terminated epoxy groups with «,B-unsaturated carboxylic
acid (b) containing at least three vinyl linkages represented by
the general formula [II] and an o,B-unsaturated carboxylic acid
(c) and then reacting with polybasic acid anhydride (d) and then
reacting with a monoepoxide (e) containing one vinyl group,

(B) a photocurable monomer containing one carboxylic acid
represented by the general formula [II],

v
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wherein:
- 0~C—CH=CH
0 [}
Ry B GH2 %
TO-C-CH=CHa ; —0-CHy~¢~CH~0-CcH=cH,
CHg

R;:H,CH; o-ﬁ—cH=CH2
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