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PBOTOSENSJTiVE. THERMOSETTING RESIN 
. . . COl\f POSiTIO~ . 

·2. ·Background of the Pres~nt ~venti~n · .. · 
In rec~t years, thei;e ·is a trend for·~~· electronic P1:"°d~ct tO~ ~ighter,' thinner, 

~horter, smaller, and highly-condensed on,~; in addition, ~~ electronic fabricating 
technique requests DiilSs integration, higli pin number~ ipicrominiaturization so as to 

Diake it a necess~ty for solder_ resist ~ to· ~~e higher resolution, .accuracy, and .. 
liability. Th~refore. the imp~ement ~f solder resist ink k~s piogr~ssil'lg 
coiitinuously; ·some disclosures have ~wljed for patent; whe~em there are tWo n_iajor 
~: dry film t}rpe and liquid~: .. . .. . . . 

In ·view of the dry filrii type solder~ ink~ Japan~se Pate.,_t No. 57-SS9 i4 
discloses a dry ftlm photo~itive resin com~ti<)n ·c0n~g ethyl urethane- ' 
diacrylate,, linear Polymer,· and photo~ns~ti~e agent. Said drY fi~ fyp~ solder resist 
ink is apt tO produce.def~ts of tin solder heat:resistanee aitd bid adhesion while 
utillzed in highly cond~ed prl~ted cireuit·b~ard. On the other.hattd, -i~ ~ew of the 

. liquid type sold~r resist in!c, the Great.Britain ·P~ent Appli~on No: ~0329J9A 
diseloses a p'1otopolymerizable prepolyme~ ~g a solid or senii-solid state 
reaction product of a multi-epoxy group compound alken)'l bond unsaturated· ~arboxyl 

acid, an· inert· ~organic tiller, a .PhotopoJyme~Z&ble i~itiator, and a vo~tile organic 

solvent. The 8f0reme1_1tio~ed ~omponent is an ultraviolet ray curing co~ponent but 

not a themiosetting component, so it is apt to suffer defects on adhesion, tin solder . 
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heat resistance; and insulati~n· reSistance. while utilized in printed ci~uit board. In. 

addition, )apanese Patent No.· 51-404$ 1 discloses a s<;>lcter resist ink composition of 

~hich the unexposed area is develop~d by oigatlic solvent which cau8es 

environmental pollution, risk of fire~ and hazard to hlµllali body. In (}rder to solve said 

problems caused by ~e use of solven~,-~ome p~tents disclose a_compositi~n which is 

~ly 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 -~fo. 612079Al discfose a 

photopolymerizable prepolymer compo.sition (a compound, c~ntainirig at l~ast two_ 
. . 

unsaturated alkenyl ~onds, obtained from the reaction of linear phenol novolak or 

linear cresol novolak resin With unsaturated monobasic acid and polybasic acid · 

anhydrid~). of which the polybasic acid anhydride r~acts to produce an acid group 

~cti is dis~olved in we3k ~- aqUeou5 soluti~n so as to ~plish devel~ping ·_. 

effect; the solder resist ink th~of ~wns b-1 developing capabillty and i~ apt to suffer· 
electrolysis corrosion due to the affect of the reaction ratio betWeen polybasic acid . 

anhydride and epoxy resin. So, Japane8e Patent No. 62-299967 discloses that by using 

a gianwar epoxy compound (whic~ is ~ard t~ dissolve), the pliotosensitivity is 
improved and the reaction with photo)?Olym.erizable prepolymer is decreased; 

. . . 
however, a higher aci~ value is ~qu~ed to. make photosensitive prepolymer easy to 
dissolve in weak ·alkali aqueolis solutio~, ·which consequently cause8 the deqettSe of 

electroless gold plating resistance capability;- besides, the epoxy coinpowui (which is 

·hard to dissolve) is "impossible to completeiy disperse eVen after being heated to . 

melted state since the limit of the shaped net structure caused by photocuring, which 
. . 

consequ.endy _decreases the opportunity for the photopolymeri:Zable prepolymer to 

c0mpletely react so as to adversely reduce the heat resistance. 

SUMMARY OF THE INVENTION 
. . 

The objects of the present invention are tO solve problems and defects of said . 
liquid solder resist ink and to provide a nc)vel photosensitive thermosetting resin -

composjtion which owns di~uishe~. solder heat resistance, electroless gold plating 

resis~ce, resolution; weak alkali, aqtieotls ~olution developing capability, ultraviolet· 
ray curing -~nsitivity, chemical ~esistiince~- tle~bility, adhesion, and electric character; 

in addition, it owns excellent characteristics _of brillliint surface and transparent 

outlooking. 
The present invention discloses a photoscmsitive.therinosetting resin composition 

comprising: 
(A) a photopolymerizable prepolymer ( forrtiula I), which is pre.Pared by reacting 

epoxy resin (Al) containing at least two epoxy groups ~ith mono-carboxyl acid 
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(A2) containing a vinyl ~oup, and then reacting with saturated or unsatlirated · 

polybasic acid anhydride (A3); 

(B) a thinner, which is photopolymetizable vinyl monomer (Bl) and/or organic 

solvent (B2); 

(C) a photopolymerizable i~itiator; 

(D)an epoxy resin, comprising a soluble .crystal state epoxy resin (Dl) which contains 

two epoxy groups ~d is not soluble in the. utilized t~er at room·temperature 

but soluble at 60 ;._ 80 .degree.c: and/or ~ epoxy resin (D2) which ccmtains at· 
. . . 

least ~o epoxy groups ·and is soluble in the utilized thinner at rciom temperature; 

arid 

· (E) an inorganic filler. 

I 

where m and n are.Integer._ m + n .;;;:: 20 

. . 
DETAILED DESCRITION OF THE PREFERRED EMBODIMENTS 

The.photosensitive then:ilosetting resin component is a soluble crystal state epoxy 

resin which can be dissolved m a thllmer at 60 - 80 degree C.; especially in circuit 

board printing, the epoxy resin exists in the composition as crystatlization state With a 

rather low solubility to the thinner;· dtiring pre·bake procedure (at a temperature of 60 
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- 80 degree C), the resin can be dissolved in the thinner; after pre-bake and C<?oling ·. 
down, the resin is evenly dispersed in the ·component .as micro--crystal state {grain 

diameter· is below 0.2 µm), which c~ refrain from the limit of shaped n~t structure. 

after photoreaction so as to not only increa8e the reaction efficiency with prep0lymer 

(A) at thermosetting, but also increase the µeat re~istance of the ink after setting. In 

additi~n, the photoserulitfve thermosetting component of the present invention exists 

as micro-crystal state~ which decreases the tangle with, photopolymerizable 

prepolymer and owns characteristics of being not soluble in weak alkali developing 

solution, thereby the unphotocured portion shows satisfying d~eloping capability and ·. 
the photocured portion does bot d~rease its .sensiti.Vity, concurrently it has excell~t 

. . 
resolution_ ( it can rea_ch 25 µni ); at_the post-culing p~cedure, the micro-crystal 

epoxy resin can be dissolved arid. futm co1>9ly~er with photopolymerizable 

prepolymer (A). Due tQ that.the ep0xy resin is dispersed in molecular state and in 

micro-crystal of below 0.2 µm, its copQlymer formed With prepolymer (A) has 

distinguished characteristics;· furthCrm.ore, due to_ that the resin strueture has_ 
. characteristics, such as high delisity and low molecul~ weight ·and complete_ and 

quick reaction, of hydroxide group, ihe comp0sition has excellent. adhesion and heat 

resistance. 

In addition, the comparative data of sta~ changing in. solder res~ mask layer 

fiibrication procedures.between the ~ent invention and the other epoxy resins ate 
tabulated as follows, which helps explain the distinguishect characteristics of the 

photosensitive thermosetting composition ·C,r the present invention on providing the 

need of fabricating the solder resist mask layer ·of printed circuit board. . . 

Compai:ative table of state c~ing of vario~ q;oxy resins on solder resist mask 

layer fabricating procedures 
Fabricating 

Printing stage 
Pre-bake· Photocuriilg Developing Beginiling of 

procedures of solder 
resist mask )aver stasze stage · stage oost-bake 
Powder epoxy resin 

· s.:..1f4uncr1spencc1 5-lOfim disiiersed 'Which is hard to s-1.oµm dispersed S-'lOiun dispersed S-lOµni melted . 
cflSSOl\.e ( such as powder- powder powder powder liquid drops 
TEPJC) .. 

Soluble solid epoxy Moleoular state MoJeculatStaie Molecular state Molecular state Molecular state 
rain (such as dispersed liquid dispersed liquid dispelsed liquid dispersed liquid dispersed liquid 
NPCN·704l 
Soluble crystsJ state 

~IOµm dispersed Mol=lar$1* Sclow 0.2 pm Below"0.2Jl.ltl Below.0.2 µm 
epoxy icsin( such as 

powder dispersCcl Dquid . nii~tsJ niicto-Cl)'Stal . melted liquid drops 
EX-100) 

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

NPCN-704, EX-100 are products ofNan Ya Plastics Corp. "Ltd. 

The structural composition of the photosensitive thermosetting resin of the present. 

invention is described in detail a8 follows: 
the photosensitive thermosetting resin composition of the pres.ent invention is 
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obtained by the p~lymerization of a pho~opol:Ymerizable pr~polymer (A), a thinner (B), · 
. . . 

a photopolymerlZable initiator {C), an epoxy resin (D), and ·mi inorganic filler (E). 

The pb,otopolymerizable prepol~er (A) is prepared by the polym~riZB:tion of 

epoxy ·group compound (Al) eontairting at least two epoxy groups, mono-carboxyl 

acid (A2) containing at le&St ~me vinyl group, ·and sat~ated or unsaturated polybasic 

acid anhydride (A3); wherein the epoxy group compound (Al) containing at least two 

epoxy groups is ~lected from one of ~e following: phenol novolak epoxy resin, _. 

cresot novolak epoxy resin, hatogenat~ phenol riovotak ei>o~y resin. bisphenot .A 
qjoxy resin, bisphenol F epoxy resin, trii>he~ol methane epoxy resin, o_r tetrabromo 

bisphenol A epoxy l'C$in; most pref~bly phenol novolak epoxy resin, or cresol 

. novolak epoxy resin.. 

The mon~-carboxyl a.Cid (A2) containing aOeast one .vinyl group is selec~ fro~ 
one ~f the following: acrylic acid, methyl aczylic acid, crotonic acid, or cinnamon . . . 

bark acid;· most preferably, as shown in Example, acrylic acid .. 

The_ saturated or ~turated polyb&s~c acid. anhydride (AJ) is selected fro~ one of 
the folloWing: succinic atlhydiide, ·hexahydrobenzen.e dimethyl· arihy<;lride, methyl 

hexahydrobenzene dimethyl ~ydtlde, tetr~ydrobenzeile dimethyl anhydride, or 

maleic_ anhydride; most preferably, as shown in Example, tetrahydfobenzene dimethyl 

anhydride. 

The besttesult can, be obtained ~t the folloWing described range for ~e amount arid 

ratio of each component: the amo'unts of epoxy group compound (Al) ~d of mono-... 

carboxyl ac~d (A2) containing on~ vinyl gi:oup in. the phot~polymenzable prepolyiner 
composition (A) are that 0.5 to 1.2 moles of mono:-earboxyl acid (A2) containing otl,e 
vinyl group, based ·on epcixy group compound (Ai), is us~d for each equivalent of · 

epoxy group compound (Al),·most preferably 0.9 to t.'tmoles; and, O.lto 1.0 moles 
of polybasic acid anhydride (A3), based on said epoxy group compo'und (Al), is used 

. . 
for each.equivalent of epoxy group_; most ~fetably 0.3 to 0.8 moles. 

. . . . 
The photopolymerizable prepolymer (A) ofthe present invention is obtained by 

reacting an_epoxy resin (Al) c~ntain~ two ~r.more than two epoxy groups wi~ a 

mono-carboxyl acid (A2) containing :one vinyl group, of which reaction the solvent is 

used for dilution and the activator is seleet~d· fi:Om -one of the following: phosphorus 

·tribenzene, triethylamine, or methyl trieniyl ammonium chloride, most pre~rably 
phosphorus tribenzene; the amountofactlwtor .is preferably o: 1 to· 1.0· weight . 

percentage of total weight of reaction.~iiture; in order to refrain from 

prepolymerimtion, a heat polym"trization 'inhibitor such as hydroquinone, or 

hydroquinone ·dimethyl ether or the like is added, of which the added quantity is 

preferably o~oi to 1.0 weight percentage of that of~e reaction mixture; the reaction 
. . 

temperature is preferably 80 to 120 .degree.C~ and the ·reaction time is 6 to 24 hours; 
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then, the reac~on product thereof further reacts wi~ the saturated or wisatuiated 

polybasic acid 3iihydride (A3) ·at a reaction temperature of 80- 130 .degree.C. 

preferably arid for 4 - 16 ·hours of re~ction time. 

The aeid value (mg KOH/g) of the photopolylnerizable prepolymer (A) obtained 

from said proce5s is preferably at the range of30 to 120, most preferably 50 to 100. 

The photop~lymerizable prepotymer (A) oontent in. the composition or the present 

invention is more preferabiy 40 to 10 wto/o, most preferabl! 45 to 65 wt°/o: 

The thinner, which is selected from ·photopol~eriiable vinyl monomer (Bl) 
. . . 

and/or organic solvent (B2), alone or in combinatioµ, depending on.the.real situation. 

The photopol~erizable vinyl mori.omer_(Bl.), comprising acrjrlate of melamine, is 

selected frOin. the following: 

Hydroxyalkyl acrylate such as 2-hydroxyl ethyl acrjrlate, or 2-hydroxyl butyl 
acryiate; 

Acrylic or diacrylic.compotind of bin8ry alcohol { such a8 ethylene ·glycol, methoxy . . . . . 

tetraethylene glyco~, polye~ylene· glY:col, propylene glycol); · 

Alkyl amine _acrylic acid coinpo~d s\lch .as acrylic acid-N, N-dhnethyl amine ethyl . 
ester; 

Polyfunctional group acrylate of ~lyhydric ·alcohol( such ~s hexyl glycol, 

~ethylol propane, i~~amyl tet:ra~l, diisoainyl tetraol) or of ethyl~ne. oxide, ~r of 

propylene oxide ( can be the adduct ·or J.~lf ); 
Acrylate of epox}'propyl ether( such as glycerindiepoxy propyl ether, trimethylol 

propane die~xy propyl ether, triepoxy propyl isocyan1irate ); 

wherein the acrylate of melamine or the polyfunction81 group·aeryl~e of isoamyl 

tetraol, diisoamyl tetraol are the most preferable. . · 

· · The content of the aforementioned photopolymerizable vinyl monomer (B 1) in the 

composition of the present i~vention ls more preferably 1 - 30 Wt%, most preferably 

1 -10wt%. 
The organic· solvent (B2) of the prese~t invention is selec~d from one of the 

following: propylene carbonate, butyl cellosolve, butyl cellosolve acetate, toluene, . 
. . . 

xylene, butyl carbitol acetate, cycl~hexanone, -propylene glycol monQmethyl ether, 

dipropylene glycol d~ethyl ether; methyl·carbitol acetate: The preferred embodiments 

in Exampie are propylene carbonate and but)'l cellosolve ~cetate. The amount used in 

the present invention is more·preferably S ·- 60 wt°/o, most preferably IO - 50 wt% .. 

As for the photopolymerizable in~tiator ( C ), a conventional photo .initiator is used. 
It can be selected from one of the following: benzoin methyl ether, benzoin isopropyl 

ether, 2,2~imethoxy-2-phenyl acetophenone, 1,1-dichloro acefophenone, 1-
hyd~xycyelohexy phenyl ketone, 2.:methyl-1-( 4{methylthio )p~enyl]-2-morpholino­
propane-l, N,N-diniethyl aminoacetophelione, 2,4-dimethylthioxanthone, 2,4-
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~iethylthioxanth~ne, 2-chlorothioxanthone, 2,4-diisopropyithioxanthone, 

acetophenone dimethyl ketal~ benzyl dimethyl ketal, methyl benzophenone~ 4,4'­

dichlorobenzophenone, 4,4'-diethylamino~nzophenone, 4-methyl benzoil diphenyl 

· ·phosphine oxide. ~aid compounds ~an be used alone or in." combination of two or 

more thereof; most preferably i~ the combination of 2-methyl-1-[4-

(methylthfo )phenyl]~~-morpholi~o-propane-1 and 2A-diethylthioxanthone~ . 

The amount of the photopolymerizable· initiator (C) used in the present invention is · 

more preferably 0.5 -10 wt°/o, most preferBbly l -·8.Wt%. ·. 

The epoxy_resin.(D) is compo~ed of a ceystal state epoxy resin (Dl) wlllch c0ntains · 

two epoxJ groups and is not soluble in: the utilized thinner.· at room temperature b_ut 

soluble at 60 - 80 degree c 8nd/or an epoxy resin (00) which Contains at least two 
. . .. 

epoxy groups and is soluble in the uti~ thinner 11t room temperature, wherein the 

soluble crystal state epoxy resin (Dl) is the characteristic of the present invention. 
Hydroquino~e is used in the preferre4 .em~diment of Example, which is _a product of 

· Nan Ya Plastics Corp. Ltd., with a stnicture as follows (Formula II): 

II 
where n=0-5 

The content of the crystal state epo~y resin (Dl).in the composition of the present 

invention is more preferably 2 - 10 wt%, most preferably 3 - s· wt°~. This kind of 

epoxy resin is crystalline state at room temperature, which needs to be through s~ed 
and mixed and grotind to below 10 µm of grain diameter before being added to the 

composition; · . 
. As for the _epoxy resin (D2), the preferred embodiment in Exam.pie is one of the . 

folJowing: triglycidal isocyanate, phenol novolak epoxy resin, cresol novolak epoxy 

resin, halogenated phenol novolak epoxy resin, Bisphenol _A ep~xy resin, Bisphenol .F. 

. epoxy resin, triphenyl methane epoxy resinJ or tetrabromo .Bisphenol A epoxy ·resin. 

The content of the aforementio-!led epoxy resin (02) in the composition is 

preferably. 1 ~ 1 S wt%, more preferably 3 -· 8 wto/o. 
The main filler used in the composition of the present invention is a widely used 

inorganic filler (E) such as talc powder, magnesium carbonate; calcium carbonate, 

alu.minum oxide, s.ilicon oxide powder, and barium sulfate. These compounds are · 

used.in combinatiOn. The amount of the inorganic filler used in the present invention 

is more preferably 10 - 40 wt%, most preferably 15 - 30 Wt% . 

. 
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In addition, the conwosition of the present invention includes conventional · . . 

additives such ·as ~nner, dye~ d.Cfoamer; leveling agent, thickening agent, adhesion 

accelerator. 

In order.tO have the contents and cfuu.acteristics of the present inve~tion be 

understood further, Examples and Compa.-ative examples are descnb~ below to 
. . .. 

furnish a specific idea about its process, procedme, and outstanding characteristic. 

·Example:. 
The following examples are_ given to illustrate characteristics of the present 

invention butnot to "limit ~e invention. 

The a:PPlied prescription and proportion of the Example is to select 

Photopolymeri~ble prepo~ymer·(A)_: o~which the j>repar~tion is to ~v_e 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 rea.Ction tank; then, add 72 parts of acrylic acid, l .S parts of phosphorus 

tribenzene, 0.15 parts ofhydro.qui~<me and stir at 1_00 .degree.C. for 12 hours; next, 

add 106.4 parts of tetrahydrobenzene diritethyl anhydride to react at 100 .degree.C. for 

10 hours; th~ acid value of the obtainedprqx>lymer (A) is 88.l mgKOH/g, and the 
solid component is 62.5 percent; 

Thinner (B 1 ): diisoamyl tetraol pentaacrylate; · 

Thinner (B2): butyl cellosolve· acetate; 

PhtopolymenUtion initiator (C): 2-inethyl~ 1-[4-(methylthio )phenyl]-2-morpholino­

propane-l (Irgacure 907, a prod~t.ofCiba Geigy) and 2,4-diethylthioxanthone 

( DETX~s, a product QfNippon Kayaku Co. Ltd.); 

Epoxy resin (Dl ): _hydroquinone epoxy resin (EX-100, a product of Nan Ya Piastics 

Co. Ltd.); 

Epoxy resin (D2); cresol novolak epoxy resin (NPCN-704, a prodtict of Nan Ya 

Plastics Co~ Ltd.); 

Inorganic filler (E): barium sulfate (·gram diameter is lower than I 0 µm ), silicon 

oxide powder ( gram diameter is lower tha.ti I 0 µm ); · 

Heterocyclic epoxy resin: Tris ( epoxypropyl) lsocyanuiate ( TEPIC, a product of 

Nissan Chemical Industries Ltd. ); . . . . . 

I;>efoamer: AC-300 (a product ofKyoeisha Chemical Co. Ltd.); 
Tonner: benzyl dimethyl green; · 

Said "part'·' means the amount of ~dcijtive based on weight_. 

In the following Example 1-3 and Comparative example 1-3, the aforeinentioned 
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composition is thoroughly stirr~d; then, ground by a 3-Roller Mill so as to o~tain a 

solder resist mask layer composition With grain di3t11:eter smaller than 10 µin; the 

obtained photosensitive therm.osettiD.g resin. composition. of the present invention is 

further evenly coated on a printed circuit board having. the copper ope~ng and wire 

pattern by silk screen printing method, ~hower ooating metho~ spraying method, or 
~Iler method "to form a coated layer With a thickness of 20-30 Jl.m; after pre-bake, a 

negative film having photoresist pattern is closely adhered to the coated layer;. and 

. then through procedures of being expqsed to· ultraViolet rays and of being developed 

fo~ the. unexposed portion by the. developing soluti9n, a solder resist pattern is 

produced; and then by heating, said epoxy compound in the composition is solidified . 

and a solder resist mask layer is obtained.; · 

Eu.mplel 

Photoi)olymerizable prepo.lymer (A ) . 

Diisoamyl tetraol p~taacrylate .. 

2-methyl-1-[4-(methylthio )phenyl]-2-motpholino-propane-1 

2,4-diethylthioxanthone 
Hydroquinone ·epoxy resin . 

Cresol novolak. epoxy resin 

Bmuni sulfate 

Silicon oxide powder · 
. . 

Benzyl dimethyl green 

AC~300 

55~0 parts 

6.5 parts 

5.0parts 

1.0 part. 

·to parts 

3~0 parts 

11.0 parts 

10.0 parts 

0.5 parts. 

. ~.Opart 

Total 100.0"parts . · 

Examplel 

Photopolymerizable prepolymer (A) 55.0 parts. 

· Diisoamyl tetraol ~ntaaciyJ•e . 
2-methyl· 1-[ 4-(methylthio )phenyl]~2·morpholino-propane-1 

6.5 parts 
S;Oparts 

LO part 

5.0 parts 
2,4-diethylthioxanthone 
Hydroquinone epoxy resin · 

Cresol novolak. epoxy resin 

Barium sulfate 

Silicon oxide powder 
Benzyl dimethyl green 

AC-300 
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· s~o parts . 

· 1i.o parts 

10.0 parts 

0.5 parts 
. 1.0part . 

. Total . I 00.0 parts. 



Example3 

Photopolymerizable prepolymer (A) 

Diisoamyl tetraol pentaacryla~ .. 
2.:.methyl-1-[4-(meihylthio )phenyl)-2-morpholino-j)ropane-l 
2,4-diethylthioxanthone 
Hydroquinone epoxy resin 
Cresol novolak epoxy resin 

Barium sulfate . 

55.0 parts 

6.5 parts 

5.0 parts 

1.0"part 

·3,0 parts. 

7.0.parts 
11.0 parts 

10.0parts Silicon ~xide powder 

B~iizyl dimethyl green 
AC-300 

0.5 p~s 

I.Op~ 

Total ~00.0 parts 

Comparative example t 
PhotopoiyMerizable prepolymer °(A) 
Diisoamyl tetraol peiitaacrylate 
2-meth.yl-1-[4-(methylthio )phenyl]-2-morpholino-propane-I 
2,4-diethylthioxan$one 

Heterocyclic epoxy resin 

Cresol novolak epoxy resin 

Barium sulfate 
Silicon oxide powder 

. Benzyl dimethyl green· 
AC-300 

Compa~e·~ampie 2. 

Photopofrmeriiable prepolymer (A ) 
Diisoamyl fetraol pentaacry~ate . · · . 

Total. 

2-methyl-1-[ 4-(methylthio )phenyl]-2-morpholino-propane-1 
2,4-diethyltbioxanthone 
Cresol novolak epoxy resin 

Barium sulfate 
Silicon oxide powder 
Benzyl diinethyl green 
AC-300 

·Total 

10 

55.0 parts 

6.5 parts 

5.0parts 

1.0 part 

5.0parts 

5.0 parts 
· 1i.o parts 

10.0. parts 

0.5 partS 
1.0 part 

100.0 parts 

55.0 parts 
6.5 parts· 

. 5.0 parts 

1.0 P.art 
10.0 parts 
11.0 parts 

10.0 parts 
0.5 parts · 
·1.0 part· 

100.0 parts. 



Comparative Qample 3 

Photopolymerizable prepolymer (A) 

Diiso~yl tetraol pentaacrylate_ . 

55.0 parts. 

6.5 parts 

2-methy~-1-( 4-(methylthio )phenyl]-2-morpholino-propane-l . 5.Q parts 

. 1.0 part . 2,4-diethylthioxanthone· 

Heterocyclic epoxy resin . . 
Barium sulfate 

Silicon oxide poWder 

Benzyl dimethyl.green 

. AC-300 

Effects of the ·Present Invention 

. 10.0parts 

ll.O parts. 

10.0parts 

. 0.5 parts 

1.0 part· 

Total I 00.0 parts 

. The obtahi°ed composition of the p~sent invention is blended and gr0und by a 3- . 

Roll Mill until the grain diameter is below IO µm and" then'si>read on the printed .· 

circuit ooard whic~ 'is afterwards tested for tackiness-after-drying befoi:e developing, . 

· and measure4 for maximum pre-bake area while developing, and tested for adhesiOil; . . . . 

. pencil hardness, "solder heat resistance, electroless nickel (gold) plating resistance,' 

acid resistance, base resistance, solverii resistance, boiling water resistance, high 

pressure boiling resistance after the post-bake. While mea8uring the maximum pre­

bake area, the bake temperature is ·so. degiee C and the bake time is 50ininutes, 60 

. minutes, 70 minu~es, and 80 Inintites. While. ieStjng other physical charactel'~stics, the 

temperature ·is 80 degree C and the tiriie·is 40 minut~ .. Then, a negati".'e film having 

photoresist pattern is closely adhered to the ·co~d 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 a~ut 500 mi/cm2 anq ts then sprayed by a 0.9 - 1.1 % 

Na0H2 aqueo'us soiution at a pressure of 2.0 kg/cm2 arid a liquid temperatur,e of 31 

degree C for 60 seconds of developing s.o as to dissolve and expel the uneX,posed area 

( other ~inds of weak base aqueous solution can also ~~ used ); finally, in order to let 

the epoxy resin undergo a comp~ete ring-Opening linkage, the post-bake is done at 1_50 

degree C of bake temperature and 30 ..... 60 minutes of bake time so as to let solidify 

completely. The test and measuri~g methods are described as foUows: 

1.Tackiness after drying 

After the composition has been coated on the printed circuit board ( t;hlckness of . 

. coating is 20 -JO µm) and pre-baked, the coated layer is touched by finger of which 

~e feeling of tacldness can be classified.into three various degrees which are 
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represented by fo.llowing symbols. 

0: No tackiness 

ll: Slight tackiness · 

X: SeVere tackiness 

· 2. Maximum pre-bake area. 

After.the conipositiQn has been coated ~n the panted circuit board (thickness of 

coating is 20-30 µm, totally four test pieces) and b~ed at 80 degree C for 70 

minutes, 80 nijnutes, 90 ~inuteS independently and cooled down, an I% N~C03 
aqueous solution With a temperature of 31 degree C and a pressure of2.0 kglcm2 is 

sprayed thereto for 60.seconds to d~velop, i.e.~ to dissolve and expel said composition 

coated on the printed circuit board. The folloWing symbols represent the good or the 

bad of the· maximum pre-bake area.· 
. . 

0: composition can be expelled C9mple~~y w~ile baked at_ 80 degree c for 80 

minutes 

0: composition can be expell~ completely while baked at 80 degree c for 70 
minutes but not for 80 minutes . 

h: oompositlon can be expelled completely while baked at 80 degree c for 60 

minutes but n~t fot above 70 minutes 
X: compos.tion can not be 'expelled completely while baked at 80 degree C for 

· 60 minutes . 

3. Adhesion 
. . 
According to the testing method regulated by JIS 00202, said comwsition is 

coated on the printed circuit board and baked; then use Cross Cutter to cut the c~ated 
layer into 100 checks," and a peeling off test is done by using 3M #600 tape. The 

peeling off condition is evaluated· by naked· eyes· and the folloWing symbols represent 

either good or bad adhesion. 

0 = 1001100 no peeling off ( on copper SurfaCe ) . 

0: I - 5·3 peeling off ( on copper stirface ) 

.l\: 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 printed circuit board and post-baked, on which 

· a solder ~istant is spread in accordan~ With the method regulated by JIS C648 l; 
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next, the sample is dipped into a solder bath at 260 degree C for l 0 seconds and 

cleaned by clean water and then evaluated by naked eyes. 

0: no change for.coated layer of the comi>osition · 

11:· there is a change on glosS and appearance -of coated layer of the composition 

x~ there is peeling off and bulging situation for ·coated layer of th~ composition 

5. Pencil hardness 

The test piece is made by way of using the same method as that of adhesion. 2B 

""". 9H pencils manufactured by .Mitsubishi are groun..d at their tip until a right angle for 

. each of them is formed and then push the tip of each of them forward at. an angle of 

45 degree$ with a pressure of 1 Kg on the coated layer of the test piece until the . · 

surface of the c0ated layer is damaged;. the maximum pencil hardness that does not 

damage the surface of coated layer rei>reserits the baroness of the coated layer. 

6. Electtole8s nickel.(gold) plating resistance 

The test piece is first immerse<$ m·~ acid degrease solution for.3 minutes at 30 
. . . . 

degree C to· be degreased; next, immersed in water for. 3 minutes to be Cleaned; then, 

the test piece is ~etsed in water containing 14.3% of(NH..)2804.for 3 minutes tO . 

proceed soft etcmng and immersed in cleaning·water thereafter for 3 Diiµ.utes;. 

aften\tards, it is immersed in water containing 10 vol% H2S04 at room temperature for . 

one minute and then.cleaned in water for 30 seconds ·to 1 minutes. Following that, it is 

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 

inun~rsed in ni~kel plating solution at 85 degree C for. 20 minutes to proc·eed 

electroless nickel plating;. afterwards, it is immersed in water containing "10 vol% 

ffiS04 ~t roo~ temperature for one minute and cleaned by flowing water for JO 

seconds to one ~inute. Then, the 'test piece is ~er immersed in gold plating 

solution at 95 degree C for 10 minutes to proceed electroless gold plating; thereafter, 

it is immersed in· flowing water for 1 mfuutes to be cleaned and· the~ in hof water at 60 

degree C for 3 minutes to be further cleaned. After thorough water cle~ ~d 
complete dryjng, a electroless gold piaiing test piece is finally obtained. The obtained 

test piece is then proc~ded with peeling off.test by us~g cellophane tape and the 

condition of peeling off of the pbotoresist is evaluated. 

0: no change is observed on the appearanee and peeling on-.ofihe photoresist 
A: no change is observCd. on the appearance of the photoresist despite slight 

peeling off of the photoresist is observed · 

x~ 1he photoresist bulges and the boanf wrinkles; in addition, severe peeling 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 adhesion; then, it is · 

immersed in water containing 10 vol% H2S94 at 20 degree C for 30 minutes and taken 
out there~er, of which the acid· resistali~e is eValua~d by the status and adhesion of 

the coated layer. 

0: no change at all 

0: slight change at its surface 

11: severe chan~ at its surface . 

X: peeling off occurs to the hardened coated layer 

8. Hase resistance 

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

immersed in water cOritaining 10 vol% NaOH at 20 degree ~ for 30 ~~tes and 

taken oUt thereafter, of which the base reSistan.ce is evaluated by the· status and 
. . . . 

adhesion of the coated layer. · 

0: · tio change at all 

0: slight change at its surface 

11: severe change at its surl'ace 

X: peeling o.ff oocurs to the hardened coated layer 

9. Solvent resistance 

The test piece is made.by using the sanie method as that ofadhes~on; then, it is 

iinmeriled in trichloromethane and aeetone teSpectively at 20 degl-ee c for 30 minutes 

and taken out thereafter, of which the solvent resistance is evaluated.by the status and 
adhesfon of the coated layer. 

O: no change at all 

0: slight change at its surfac~ 

A: severe change at its surface 

X: peeling off occurs to the hardened coated layer 

10. Boiling test 

The test piece is made by using the same method as that of adhesion; then, it is 
immersed in·.100 deg~e C ofboili~g water at a pressure of one atm for 5 hours and 

observed. 
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0: no change at all for coat~d layer 

0: slight change at the surface of coated layer 

fl: ~evere change at the surface of coated layer 

X: peeling off and bulging occur to the coated fayer 

l l. Pressurized pot test 
. .. 

The test piece is made by uSing the same method as that of adhesion; then, it is 

boiled of steamed at a pressure of 2 ~s for S ho~s and observed. 

@: no change at at~ for coated layer 

0: slight change at the sUrface of coated layer 

11: severe change at the ~e o~ coated" laye~ 

X: peeling off and bulging occur to the coated layer 

· Comparison of physiCal characters between Examples and Comparative Examples 
Test items of Comparati\re Com~tive Comparative 

phjisioal Example 1 -Example2 Ex~ple3 
characters ~plel. .example2 · eumple"l 

Tackiness 
0 0 0 0 0 0 after drying .. .. 

-Maxi.Di.um 0 0 0 0 x 0 pre-bake area 
' .. 

Adhesion 0 0 0 0 0 0 

Solder heat 0 0 0 fl x· L\ resistance 
Pencil 

.. 

hardness 8H 8H 7H 7H 7H 7H 
Electroless 
nickel(gold) 0 0 0 0 L\ 0 

pJati112 resistance .. 

Acid 
0 0 0 0 L\ 0 resistance 

Base 
0 0 ·O 0 0 0 

resistance 
Solvent 0 0 0 0 0 o. 

resistance 

Boiling test 0 0 0 0 fl 0 
Pressurized 

0 0 0 0 .X 0 pot test 

From the afote~entioned results, it is obvious that the soluble crystal state epoxy ... 

resin ( D l J and s0luble type epoxy· resm ( D2) ( stich·~ components of Example l, 

Example 2, Example ·J) of the present invention do tremendously improve physical 

characters of the solder resist layer of the printed circuit board. 
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* C L M S * 

Claims 

What is claimed is: 

1. A photosensitive the~osetting resin component comprisirig: 

(A) a photopolymerizable prej>Ol}'mer ( forniula.J ), which is prepared by reacting 

epoxy resin (Al} containing at.least two epoxy groups ~th mo~o-carboxyl acid 

(A2) contain~g a ~inyl group, and then reactin~ with saturated or unsaturated 

polybasic acid anhydride (A3); · 

(B) a·thinner, which is selected from photopolytneriiable vinyl monomer (Bl} 

and(or organic solvent (B2}; 

(C) a photopolymerizable initiator; . 

(D) an epoxy rc;sin, cotnPrlsing a sol~le Ci-ystal state epoxy resin (01) which 

contains tWo epoxy groups and is not soluble m .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 rooin . . 

teniperature; and 

(E) an inorganic ·filler; 

~ . 

HJC-CH-C-O~ 

oH-?11 

?112 

where m and n are integer, m+ 'n ~ 20 

n 

Rt: H or CH3 . . 'O 'O .. 'Q R2: . · · 

. / 
/ ,/ · · CH3 • · 

._CHJ_..CH2- -CH =cH-

. . 
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2. A photosensitive thermosetting.resin eomposition:as defined in Claim 1,.wherein · 

the ~ount of epoxy group compound (Al) and that of mono-carboxyi acid (A2) · 

containing one vinyl gi-ouj, in the photopolymerizable prepolyme.- composition (A) 

are that from-0.S to 1.2 moles ofmo~o··carbo?CYl acid.(A2) contain~g one v.lnyl 

. group, ~ased on epoxy group compound (~1 ), ar~.more preferably used for each 
equivalent of epoxy group compc)und (Al), niost preferably from ·o.9 to. 1. lmoles; 

and, .from 0.1 to 1.0 moles of]>olybasic ~id anhydride (A3}, based on the hydroxyl 
group which is a reaction product of ~~d carboxyl group ~d epoxy .gronp, are 

more preferably used for.each equivalent of hydroxyl group, most preferably from 
· 0.3 to 0.8 .moles. · 

. . 

· 3. A photosensitive thermosetting resin composition as defined µi Claim l, wherein 

.the epo~y· group compo1lnd (Al) containing at least two epoxy groups in the 
reaction of the photopolynieriuble prepolymer-(A) is selected from one of the 

· follo~: phenol no~olak: epoxy resb1, cresol novolak: epoxy resin, halogenated ·~ 
phenoi novolak epoxy resin, biSphenol A epoxy resiii; bisphenol F epoxy resin, 

triphenol methane epoxy resin, or tetrabromo 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,.cbinamon bark acid; 

the saiurated or ~ated polyb~ic acid anhydride (A3) ,is selected from one of 

the following: iuccinic anhydtjde, hexahydrobCnzene dimethyl anhydride, methyl 

hexahydrobenzene dimethyl anhydrlde, t~trahydrobenzene dimethyl anhydride, 

maleic anhydride. 

4. A photosensitive thennosetting resin composiµon as defined in Clrum 1, wherein 
. the acid value (mg KOHJg) of the photopolymerizable compound (A) is at the 

range of from 30 to 120, most prefer&bly from 50 to 100; the. photopolynierizable 

prepolymer (A) content in the composition is from 40 to 70 wt%, most preferably 

from 45 to 65 wt%. 

5. A photosensitive thennosettmg.resin composition as defined in Claim I, wherein 

the soluble crystal state epoxy resin (Dl) exists as a cryStal state epoxy resin that is 

not soluble in the thinner at room temperature and exists as dispersed molecular. 

state that is sol~ble in the thinner at 60 -· ~o degree c and eX.ists ~ micro-ccystal . 

state ( gniln diameter is ·below 0.4.µm) that is evenly dispersed in the comp0sition 

while cooled doWll tc:> room teD,Iperature; the· epoxy group compound which fulfils 

said conditions is hydfoquinone epoxy resin of which the content in the 

composition is more preferably from 2 to 10 wto/o, most preferably from 3 to 8 · 
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wt%. 

6. A photosensiti~e thermosetting resin comp<>sition as define4 in Clai~ l·, wherein· · 

the soluble epo~y ~om"pbund (02).iS seleeted fro~ at least one of the f~llowing · 
. . - . . . . 

epo'.'y resins: triglycidal isocyanate, .Phenol novolPic epoxy resin, cresol novolak 
' epoxy resin, ·halogenated phenol novolak epoxy res"4.B.isphenol A epoxy resin,. · 
Bisph~ol F epoxy resin,.triphenyl methane ei}oxy re8in;..or tetr.abromo Bisphenol A 

· · ep6xy ·resin, of which· the content in the coin.position is more pref~rably fro~ 1 tO · 
.15 W(°/,t, ~ost pre.ferably from 3 tQ 8 .wt%.· 

. 7. A ph~tosens~ve thennosetting resin ~mp~sitjon ~·de:tinC<On Claim l~ wh~~ . 
. the thinn~ (B l)is .s~lected from atl~as~ ·o~~ ·~f the. following ph~topoiymeri~ie · 
:·vinyl ·~~nome~: hy~xyallcyl acrybite such as 2 ... i:iydroxyl ethyl 8.cryblte ~r 
hycltoxyi butyl acrylate; acryli~· or d~acr}'li~ comj,ouD.d of binary alcohol ( such• 

ethylen~ .glycoll methoxy tetraethyldte. g.ycoi; P,tyethyl~iJ.e giycol; pr~ylene . 
. . glyeol); alkyl amine acrylic. acid c0rttp0und such as ~lie acid~N. N:.mm~y· 
~ne ethyl es,er; polyfuiiafonai group ·acrylate· of polyhydric alcohol (s1Jch as 

hexyl glyco.l, tJ:imethylol .propane~ isoarrorl ietrao1, di~amyl tettaol) and acrylate · · · 

ethyl~ne .oxide, propyl~ne ·oxide ( can be the 'adduct of itself); acrylate .of 

epdxYJ>ro~yl ether (s~h as glyeenndi~x~ propyl dher, trimetliylol propane 
diepoxy propyl :eiher" tiiq)oXy propyi is<>cyanurat~ ); · 

. . . •. . 

··. wherein the acrylate .of .nielamine or·the p0lyfunctional grolip acr}tlate of isoamyl 
~traol, dii~oamyl ·tetraol are the most preferab~e; and th~ ~ntent.·Of said . . 

... photop0lyriierizable. vinyl monomei: in· the ·eomP<>sltion is more preferably fr~m l 
. . . . 

to 3~ Wt%;: most preferably from 1 to ·10 wl°/o. 

· 8. A photosensitive therinosetting resifrc0Jlipa$ition as defm~d in Claim I, wherein 
· th~ thinner (Bl) is·8etectedftom aqeast one of th~ foll~wllig organic solventS: . 

. . propylene C8l'bonate,'btityl C~llosolve, butyl Cellosolve acetate, tOluei:le, Xylene,. 

· butyl carbitol ~ti..te, cyclohexanone~ propylene glyc~I moriomethyl ether, 

dipropyleneglycol diethyl ~ther,.methyl c~bitol acetate; th~ amount used-in the. 

compositi~n is more preferably from 5 to 60 wt°A>, most preferably from 10 to 50 
. . 

.. wt°/o. 

9. A ·phot~sensitive thennosettfo.g resin coriiposition as 'defined in Claim 1, whereiii . 

· .the filler (E) is selected from the following inorganic fillers ( used in combination): 
talc powder, magnesium Carbonate, calcium carbonate, aluminum oxide, silicon 

o~ide po~der, and barium sulfate; the amount of inorganic filler used in the 
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composition is more preferably fromlOto 40 wt°/o, mostpreferably from 15 to 30 

\Vt°/o. 

1 O. A photosensitive thennosettlng ~~sin c9mposition ~ defin~d in Claim· 1, of 

which the additive that~~ be additionally selected is one of the following: an 

aging accelerator, a tanner, a d~foamer~ a polymerization inhibitor, a thixotiopy 
. ag~t. 

. 11. A fabricating method of forniing a solder resist mask layer on a printed circuit 
.. 

boa.id, whic~ evenly coated the ph_otC?senSitive therinosetting resin compositi.~n as · 

deruied in Claim 1 · on a prip.ted ~Cuii board havirig the c<>pPer opening and wire 

pattern by silk screen printing method, shower coating method, spraying method, or 
roller method to form a tl_tickness of20~30 Jim of coated layer; after pre:;..baic~, tlie 

coated layer is cl~sely adh~ed ~o a neg~ve ftlID: having photoresist ·p~ttem; ~d .. 
then thi:ough the procedures of being exp0sed to ultraviolet rays and of being 
developed for the unexpoSed P<>rtion by th:e developing solution, a solder resist . . . . . . 

pattern is produeed; and then by heating, said epoxy compound in the composition 
. is solidified and a solder resist m~k layer. is obtained. . . 
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