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PHOTOSENSITIVE THERMOSETTING RESIN
| COMPOSITION '

BACKGROUND OF THE INVENTION
. 1. Field of the Present Invention =~
The presént invention relates toa novel photnpolymenzable composmon ‘more .
partrcularly, it relates toa photopolymenzable composmon used 4s a solder resist fo‘r
' prmted circuit board fabrication. In ultravrolet ray curing; the photopolymenzable
. composition owns dlstmgmshed characteristics of high sensitivity, high resolutlon
" (upto25 pm ) and quick curing, especrally the formed film after cunng OWns ’
excellent physncal characters such as tin solder heat resrstance eleetroless gold platlng
resistance, electncal character, and mechamcal strength; in addition, the weak alkah
aqueous solution pan be used for developmg, and its developmg effectis
. extraordmary : : :

2, Background of the Present Inventron ,_ : R
In recent years, there is a trend for the electromc product toward hghter, thinner,
shorter, smaller, and highly-condensed one in addrtlon, the electronic fabricating
technique requests mass integration, high pm number, m1cromrmatunzatlon S0 as to
makeita necessity for solder resist ink to have lngher resolutxon, accuracy, and :
habxhty Therefore, the improvement of solder resist ink keeps progressmg '
' contmuously, some disclosures have apphed for patent, wherem there are two major
types: dry film type and qumd type. . : '
 Inviewofthe dry ﬁlm type solder resxst mk Japanese Patent No. 57-55914 _
discloses a dry film photosensmve resin composmon contalmng ethyl urethane-
diacrylate, linear polymer ‘and photosensrtrve agent. Said dry film type solder resist
ink is apt to produce defects of tin solder heat resistance and bad adhesion while
utilized in highly condensed pnnted circuit ‘board. On the other hand in view of the
o hqmd type solder resist ink, the Great Britain Patent Applxcatron No 203293 9A
" discloses a photopolymenzable prepolymer contammg a solid or semi-solid state =~
: reaction product of a multi-epoxy group compound alkenyl bond unsaturated carboxyl |
- acid, an'inert morgamc filler, a photopolymenzable initiator, and a volatile organic _
solvent. The aforemermoned component is an ultravrolet ray curing component but -
nota thermosettrng component, so it is apt to suffér defects on adhesion, tin solder



heat resistance; and insulation resistance while utilized in printed circuit board. In
addition, Japanese Patent No. 51~40451 dlscloses a solder resist ink composmon of
which the unexposed area is developed by orgamo solvent which causes
environmental pollution, risk of fire, and hazard to human body. In order to solve said
problems caused by the use of solvent, some patents disclose a composition which is -
niainly composed of a weak alkali aqueous solution developed solder resist ink,
“among which Japanese Patent No. 62-63832, and No. 61—92387 Us Patent No.
4918150, and European Patent Application No. 612079A1 disclose a _
' photopolymenzable prepolymer composition (a compound, containing at least two
unsaturated alkenyl bonds; obtained from the reaction of linear phenol novolak or
linear cresol novolak resin vvith unsaturated monobasic acid and polybaeic acid -
anhydnde) of which the polybasic acld anhydnde reacts to produce an acid group '
which is dissolved in weak alkali aqueous solution so as to accomphsh developing . =~
effect; the solder resist ink thereof owns bad developing capa,bxhty and is apt to suﬂ_‘e;'
electrolysis corrosion due to the affect of the reaction ratic between polybasic acid '
anhydride and epoxy resin. So, Japanese Patent No. 62-299967 dlscloses that by usmg
' agranular epoxy compound (which is hard to dissolve), the photosensmvxty is

' lmproved and the reaction with photopolymenzable prepolymer is decreased;

" however, a higher acid value is requlred to make photosensmve prepolymer easy to
dissolve in weak alkali aqueous solutxon ‘which consequently causes the decrease of
electroless gold plaﬁng resistance capability; besides, the epoxy compound (whichis -
‘hard to dissolve) is impossible to oompletely dispersé even after being heatedto
melted state since the limit of the shaped net structure caused by photocuring, which
consequently decreases the opportumty for the photopolymenzable prepolymer to '
completely react so as to adversely teduce the heat re51stance

_ .SUMMARY OF TIIE INVENTION e
The objects of the present invention are to solve ptoblems and defects of said .

liquid solder resist ink and to provide a novel photosensitive thermosetting resin -

- composition which owns dlstingmshed solder heat resistance, electroless gold plating
resistance, resolution; weak alkali aqueous solutlon developing capability, ultraviolet-

ray curing sensmwty, chemical resistance, ﬂexlblltty, adhesion, and electric character;
in addition, it owns excellent characteristics of brilliant surface and transparent

outlooking. : .
The present invention dxscloses a photosensmve ﬂxermosetnng resin composmon :

comprising:
(A)a photopolymerizable prepolymer ( formula I ) whlch is prepared by reaclmg
epoxy resin (A1) containing at least two epoxy groups with mono-carboxyl acid



(A2) containing a vinyl group, and then reacting with saturated or unsaturated
polybasic acid anhydride (A3); | ' _
(B) a thinner, wluch is photopolymenzable vinyl monomer (Bl) and/or organic .-
“solvent (BZ),
(C) a photopolymerizable initiator;

(D) an epoxy resin, compnsmg a soluble crystal state epoxy resin (Dl) which contams .

~ two epoxy groups and is not soluble in the utilized thinner at room temperature

. but soluble at 60 ~ 80 .degree.C. and/or an epoxy resin (D2) which contains at
least two epoxy groups and is soluble in the utilized thinner at room temperature;
and " o R
(E) an inorganic filler.

HgC-—CH—C—O—?H ?Hz'—o¥C—CH=cH2
on—?n : 'g{—o—ﬁ—k;;*?—on
| ?Hz DY

where mandn are'i'n,tegér,'. m+n -2 20
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DETAILED DESCRITION OF THE PREFERRED EMBODIMENTS
' The'photoscnsiiivc thermosctting resin component is a soluble crystal state epoxy
resin which can be dissolved in a thinner at 60 ~ 80 degree C.; especially in circuit
board printing, the epoxy resin exists in the composition as crystallization state with a
rather low solubility to the thinner; dt'iring pre-bake procedure (at a temperature of 60



~ 80 degree C), the resin can be dissolved in the thinner; after pre-bake and cooling -
dowm, the resin is evenly dispersed in the component as micro-crystal state (graiﬁ .
diameter is below 0.2 pum), which can refrain from the limit of shaped net structure.
after photoreaction so as to not only increase the reaction efﬁclency with prepolymer
(A)at thermosettmg, but also increase the heat resistance of the ink after setting. In

_ addmon, the photosensitive thermosettmg component of the present invention exists

as micro-crystal state, which decteases the tangle with photopolymenzable
prepolymer and owns characteristics of being not soluble in weak alkali developmg

~ solution, thereby the unphotocured portion shows satisfying developmg capabxhty and -

the photocured portion does fiot decrease its sens1t1v1ty, concurrently it has excellent
resolution (it can reach 25 pm ); at the post-curing procedure, the mlcro-crystal
€poxy resin can be dissolved and ﬁn'm copolymer with photopolymenzable
prepolymer (A) Due to that the epoxy resin is dispersed in molecular state and in
micro-crystal of below 0.2 pm, its copolymer formed with prepolymer (A) has
distinguished characteristics; furthermore, due to that the resin structure has

_ charactetistics, such as high density and low moleculat weight and complete and
quick reaction, of hydrox:de group, the composmon has excellent adhesion and heat

resxstance

In addition, the comparatxve data of state changmg in solder resist mask layer
fabrication procedures. between the present invention and the other ¢ epoxy resins ate

' tabulated as follows, which helps explain the distinguished characteristics of the .

photosensitive thermosetting composition of the present invention on providing the -
need of fabricating the solder resist mask layer of printed circuit board.

Comparative table of state changmg of various epoxy resins on solder resist mask

layer fabricating procedures :

[Fabricating .. bake _ |Photocuring |Developi Beginning of
mecedum of solder |Printing stage Pre S e uring . ping |beginning
resist mask layer : stage - . - |stage stage post-bake
Powder epoxy resin ) I

which is hard to S~10pm dispersed 5-10pm dispersed - |5~10um dispersed 5~10pm dispersed  [S~10umi melted .
dissofve ( such as lpowder powder - powider - ) l liquid drops

'TEPIC . .

Soluble s;l:d POXY IMolecular state Molecular staie Maolccular state Molecular state Molecular state
N'“i,'c‘;lgf;'m;’ dispersed liquid  [dispersed liquid  [disporscd liquid  Jdispersed fiquid  |dispersed liquid
e e [5-10um dispesed [oleaularsiate [ Below 02pm  |Below02um  |Below02pm -
g;ﬁm'j such s lpowder dispersed liquid ‘miuo—erys_tal Eiuo—crystal . melted liquid deops | -

Note: TEPIC is a product of Nissan Chemical Industries Ltd.

NPCN-704, EX-100 are _prodlict_s of Nan Ya Plastics Corp. 'Ltd.

The structural composmon of the photosensmve thennosettmg resm of the present :
invention is described in detail as follows . o
the photosensitive thermosetting resin composxtlon of the present invention is



obtained by the polymenzatxon ofa photopolymenzable prepolymer (A), a thinner (B),

a photopolymenzable initiator (C), an epoxy resin (D), and an inorganic filler (E).
The photopolymerizable prepolymer (A) is prepared by the polymerization of
epoxy group compound (A1) containing at least two epoxy groups, mono-carboxyl

acid (A2) containing at least one. vmyl group, and saturated or unsaturated polybasic -
acid anhydride (A3); wherein the epoxy group compound (Al) contammg at Jeast two

€poXy groups is selected from one of the following: phenol novolak epoxy resin, -

- cresol novolak epoxy resin, halogenated phenol novolak epoxy resin, bisphenol A
epoxy resin, bisphenol F epoxy resin, triphenol methane epoxy resin, or tetrabromo
blsphenol A epoxy resm, most preferably phenol novolak epoxy resin, or cresol |

“novolak epoxy resin.- SN : - .

The mono-carboxyl acid (A2) contammg at least one vmyl group is selected from
one of the following: aciylic acid, methyl acryllc acid, crotonic acid, or cinnamon
bark acid; most preferably, as shown i in Example acryhc acid.

The saturated or unsaturated polybasic acid anhydnde (A3) is selected from one of |
the following: succinic anhydride, ‘hexahydrobenzene dimethyl anhydride, methyl
hexahydrobenzene dimethyl anhydnde tetrahydrobenzene dimethyl anhydndc or
maleic anhydride; most preferably, as shown in Example tetrahydrobenzene dimethyl
anhydrlde. - :

The best result can be obtained at the followmg descnbed range for the amount and
ratio of each component: the amounts of epoxy group compound (A1) and of mono- -

carboxyl acid (A2) containing one vinyl group. in the photopolymenzable prepolymer

composmon (A) are that 0.5 to 1.2 moles of mono_-carboxyl acxd (A2) containing one
vinyl group, based on epoxy gx‘oup conlpound (A1), is used for each eqoiv'alent of
epoxy group compound (Al), most preferably 0.9 to 1 .Imoles; and, 0.1 to 1.0 moles
of polybasic acid anhydride (A3), based on said epoxy group compound (Al), is used
for each equivalent of epoxy group, most prefetably 0.3 to 0.8 moles. '

The photopolymenzable prepolymer (A) of the present invention is obtained by
reacting an epoxy resin (A1) containi_ng two or.more than two epoxy groups with a
mono-carboxyl acid (A2) containing one vinyl group, of which reaction the solvent is
used for dilution and the acuvator is selected from one of the following; phosphorus
tribenzene, tnethylaxmne, or methyl triethyl ammomum chloride, most preferably
phosphorus tribenzene; the amount_ of acfivator is preferably 0.1 to 1.0 weight -
percentage of total weight of reaction mixture; in order to refrain from
prepolymerization, a heat _polymerization inhibitor such as hydroquinone, or
hydroquinone dlmethyl ether or the like is added of which the added quantlty is
preferably 0.01 to 1.0 weight percentage of that of tl_le reaction mixture; the reaction
temperature is preferably 80 to 120 .degree.C.. and the reaction time is 6 to 24 llours;
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then, the reaction product thereof further reacts with the saturated or unsaturated
polybasic acid anhydnde (A3) at a reaction temperature of 80 ~ 130 degree C.
preferably and for 4 ~ 16 hours of reaction time.

~ Theacid value (mg KOH/g ) of the photopolymenzable prepolymer (A) obtained

from said process is preferably at the range of 30 to 120, most preferably 50 to 100.

The photopolymerizable prepolyme'r' (A) content in the composition of the present -
mventxon is more preferably 40 to 70 wt%, most preferably 45 to 65 wi%.

The thmner, which is selected from- photopolymenzable vinyl monomer (B1)
and/or organic solvent (B2), alone or in combination, depending on the real s1tuat10n '
The photopolymerizable vinyl monomer (B 1), comprising acrylate of melamme is -
selected from the followmg - -

Hydroxyalkyl acrylate such as Z-hydroxyl ethyl acrylate or 2-hydroxyl butyl
acrylate : . _
Acrylic or dxacryhc compound of bmary alcohol ( such as ethylene glycol methoxy L
tetracthylene glycol, polyethylene glycol, propylene glycol); : |

Alkyl amine acrylxc acid compound such as acrylxc acid-N, N—dlmethyl amine ethyl
ester; :

Polyfunctional group acrylate of polyhydnc alcohol( such as hexyl glycol
trimethylol propane, isoamyl tetraol, diisoamy! tetraol) or of ethylene oxide, or of
propylene oxide ( can be the adduct of itself % _

Acrylate of epoxypropyl ether(such as glycermdlepoxy propyl ether, trunethylol
propane diepoxy propyl ether, triepoxy propyl isocyanurate);
wherein the acrylate of melamine or the polyfuncuonal group acrylate of isoamyl
tetraol dusoamyl tetraol are the most pteferable R

- The content of the aforemennoned photopolymenzable vinyl monomer (Bl)in the
composxtxon of the present invention is more preferably 1~30 wt%, most preferably
1 ~10 wt%. : :

The organic solvent (B2) of the present invention is selected from one of the
following: propylene carbonate, butyl cellosolve, butyl cellosolve acetate, toluene,
xylene, buityl carbitol acetate, cyclohexanone, propylene glycol monomethyl ether, _
dxpropylene glycol dxethyl ether, methyl carbitol acetate: The preferred embodiments .
in Example are propylene carbonate and butyl cellosolve acetate The amount used in
the present invention is more preferably 5~60 wt%, most preferably 10 ~ 50 wt%. .

As for the photopolymerizable initiator ( C)a conventional photo initiator is used.

It can be selected from one ofthe followmg ‘benzoin methy] ether, benzoin isopropyl - |
ether, 2,2-dimethoxy-2-phenyl acetOphenone, 1,1-dichloro acetophenone 1- ,
hydroxycyclohexy phenyl ketone, 2-methyl -1- [4~(methylthxo)phenyl] -2-morpholino- -
propane-l NN—dlmethyl ammoacetophenone 2 4-d1methylthxoxanthone 2, 4-
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diethylthxoxanthone, 2-ch10rotluoxanthone 2 4-dusopropyltlnoxanthone
acetophenone dimethyl ketal, benzyl dimethyl ketal, methyl benzophenone, 4 42-
dxchlorobenzophenone 4 4’-diethylaminobenzophenone, 4-methyl benzoil diphenyl

o phosphine oxide. Sa1d compounds can be used alone or in combmatlon of two or

- more thereof; most preferably is the combination of 2-methyl-1-[4-
(methylth:o)phenyl]-z-morphohno-propane—1 and2 4—d1ethylth10xanthone

The amount of the photopolymerizable initiator (C) used in the present invention is-
' more preferably 0.5~ 10 wt%, most preferably 1 ~ 8 wt% : - '
The €poXy. resm (D) is composed of a crystal state epoxy resin (D1) which contains -
" twWo epoxy groups and is not soluble in the utilized thinner at room temperature but '
| soluble at 60 ~ 80 degree C and/or an epoxy resin (D2) which contams at least two
epoxy groups and is soluble in the utilized thinner at room temperature, wherein the
soluble crystal state epoxy résin (D1) is the charactenstlc of the present invention.
Hydroquinone is used in the preferred embod:ment of Example, which isa product of
) Nan Ya Plastics Corp Ltd with a structure as follows (Formula 1n):

CH,—-CHCH,O .—OCHZCHCH,O— @ OCH,CH—CH,
. T 0 ‘

n
~ where n=0~5

The content of the crystal state epoxy resin (D1) in the composxtlon of the present
invention is more preferably 2 ~ 10 wi%, most preferably 3 ~ 8 wt%. This kind of
. epoxy resin is crystalline state at room temperature, which needs to be through stirred
and mixed and ground to below 10 um of grain dxameter before being added to the
composmon ' =

As for the epoxy resin (D2), the prefemd embodunent in Example is one of the -
followmg triglycidal isocyanate, phenol novolak epoxy resin, cresol novolak epoxy '
resin, halogenated phenol novola_k €poxy resin, Blsphenol A epoxy resin, Bisphenol F.
. €poXYy resin, triphenyl methane epoxy resin, or tetrabromo Bisphenol A epoxy resin.

The content of the aforementioned epoxy resin (D2) in the composition is
.preferably‘ 1 ~ 15 wi%, more preferably 3 ~8 wit%.

. The main filler used in the composition of the present invention is a widely used .
ihorgaziic filler (E) such as talc powdet, magnesium catbonate, calcium carbonate,
aluminum oxide, silicon oxide powdei‘, and barium sulfate. These compounds are
used in combination. The amount of the inoiganic filler used in the present invention
is more preferably 10 ~ 40 wt%, most preferably 15 ~ 30 wi%.
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~In addmon, the composmon of the present xnventxon includes conventional -
additives such as tonner, dye, defoamer, leveling agent, thlckenmg agent adhesion
accelerator. S

In order to have the contenits and characteristics of the present invention be .
understood further, Examples and Comparative examples are described below to
furnish a specific idea about its process, procedure, and oﬁtstanding_ characteristic.

" Example:. R

The following examples are g’ivéxi to 'illu_s-trate characteristics of the present
invention but not to limit the invention.

The applied prescription and proportxon of the Example isto select
Photopolymenzable prepolymer (A): of which the preparation is to have 205 parts of
NPCN-704 ( EEW:205, product of Nan Ya Plastics Co. Ltd. ) and 167. 2 parts of butyl
cellosolve acetate [ thinner (B2)] be stirred and heated to 100 .degree.C. and dissolved
in a reaction tank; then, add 72 parts of acrylic acid, 1.5 parts of phosphorus _
tribenzene, 0.15 parts of hjdro,t}uino,né and stir at 100 .degree.C. for 12 hours; next,
add 106.4 parts of tetrahydrobenzene dimethyl anhydride to react at 100 .degree.C. for
10 hours, the acid value of the obtamed prepolymer (A) is 88 1 mgKOH/g, and the
solid component is 62.5 percent;

Thinner (B1): diisoamy] tetraol pentaacrylate;'
Thinner (B2): butyl cellosolve acetate; -
Phtopolymenmtxon initiator (C): 2-methyi- -[4—(methylt1no)phenyl]-Z-morpholmo-
propane-1 ( Irgacure 907, a product of Ciba Gexgy) and 2 4—dxeﬂ1ylth10xanﬂmne
( DETX-S, a product of Nippon Kayaku Co. Ltd);, =
Epoxy resin (D1): hydroquinone epoxy resin (EX-I 00,a product of Nan Ya Plastics
. Co.Ltd);, : :

" Epoxy resin (D2) cresol nov'olak epoxy resin (NPCN—704 a product of Nan Ya

Plastics Co. Ltd. ); | :

Inorganic filler (E): barium sulfate gram diameter is lower than 10 pm ), sxhcon
oxide powder ( grain diameter is lower than 10 pm )
Heterocyclic epoxy resin; Tris {epoxypropyl) Isocyanurate ( TEPIC a product of
Nissan Chemical Industries Ltd. );
Defoamer AC-300 ( a product of Kyoelsha Chemical Co Ltd.);
Tonner: benzyl dlmethyl green; '

Said “part” means the amount of additive based on weight.

In the folldwing Example 1~3 and Comp'arati?e e:ka_mple 1~3, the aforémentioned



composition is thoroughly stirred; then, ground by a 3-Roller Mill so as to obmin a
solder resist mask layer composition with grain diameter smaller'than 10 pm; the
obtained photosensitive thénnosetting resin composition. of the present invention is
further evenly coated on a pnnted circuit board having the copper opening and wn-e
pattern by silk screen printing method, shower coating method, spraymg method or
roller method to form a coated layer with a thickness of 20~30 pum; after pre-bake, a
ﬁegative film having photoresist pattern is closely adtiered to the coated layer; and

_then through pmceduré§ of being exposed to ultraviolet 'ra_y's and of being developed
fdr the unexposed portion by the developing solution, a solder resist pattém is -
produced; and then by heatmg, said epoxy compound i in 'the composmon is sohdlﬁed
anda solder resxst mask layer is obtained:

Photopolymenzable prepolymer (A ) 55.0 parts
Dusoamyl tetraol pentaacrylate : : 6.5 parts
2-methyl-1- [4-(methyltluo)phenyl]-2-morpholmo-propane-l ~ 5.0parts
2,4-diethylthioxanthone - : - 1.0part
Hydroquinone epoxy resin . 7.0 parts
" Cresol novolak epoxy resin 3;0 parts B
Barium sulfate 11.0 parts
Silicon oxide powder 10.0 parts
Benzyl dimethyl green 0.5 parts -
AC-300 | 1.0 part
Total 1000 parts -
Example2

Photopolymerizable prepolymer (A) 55.0 parts.

: Dusoamyl tetraol pentaacrylate - 6.5 parts
2-methyl-1 —[4-(methylthxo)phenyl]-2-morphohno-propane—1 - 5.0 parts

4-d1ethylﬂnoxanthone : 1.0 part
Hydroquinone epoxy resin ' 5.0 parts
Cresol novolak epoxy resin - 5.0 parts
Barium sulfate - 11.0 parts
Silicon oxide powder - 10.0parts
Berizyl dimethy! green 0.5 parts -
AC-300 | " 1.0part
“Total 100.0 parts. -



Photopolymerizable prepolymer (A ) : - 55.0 parts
Diisoamy! tetraol pentaacrylate . . . - 6.5 parts
2:methyl-1-[4- (methylth10)phenyl]-2-morpholmo-propane-1 50 parts
2 4-diethylthioxanthone ~ ~. _ , . . 1.0 'part
Hydroquinone epoxy resin | : . 30parts. .
Cresol novolak epoxyresin . . - X 7'.0_par'ts-
Bariumsulfate . . . . . 11.0pass
Silicon oxide powder = L ~ 10.0 parts -
Benzyl dimethyl green S T 0.5 parts
“AC-300 . T © 10par
' Total  100.0 parts
Photopolyxherizable prepolymer (A ) B 550 parts
| Diisoamyl tetraol pentaacrylate - S 6.5 parts
2-methyl-1 -[4-(methy1tluo)phenyl]-2-morphohno-propane~l : 5.0 parts -
2 4-d1ethyltluoxanthone : K 1.0 part
Heterocyclic epoxy resin -~ SR 5. Oparts
Creésol novolak epoxy resin .~ : " . S5.0parts
Barium sulfate = - o ~ ‘NOparts -
Silicon oxide powder ' .~ 10.0.parts
'Benzyl dimethyl green’ - : o 0.5 parts
AC-300 o . lOpar
S | | "Total . 100.0 parts
' Photopolymenzabie prepolymer (A) 55.0 parts -
Diisoamy! tetraol pentaacrylate R 6.5 parts’
2-methyl-1 -[4-(methylﬂno)phenyl]-Z-moxpholmo—propane-l 5.0 parts _
2,4-diethylthioxanthone _ . 1.0 part
Cresol novolak epoxy resin L 10.0 parts
Barium sulfate . B ~ | 11.0 parts
Silicon oxide poqu : - 10.0 parts
Benzyl dimethyl green : 0.5 parts - -
AC300 T L " 1.0 part

- Total 100.0 parts’
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| Photopolymerizable prepolymer (A ) . SS0parts.
Diisoamy] tetraol pentaacrylate ' " 6.5 parts
2-methyl-1 -[4-(methylthxo)phenyl]-2-morpholmo-propane-l _5.0_ parts
.2,4-diethylthioxanthone . 1.0part -
Heterocyclic epoxy resin =~ - _ - 10.0 parts
Barium sulfate : . 11.0 pats
Silicon oxide powder . . - - 10.0 parts
Benzyl dimethyl green - ) S " 0.5 parts

~ AC-300 o  LOpart
B ' S ‘Total 100.0 parts

Effects of the Present Inventlon

. The obtained composition of the present mventlon is blended and ground bya3-
Roll Mill untit the grain diameter is below 10 um and then spread on the printed
circuit board whleh is afterwards tested for tackiness-after-drying before developmg, a
“and measured for maximum pre-bake area while developing, and tested for adhesion,
-pencil hardness, solder heat resistance, electroless nickel (gold) plating resistance,
acid resistance, base resistance, solvent résistance, boiling water resistance, high
pressure boiling resistance after the post-bake. While measuring the maxirmum pre-
bake area, the bake temperature is 80 degree C and the bake time is 50minutes, 60
. minutes, 70 minutes, and 80 minutes. While testing other physical characterisﬁcs the
temperature is 80 degree C and the time is 40 minutes. Then, a negative film having
photoresist pattem is closely adhered to the coated layer of the printed circuit board -
which has been cooled down to room temperature (about 22 ~ 25 degree C), which is
irradiated by an ultraviolet exposure- device (HMW-680GW type a product of RC
Corp. Ltd.) with an energy of about 500 mJ/em and i is then sprayed bya09~11% |
. NaOH, aqueous solutlon at a pressuré of 2.0 kg/cm and a liquid temperature of 31
- degree C for 60 seconds of developing 50 as to dissolve and expel the unexposed area
(other kinds of weak base aqueous solution can also be used );'ﬁnall_y, in order to let -
the epoxy resin undergo a complete ring-opening linkage, the post-bake is done at 150 |
~ degree C of bake temperature and 30 ~ 60 minutes of bake time so as to let solidify |
completely. The test and measurmg methods are descnbed as follows

1.Tackiness after drying -
After the composition has been coated on the prmted circuit board ( th1ckness of
' coating is 20 ~30-um ) and pre-baked, the coated layer is touched by finger of which
the feeling of tackiness can be classified into three various degrees which are -

11
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represented by following symibols.
O: No tackiness

- A: Slight tackiness
X: Severe tackiness

"2 Maxxmum pre-bake area
~ After the composition has been coated on  the prmted circuit board (thrckness of .

coating is 20 ~ 30 um, totally four test preces) and baked at 80 degree C for 70
‘minutes, 80 minutes, 90 minutes mdependently and cooled down, an 1% Na,CO,
aqueous solution with a temperature of 31 degree C and a pressure of 2.0 kgfem’ is |

" sprayed thereto for 60 seconds to develop, i.e., to dissolve and expel said composition
coated on the printed circuit board. The followmg symbols represent the gdod or tlte
bad of the maximum pre-bake area. :

O: composmon can be expelled completely wl_rile baked at 80 degree C for 80

minutes
O: composition can be expelled completely while baked at 80 degree C for 70

minutes but not for 30 minutes -

A: composrtron can be expelled completely while baked at 80 degree C for 60
minutes but not for above 70 minutes - _

X: composition can not be expelled completely whrle baked at 80 degree C for

- 60 minutes

3. Adhesion

According to the testing method regulated by JIS D0202 said composrtron is
coated on the prmted circuit board and baked then use Cross Cutter to cut the coated
layer into 100 checks, and a peeling off test is done by usmg 3M #600 tape. The
peeling off condition is evaluated by naked eyes and the followmg symbols represent .

either good or bad adhesron
© ©:100/100 no peeling off (on copper surface )

O: 1 ~ 5% peeling off ( on copper surface) . -
A: 5 ~ 10 % peeling off (on copper surface )
~X: above 10 % peeling off ( on copper surface )

4. Solder heat resistance

Said composition is coated on the prmted circuit board and post-baked on which
“a solder assistant is spread in accordance with the method regulated by JIS C6481;

12
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next, the sample is dipped into a solder bath at 260 degree C for 10 seconds and
cleaned by clean water and then evaluated by naked ¢ eyes. :
O: no change for coated layer of the composition -
A: there is a change on gloss and appearance of coated layer of the composmon
" X: there i is peeling off and bulging sltuatlon for coated layer of the composition

5. Pencil hardness
The test piece is made by way of usmg the same method as that of adhesion. 2B
~9H pencils manufactured by Mitsubishi are ground at their tip until a nght angle for
_ each of them is formed and then- push the tip of each of them forward at an angle of .
45 degrees with a pressure of 1 Kg on the coated layer of the test plece until the ~
surface of the coated layer is damaged; the maximum pencil hardness that does not -
damage the surface of coated layer represents the hardness of the coated layer.

6. Electroless nickel (gold) plating resxstance .

The test piece is first immersed in an acid degrease solutxon for 3 minutés at 30
degree C to be degreased; next, immersed in water for 3 mm_utes to be cleaned; then,
the test piece is immersed in water containing 14.3% of (NH,),SO, for 3 minutes to
proceed soft etching and immersed in cleaning water thereafter for 3 minutes;
afterwards, it is immersed in water containing 10 vol% H,SO, at room temperature for . -
one minute and then cleaned in water for 30 seconds to 1 minutes. Following that, it 1s
immersed in activation solution at 30 degree C for 7 minutes to be activated and then
immersed in water for 3 minutes to be cleaned. The activated test piece is then
immersed in nickel plating solution at 85 degree C for.20 minutes to proceed
~electroless nickel piating;' afterwards, it is immersed in water containinig 10 vol%

~ H,S0, at room temperature for one minute and cleaned by flowing water for 30
seconds to one minute. Then, the test piece is further immersed in gold platmg _
solution at 95 degree C for 10 minutes to proceed electroless gold plating; thercafter,
it is immiersed in flowing water for 3 minutes to be cleaned and then in hot water at 60
degree C for 3 minutes to be further cleaned. After thorough water cleamng and
complete drying, a electroless gold platmg test piece is finally obtained. The obtained
test piece is then proceeded with peelmg off test by using cellophane tape and the
condition of peeling off of the photoresxst is evaluated.

O: 1o change is observed on the appearance and peeling oﬁ' of the photoresmt

A: no change is observed on the appearance of the photores1st despite slight
peeling off of the photoresist is observed

X: the photoremst bulges and the board wrinkles; in addition, severe peelmg off
is observed at peeling off test
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~ 7. Acid resistance _ _ :
The test piece is made by using the same method as that of adhesron, then itis

immersed in water containing 10 vol% H,SO,, at 20 degree C for 30 minutes and taken
out thereafter, of whlch the acid re51stance is evaluated by the status and adhesion of

the coated layer.

. ©: no change at all

O slight change at its surface
A: severe change at its surface .
X: peeling off occurs to the hardened coated !ayer _

8. Base re51stance .
The test piece is made by using the same method as that of adheswn, then, itis '

immersed in water containing 10 vol% NaOH at 20 degree C for 30 minutes and
 taken out thereafter of which the base resxstanee 1s evaluated by the status and

adhesion of the coated layer.
©: nio change at all

O: slight chdnge at its surface
A: sevete change at its surface
X: peeling off occurs to the hardened eoated layer

9. Solvent resistance :
The test piece is made by using the same method as that of adhesmn then it is

jmmersed in trichloromethane and acetone respectively at 20 degree C for 30 minutes
and taken out thereafter, of which the solvent resistance is evaluated by the status and

~ adhesion of the coated layer.

©: no change at aII

O: slight change at its -'surfaoe
A: severe change at its surface
X: peeling off occurs to the hardened coated Iayer

10. Borlmg test
The test piece is made by usmg the same method as that of adhesion; then, it is

immersed in 100 degree C of borhng water at a pressure of one atm for 5 hours and

observed.
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8: no change at all for coaied layer

O: slight change at the surface of coated layer
A: severe change at the surface of coated layer |
X: peeliz;_g off and bulging occur to the coated layer

" 11 Pressunzed pot test : : :
| The test piece is made by usmg the same method as that of adhesmn then, itis.
boiled of sheamed at a pressure of 2 atms for'5 hours and observed.

©:no change at all for coated layer

O: shght change at the surface of coated layer
A: severe change at the surface of eoa_ted_ layer _
X: pee'ling off and bulging occur _to the coéxted layer

| Comparison of physu:al characters between Examples and Comparatlve Examples

Test items of
physical -
characters

Example 1

Example 2

Bxample 3

Comparatlve
example 1 .

Comparatwe
-example 2

Comparative
- example 3

Tackiness
after drying

o

0

0

. O

0

0

- Maximum
pre-bake area

| Adhesion

Solder heat
resistance

Pencil
hardness

Electroless
nickel(gold)
plating resistance

Acid
resistance

Base
. resistance

. Solvent
resistance

Boiling test

| Pressurized
pot test

oloelo|lolo|o

ole|loloe|le!| o

olelolo oo |

ololeje|olo

x|l |6 || >

C|Qloe|e 0|0

. From the afer'enientioned results, it is obvious that the soluble crystal state epoxy-' |
resin ( D1 ) and soluble type epoxy resin ( D2 ) ( such as components of Example 1,
Example 2, Example 3') of the present invention do tremendously improve physncal

characters of the solder resist layer of the printed circuit board.
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~ Claims
What is claimed is:
1. A pbotosensitive thermosettmg resin component comprising:

(A) a photopolymerizable prepolymer ( formula I ), which is prepared by reacting
- epoxy resin (A1) containing at least two epoxy groups With mono-carboxyl acid
(A2) contammg a vinyl group, and then reacting with saturated or unsaturated
polybasic acid anhydride (A3);, - :

(B) a thinner, which is selected from photopolymerxzable vmyl monomer (Bl)

~ and/or organic solvent (B2,

"(C)a photopolymenmble initiator;

(D) an epoxy resin, compnsmg a soluble crystal state epoxy resin (DI) which
contains two epoxy groups and is not soluble in the utilized thinner at room
temperature but soluble at 60 ~ 80 degree C. and/or an epoxy resin (D2) which .
contains at least tWO epoxy groups and is soluble in the utilized thmner at rooimn
temperature; and ;

(E) an inorganic filler;
II;C—-CH—C—O—?Hz | | 'gh—o%c—CH%CH;-
OH—?H | S:a—o—_—ﬁ—k';—.—ﬂ:-_-oxx |

O

where mandnareinteger, m+n =20

| Ri: \H or C’-_H3 o
pob
- 2
—CHy—CHz—,—CH =CH—
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2. A photésensitive thermosetting resin composition‘as defined in Claim 1, wherein
the amount of epoxy group compound (A1) and that of mono-carboxyl acid (A2)”
containing one vinyl group in the photopolymenzable prepolymer composmon (A)
are that from.0.5 to 1.2 moles of mono-carboxyl acid (A2) containing one vinyl

.group, based on epoXy group compound (Al) are more preferably used for each
equnvalent of epoxy group compound (Al) most preferably from 0.9 to 1.1moles;
and, from 0.1 to 1.0 moles of polybasxc acid anhydnde (A3), based on the hydroxyl
group which is a reaction product of sald carboxyl group and epoxy group, are
more preferably used for each eqmvalent of hydroxyl group, most preferably from
'03t008moles - :

"3.A photosensmve thermosetting resin composmon as deﬁned m Claxm 1, wherem -
the epoxy group compound (Al) containing at least two epoxy groupsinthe '
reaction of the photopolymerizable prepolymer-(A) is selected from one of the

- following: phenol novdlak epoxy resin, cresol noiiolak ep'oxy resin, halogenated -
phenol novolak epoxy resin, bisphenol A epoxy resin; b:sphenol F epoxy resin,
trlphenol methane epoxy resin, or teirabromo bisphenol A epoxy resin; as for the
mono-carboxyl acid (A2) containing at least one vinyl group is selected from one of
the following: acrylic acid, methyl acrylic acid, crotonic acid, cinnamon bark acid;
the saturated or unsaturated polybasxc acid anhydride (A3) is selected from one of
the following: succinic anhydnde hexahydrobenzene dimethyl anhydride, methyl _
hexahydrobenzene dunethyl anhydnde tetrahydrobenzene chmethyl anhydnde
maleic anhydnde

4.A photosensitive thermosetting resin composition as defined in Claim 1, wherein
. the acid value (mg KOH/g) of the photopolymenzable compound (A) is at the
range of from 30 to 120, most preferab!y from 50 to 100; the photopolymenzable
prepolymer (A) conterit in th_e composition is from 40 to 70 Wt%, most preferably |
from 45 to 65 wt%. .

5.A ﬁhotosensitive thennosetting.resih composition as defined in Claim 1, wherein
the soluble crystal state epoicy resin (D1) exists as a crystal state epoxy resin that is
not soluble in the thinner at room temperature and exists as diSpm-sed molecular
state that is soluble in the thinner at 60 ~ 80 degree C and exists as micro-crystal -
state ( grain ‘diameter is below 0. 2. um) that is evenly dispersed in the composmon
while cooled down to room temperature; the epoxy group compound which fulfils
said conditions is hydroqmnone epoxy resin of which the content in the '
composition is more preferably from 2 to 10 wt%, most preferably from 3 to 8
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| wt%..

6. A photosensmve thermosettmg resin composition as defined in Claun 1, wherem
the soluble epoxy conipound (D2) 1s selected from at Jeast one of the followmg
.. €poxy resins: tnglycrdal rsocyanate, phenol novolak epoxy resin, cresol novolak
A epoxy resin, halogenated phenol novolak epoxy resin, Brsphenol A epoxy resm,
S Brsphenol F epoxy resin, tnphenyl methane €poxy resin, or teirabrome Blsphenol A
'-epoxy resin, of which the content in the composmon is more preferably from 1 to-
15 wt%, most preferably from 3 to 8 wt%

1A photosensmve thennosettmg resm eomposxtxon as deﬁned in Claim 1 wherem
the thmner (B1)is selected from at least one of the followmg photopolymenzable
. vinyl monomers hydroxyalkyl acrylate such as 2-hydroxyl ethyl acrylate or _
. hydroxyl butyl actylate; acrylic or dracryhc compound of binary alcohol ( such as '
. ethylene glycol, méthoxy tettaethylene glycol, polyethylene glycol propylene -
- glycol); alkyl amine acrytic acid compmmd such as acrylic acid-N, N—drmethyl N
. amine ethyl ester; polyfunctaonal group acrylate of polyhydnc alcohol (such as
“hexyl glycol, tnmethyloi propane, isoamyl tetraol dusoamyl tetraol) and acrylate -
' ethylene oxide, propylene oxide ( can be the adduct of itself ); acrylate.of _
epoxypropyl ether (such as glycenndlepoxy propyl ether, trimethylol propane
_ drepoxy propyl ether, tnepoxy propyl isocyanurate); _ '
- " wherein the acrylate of melamine or the polyfiinctional group acrylate of xsoamyl
tetraol, diiscamyl tetraol are the most preferable and the content- of said '
o photopolymenzable vmyl monomer in the composrtron is more preferably from 1 .
to 30 wt%, most preferably from 1to 10 wt%. "

-8.A photosensmve thermosettmg resm eomposmon as defmed in Claim 1, wherem '
" the thinner (B2)is selected. from at least one of the followmg organic solvents:
: propylene carbonate ‘butyl cellosolve, butyl cellosolve acetate toluene, xylene,
~"butyl carbitol acetate, cyclohexanoﬁe, propylene glycol monomethyl ether,
dlpropylene glycol diethyl ether, methyl carbitol acetate; the amount usedin the 3
composmon is more preferably from 5 to 60 wi%, most preferably from 10 to 50

W%,
9.A 'photosensmye rhennosetting resin cornpOSitron as defined in Claim 1, wherein

 the filler (E) is selected from the following inorganic fillers (used in eombma'oon)
talc powder, magnesinm ‘carbonate, calcium catbonate, aluminum ox1de silicon

oxide powder, and barium sulfate; the amount of inorganic filler used i in the
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composition is more preferably from10to 40 WA, most preferably from 15 to 30
wit%. '

10. A photosensitive thennosettmg resm composition as deﬁned in Claim 1, of
which the additive that can be addmona!ly selected i is one of the followmg an
aging accelerator, a tonner, a defoamer a polymcrxzatlon inhibitor, a thxxotropy
- agent.

- 11. A fabricating method of forming a solder resist mask layer on a printed circuit
~ board, which evenly coated the photosenSitive' iheﬁnosetting resin composition as
defined in Claim 1 ona prmted cxrcult board having the copper openmg and wire
~ pattem by silk screen printing method, shower coating method, spraymg method, or
‘roller method to form a thickness of 20~30 pm of coated layer; after pre—bake, the
coated layer is closely adhered to a negatlve film havmg photoresist pattem and
then through the procedures of bemg exposed to ultraviolet rays and of being
developed for the unexposed portion by the developing solution, a solder resist
pattern is produced and then by heatmg, smd epoxy compound in the composxtxon
s sohdlﬁed and a solder resist mask 1ayer is obtained. '
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