ALKALI - DEVELOPABLE, PHOTOCURABLE AND THERMOSETTI NG 5 COWVPCSI Tl ON

THE SAMVE, AND CURED PRODUCTS THEREOF Technical Field This invention relates
to a photo- and/or thernp-setting resin obtained by the chain extension of
a phenolic novolak resin caused by anjaddition reaction of an alkylene

oxi de thereto and the subsequent addition of an unsaturated
group-contai ning nonocarbxylic acid and the addition of a pol ybasic acid

" anhydride thereto, and nore part PEGCRIBL RGN a phot o- and/or therno-setting
resin of which cured product excels in resistance to heat and 15 toughness,
exhi bits high hardness and flexibility, and enjoys high water resistance
and resistance to chemicals. This invention further relates to an

aIkgli-devglopgﬁﬁgﬂf%ﬁuﬁ%ﬁﬂﬁH%E@TAE§I@FEﬁﬁﬂ%ﬂﬁ?%@lgﬁﬂﬁo§£§ﬂéh ?nd adcured
glrﬁar?;;de\c/)elt 5@?'@%@%@%@}3@@@%@@?3 ?’aﬁ'érh t(?s%é??%ﬁ%?gh s
oot pr e ofRgutiBY RAFIRIRR, BRE . sa%eC ABECodeh ProfRUME Tl

carrier packages, interlamnar insulating |ayers for nulti-layer circuit
boards, and the |ike 25 and capable of formng a cured filmexcelling in
adhesi vaResmicdESksépgce to soldering heat, resistance to noisture
absorption, resistance to PCT (pressure cooker test), resistance to

el ectrol ess Polsl phathBdonf IXidtges esd shapaotololaidh A Sc M a@084tt2ng
endurance, flexibility, warpage, and electrical insulating properties by
nmeans ofres igpr obtdumedcbpprhsiohg itrhexsemgsicaf of a phenolic novolak resin
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{ D caused by an addition reaction of an alkylene oxide thereto and
the subsequent addition of an unsaturated group-containing
monocarbxylic acid and the addition of a polybasic acid anhydride
thereto, and more particularly to a photo- and/or thermo-setting
resin of which cured product excels in resistance to heat and

15 toughness, exhibits high hardness and flexibility, and enjoys
high water resistance and resistance to chemicals. |
This invention further relates to an alkali-developable,
photocurable and thermosetting composition and a cured product
obtained therefrom, and more particularly relates to a liquid

0 alkali-developable, photocurable and thermosetting composition
which is suitable for use as a permanent mask to be used in the -
manufacture of usual printed circuit boards, flexible printed
circuit boards, and tape carrier packages, interlaminar
insulating layers for multi-layer circuit beoards, and the like

25 and capable of forming a cured film éxcelling in adhesiveness,
resistance to soldering heat, resistance to moisture absorption,
resistance to PCT (pressure cooker test), resistance to

electroless gold plating, flexing resistance, folding



irradiating a coating filmof the composition with ultraviolet [|ight8 MR
devel opi ng the exposed filmwith a dilute aqueous al kali 5 solution,

thereby form ng an inmage on the film and finally curing the film by
heating, or by irradiation with active energy rays and subsequent heating,
or by heating and subsequent irradiati®pn wth active energy rays.
Background Art At present, as a solder resist for part of the househol d
grade printed circuit boards and for virtually all the industrial grade
print ed IHHARCBoarldLXBOLL §EVd JRAPIFEng AfheedBrEsicalesinsubaitdng s

i rradi at ed mﬁth.ult&fviolet light and then 15 devel pped to form an i mge

and t heRRIRF L EFRAPYy BGRRY Ofi A sRECERAES) Qﬂmmﬁhhrﬂﬁ &h%m%%§?$eﬁﬁ)

light is. . Vi i nt .of i ng. hi. . te f ti
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type sol der resists usi a dilute aqueous soluti'on, for exa

publ i shesh- sepanase ifai By ndeplinga!soby IR GLANNPL WSaLegee ansolger 25

resi st conposition conprising a photosensitive resin obtained by a I on

of an adiaysanapdrisiecbsequbeatr eaest dngpr aticbyofhent Nyohald t ¥RBseRaA¥Nt
conmpound with an unsaturated nonobasic acid, a photopolynerization

i nitiat dicragdiht ent wishd agt ispoxendr@y MARy8004 - 3 conpound, JP 3-253093A
di scl oses a sol der resist conposition conprising a photosensitive resin
obtained by addition of an acid anhydride to the reaction product of a

ngvol ak type epox conmpound with an unsaturated nonobasic acid, a 5
phothpoﬁéﬁ%ﬁ%ﬁ&?%nAFﬁitiator, a diluent, a vinyltriazine or a

At present, as a solder resist for part of the household
grade printed ¢ircuit boards and for virtually all the industrial
grade printed circuit boards, a liquid developing type solder
resist which is irradiated with ultraviolet light and then

15 developed to form an image and thereafter finally cured (finish
curing) by heating or exposure to light is adopted from the
viewpoint of ensuring highly accurate formation of circuits with
high density. Further, with due respect to the problem of
environmental safety, the liquid solder resist of the alkali

-.J developing type which implements development with a dilute
aqueous alkali solution as a developer has come to play the -
leading role. As such alkali developing type solder resists
using a dilute agqueous alkali solution, for example, published
Japanese Patent Application, JP 61-243869A discloses a solder

25 resist composition comprising a photosensitive resin obtained
by addition of an acid anhydride to the reaction product of a
novolak type epoxy compound with aﬁ unsaturated monobasic acid,

a photopolymerization initiator, a diluent, and an epoxy



m xture of vinyltriazine with dicyandi am de, and a nel am ne resin,1gmgﬁﬁma
3-71137A and JP 3-250012A di scl ose a solder resist conposition conprising
a photosensitive resin obtained by addition of (neth)acrylic acid to an
epoxy resin resulting from4 J the reaction of epichlorohydrin with the
reaction product of salicylal dehyde ang.nonoval ent phenol and subsequent
addition of a polybasic carboxylic acid or anhydride thereof to the

' an organic solvent, etc.

| t ant in, h ti initiat
15 s, merenBRbdtando ) oS e oAiar IapRur 57 bnE: Eoohate ComRRLLISR &
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growi ng recognition. Furthernore, ages using a prrnted ci rRuit

boar § hayhagopbeymelrdesat B5h Siin PPALSE, t n ﬁf‘fj ' LN Ar
recentl%se%lpi ngt ead (% t he InC packagesé]%f%‘g?rllga%q%P qu%@g?%gﬁ{ap%gkf

package)niSOPrésed |viongltneazpaekagedh ,dﬁéﬁanuﬁhﬁﬁd&ﬁ #ndead d1ampigdd a
sealing resin. These new packages have such structure that nmetals such as
bal | - | i kees s} demd akRe 3a7rldrigiAd aindl AR 3+ 2500bh2antiscesef a adlidert ek sdEui t
1 8 MAR 2004 -4 hoard having the solder resist applied thereto, the IC

chi ps ar@®TRPF eELPR COPREELEANGhedctRhOkPSRRS bthue steeiby abitaibedding or
throughf%g .gediu of the bunps.etc., and they are sealed by a sealing

resin. ‘f/ll 1R | EehY)) AREHBACCcaRARet0 R EPoRy Bes It medultging fnamy) -

packdged 1 che 3607 B e e Ry BRIR I Bt eAc BLOH: mraswam of

Nbreoversalaiéfléﬂdgﬁ'jﬁg % d Bnovalent phenol and subsequent addition
of a polybasic carboxylic acid or anhydride thereof to the
resultant resin, a photopolymerization initiator, an organic
solvent, etc;

15 As mentioned above, some material systems are heretofore
proposed as a solder resist and currently used in large
guantities in the practical manufacture of printed circuit
boards. However, in view of high densification of the printed
circuit board to cope with the recent trend of electronic devices

-J toward decreasing weight and size, the desirability of producing
the solder resist having high performance has been finding -
growing recognition. Furthermore, the IC packages using a
printed circuit board having the solder resist applied thereto
and a sealing resin are recently used instead of the IC packages

25 called QFP (guad flat-pack package), SOP (small outline
package), etc. which use a lead frame and a sealing resin. These
new packages have such structure that metals such as ball-like

solder are arranged in an area on one side of a printed circuit



devices, they realize a | ow percent defective owing to the self-alilghkbhiit
effect of ball-1ike solder, and the introduction of these packages is
advanced quickly. In the printed circuit boards having the heretofore
commercially avail abl e al kali devel opnent type sol der resist, however, the
PCT resistance which is the long-termreliability test of a package is
inferior, which results in exfoliation of 15 a cured film Moreover,

e A Oy BRSNS BT IR D R e
o, oo sbuiy o ddes o BeoRog 0 Und 5 SHERPLTREE S e

devi ces and cracks occur in the solder resis

per of omoleh CHOmatDiRer TR0 8T LhEOLALYNGES! DTS ey

absorption and long-termreliability are undesirab

of the abe@ad-irentiesied. My reré eATDE@ Yy MhieRbBPci Rahbs, HLAHUSLSRERS
ot her uses, such as a solder resist of a usual printed circult boarg, a
sol de? rdbadil gy ideausey )i anthesrapchapt s el ofp2Skagé) eXi Phes Brpat Sges
circuit board, and interlamnar insulating layers of nulti-layer cifcuit
boar ds | PR¥ESMBEE BLnp Bbapdethas pertkagasdsabbvas QFtte ofechet s adeagioee Of

t he elecgric i ndustry and sem conductor industry requires nore inprovenment
18 MAR 268% 339 FASHETHAR MRrtd ke igesuMpreoveor adbampire ndeeating the

resistan . L.QUQ s, flexibility, water resistance, and resistance to
chenicalggvﬁgéékégﬁ?% 5551#@?sﬁcﬁO&bdﬁﬁﬂ%?HVaﬁﬁﬁﬁgq#W¢ PMbRgsdiesi thee
resins a ewqls f he .phot osensitive resin originating
fromt heggr]igv\élqa% fypneéggef&e?fgg ﬁaég'il&eﬁf’iﬁﬁl"’er?% the dinddiqduptetonn -

meny 01 ebes colesdl GRIIANEs TBE ChliphncBiCl AT @ pol der resist and - an et ching
esist, owing to its oulstandi ng adhesi veness,” heat resistance, resistance
to chem cal s Irel etler | priid@dl cABolt® boards having the heretofore
commercially available alkali development type solder resist,
however, the PCT resistance which is the long-term reliability
test of a package is inferior, which results in exfoliation of
15 acuredfilm. Moreover, another matter which comes into question
is the so-called popcorn phenomenon, i.e. the phenomenon that
the absorbed moisture boils within the package during re-flow
of the package at the step of mounting of devices and cracks occur
in the solder resist film and the circumference théreof inside
.0 the package. Such probiems in resistance to moisture absorption
and long-term reliability are undesirable not only in the case -
of the above-mentioned mounting technology but.also in the
products for other uses, such as a solder resist of a usual printed
circuit board, a solder resist to be used in the manufacture of
25 a flexible printed circuit board, and interlaminar insulating
layers of multi-layer circuit boards like a build-up board.

As mentioned above, the recent advance of the electric

industry and semiconductor industry requires more improvement



I O As a carboxyl group-containing photosensitive resin having partnquﬁqhmk
out st andi ng heat resistance, the resin obtained by causing a polybdsic '
acid anhydride to react with a reaction product of the above-nentioned
cresol novol ak type epoxy resin and an unsaturated group-containing
nmonocar boxylic acid (JP 15 61-243869A) -i%-wi dely used. This resin is
excellent in heat resistance. However, this resin has the drawback of

chr | Dkage Hor e oo ERa Ay et g AU L G o0t o8 baEARGEs. 0

shrinkage during curing and exhi bits I'ow e
As phot osensjtinees | egleg iM1GRW | | %@h:veréélf% e hot osensitive
prepol ynmer which is a reaction l>FI)VIrod‘l?J‘ct of a |£%‘g£e)hog§ltdyplgesglpsg§< F2siR
havi ng sicteencihed hs. of Tthi 6hdBydrexylsatdlsaiPsshishPHdd e % d
(meth)acrylic acid, and a polybasic acid anﬁydride'%%é¢%55§%§2'léfaﬁe%

unsat ur atpd 25 epsifpicenresinsg e WerdDAYLIC resin obtai ned by causing a

tetrahydrophthalic anhydride to react with a reaction product of a cresol

novol @k type EpeRyofestn, ther phiotomendk i ainde predynroxyphieacing akeahehe( IP

11- 288091A), .etc. are proposed. 18 MAR 2004 -6 However, these resins are

al so sti PPViAlAk fSYRSRPARY ZRT LR yas bptstane mekeriadi s5awidepdusedghness.

The present i veqﬁion hgisbeen made in view of the problens nentioned

above anf¥fdstdf 65] 8&t €L ECHFOR T IRtk ispky ISUTh gsoapseddesi neagst and
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capable of formng a cured frlmwhich keeps or
particularly outstanding heat resistance, the resin obtained by
causing a polybasic acid anhydride to react with a reaction
product of the above-mentioned cresol novolak type epoxy resin
and an unsaturated group-containing monocarboxylic acid (JP
15 61-243869A) is widely used. This resin is excellent in heat
resistance. However, this resin has the drawback of being easy
to generate cracks by the thermal shock because it causes large
shrinkage during curing and exhibits low elongation and poor
toughness.
L0 As photosensitive resins which will solve such problems,
a photosensitive prepolymer which is a reaction product of a
bisphenol type epoxy resin having side chains of which hydroxyl
groups is partially epoxidized, a (meth)acrylic acid, and a
polybasic acid anhydride (JP 9-54434A), an unsaturated
25 group-containing polycarboxylic resin obtained by causing a
tetrahydrophthalic anhydride to react with a reaction product

of a cresol novolak type epoxy resin, acrylic acid, and p-

hydroxyphenetyl alcohol (JP 11-288091A), etc. are proposed.



i nproves such properties as adhesiveness, resistance to soldering hea#s 704
resi stance to noi sture absorption, PCT resistance, resistance to

el ectroless gold plating, flexing 15 resistance, folding endurance,
flexibility, warpage, and electrical insulating properties required of a
sol der resist of a usual printed circugt board, a solder resist to be used
in the manufacture of a flexible printed circuit board and a tape «carrier

package, an 'nterlanin%% i nsul | ayer of a_A multi-layer circuit board

ti
Such as a bufPHEYS okl ESSaRESIRE FrRE1SDRFLLL BFRFEREENE T SRS LY
propert|ggtﬁstﬁgsE?gguéééfﬁggéééﬁégg %gﬁgrptlon and PCT (pressure cooker)

resi stance requrre a1 e of coping with high
densificatio n f t] f rinted.circuit rd, and to
provide a 2 h%upgﬁggﬁlézg%@t otqlgr{r}gggt H%ﬁ pafe H‘s‘ﬁ%‘&ﬂﬁ%g‘fe tPrFéH? tion
To acconpbhthohBa ObhEGES tiypned ;aboyg figst 16, MAR 2004 -7 of
t he present i(r)went I on proveimggs a cara%ogﬁjsg“lgup?(é:orﬁl:ﬁ?‘?ﬁ aphgtac§ ecf@f]t Ive

i 15 boadalin i 5 ' Bt i
resi 5 (Ayrobpacondain impAGHIEoSEnHNE AL E #68d gfa%)%%%f()?ngf' Egﬁgﬂlﬁcclnr%vaol ak

nonocar boxylic acid (d) with a reaction product p

resin (auned mrodbéylwenichxégdhibbrsSqand &Ushlhar ibaaciire o rpalidiagide acid
anhydride (f) with the resultant reaction product (e),said photosensitive
resi n handhgess handevad wheémicaks rand)d iofh 3 e HE0] vy HOdd it fon to
accordance with a nore concrete preferred enbodi nent of the present

i nvent i ori'e t¥ett-Palpnsadidipat ckepbyangeoapd domgliness. phot osensiti ve
resin (A in m@ich the unsaturated group-containing nonocarboxylic acid
(d) is acryl PcrUEFBeENBPIRC I EBRYPrESEAL] LANENTHO H ISy Bes Praatide an

oY S RPN e nd 8T Y s
composition capable of forming a cured film which keeps or
improves such properties as adhesiveness, resistance to
soldering heat, resistance to moisture absorption, PCT
resistance, resistance to electroless gold plating, flexing

15 resistance, folding endurance, flexibility, warpage, and
electrical insulating properties required of a solder resist of
a usual printed circuit board, a solder resist to be used in the
manufacture of a flexible printed circuit board and a tape
carrier package, an interlaminar insulating layer of a

~0 multi-layer circuit board such as a build-up board, and the like,
particularly excels in such properties as resistance to moisture -
absorption and PCT (pressure cooker) resistance required of an
IC package, and capable of coping with high densification and
surface mounting of a printed circuit board, and to provide a

25 cured product obtained therefrom.

Disclosure of the Invention

To accomplish the objects mentioned above, a first aspect



15 present invention has inproved flexibility and el ongation ow ng TtHMihelll
¢chai n extensi on of a phenolic novol ak resin caused by an addition reaction
of an al kyl ene oxide thereto and has an unsaturated group and a carboxylic
group added to the side chain termnals thereof attained by the subsequent
addi tion of an 3 unsaturated group-contai ni ng nonocar bxylic acid and the
addition of a polybasic acid anhydride to end hydroxyl groups caused by
the addition reaction of the al kyl ene oxide. Therefore, the resin has

i mpr ove@Lr Ehet PEFREE NN d e HnECR hRTOBA888c @i 6ATHPXY Ic FTORRTIRRER LRADINg

wel | - bal anced heat 25 resistan and toughness_at a.high |evel,  excelling
" har QRBSEOSERE Y 558 oF 7 L) Unia SiA HIE8 ngY obEaE Lidong e 174 £ EER Eptnc s
and resistance to chemcals, | tio i.th. 1.0 I.QD.
Furt ner STRGE e FLET irbeAtbERPEEL A £ g MLt RY FUBFRIpRpEOTLER
devel op t wi th [ l:ut i,QR. anﬁe- e spect
of the g?gsgﬁlhiR@%ﬁ?ﬁgﬁpg§%€+ggg 5%91§Ié§pif%§€5ﬁﬁggble, %ﬁdﬁ%gﬂgang and
thergosghly ¥ r&E0SHé4O0inghar 1§/ £k Dy c €aMhhydrd deh)( B GRIERXYhe
group-contai ning photosensitive résin obtained by reacting an unsaturated
5 groupreenilaianthgeanondcar posuce ge) ¢ sai)d pholoa ensadt ive resddutavifg) of
a phenolic novolak resin (a) and an al kyl ene oxide (b) and further

r eact i ngna agdidy besliwe ath dthehyanigge qff )3hith 158 mgeEOH/ght reaction
product (e), (C a photopolynerization initiator, and %D an e ox¥ resin
or an al kal iLHARSIUFNEe WhkbtdRALED| CNHELEAL HRERFTE qg‘E}B?r‘Bb BRCoR

CompouniendS TERE hd A ARFHEN s CHERA ohEdPRBRIEE] o acbePEkide GEPRPS — -
o oL BT oL UEReAS 2t FR) ek S0 epreren
conpri sigpgyRc At £L9PRG fonocarboxylic acid (d) is acrylic acid and/or
methacrylic acid and the polybasic acid anhydride (f) is én

alicyclic dibasic acid anhydride.

The carboxyl group-containing photosensitive resin of the
15 present invention has improved flexibility and elongation owing
to the chain extension of a phenclic novolak resin caused by an
addition reaction of an alkylene oxide thereto and has an
unsaturated group and a carboxylic group added to the side chain
terminals thereof attained by the subsequent addition of an
' ) wunsaturated group-containing monocarbxylic acid and the
addition of a polybasic acid anhydride to end hydroxyl groups
caused by the addition reaction of the alkylene oxide.
Therefore, the resin has improved reactivity and allows the
production of a cured product having well-balanced heat
25 resistance and toughness at a high level, excelling in hardness
and flexibility, and exhibiting outstanding water resistance and
resistance to chemicals, in cooperation with the chain
extension. Further, since the resin has end carboxylic groups,

it allows the development with an agueous alkali solution.



solvent and/or (F) a curing catal yst besides the conponents menti onkdMAR 2064
above. In accordance with still another aspect of the present invention,
there is provided a cured product obtained fromthe J alkali-devel opabl e,
phot ocur abl e and thernosetting conposition nentioned above. In accordance
with one preferred enbodi ment thereof-,8the conposition described above is
applied by the technique of screen printing process, roll coating process,

curtai n coatji ce r ay £coat. .n S, ; the |like to .25 the
surface of aé@ﬂ%@%?atigngg eégnp?ébagB?%%§§§ c%§%3PEIS@hrBr°N ?ﬁ;e?n_
circuit Juneparadorélyphsneedphhebedtardld §ddl E'%érﬁlééet‘t&fn@aé&qpfa@ﬁ @i ng
oven or a hot air drying oven, for exanple, then subjected to Irradiation

Wit h actdher mnesgyzeaydy feomp2i8igR (2004 - Qa%%'mr'l&gPdugﬁebﬁEtai'BQ&g{]e
| aser beam directly on the coating filmaccording™to a pr scrlbe& pattern

or sel eghotsiserxposveg reédinugbbaaphedonbgk haxtBdng paAsCahbaEuRAllRy N by
usigg a high-pressure nercury vapor |anp, an ultra-high-pressure 5 nercury
vapo? | @mPube- i inahgaeneeprbanglie &t edt{rddeliehsa rleamidmprexdasy e,
and thereafter the unexposed area of the coating filmis developed with an
aqueous (kAT sANRNIVKLE one¥PAAka rgsdderided phiaeral kTheneabkéde L )

act  ve SR QPR EoaRE Lo S RO HERE AGLORTBY oS N hridsSansaguont
W th by SRR e G BFARSE (USed BRoauRt PRt TRETAASsaR oS
o ol strd ahesr bt on, (BT afs SRRl SHEEAT, ok ol Al 00 AE Rt 1 aPBRIZ Gl o
pl(@t) ngphihdeu¥hb I €ShikianAfe rvok 8t BIngNUERNSE: £ {LRX N dobe MPE 249Ry and
further comprising (B) a photosensitive (meth)acrylate compound
besides the components mentioned above.
In accordance with a prefefred embodiment, there is provided
an alkali-developable, photocurable and thermosetting
15 composition characterized by further comprising (E) an organic
solvent and/or (F) a curing catalyst besides the components
mentioned above.
In accordance with still another aspect of the present
invention, there is provided a cured product obtained from the
" ) alkali~developable, photocurable and thermosetting composition
mentioned above. In accordance with one preferred embodiment -
thereof, the composition described above is applied by the
technique of screen printing process, roll coating process,
curtain coating process, spray coating process, or the like to
25 the surface of a substrate, for example a printed circuit board
having a circuit preparatorily formed thereon, dried in a far
infrared rays drying oven or a hot air drying oven, for example,

then subjected to irradiation with active energy rays, for
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electrical insulating properties. Brief Description of Draw ngs ..J 11 #AR 204
shows the infrared absorption spectrumof the carboxyl group-containing
phot osensitive resin obtained in Synthetic Exanple 1. Fig. 2 shows the

nucl ear magnetic resonance spectrum (solvent: CDC13, reference substance:
TMS (tetranethylsilane)) 25 of the carBoxyl group-containing
photosensitive resin obtained in Synthetic Exanple 3. Fig. 3 shows the

i nfrared absorptigp %Pectrun1of t he carbox%l gr oup- cont ai ni ng

phot 0senSFEMPE S e &Y BRI Teln nt G ni AeeTc Peag MNW%%R&W-an$¥ggm¢@t?ngFig.
4 sh G : ti.c_resonance, spectrum (solvent; , reference
subst anc e MECPPERTROER pCpFEREEIEEG pﬁ%a:ecq; &éﬂe%‘m?iﬁw?h

h b e ' ' i n_Synt I C a ed. Fig shows e
ot ar ede AECag: FonPugEeRat¥ hav ks KRSt (PET rahenh g using a
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Carrying Qut the Invention The present inve fors, a I pur 7&f%§§ﬁ¥?gent
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group-cont ai ni ng photosensitive resin (A) obtained by reacting

unsat ur al aupgr dop- coxamp he pgamdnadeehexftee adied uwiddpssd® heaat iggn oduct
of a phenolic novolak resin and an al kyl ene oxide and further reacting a

pol ybasi eoatingahhimdisddevieflivpteivew i tasan taapte s allikal psoduttionpesticrh ar | y
a car box I'ggoupi cont ai ni ng photosensitive resin (A) in mh[ch phg '
unsat ur af eBL e§FE5dHesomak Fe Ry - nohbesebs% e, c bati Binal hyr yhird ngci ( ianik tor
curing) the film by heating, or by irradiation with active energy
+ 0 rays and subsequent heating, or by heating and subsequent
irradiation with active energy rays, it is possible to form at
a low cost with high productivity a cured film (cured product)
excelling in various properties such as adhesiveness, resistance
to soldering heat, resistance to moisture absorption, PCT
15 resistance, resistance to electroless gold plating, flexing

resistance, folding endurance, flexibility, warpage, and

electrical insulating properties.

Brief Description of Drawings
~J Fig.1showstheinfraredabsorptionspectrmnofthecarboxyl
group-containing photosensitive resin obtained in Synthetic
Example 1.
Fig. 2 shows the nuclear magnetic resonance spectrum
(solvent: CDCl,, reference substance: TMS (tetramethylsilane))
25 of the carboxyl group-containing photosensitive resin obtained
in Synthetic Example 3.
Fig. 3 shows the infrared absorption spectrumof the carboxyl

group-containing photosensitive resin obtained in Synthetic



O nethacrylic acid and the pol ybasic acid anhydride is an alicyclic MAR 2004
di basi ¢ acid anhydride, excels in devel opi ng properties, photocuriha i
properties, and thernosetting properties and allows the production of a
cured product having excellent heat resistance and toughness in

conbi nati on. The present inventors 25 -hHve further found that a cured
product obtained froma photocurable and thernosetting conposition
contalnlﬁ @g forenentioned car boxyl group-containing photosensitive
resin ? get er with a photopolynerization initiator (C) and an 18 MAR
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phenoli ¢ novol ak resin caused by an I on reactrTon of an ene oxi de
ther &t o amdsSgrthkkiieg Bxamglexdébility and el ongation and the subsequent
addi tion of an O unsaturated group-containing nonocarbxylic acid and the

addi tion of &igolyisheiws abiedimhhydeddbdaiet Rbac it il oE/EROHrbd3fPLPS
caused by the addition reaction of the al kyl ene oxide. Accordingly, ‘since
an unsat%?%ﬂ@dcgﬂﬁéﬂmwﬂﬂePh@ﬁ@é%?Bu¢dgﬁbupesaneqhtaxne&emh ISy it tsiagre
side chain_ an Rcated in the termnals 15 of the respective side chains,
the resit@&RePs*in reactivity, has high heat resistance and toughness,

and exhibits excellent alkali-developability owwng to the presence of the
end carboxyl groups away fromthe main chain. Furthernore, since the reskn

MR R L M L
anhydride, |&hal bewsehnte IFRINGHON PE8rCHiBluing a diligent study to
solve the problems mentioned above, have found that a carboxyl
group-containing photosensitive resin (A) obtained by reacting
an unsaturated group-containing monocarboxylic acid with a
15 reaction product of a phenolic novolak resin and an alkylene
oxide and further reacting a polybasic acid anhydride with the
resultant reaction product, particularly a carboxyl group-
containing photosensitive resin (A) in which the unsaturated
group-containing monocarboxylic acid is acrylic acid and/or
' 0 methacrylic acid and the polybasic acid anhydride is an alicyclic

dibasic acid anhydride, excels in developing properties, -

photocuring properties, and thermosetting properties and allows
the production of a cured product having excellent heat
resistance and toughness in combination. The present inventors
25 have further found that a cured product obtained from a
photocurable and thermosetting composition containing the

aforementioned carboxyl group-containing photosensitive resin

(A) together with a photopolymerization initiator (C) and an



product excelling in water resistance and resistance to chemcals. 1¢ MR 206t
Accordingly, the |iquid photocurable and thernosetting 25 conposition
cont ai ni ng the aforenmenti oned carboxyl group- containing photosensitive

resin (A together with a photopolynerization initiator (C) and an epoxy
resin (D) or further with a photosensifitive (neth)acrylate conpound (B) 18
MAR 2004 - 12 exhibits excellent devel oping properties, photocuring
properties, and thernDsettin% roperties. When its coating filmis

Sel ect | VERYREGRAER () 1ATEL T Mifdua BRACPFRRFILY 1veu(Bathy AEy Tase
obtained_a cured product_excelling.in 5 adhesiveness, _resistance taq
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Now, the,Lah bgXykegiyp- contai ning photosensitive resin of -0 the present
I nvention and the conponents of the photocurable and thernosetting

conpgsi tion gpabaiMidil iy, WHd cRepdas/ rQPSQp!—Bon@%ti%'ilnc})Eh@‘ﬁ’os@nrs%.tti\}é"e
car boxyl group-contai ning photosensifive resin (A) of the present
i nventi ofes$ Snobhai o€dthy paacidmy iwedOidnshasr at adigr elR-i1@0 Formid by
nonocar boxylic acid (d) with a reaction product (c) of a phenolic novol ak
resin (a@handhann eixiodneiconxe fiea( pheaond iftumcherlaleaces by aapskeydbési amci d
anhydride (f ) with the resultant reaction product (e) , as nentioned
above. Lt eaBtFeactionasf] §n cakky baneexide £ hrersetoand @xdsl king aosence
of sol vent by ungg a catah%gt as described hereinbelow It i s desirable

I

that suchleXtBibeky agd HLevdt bt Arngndpidto SMRGequRnt edAdiEAPISREUIAN have
e .

aq:aﬁidﬁﬁgggukgtgﬁe E¥1 p-containing monocarbxylic acid and the

addition of a polybasic acid anhydride take place at end hydroxyl

groups caused by the addition reaction of the alkylene oxide.

Accordingly, since an unsaturated group and a carboxylic group

are not present in the same side chain and located in the terminals

15 of the respective side chains, the resin excels in reactivity,

has high heat resistance and toughness, and exhibits excellent

alkali-developability owing to the presence of the end carboxyl

groups away from the main chain. Furthermore, since the resin

has no hydrophilic secondary hydroxyl group of low reactivity

" .0 unlike the conventionally used resin of epoxy acrylate modified
with an acid anhydride, it allows the production of a cured .

product excelling in water resistance and resistance to

chemicals.

Accordingly, the liquid photocurable and thermosetting

25 composition containing the aforementioned carboxyl group-

containing photosensitive resin (A) together with a

photopolymerization initiator (C) and an epoxy resin (D) or

further with a photosensitive (meth)acrylate compound (B)



of 30 to 150 ng KOH g, preferably 50 to 120 ng KOH g. If the 25 acid VLIEILIVéﬂR 2004
of the carboxyl group-containing photosensitive resin is |less than 30 ny
KOH g, it will be deficient in solubility in an aqueous alkali solution

and the coating filmfornmed therefrom wll be devel oped only with

difficulty. Conversely, the acid | 1 8§ 8AR 2004 - 13 val ue exceedi ng 150 ny
KOH g is not preferred because the coating filmw |l be devel oped even in
the surface,  of the exposed part wthout reference to the conditions of the
exposur eexrfhlélbﬁenoﬂ?@eﬂd-\ﬁﬂ‘ak rdevelgringent Poapdrabeve i spbiotaioeding by

t he condensatlon reacti B henol s, and formal dehyde. Usualg this reaction
i's carrl%’ac’%%’f thSrhé e§ RE °€’feté:n1%|HF‘éPe§§zt1§I5yst When  hEspieaidt Eng

h I I h I h l, h |, ph I,
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d. T dd | kyl b h h I
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(a). If this rafio is less than (004
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decline in photocuring properties. Conversely if the ratio exceeds 10.0

nots, thpldesiplatihgsuf felekinm anresdeshnall,e dgelidiag N hauFaseid ng
properties. _J The addition reaction of the al kyI ene oxide (b) to the

phenol i E¥ewbybkit¥si warpags, candi ellectirichdr imearidteing nptbperpiesence of
an al kali netal conpound such as sodi um hydroxide, or a quaternary basic
salt conpounC¥uchN8sCREpPaEYhygBeRRYCONGRIPINGrEIpdoSEdEltive resin of

t gt r gmet yl anmoni um hydr oxi de
q 8 ché presenrp: J.¥1vent1don ancIjthe components of the photocurable and

thermosetting composition containing it will be described in
detail below.
First, the carboxyl group-containing photosensitive resin
(A} of the present invention is obtained by reacting an
15 unsaturated groﬁp-containing monocarboxylic acid (d} with a
reaction product (c) of a phenolic noveolak resin (a) and an
alkylene oxide (b) and further reacting a polybasic acid
anhydride (f) with the resultant reaction product (e), as
mentioned above. Each reaction is easily carried out in a
-0 solvent or in the absence of solvent by using a catalyst as
described hereinbelow. -
It is desirable that such a carboxyl group-containing
photosensitive resin (A) should have an acid value in the range
of 30 to 150 mg KOH/g, preferably 50 to 120 mg KOH/g. If the
25 acidvalue of the carboxyl group-containing photosensitive resin
is less than 30 mg KOH/g, it will be deficient in solubility in
an aqueous alkali solution and the coating £ilm formed therefrom

will be developed only with difficulty. Conversely, the acid



25 tetraetyl anmoni um hydroxide, or a mixture of the alkali nmetal cohpdthfidili
and the quaternary basic salt conpound by using an organic solvent such as
acetates |ike ethylene glycol nmonoethyl ether acetate, ethylene glycol
nonobutyl ether acetate, 1 8 MAR 2004 -14 di et hyl ene glycol nonoethyl ether
acetate, diethylene glycol nonobutyl -d8her acetate, propyl ene glycol
nononet hyl ether acetate, and dipropyl ene glycol nononethyl ether acetate,

ket | th t hyl_ ket | oh . and 5 nethyl.isobutyl

ot one. Yiios PG g ﬁaﬁ%ﬁ@f%Y%%T&Eﬁﬁgraeéﬂemcg?aﬁayqr'éé%a‘%tym

b : t th
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nmenbers. As the phkybene askvdask Bks il Q)é')eﬁ\%n@i'o(ﬁ%d R %eo%a%ed

trimethyl ene oxide, tetrahydrofuran, tetrahydropyran, etc. nay be cit

15 The rigactihen tenpenshtrienf réehetdsnerofi gaidmil ¢ eagld Oﬂoﬁﬁlalﬁfé%yrd%%t i on
product (c) of the phenolic novolak resin (a) and the alkyl ene oxide (b)
with thdJsmashy rhiedapoujpen drg gianimigd ootodar bbheypresantd {flan aciaaferred
to be in the approximate range of 50 to 150C. The reaction nmay proceed
under re¥Rfe@HYSBressure, under normal pressure, and under pressure as well.
As a reactloné:olv?@%‘ - hexane,. cycl ohexane, nethylc clohexane, benzene,

tol uene, xyl&# ‘Hﬁbe?ﬁ&ﬁ@l tEeradn eFbEl Bh ¢ PO 1 PRESOd or m
0P OB Pt hoREE SRR hoBF chREERS, BbHGTLoERST. "Ehosil™”
monogt hyin&ide! eaRlat sheqfoqt,hyéff&? #hyCBk BRRQRutyl ether |
The ratio of addition of the alkylene oxide (b) to the
phenolic novolak resin (a) mentioned above is preferred to be
0.3 to 10.0 mols per one equivalent of a phenolic hydroxyl group
of the phenolic novolak resin (a). If this ratio is less than
15 0.3 mol, the resultant carboxyl group-containing photosensitive
resin will suffer from an undesirable decline in photocuring
properties. Conversely, if the ratio exceeds 10.0 mols, the
resin will suffer from an undesirable decline in thermosetting
properties.

S .d The addition reaction of the alkylene oxide (b) to the
phenolic novolak resin (a) is carried out, for example, in the -
presence of an alkali metal compound such as sodium hydroxide,
or a quaternary basic salt compound such as trimethylbenzyl
ammonium  hydroxide, tetrametylammonium hydroxide, and

25 tetraetylammonium hydroxide, or a mixture of the alkali metal
compound and the guaternary basic salt compound by using an
organic sclvent such as acetates like ethylene glycol monoethyl

ether acetate, ethylene glycol monobutyl ether acetate,



acetate, propylene glycol nononethyl ether acetate, and di propyl ene Dt WARRIM
nononet hyl et her acetate may be 18 MAR 2004 - 15 advant ageously used. These
solvents may be used either singly or in the formof a mxture of two or
nore nenbers. As the esterification catalysts, sulfuric acid, hydrochloric
acid, phosphoric acid, boron fluoridel4nrethanesul fonic acid, 5
benzenesul foni c acid, p-toluenesulfonic acid, cation exchange resins, etc.
reaction is preferred to be

b i t.abl d. Th terificati
car ri ed TRCTHLTNE BHESETc BOROSEHET yRERPS arraiT 2 iomi i T6hY] ager adycol
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d. | cal f t t ai mi
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crot oni gtk Ci NARE C @ELHy1a -cWPNOCHRAYAE, acidlohexdindng Acr ¥higc
acid, /3 -furfuryl acrylic acid, etc. may 15 be citéd. Anong ot her

unsabur ateach Wi tepb e oPl sk &t e , MDAQCRF HRXY i EChparE8aebbag 2hR¥eroaGeYki,C
acid and/or nethacrylic acid prove to be desirable fromthe viewpoi nt of
t he i nfkyleree, oand heeplbemethydi ddnzenet i ort ¢ aikddesglopet toesthkset he
cured product, particularly heat resistance, resistance to noisture

absor pt i‘-‘é’mPC&Hdg%i et ra chempagatarieng pridperndnge offh@getontdbicaunder

gr oup- cont ai ni ng nonpcar hoxylic acids nmay be used either singly or i.n the
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Pvent i GRS EtaT bRy oo PERER ng 0ol PG 4L o ATGRFFEBORF) WAER the
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or more members.
As the alkylene oxides (b), ethylene oxide, propylene oxide,
trimethylene oxide, tetrahydrofuran, tetrahydropyran, etc. may
be cited.

15 The reaction temperature of the esterification reaction of
the reaction product (c) of the phenolic novolak resin (a) and
the alkylene oxide (b) with the unsaturated group-containing
monocarboxylic acid (d) is preferred to be in the approximate
range of 50 to 150°C. The reaction may éroceed under reduced

e pressure, under normal pressure, and under pressure as well. As
a reaction solvent, n-hexane, cyclohexane, methylcyclohexane, -
benzene, toluene, . Xylene, trichloroethane,
tetrachloroethylene, methyl chloroform, diisopropyl ether, and
acetates such as ethylene glycol monoethyl ether acetate,

25 ethylene glycol monobutyl ether acetate, diethylene glycol
monoethyl ether acetate, diethylene glycol monobutyl ether

acetate, propylene glycol monomethyl ether acetate, and

dipropylene glycol monomethyl ether acetate may be



1 8 MAR 2004 - 16 reaction, the amount of use of the polybasic acid 17 VAR 7004
anhydride (f) 1is preferred to be in such an addition proportion that the
acid value of the produced carboxyl group-containing photosensitive resin
(A) falls in the range of 30 to 150 ng KOH g, preferably 5 50 to 120 ny
KOH g. The reaction is perfornmed in thdf+esence or absence of an organic
sol vent to be described hereinafter and in the presence of a
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such as triphenyl phosphine may be added to the re on mxture as a

cat al ystphdSphertiee [t ydasi boaeind aphydrides (fmet®iiionedoabeve.acid,
alicyclic dibasic acid anhydrides such as nethyltetrahydrophthalic

anhydr i deengeneahyjdooditt alid, piyluendesubevaliydaenkt,halaitd oanlkxdhsdrye
met hyl hexahydr opht hal i ¢ anhydri de, nadic anhydride, 3,6 J

endomet hye&hBEet ¢ERy drapheh st adrlly isiedb, The esterification reaction

nmet hyl endonet hyl enet et r ahydr opht hal i ¢_anhydri de, and tetrabronophthalic
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As typical examples of the unsaturated group-containing
monocarboxylic acids (d) mentioned above, acrylic acid,
methacrylic acid, crotonic acid, cinnamic acid, a-cyanocinnamic
acid, B8 -styrylacrylic acid, B -furfuryl acrylic acid, etc. may

15 be cited. Among other wunsaturated group-containing
monocarboxylic acids cited above, acrylic acid and/or
methacrylic acid prove to be desirable from the viewpoint of the
influence on the photochemical reactivity and the properties of
the cured product, particularly heat resistance, resistance to

() moisture absorption, and electrical insulating properties.
These unsaturated group-containing monocarboxylic acids may be
used either singly or in the form of a mixture of two or more
members.

The carboxyl group-containing photosensitiﬁe resin

25 (photosensitive prepolymer) of the present invention is obtained
by reacting a polybasic acid anhydride (f) with the reaction
product (e) of the unsaturated group-containing monocarboxylic

acid (d) and the aforementioned reaction product {(c). In this



- 17 tertacarboxylic dianhydride, cyclopentane-tertacarboxylic 16 MAR 2008
di anhydri de, pyronellitic anhydride, and benzophenone- tetracarboxylic
di anhydride nay be cited. These pol ybasic acid anhydrides may be used
either singly or in the formof a 5 conbination of two or nore menbers.
Anong ot her pol ybasic acid anhydrides]gi-ted above, alicyclic dibasic acid
anhydri des prove to be particularly desirable. Further, another carboxyl

for exanple a photosensitive resin
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(met h)acryl ate conpound having one or nore (neth)acryl oy oups’in it s
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normal room tenperature may be used. The photosensitive (nethjacrylate 3
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of the conposition. The photosensitive (neth) acrylate conpound which is
in a liddddiat PEesaReal ofoom Pedymeatizadivin | phlajbiherr osachf as

adj usti he coqgositio to such a degree of viscosity suitable for a
varyi ng 'RetH# bioBs éBHFi@éﬁQﬁPenHS&'iH%]PH ehh&RIBRraHereolivbi they of

Lre, o S AR PRSP A SR LI R BCas ot
Ve RRaAREDSS) e LIRLY AREHLL RO AR O0 s dfaceRdiL Y0 °
ammonium salt such as triethylbenzyl ammonium chloride, an
imidazole compound such as 2-ethyl-4-methylimidazole, and a
phosphorus compounds such as triphenyl phosphine may be added
to the reaction mixture as a catalyst.

15 As the polybasic acid anhydrides (f) mentioned above,
alicyclic dibasic acid anhydrides such as
methyltetrahydrophthalic anhydride, tetrahydrophthalic
anhydride, hexahydrophthalic anhydride,
methylhexahydrophthalic anhydride, nadic anhydride, 3,6-

' 3 endomethylenetetrahydrophthalic anhydride,
methylendomethylenetetrahydrophthalic anhydride, and
tetrabromophthalic anhydride; aliphatic or aromatic dibasic
acid anhydrides such as succinic anhydride, maleic anhydride,
itaconic anhydride, octenylsuccinic anhydride,

25 pentadodecenylsuccinic anhydride, phthalic anhydride, and
trimellitic anhydride; and aliphatic or aromatic tetrabasic acid

dianhydrides such as biphenyl-tertacarboxylic dianhydride,

diphenyl ether-tertacarboxylic dianhydride, butane-



anount is not preferred, because the produced coating film“does not 1ehlAR 300
acquire necessary finger-touch dryness and tends to have their properties
degraded. The anmount of the 5 photosensitive (neth)acrylate conpound (B) to
be incorporated into the conposition is preferred to be not nore than 50
parts by wei ght, based on 100 parts bylMei ght (as a solid content, this

hol ds good for the sane expression to be described hereinafter) of the

af or enent j r yil L gr - i ni ng photosensitive Q resin (A), As
The. phot 5eohar ProS I na i IRRbELRE b Ger B BenhpaF ok tacarbory L ic
group--c h Ol ryl 2- et hyl cryl ate,
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pentaerythritol tetraacrylate, and dipentaerythritol hexaacrylate;
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pol yhydric al cohols such as trinethylol propane and hydrogenated bi sphenol
A or pol ¥nbydrédeghehbrd abeveasa bicyhingl dbasic biqbe oy dol §ésimtowaal
or nonofunctional polyurethane acryl ates which are aforenenti oned
hydroxylt%r%ﬁpPQEGHpﬁhﬁQkyeE??%é@EieﬁDdified with isocyanate; 25 epoxy
acryl ates which are (neth)acrylic¢ acid adducts of  bi sphenol A diglycidyl
et her, hydr oSBﬁ&?‘& bt CRERAY Y ARMP et ARF AP L5He RBP LREGMSIL ispoXxy
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and/or bisphenol type epoxy compound with an unsaturated
monobasic acid and the like may be mixed with the carboxyl
group-containing photosensitive resin of the present invention
for the purpose of improving the properties thereof.

15 As the photosensitive {(meth)acrylate compound (B} mentioned
above, any photosensitive (meth)acrylate compound having one or
more (meth)acryloyl groups in its molecule and assuming a liquid
state, solid state, or semi-solid state at normal room
temperature may be used. The photosensitive (meth)acrylate

' ) compound is used for the purpose of exalting the photochemical
reactivity of the composition. The photosensitive -
(meth)acrylate compound which is in a liquid state at normal room
temperature will play the role of adjusting the composition to
such a degree of viscosity suitable for a varying method of

25 application and aiding in enhancing the solubility of <the
composition in an agueous alkali solution besides the purpose

of exalting the photochemical reactivity of the composition.

However, the use of the photosensitive (meth)acrylate compound




nore (meth)acryloyl groups in their nolecules prove to be 5 particulidyMaR 2004
desirable. As the photopol ynerization initiators (C), for exanple, benzoin
and al kyl ethers thereof such as benzoin, benzoin nethyl ether, benzoin

et hyl ether, and benzoin isopropyl ether; acetophenones such as

acet ophenone, 2, 2-di net hoxy-2-phenyl -aldet ophenone, 2, 2-di et hoxy- 2-phenyl
acet ophenone, and 1, 1- di chl oroacet ophenone; am noacet ophenones such as

2--nmeth amb 47 t t:hy - 2-norphal i nopropanone-1, 2--benzyl - 2-
di et hy%/%%éggl@ ?lf’E%? %ﬁp‘ﬁg %tg‘{pl‘ﬁg%%)g%%@%ﬁe@%‘n@@%ﬁ&%%e in a large
di met hyl gabaatcacst YPranes hr | 2-net hyl 15_,
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2, 4- di i shpvepyithsiioxanphoperthiaisal sdegralieas acetepiengpf et hyl kgial
and benzyl dinethyl ketal; 9 organic peroxides such as benzoyl peroxide and
cunefe [Rho%keEenslitiimer (oleth adrylateytonpbdadol8) tobpkl a¥bBrporated
tetrabutyl ate,  thiol conpounds such as 2-mercaptobenzi m dazol e, 2-

mer capt 'h?0'9(%%&@?P%ﬁatzoﬁeﬁéapﬂ?ﬁ@fmmim(ﬁeepoz fobe thiasr SO paazigne;
organic}palo e cogpoggﬂs Sﬁ@h as_2,2,2 25 tribronoet hanol and

tri brono%f”h%gqb emys S PPRonRY PRHERS dh #ifeid: € asha & Iich ropttamone tarics
4,4' - Dbi ket ] n henone or xanthopes; 2,4, 6- trinmethyl benzoyl
di phenyl%‘ﬁ%ﬁ |°Ln°¢i=’,}rfc§’r><l|O ég‘%eég?“enﬁfz‘%ﬁ&’t"éh.t% eMRESoBbRked berehasd tral)
known argk whide I | i lhitiators. may be used either
singly or in thgoﬁﬁﬁ%a&%gﬁéﬁi t%%é]_é%{;%lﬁéﬁﬂegg?tﬁ?epﬁhtﬁé’re in-
combDnatresimi th) a photo-initiator aid such as tertiary amines like N,N-5
(di net hyl am no) et hyl benzoate, N, N-

As the photosensitive (meth)acrylate compounds (B),
hydroxyl group-containing acrylates such as 2-hydroxyethyl
acrylate, 2-hydroxypropyl acrylate, pentaerythritol
triacrylate, and dipentaerythritol pentaacrylate; water-

15 soluble acrylates such as polyethylene glycol diacrylate and
polypropylene glycol diacrylate; polyfunctional polyester
acrylates such as trimethylolpropane triacrylate,
pentaerythritol tetraacrylate, and dipentaerythritol
hexaacrylate; acrylates of ethylene oxide adducts and/or

-0 propylene oxide adducts of polyhydric alcohols such as
trimethylolpropane and hydrogenated bisphenol A or polyhydric -
phenols such as bisphenol A and biphenol; polyfunctional or
monofunctional polyurethane acrylates which are aforementioned
hydroxyl group-containing acrylates modified with isocyanate;

25 epoxy acrylates which are (meth)acrylic acid adducts of
bisphenol A diglycidyl ether, hydrogenated bisphenocl A
diglycidyl ether or phenol novolak epoxXxy resin, and

methacrylates corresponding to the acrylates enumerated above



(di met hyl ami no) isoanyl benzoate, penthyl-4- dinmethyl anmi nobenzoate, tr? étWﬂBBL
am ne, and triethanol amne. Further, a titanothene conpound such as

Cd -784 (product of Cba Specialty Chemicals Inc.) and the |ike which

exhi bit absorption .0 in a visible region may be added to pronote the

phot ochem cal reaction. Particularly ‘pWET erred phot opol yneri zati on

initiator is 2-nethyl-1--[4-(nmethylthio)phenyl]-2- norpholi nopropanone 1

2- benzy|m&y dbaet byeani nohesedcolporRiild Py téﬁ?h

not Iirritejc,i to these 15 corrpoungl{i?r Any corrp%ynd%‘sﬁl %sggfn?%h? In the

ul travi otembinegion of wwsidy moreghenbared .cansen@dtiar POhYSHBRESAE {08y Of
the unsaturated groups such as (neth)acryloyl groups may be used elther

si ngly obéviet hpoflgimnsit omalbi methgacafy tave orompoendeeiaetisg HRspeet i ve
of the photopolyrrerlzatlon initiator or the J photo-initiator aid. The
amount JdRO¥f@e WWE/B@@Y%&QWW niitri atbeiro melesellesuigmbley tal lisein

t he ran e of g 25 parts by wei ght, based on 100 parts by wei ght of

t he hbheR ﬁEg HPoup- cont ai ni ng photosensitive resin (A). 25
Concr ete exa renmentioned e ox resin f«‘})ﬂ& i ncl ude bi sphenol

A éype epoxyHrBem s 9%%?8 ?T?E'r?rﬂfagﬁr%T ng 8at°|§|5| g8ar IEP"I0 5 %:E%{I
EPI Res EPI.CLON 84
328 Gﬁpﬁg%\r&%?o’“ 4O e 0 Bl EnT5oe 8 tfﬁ%ﬁ%‘b%d HRP A bk
z e 1, 0 q
by Toht o acel  tenzo HG UYL ST Qi Phbnatt e hadtithalt CELRIR o

664 prCnit!@’edpbanffhesDoﬁ\uaﬂefﬁ@a'ad‘éﬁ%pﬁ@noﬁéd S - &Eﬁé¥h§§ —9Llbheh
ESA- 014, ELA-115, and ELA- 128 produced by Sum t ono Chemi cal éo Jp Ltyd]f

(al 'Ot r aatzepeplehonelhr o2 Ratidd thpooyy- 7-gsh sy 1 e EsEns tendie , ERIKOTH ML903
produced_ by Japan Epo Resin K K., EPICLON 152 and EPI CLON 165 produced
by Da,mQﬁﬁﬂQQﬁqagﬁgogﬁgnqnﬂg amcnoacetophenones such as 2-methyl-1l-
[4-(methylthio)phenyl]-2-morpholinopropanone-1, 2-benzyl-~2-
dimethylamino-1-(4-morpholinophenyl)-butane-l-one, and N,N--
dimethylamino-acetophenone; anthragquinones such as 2-methyl-
15 anthraquinone, 2-ethylanthraquinone, 2-t-butylanthraquinone,
and 1l-chloroanthraquinone; thioxanthones such as 2,4-
dimethylthioxanthone, 2,4-diethylthioxanthone, 2-
chlorothioxanthone, and 2,4-diisopropylthioxanthone; ketals
such as acetophenone dimethyl ketal and benzyl dimethyl ketal;
) organic peroxides such as benzoyl peroxide and cumene peroxide;
dimer of 2,4,5-triaryl imidazole, riboflavin tetrabutylate, -
thiol compounds such as Z-mercaptobenzimidazole, 2-

mercaptobenzoxazcle, and 2-mercaptobenzothiazole; 2,4,6-

tris-S-triazine; organic halogen compounds such as 2,2,2-

25 tribromoethanol and tribromomethyl phenyl sulfone;
benzophenones such as benzophenone and 4,4’ -
bis{diethylamino)benzophenone or xanthones; 2,4,6-~

trimethylbenzoyl diphenyl phosphine oxide etc. may be cited.



Epo Tohto YDB-400 and YDB-500 produced by Tohto Kasei Co., Ltd., 1.0 PgBLR 70w
542 produced by The Dow Chem cal Conpany, and Sum - epoxy ESB-400 and

ESB- 700 produced by Sumitono Chemical Co., Ltd. (all trade nanes) ;

novol ak type epoxy resins represented by EPI KOTE 152 and EPI KOTE 154
produced by Japan Epoxy Resin K K, DEB@®. 431 and D.E.N. 438 produced by
The Dow Chem cal Conpany, EPICLOU 15 N- 730, EPICLON N-770, and EPI CLON

N- 865 pr&%léced bél i Ni 8pon | nk afd Chemicals Inc. , Epo Tohto YDCN-701 and
YDCN- 704 T 0F6Fulsd - HUCTBH R Yo sed pdotoperymen iz #00R 10pE; iators

ECCN- 102 4s. RE-3Q6 produc by N ppon Kayaku Co., Ltd., and
Suni - epo%e/l YEé%égxg%gﬂ%S&lﬁpfgﬂ g’lrod‘&cﬁg‘ebéoﬁ‘rrptfoﬁoméﬁéﬁff@apf Bgo orLtd.
(all traggrleagesberd s I i L resins represented by EPICLON
830 produced by Dai ni'p%%ﬁ%ﬁﬁlglﬁaer%qicﬁg)%zﬂ%]r%.w{'terglﬂ ROA M AkREd by
Japan Epaiy ResiguehK. , zand Epodph DF-17Q. . - 175, YDF- 2004
produced by Tohto Kasei Co. , Ltd. (jé fytradegﬁé'\réegs: ; hylgipgegenaté‘g'n“

bi sprﬁenol(dAmEﬁpql%&\jﬂmy@tmfsbéﬁzbalﬁbgzent ed by Epo Tohto ST-2004, w2007,
and ST-3000 produced by Tohto Kasei ., Ltd. (all trade nanes); !

gl yci dyl ﬁdﬁm@tmyﬁ@népm(yism?%beapbasmt ed by EPI KOTE 604 ?@ﬁqﬁpp_,ﬁy
Japan Epoxy Resin K K., Epo Tohto YH 434 produced 18 MAR 2004 . 22. y
Toht o Kadélethylamiqobemtr Sumi - bpdef hFlMabein gy oandedriby t hSwailt Aiine
Chem cal _Co,, Ltd. (all trade nanes); alicyclic epoxy resins represented
by Cel | oxPAERS5213 (HHEARCHARRS GRERIRIERA BCh BE €61 -Cifdmi pabdikdust rd Hsa
or oducec By  TALEN EREg CRAS RRcKIand ERERAES vt ki e B2 beeRpIGEh by -
LEDen KBTALYSR1t o gl lndy 5 DED) o CDENRERRL U Bt s ™
YL-6121 pegduced.by JapparEReuya®ay N HdtedAdat " 38R0 P8ME Y merization
initiator is 2-methyl-1-[4~(methylthio)phenyl]-2-
morpholinopropancne-1, 2-benzyl-2-dimethylamino-1-{4-
morpholinophenyl)-butane-l-one, etc., but not limited to these
15 compounds. Any compounds whic_h absorb light in the ultraviolet
region or visible region and cause radical polymerization of the
unsaturated groups such as (meth)acryloyl groups may be used
either singly or in the form of a combination of two or more
members irrespective of the photopolymerization initiator or the
L) photo-initiator aid. The amount of the photopolymerization
initiator to be used suitably falls in the range of 0.5 to 25 -
parts by weight, based on 100 parts by weight of the
aforementioned carboxyl group-containing photosensitive resin
(A).
25 Concrete examples of the aforementioned epoxy resin (D)
include bisphenol A type epoxy resins represented by EPIKOTE 828,
EPIKOTE 834, EPIKOTE 1001, and EPIKOTE 1004 produced by Japan

Epoxy Resin K.K., EPICLON 840, EPICLON 850, EPICLON 1050, and



10 bi sphenol S type epoxy resins represented by EBPS-200 produced by g MAR 2004
Ni ppon Kayaku Co. , Ltd., EPX-30 produced by Asahi Denka Kogyo K K., and
EXA- 1514 produced by Daini ppon Ink and Chemicals Inc. (all trade nanes);

bi sphenol A novol ak type epoxy resins represented by EPIKOTE 1575 (trade
nane) produced by Japan Epoxy 15 Resin2K.K.; tetraphenyl ol ethane type

epoxy resins represented by EPIKOTE YL-931 (trade nane) produced by Japan

o) prthcEON L0 RBSRERTaKen Bt BATMBBA K And GRAS R 11k ndiBH o

' - d duced ' i 1. and
Fats oo ToRER D10} agﬁ“@ﬁﬁ ?}é%%&ae@ﬁ@% 2% gepsc épﬁésﬂ?%tﬁ’ﬁclé’?‘ﬁff-‘el "
G oup- COHL Al g Bposy s R dkont b o ESR: 1 58%4n P E0 pe S e

by Shi ng&f&&&ééd @?%@aboﬁoc,hénfi%af‘rt?bxilr{?aﬁ??’zanéxé\uﬂ%go@é}dEE)%A-ﬁEO,O

produced 25 by Daini ppon Ink and Chem cals Inc. (all tradée nanes),;

di cysl opesyt agli epezskel €6 9na® Biral i 78 peRebi: R Bl Surf £P6 RS A &flic HY ddR-,7200
and HP- 7200H produced by Dai ni ppon Ink and Chemcals Inc. (all trade

names) ; tdci gyl hethade yhames §¢@pbkyntnattepe epoSkyMERsA repd cappmtyed €8t ns
represented by CP-50S and CP-50M produced by Nippon Ol and Fats Co., Ltd.
(all tr RRIKQABsYL?0Ry pawdeiced e Eppxy EpesynBesandKe8pol ERICLON IR/
resin of @/Cl ohex%I mal ei m de and. gl ycidyl nethacrylate, but are not

limited 3RA tFREGLENoX§ 31 Fiosiicesl e fa BybrpoR eEnksahdy Chemisad- seiltier
i ngl in t f nbi nat | f t b . Al th
cposy’ r drhonta aFan e 2hd SRBACY PReCasl kY EABF oS BRS Ly Aees or
1, Xt, t | cul arl ' | e. eS| D
i o iehen P i Pl Slhsth et Bl 1 SRR e 15O

fli_ﬂgeSi VeSS, §h e Hs I P50 PrAMfe A Uy 8uhitbrlo ERERYBAIIEELT AH@! MalLcure.

trade names); novolak type epoxy resins represented by EPIKOTE

152 and EPIKOTE 154 produced by Japan Epoxy Resin K.K., D.E.N.

431 and D.E.N. 438 produced by The Dow Chemical Company, EPICLON

15 N-730, EPICLON N-770, and EPICLON N-865 produced by Dainippon

Ink and Chemicals Inc., Epo Tohto YDCN-701 and YDCN-704 produced

by Tohto Kasei Co., Ltd., EPPN-201, EOCN-1025, EOCN-1020,

EOCN-104S, and RE-306 produced by Nippon Kayaku Co., Ltd., and

Sumi-epoxy ESCN-195X and ESCN-220 produced by Sumitomo Chemical

‘* 0 Co., Ltd. (all trade names); bisphenol F type epoxy resins
represented by EPICLON 830 produced by Dainippon Ink and -

Chemicals Inc., EPIKOTE 807 produced by Japan Epoxy Resin K.K.,

and Epo Tohto YDF-170, YDF-175, and YDF-2004 produced by Tohto

Kasel Co., Ltd. (all trade names); hydrogenated bisphenol A type

25 epoxy resins represented by Epo Tohto ST-2004, ST-2007, and

ST-3000 produc.ed by Tohto Kasei Co., Ltd. (all trade names);

glycidylamine type epoxy resins represented by EPIKOTE 604

produced by Japan Epoxy Resin K.K., Epo Tohto YH-434 produced




sufficient anount of the epoxy resin to be incorporated in the conpp§giMiRQi
Is in the range of not less than 10 parts by weight and not nore than 70
parts by weight, preferably 15 to 60 parts 15 by wei ght, based on 100 parts
by wei ght of the aforenmentioned carboxyl group-containing photosensitive
resin (A). If the anount of the epoxy22sins (D) to be incorporated is

bel ow the above range, the hygroscopicity of the cured filmwll tend to

b hj h h, ' 111, be d ded dth
T R R R
ST P bl B TR T S S L ey

o ectr ol £5538L% LB Aty i <o LT o Se@Iad b Ty
conposi th QB8 dheniLhESEA usBYEBE, ON ARY ﬂ%ﬁéﬁéh%ﬂg@rm&néqw@n;

(E) therein for the purpose of dissolving the car y roup- cont al
phot Gsenspbiyeré£bhd ddfpravdntba PPOLMSENSigriot by @ﬁﬁ_&haéﬁo}l)[rﬁlé\éﬁ 2004
e

-24 conpound (B) nentioned above and adjusting the viscosity of
conposi tkoK.t and Eepal-59U tahi €FrN-502 poaduvgdnbyhedppbh Kagaky gri £
sol vents, for exanple, ketones such as nethylethyl ketone and
cycl ohexbbdne{adloteaide madrexpy dohsy kesblatypel oenbiphenplletypeampoxy
tetranet hyl benzene; glycol ethers such as ethyl ene I%col nonoet hyl
et her, eﬁ‘ﬁ?l‘-@ﬁé’@IW“%&WH?PfeEW?SEBFHQI]éYieYIg-rgQ 6+ MBI Y anndher,
di et hyl ene gl ycol nmonoethyl ether, diethyl ene %I col nononet hyl et her,
di et hyl e%%-gﬂé oPTORGFSSLRY HARRR ERp¥pyRefengKyKol (Adhofrd@A NAMRS): -
pr o eng, ' | ycgl, nonoet hyl ether, dipropylene, ql Iﬁdi thyl efher, and
Fi by Ehee fefel S hRBET RbPky, Rep g, Lebrabertlh &y’ B U beafietds,
acetate, tﬁ%&g‘ﬁ'ﬁ:&& geh dpnoetly! | ebherns Peebalited BYNSSAE P NEL!
nonobut y?Fet acet%te, i et hylene gl'ycol b © S’ £ BEMkS Kogyo
K.K., and EXA-1514 produced by Dainippon Ink and Chemicals Inc.
(all trade names); bisphenol A novolak type epoxy resins
represented by EPIKOTE 1575 (trade name) produced by Japan Epoxy
15 Resin K.K.; tetraphenyleol ethane type epoxy resins represented
by EPIKOTE YL-931 (trade name) produced by Japan Epoxy Resin
K.K.; heterocyclic epoxy resins represented by TEPIC (trade
name) produced by Nissan Chemical Industries Ltd.; diglycidyl
phthalate resin represented by BLEMMER-DGT (trade name) produced
0 Dby Nippon 0il and Fats Co., Ltd.; tetraglycidyl xylenoyl ethane
resins represented by ZX-1063 (trade name) produced by Tohto -
Kasei Co., Ltd.; naphthalene group-containing epoxy resins
represented by ESN-190 and ESN-360 produced by Shinnittetsu
Chemical Co., Ltd. and HP-4032, EXA-4750, and EXA-4700 produced
25 by Dainippon Ink and Chemicals Inc. (all trade names);
dicyclopentadiene skeleton-containing epoxy resins represented

by HP-7200 and HP-7200H produced by Dainippon Ink and Chemicals

Inc. (all trade names); glycidylmethacrylate copolymer type



nonoet hyl ether acetate, diethylene glycol nonobutyl ether 15 acetate}g mar 7904
propyl ene glycol nononethyl ether acetate, and dipropyl ene gl ycol

nononet hyl ether acetate; alcohols such as ethanol, propanol, ethylene

gl ycol, and a propyl ene glycol; aliphatic hydrocarbons such as octane and
decane; and petrol eum solvents such aggpetrol eum et her, petrol eum napht ha,
.J hydrogenat ed petrol eum naphtha, and solvent napht ha may be cited. These
organic solvents g be used either singl in the formof a m xture of

two or RS GeRIeReRLeADY OFs @élﬁ’i EPs8PMeprodugedeby deppan an
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phenyl i m dazol e, 1-cyanoethyl -2-phenyli m dazol e cyanoe

-ethyl - al comtiinydt iohdag ol AN < aERmIES, Sl}’ﬁszr? PR ins
benzyl di met hyl amne, 4 - (dinethyl amno) -N, N nmet hyI benzyl am ne,

4- et ho@iwﬂdbnﬁehybﬁ@i@ohnﬁﬁﬁe dr badylley Nty pet SydbRenzek ia e
hydr azi ne, conpounds such as hydrazi de adi pate and hydrazi de sebacate; and
phosphoﬂEEKﬁPDeéoﬁﬂéﬁm@ﬁmﬁﬂo%% %o i bheppkphosdhinly nigs beahbed. The curing
catal ysts V\/m ch are comerci ally avail abl e include products of Shi koku
Cheni cal s Co he| gpoxy \pealns\p Rk, mepiongd) Bpovengontpdbwt e i hoartihebl v -

8, el b VTR S4B SITRRIMRL g BigiCtE o L Su oo X K
| socyanglgs COPRpRURTS P! eaked W 0 dIVIRIdWdh their thermal cure. The
sufficient amount of the epoxy resin to be incorporated in the
composition is in the range of not less than 10 parts by weight
and not more than 70 parts by weight, preferably 15 to 60 parts
15 by weight, based on 100 parts by weight of the aforementioned
carboxyl group-containing photosensitive resin (A). If the
amount of the epoxy resins (D) to be incorporated is below the
above range, the hygroscopicity of the cured film will tend to
become so high that the PCT resistance will be degraded and the
-J resistance to soldering heat and resistance to electroless
plating will be degraded. Conversely, if the amount exceeds the -
above range, the developing properties of the coating film and
the resistance to electroless plating of the cured film will be
degraded and the PCT resistance will also be degraded.
25 The photocurable and thermosetting composition of the
present invention may incorporate an organic solvent (E) therein
for the purpose of dissolving the carboxyl group-containing

photosensitive resin (A) and the photosensitive (meth)acrylate



am ne) and DBU, DBN, U CATSA102, and U CAT5002 (invariably trade nafﬁm\ﬁ{qm
di cyclic am zi ne conpounds and salts thereof), for exanple. The curing
catalysts are not limted to the conpounds cited above and any curing

catal ysts for epoxy resin and any 9 conpounds which can pronote the
reaction of epoxy groups with carboxylggroups may be used. The curing
catalysts may be used either singly or in the formof a mxture of two or
nore nenbers . urthernore, S-triazine derivatives which also act as an

adhesi vef@& PRI Hyh B hfledddnned adp v agehaghiined; imp theevigeasdtiynes the
benzogua 1.ne, . nelamne, .2, 4-di am ag-6- nethaeryl oyl oxyethyl -S-triazine,
2-vi nyl - %?’ﬁpg’lsalrﬁ’n%‘-‘ $o'd L&Yiete SY FOLc the goakdng methpd.vi Agl the, 6

-di am no-, rd a%i)ﬁ]?énitiocy nuric acil%e’adguct of 2,4-diamno-6 18 MAR
c
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curing catalyst nentioned above fo be | ACoOr

be i n5t heya@nesnkingng a . i range of 0.1 to
20 parto Ty wergnr T oret anEthy e Boge ot B3RP etne ek SRR AR AR 00
parts by gigicgilt mbnbbehydar bekylr ,or euhytankal §i 89@“%8&&@@{:@!6 é?ﬁ%ﬁé(A)

menti oned above. The photocurabl e and thernpSetting conposition 0
' 0 presethyil®rentdlycohymboobheyli madienoy ad tet helens, ﬂ%d&cﬁﬁiﬁbt%

demands, a well known and widely used inorganic filler "'such as bari

sul f at e, ebBeTumdiiqtdiatene sglveeon owindengividerethengl v i ephiyierre afll whdi con

oxi de, armrptPJ%Léle siel i.ca, crystalline si(lji)cal,Il fused silica, spherical

silica, F&FC, dy . tr"f‘lfgrrresﬂliﬁﬁlf:]a?’b%nﬁl)_é, 15me apoiediydaresdreat o prainyi enen
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triethylene glycol monoethyl ether; acetates such as ethyl
acetate, butyl acetate, ethylene glycol monoethyl ether acetate,
ethylene glycol monobutyl ether acetate, diethylene glycol
monoethyl ether acetate, diethylene glycol monobutyl ether

15 acetate, propylene glycol monomethyl ether acetate, and
dipropylene glycol monomethyl ether acetate; alcohols such as
ethanol, propanol, ethylene glycol, and a propylene glycol;
aliphatic hydrocarbons such as octane and decane; and petroleum‘
solvents such as petroleum ether, petroleum naphtha,

.0 hydrogenated petroleum naphtha, and solvent naphtha may be
cited. These organic solvents may be used either singly or in -
the form of a mixture of two or more members. Incidentally, the
organic solvent may be used in an arbitrary amount depending on
the kind of method adopted for the application of the

25 composition.

Preferably the photocurable and thermosetting composition

of the present invention contains a curing catalyst (F) for the

purpose of promoting the thermal curing properties therecf. As



fillers are used for the purpose of suppressing the shrinkage of a coating
filmon curing and enhancing the characteristics of the conposit] @MARGWhH
as adhesi veness and hardness. The 0 suitable anmount of the inorganic filler
to be incorporated in the conmposition is in the range of 10 to 300 parts
by weight, preferably 30 to 200 part-2by wei ght, based on 100 parts by

wei ght of the carboxyl group-containing photosensitive resin (A
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nmononet Bnlengillieridd 5 1e put ylcysabeeholl - 2yptnaal 1 bhidapdlphenahli agk pg- any
of known and 5 commonly used thickening agents such as finely powdered

si |l i&a, cyangatdhen) o ¢ehy drd -nettiydrin idaz 6 ke ; sinirewenpqedd suah as
type, or macronol ecul ar type anti-foam ng agents and/or |eveling agents,
si | ane dagylandjiamietes besizydslimethybl amaed dorddaet:hy tanine) eV blsed
conmpound, and triazol e-based conpound, or _any 1.0 other known and commonly
used addiifardy lbgnzphotBibrablet@idiaRer Yool iPgGhydmseEn AmRet hd-
present inyention having such a conpositio s_described above is adjusted
Do a | M8t i} Qboli Ry Ryl PaBRY 1y L Gy bY AERALNCC SRR B By as
dilutio Necessar h PRI.J h Qi of
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Phesb e s NS By eRd cher XpMbdpLAEokal o widgt (ol Sesgetgire
exanpl ecatalysts which are commercially available include products of
Shikoku Chemicals Co., Ltd., 2MZ-A, 2MZ-OK, 2PHZ, 2P4BHZ, and
2P4MHZ (invariably trade names for imidazole type compounds) and
products of Sun-Apro K.K., U-CAT3503X and U-CAT3502X (invariably
15 trade names for isocyanate compounds blocked with dimethyl
amine) and DBU, DBN, U-CATSA102, and U-CAT5002 (invariably trade
names for dicyclic amizine compounds and salts thereof), for
example. The curing catalysts are not limited to the compounds
cited above and any curing catalysts for epoxy resin and any
0 compounds which can promote the reaction of epoxy groups with
carboxyl groups may be used. The curing catalysts may be used -

either singly or in the form of a mixture of two or more members.

Furthermore, S-triazine derivatives which also act as an

adhesiveness-imparting agent, such as guanamine,
25 acetoguanamine, benzoguanamine, melamine, 2,4-diamino-6-
methacryloyloxyethyl-S-triazine, 2-vinyl-2,4-diamino-S-

triazine, isocyanuric acid adduct of 2-vinyl-4,6-diamino-S-

triazine, isocyanuric acid adduct of 2,4-diamino-6-



-

to expel by evaporation the organic solvent contained in the 9 conposition
to produce a tuck-free coating film The coating filmis then expasgg No a
| aser beam by projecting the |aser beam directly on the coating film
according to a prescribed pattern or selectively exposed to actinic

radi ati on through a photomask having -2 escribed exposure pattern and the
unexposed area of 25 the coating filmis devel oped wth an aqueous al kal
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mercury vapor |anp, a nedium pressure nmercury vapor |anp, a high-pressure
15 mer cuty°V&por |anp, an ultra-hi gh-pressure nercury vapor lanp, a xenon
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demands, a well known and widely used inorganic filler such as
barium sulfate, barium titanate, silicon oxide powder, finely
pulverized silicon oxide, amorphous silica, crystalline silica,
fused silica, spherical silica, talc, clay, magnesium carbonate,

15 calcium carbonate, aluminum oxide, aluminum hydroxide, and mica
singly or in the combination of two or more members. These
fillers are used for the purpose of suppressing the shrinkage
of a coating film on curing and enhancing the characteristics
of the composition such as adhesiveness and hardness. The

.0 suitable amount of the inorganic filler to be incorporated in
the composition is in the range of 10 to 300 parts by weight, -
preferably 30 to 200 parts by weight, based on 100 parts by weight
of the carboxyl group—contéining photosensitive resin (A)
mentioned above.

25 The composition of the present invention may further
incorporate therein, as occasion demands, any of known and
commonly used coloring agents such as phthalocyanine blue,

phthalocyanine green, iodine green, disazo yellow, crystal



O the present invention is not limted to the foll ow ng exanpl es. wher ? ?
"parts" is nentioned hereinbelow, they invariably ref er to those b%@@é @n
wei ght unl ess ot herw se specified. Pr.gp!lration of Carboxyl

G ol | p-contai ning Photos ens it-ive Resins Synthetic Exanple 1: 25 Into an
aut ocl ave equi pped with a t her nonet er; 24-device for introduction of
nitrogen and al kyl ene oxide, and a stirrer, 109 parts of a cresol novol ak

" Restt o AR e SIrph (HF SRt SEhon BHEK adP napGhal R MNP any,
aqueous oF0%rAfh UimAY Ebilod y el | ORe raAd #@qmﬁﬁzé’tﬁié@ YRASHTRLMG

| sobutyl ketone (weight ratio = 2/1) were charged. The air in the system

chanber syeas a@ap*]@@egu%bmml hyagequiide abnbhicthyinethiett,utertIbatyl
tenperature of the m xture was then increased to 150C by heating and 60
parts ofcaireaad ene pytiotm Wosl gr atidal pienotthddirciarke | hangi nofurkdeswra gadge
pressure of 8 kg/cnR to cause reaction thereof. The reaction was continued
f or abowomndroly sised [thilpkepuye agqenss wueelvfasOfdnkdcpewdedechenlibea,
solution was cooled to room_ tenperature. To this reaction solution, 3.3
parts oPIHRINRRBLIN1BE9, ARdr BERLHOId ldAniEd B 1bhCARS EHBEed &hvoRilRed
therewith to neutralize sodiunlhgdroxide The resultant neutralize

[ d '
react i o YRS MICECRP LGEEY % FRP B Akt ORI R IRT S R T LRAVEL LNTnes,
bj ected t Lvation. by . tor t t aj | ky] i d
adduct P REboR AN SRUPLeRy FUERAS R R A FBLTn el 8- DheT ¥oRB8aRy o
Thi : | | . QY| dash, ' t
of the WEHEeLe PESTY, cPhetiiha 2 0 CPE B b YA thibouE? EF ENT poed
Wi thpa YoHd® kndwn! RAATRERIRON1 AL S 24410¢wsng tube, 122 parts of the

allkyl ene oxide adduct of cresol” novol ak resin obtained as above, 34 parts
The photocurable and thermosetting composition of the
present invention having such a composition as described above
is adjusted to a level of viscosity suitable for a particular
coating method by dilution when necessary, then applied by the
15 technique of screen printing, curtain coating, spray coating,
roll coating, or the like to a printed circuit board having a
circuit preparatorily formed thereon, and then dried at a
temperature in the approximate range of 60 to 100°C, for example,
to expel by evaporation the organic solvent contained in the
9 composition to produce a tuck-free coating film. The coating
film is then exposed to a lasér beam by projecting the laser beam .
directly on the coating film according to a prescribed pattern
or selectively exposed to actinic radiation through a photomask
having a prescribed exposure pattern and the unexposed area of
25 the coating film is developed with an aqueous alkali solution
to form a resist pattern. The resist film formed in the

prescribed pattern as described above is finally cured by

heating, or by irradiation with active energy rays and subsequent



of acrylic acid, 3.0 parts of p--toluenesulfonic acid, 0.05 part of

hydr oqui none nononet hyl ether, and 100 parts of toluene were charldeMiR 2004
stirred while blowing air thereinto, and left reacting 25 for 6 hours at
110C. Fromthe point that water caused by the reaction was distilled out
together with toluene as an azeotropic 2&i xture, the reaction was further
continued for 5 hours. Thereafter, the reaction solution was cooled to

win an (Bavdon: o RGP Gnd (GRRRdREe GETRMALAR MR AR

an evapo digt : C : t at ded to
Fhe sal nefeely BAYSCLOGIVENS: ALKCC MMM B HuALE ) (bt |
nonvol at bkgegent ®Rdhefs 808 e NeXtresiddt PRt T PEo i AEHiGSUNL 20 LA @l dype

acrylate resin solution, 0.05 part of hydroqui none norref hyl et her, and
0.2 partoof mpistdire websoepariged | nbora frewistesked, f| askjggunered tyi th
a stirrer and a ref |ux condenser. This m xture was heated { 10 to 120C and
nmade & o edidc2¥opastss ofoldt r ghlyatt bpyt hal f ceanhydr irtes iseadeé hey ferEingf t
reacting for 6 hours. The product was cooled and then extracted fromthe
fl ask. Theduzabeeyl §rewpbiddtyai nvagpphetosendi tdhectescal cdmseduenihy
obtained was foynd to have a nonvolatile content of 64% and an acid val ue
of 67 ngPiIBPRELAGSas solids. This reaction solution will be referred to

her ei naft er 31% "varnish A-1". Thg.i nfrared absorpt.i on $pect rum (IR
spectrum of 2the®R aPBERPLSyr 3L L Sn A TH P HhBESSSRNeT vRPOVEsi AWM hed
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silicate, ammonia, amines, etc. can be used. '
Suitable light sources which are used for the purpose of
photocuring the composition are a low-~pressure mercury vapor
lamp, a medium-pressure mercury vapor lamp, a high—bressure
15 mercury vapor lamp, an ultra-high-pressure mercury vapor lamp,
a xenon lamp, and a metal halide lamp, for example. Also, a laser
beam may be used as the active energy rays.
Now, the present invention will be more specifically
described below with reference to working examples. However,

+ 0 the present invention is not limited to the following examples.
Wherever "parts" is mentioned hereinbelow, they invariably refer -
to those based on weight unless otherwise specified.

P i oxyl Group-co ini ot itiv
Synthetic Example 1:

25 Into an autoclave equipped with a thermometer, a device for
introduction of nitrogen and alkylene oxide, and a stirrer, 109

parts of a cresol novolak resin manufatured by Gunei Chemical

Industry Co., Ltd. (trade name *“Resitop PSF-2803", OH



Synthetic Exanple 1, 26 parts of acrylic acid, 2.0 parts of 25 ,
p-tol uenesul fonic acid, 0.05 part of hydroqui none nononet hyl ether]Bzﬂ"Flﬁmp
100 parts of toluene were charged, stirred while blowi ng air thereinto,
and left reacting for 6 hours at 110C. Fromthe point that water caused by
the reaction was distilled 10 MAR 200428ut together with tol uene as an
azeotropic mxture, the reaction was further continued for 5 hours.

cooled to rg§n1tenperature. The

Thereafter..th rggc%' n solution wa
obt a ned FEA TR S Pgevoﬁ-&a amhaifmﬂqaﬁoaau dsSsrich Yaapuvien
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0.05 parfaHfr8ydaeaui ReNen npneasgeyl' WBINEE . 58999 3P trpér&igggmaér.i di %UWEfe

charged into a f our-necked flas eqU|pped,SmAth asstirrer re X

condgnsefempdit st i #1df ¢ heasiReatedvas @ hledd'igcat e ot ps add Kyl ndaRahlgs of
tetrahydrophthalic anhydride and they were left reacting for 6 hours.” The

product arid Wéspantkeaf prbgnbenexixiadd ads gaadifad Ify aakrotiepehexwin
group -containing photosensitive resin consequently obtained was found to

have a nuWert a i jaugenpeessuire68h dhdegicmtited wduse af eadOflonyt Keldeo fas
solids. This reaction solution will be referred to hereinafter as "varnish
A-2". SykittheFeeCEkaRpMas3:Conk bnafpdaidipaclaheueqdi ppadswitthlh ther gemgreer, a
device for introd cticnké? njtrogen and al kyl ene oxide, and a stirrer,

I I

119. 4 RFRSHFe L r(bs(?') Rl 2Ry EQFH FREUFRLYTP Hash AR A AvorpRey -
of Pt aSeRd A RS G oS Y 657 h e SUranc” nerbShhaacirheshr
in the sys ePGRAUPES r YRS & P! AFRM YA Rvas added and mixed therewith to
neutralize sodium hydroxide. The resultant neutralized
reaction product was diluted with toluene, washed with water
three times, subjected to desolvation by an evaporator to obtain
15 an alkylene oxide adduct of cresol novolak resin having the
hydroxyl equivalent of 167 g/eq. This means that one mol of the
alkylene oxide was added to one equivalent of the phenolic
hydroxyl group on average.
Into a reaction vessel equipped with a stirrer, a
;HO thermometer, and an air blowing tube, 122 parts of the alkylene
oxide adduct of cresol novolak resin obtained as above, 34 parts -
of acrylic acid, 3.0 parts of p-toluenesulfonic acid, 0.05 part
of hydroquinone monomethyl ether, and 100 parts of toluene were
charged, stirred while blowing air thereinto, and left reacting
25 for 6 hours at 110°C. From the point that water caused by the
reaction was distilled out together with toluene as an azeotropic
mixture, the reaction was further continued for 5 hours.

Thereafter, the reaction scolution was cooled to room



nitrogen while stirring the m xture. The tenperature of the m xture was

then increased by heating and then 63.8 parts of 18 MAR 2004 -32 ﬂﬁbﬁ&i@ﬁe

oxi de was gradual |y added dropwi se thereto to cause reaction thereof for

16 hours at 125-132-C under pressure of 0-4.8 kg/cmi. Thereafter, the

reaction solution was cooled to roomighperature. To this reaction

solution, 1.56 parts of 89% 5 phosphoric acid was added and m xed therewith
t her obtai njng a propyl ene oxi de

t tral| tassi ym h i d b

react | on SSHERE BT - o IO PHRAHISH HEAT L IR Bl OB AT added sditean of
62. 1% | bvalent of 1182 2 g/eq. Thi that 1.08 rol
of the arEREoHY SPRECLICINE B Yorbitng s st of Sk ynBRamscor
hydr oxyl . i ipned with a sti ,
D by e fuBoRatBLE! 808 4 Sk By Eeh BN SO MBI i Hatadedtas”
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parts of acrylic acid, 11.53 parts of nethanesul part

of med hykbyatdqui meneingnd 263vB1paritie Aordtdpenss wese charged and |eft
reacting for 12 hours at 110*C while stirring and blowing air thereinto at

the rate of 1ext/iMupertslafé&iparesulfcamt aovedusedypy dbeylaaet o8inas
distilled out together with toluene as an azeotropic mxture. Thereafter,
the .0 réaduitd®nsoltddrpawe edHdipdroguinomet aopemattingl dtieeppt ahdeol ., 2
reaction solution was neutralized with 35.35 parts of an aqueous 15%
sodi um hParéxPicP¥bidingnwane ahargadwiriovRitiorur-meekedf fbasktejwippedas

distilled.gg: by, reans of .an evaporator.  while replacing it with 118.1
parts of W& ﬁy¥5ﬁ5r8FyEBP 3 YhSEIRAIRRFRE - acERAF i Bt BELaVAS herbetlak .
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charged ang they were left reacting for 6 hours. The product was cooled
-and then extracted from the flask. The carboxyl group-
containing photosensitive resin consequently obtained was found
to have a nonvolatile content of 64% and an acid value of 67 mg
15 KOH/g as solids. This reaction solution will be referred to
hereinafter as "varnish A-1". The infrared absorption spectrum
(IR spectrum)} of the carboxyl group-containing photosensitive
resin obtained is shown in Fig. 1.
Synthetic Example 2:

L0 Into a reaction vessel equipped with a stirrer, a
thermometer, and an air blowing tube, 122 parts of the alkylene -
oxide adduct of cresol noveolak resin having the hydroxyl
equivalent of 167 g/eq. and obtained in the same way as in
Synthetic Example 1, 26 parts of acrylic acid, 2.0 parts of

25 p-toluenesulfonic acid, 0.05 part of hydroguinone monomethyl
ether, and 100 parts of toluene were charged, stirred while
blowing air thereinto, and left reacting for 6 hours at 110°C.

From the point that water caused by the reaction was distilled



10 MAR 2004 33 into a reaction vessel equipped with a stirrer, a
thernonmeter and an air blow ng tube. 60.8 parts of tetrahydrophtﬁﬁlM%amDﬂ
anhydride was gradually added to the mixture while stirring and bl ow ng
air thereinto at the rate of 10 M/ mnute and left 5 reacting for 6 hours
at 95-101C. The product was cool ed and3lthen extracted fromthe vessel. The
car boxyl group-containing photosensitive resin consequently obtained was

f dtoh latjl t ent_ of 70..6% and ..acid I f.87.7
KOH'g  QUSEPIRENSRIE thotp fUEGREP AR AATO TR LT BRkdingy FBECFRAFELPNIO as

phot os oS | A TRSF nCBRE AR | Lok 8 TR o Thes et TR Cheaflion

Lo AL AU b Bl Y BbBR! LEnFERERUELY 0B RadbACYE L RAH] PP

wi th a thernome evice for 1 uction of nitrogen and alkyl ene

oxi de, angh A S4A r§£E wdfRedPlith @h AR TWUAUEK SEFhPLIARNUEST HEaE by
Gunei Chemcal Industry Co., Ltd. (trade nane "Resitop PSF- 2@03", CH

equi yal gpfs dP9Bi11e89 ol tiSy OheRAEAST W hydapsirdeorgnhidSdigBhyseak

tol uene were charged. The air in the system chanber '0 was replaced with

ni trogegwhtd e mdbhoethyglt echext acetatee wanpddatiute dfhd heobatkione twas
then increased by heating and then 348 parts of propyl ene oxi de was

gr adual lobtzadited air opwiskak hetepe aoryhate reasginonsehutden f BAVi®ohodrs at
125-132C under pressure of 0-4.8 kg/cnR. Thereafter, the reaction solution
was 25 dworedlabileofPnémpdr &furkl®* 7o this reaction solution, 1.2 parts of

ﬁ9°d/o phpsphorqiqc aci d was adde% gﬁd m x‘g}c’iI gggrew'éf %313’ negt rali.ze pot z:aLssi u_m
ydroxi de, tRe¥EBpyl bHERATEHE Lt BRFRT LhEANE B HEC T 28 FY RS ASEVIATHT 6P 1 esol
n?vobak sroefl.sx;.tljigr?yid.'gog plgrm Zt%Qrfré&éinone monomethyl ether, and 0.35
part of pyridine were charged into a four~necked flask equipped
with a stirrer and a reflux condenser. This mixture was heated
to 120°C and made to add 41.3 parts of tetrahydrophthalic
anhydride and they were left reacting for 6 hours. The product
15 was cooled and then extracted from the flask. The carboxyl
group-containing photosensitive resin consequently obtained was
found to have a nonvolatile content of 68% and an acid value of
100 mg KOH/g as solids. This reaction solution will be referred
to hereinafter as "varnish A-2".
) Synthetic Example 3:

Into an autoclave equipped with a thermometer, a device for
introduction of nitrogen and alkylene oxide, and astirrer, 119.4
parts of a cresol novolak resin manufatured by Showa Highpolymer
Co., Ltd. (trade name “Shonol CRG951", OH equivalent: 119.4),

25 1.19 parts of potassium hydroxide, and 119.4 parts of toluene
were charged. The air in the system chamber was replaced with
nitrogen while stirring the mixture. The temperature of the

mixture was then increased by heating and then 63.8 parts of



-

nonvol atil e content of 84.3% and the hydroxyl equivalent of 444.8 1@“@&2%&
This neans that 5.79 noss of the al kyl ene oxi de was added to one

equi val ent of the phenolic hydroxyl group on average. Into a reaction
vessel equipped with a stirrer, a 5 thernoneter, and an air bl ow ng tube,
542.1 parts of the alkylene oxide readZon solution of cresol novol ak
resin obtained as above, 36 parts of acrylic acid, 9 parts of

[0l uone BEBPEn8Cbtiacd b iradlly ihg‘]f“g%glggﬁé?ﬁ%% ER SR S B 11 ng
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wat er caused by the reaction was distilled out toge her ol'uene as an
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tenperature. The obtai ned reaction solufion was neutralized wth parts

of an aqueomstdife satuve. 15THytl 0Xi fleaselivhi #91abdongshedehd it yajegos
Thereafter, toluene was distilled out by neans of an evaporator while

repl &i nghosphorit aldards atidddetdnyd emexgly adlerewniost hyd feheraadetet e
to obtain a novolak type acrylate resin solution having a nonvolatile
cont ent PPt&ssdumexhydnogidepar thegiebyhe obdsuiniang rovpirepylyne aoxyilds e
resin solution and 0.76 part of triphenyl phosphine were charged into a
react i onc @Sk éPnctRl ppéanwpfncreseils pevolak Fesiombagingadnanvaila thllen ng
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Into a reaction vessel equipped with a stirrer, a
thermometer, and an air blowing tube, 293.0 parts of the alkylene
oxide reaction solution of crescl novolak resin obtained as
above, 43.2 parts of acrylic acid, 11.53 parts of methanesulfonic
15 acid, 0.18 part of methylhydroquinone, and 252.9 parts of toluene
were charged and left reacting for 12 hours at 110°C while
stirring and blowing air thereinto at the rate of 10 ml/minute.
12.6 parts of water caused by the reaction was distilled out
together with toluene as an azeotropic mixture. Thereafter, the
* 0 reaction solution was cooled to room temperature. The obtained
reaction solution was neutralized with 35.35 parts of an agueous -
15% sodium hydroxide solution and washed with water.
Thereafter, toluene was distilled out by means of an evaporator
while replacing it with 118.1 parts of diethylene glycol
25 monoethyl ether acetate to obtain a novolak type acrylate resin
solution. |
Next, 332.5 parts of the resultant novolak type acrylate

resin solution and 1.22 parts of triphenylphosphine were charged



as solids. This resin solution will be referred to hereinafter asyfwapnigh
A-4". The 'H NMWR spectrum of the carboxyl group-containing photosensitive
resin obtained is showmn in Fig. 5 4 and the IR spectrumthereof is shown
in Fig. 5. Synthetic Exanple 5: Into an autoclave equipped with a
thernoneter, a device for introductioB3oef nitrogen and al kyl ene oxi de, and
a stirrer, 150 parts of a cresol novol ak resin nanufatured by CQGunei

Chemi cal, 0 Industr Ltd %trade n "Resito - 280

equi val erfte 1%95ea% bOBaY?gsgfl ﬁué'(ﬁi’eo s"‘”SY)t%/o%osd'? r%xgﬁsrm%lle&t iFon,
and 150 nagt g,0f, 61 Nyy rrg %ﬁyﬁ%emnggt %y'ﬁf@?rofacn?é%ﬁgﬁg??ﬁ@ﬁ%% The

air int system cha s repl ac Art rogen rrlng t

m xture., Igye%%fparts xf%&&aﬂfyti@a@awrﬁm}ém m&%e %dby

heat i ng a propyf ene oxi de was gradually 1ntro her ei n

under atﬂ?&ﬂﬁn?pé%SLﬂr?epélﬁtés%enﬂtﬁ@ gause greachi an /mighaa - af[aelteea:ctlon
was conti nued about 4 hours till the gauge pressure of 0.0 kg/cn2 and

t henst hergd ti hgnEvas6choued taa e deTper athe eprddudtt Was ceadkdoand
solution, 3.8 parts of an aqueous 36% hydrochloric acid solution was added
and m xechémenewradted feonrehé zeessel um Thy drarbery 1 Tpeoupsabngatining
neutralized reaction product was diluted with toluene, washed with water
three tiphstosensstive resigesonsaguentdy abta/eped aad faund diethiede

gl ycol nonoethyl 25 ether acetate was added to, he solutjon to obtain an

al kyl enélo%‘k‘i’h%thllﬁu%‘tm‘é?n&‘é§070n6§0§”&ﬂ RAGLANA L L1 &vdl BS KOHIGnt ent
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group-containing photosensitive resin obtained is shown in Fig..
2 and the IR spectrum thereof is shown in Fig. 3.
Synthetic Example 4:
Into an autoclave equipped with a thermometer, a device for
15 introduction of nitrogen and alkylene oxide, and a stirrer, 109
parts of a cresol novolak resin manufatured by Gunei Chemical
Industry Co., Ltd. (trade name “Resitop PSF-2803", OH
equivalent: 109), 1.09 parts of potassium hydroxide, and 109
parts of toluene were charged. The air in the system chamber
‘0 was replaced with nitrogen while stirring the mixture. The
temperature of the mixture was then increased by heating and then .
348 parts of propylene oxide was gradually added dropwise thereto
to cause reaction thereof for 16 hours at 125-132°C under
pressure of 0-4.8 kg/cm’. Thereafter, the reaction solution was
25 cooled to room temperature. To this reaction solution, 1.2 parts
of 89% phosphoric acid was added and mixed therewith to
neutralize potassium hydroxide, thereby obtaining a propylene

oxide reaction solution of cresol novolak resin having a



Into a reaction vessel equipped with a stirrer, a thernoneter, and agigw
bl owi ng tube, 187 parts of the alkylene 5 oxide adduct of cresol Ad i
resin obtai ned as above, 25 parts of acrylic acid, 2.0 parts of

p-tol uenesul fonic acid, 0.02 part of hydroqui none nononet hyl ether, and 70
parts of toluene were charged, stirregywhile blowing air thereinto at the-
rate of 50 m/mnute, and |left reacting for 5 hours at 1100C. Fromthe
point ,,0 that water caused by the reaction was distilled out together with
t ol ueneNROVAH izl coOFitent QlfLﬁ‘b 3% pad Bhethwhr sl fagt ealepbmf dhédBfor 5
hours. The obt ai ned reaction solution was_washed w th an aqgueous 5% NaC
sol uti o/ eHO‘I ugﬁéﬁAH?a&ssFPPItea Atmpls Hedhe 8t kyd emS&istowasapdded
dlethylene col Jyon Ey %herééf acet at e s added to the solution to
obt ai n a%"c’y‘f)% e% §Eatd ‘ht'i‘% TREY g W RAIARTIRICont ent

f 55% 38 h I Kk
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reacting for 6 hours. The product was cool ed and then extracted fromthe

flask. abosrecaBEgatt &'t Aceltiai AENE, PhelagarNsiftheehagssnlconieqaently 25
obt ai ned was found to have a nonvolatlle content of 61% and an acid val ue

of 83 mg.&Gﬂag:ta&ﬁademylhjmrsqu&aotmqnasml BEDparts obetokheneedere
hereinafter as "varnish A-511. Conparative Synthetic Exanple 1. i 13 MAR
2004 37chiarged and dedfkedddctsknggieppedl iuts aattilfef whilla seiruing
c?ndenser 220 parts _of a cresol novol ak type epoxX resin, - EPICLON N 695
( pr fluc@ngf bbawanspair| e ke thbRiaatde Fate ofddkpl/minute. 7.6 parts

of water caused by the reaction was distilled out together with
toluene as an azeotropic mixture. Thereafter, the reaction
solution was cooled to room temperature. The obtained reaction
solution was neutralized with 26 parts of an agueous 15% sodium

15 hydroxide solution and washed with water. Thereafter, toluene
was distilled out by means of an evaporator while replacing it
with 340 parts of diethylene glycol monoethyl ether acetate to
obtain a novolak type acrylate resin solution having a
nonvolatile content of 58%.

a0 Next, 418.5 parts of the resultant novolak type acrylate
resin solution and 0.76 part of triphenylphosphine were charged
into a reaction vessel equipped with a stirrer, a thermometer
and an air blowing tube. 38 parts of tetrahydrophthalic
anthydride was gradually added to the mixture while stirring and

25 blowing air thereinto at the rate of 10 ml/minute and left
reacting for 3 hours at 107-119°C. The product was cooled and
then extracted from the vessel. The carboxyl group-containing

photosensitive resin consequently obtained was found to have a



equi val ent; 220) and 220 parts of carbitol acetate added thereto 5 were

di ssol ved by heating. Then, 0.46 part of hydroqui none as a pol ynerlZ &R &l
inhibitor and 1.38 parts of triphenyl phosphine as a reaction catalyst were
added to the solution. The resultant m xture kept heated to 95-105C and 72
parts of acrylic acid gradually added3slropwi se thereto were |left reacting-
for 16 hours. 10 The reaction product was cooled to 80-90C and nmade to add
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epoxy equiatd] afHe 1R28pedbeudl@ AdSE Ofs CahdirhOlinaalpat & added thereto
were dissolved by heating. Then, 0.46 part of nethyl Hydroqui none as a

pol yrer iszaitet i vampleasd 1. 38 parts of triphenyl phosphine 25 as a
reaction catalyst were added to the solution. The resultant m xture kept
heat ed t o 95EHO5@rarad t50; Vapardg: ifped wi tilc aathe rmame t-r 5 apdetvdicef for

p- hydroxyphenetyl al cohol gradually added dropw se thereto were |eft

react i ng-nftgrodE ek L THe ragen iand 2 lkyWkReogouidss aidbaust ingereodbéd to
80-90C and nmade_to add 116 parts. of tetrahydrophthalic anhydride and_they
vere | ePRITSH AT iy G10SBL PP sakTRES pRoBaAU AU erd Ry GHRe ¢ HeheBkERAct ed

O 0% Gy, 05 2 B O AN ORISR 0591 o
an equivalent: 109), 3.0 parts of an aqueous 50% sodium hydroxide
solution, and 150 parts of ethylene glycol monocethyl ether
acetate were charged. The air in the system chamber was replaced
with nitrogen while stirring the mixture. The temperature of
15 the mixture was then increased to 150°C by heating and 56 parts
of propylene oxide was gradually introduced therein under a gauge
pressure of 8 kg/cm’ to cause reaction thereof. The reaction
was continued for about 4 hours till the gauge pressure of 0.0
kg/cm® and then the solution was cooled to room temperature. To
7 this reaction solution, 3.8 parts of an agqueous 36% hydrochloric
acid solution was added and mixed therewith to neutralize sodium
hydroxide. The resultant neutralized reaction product was
diluted with toluene, washed with water three times, subjected
to desolvation by an evaporator, and diethylene glycol monoethyl
25 ether acetate was added to the solution to obtain an alkylene
oxide adduct of cresol novolak resin having a nonvolatile content
of 80% and the hydroxyl equivalent of 149 g/eq. calculated as

solid content. This means that 0.7 mol of the alkylene oxide



acid value of 98 ng KOH g as solids . This reaction solution will et MAR 2004
referred to hereinafter as "varnish B-2". Conparative Synthetic Exanple 3:
Into a flask equi pped with a gas introduction tube, a '.0 stirrer, a
condenser, and a thernoneter, 313 parts of bisphenol A and 987 parts of a
bi sphenol A type epoxy resin (EPI CLON-8&60 rmanufactured by Dai ni ppon | nk &-
Chem cals, Inc., epoxy equivalent: 180) were charged and di ssolved at 120C
while stirri nder nitrogen atmosphere. Then, 0.65 rt of 15

C1 phenyt ot et et fagR T LIRE FE She 'eifneR S BRSToa 87 R

fl ask ""aé;%éf&ﬁg?%d to 150C. The reaction was continued for about 90

m nut es ITe"keeping the tenperature at 150C to obtain an epoxy conpound

havi ng t he e@@g% equi ¥%|a%'itj1&{ Wésgégqi%g{i‘?ggedt h%fi_tt%”p%[]atstﬁri%r.j L the

flask was cooled to 70C or less, J an rts of epichl orohydri’n and

1690 partise phodefBENYAndSahf oL Otelw;[ﬁga@l@lsé, t 08§ ea MEXIAH @ hel B KPEAL €
was heated to 70C while stirring and kept at this tenperature. Then, after
110 par tex dde Habdsodiofcipdoax nderolatk diesiiduably iaddedst sbéhe, 18 fass for
90 m nutes, the reaction was continued for further 25 3 hours. After

conpl et i@ agfrithiec radict i ¢n,0 pegtt fo fepedsd uap il Honhy did id arld. @ petdty |

sul foxide were distilled at 120C under a reduced pressure of 54mmtg. The
react i orehriviticequ toangi BRPRgNE thy lpreddirst, said Tdh g adi b oy ltodwlensx iwesrevas
18 MAR 2004 -39 dissolved in_nethyl isobutyl ketone and washed wi th water.
Ther eaf tEF3LH2E nyF E 15666 Yh &t BHOWIRT ddovdiade ¥temathd- st Itat eyt 3
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Congn s U L LT o J3RRA I U UEge g S ReVELER ooy
heating.tJNefne0akd PRArhzeotropic mixture, the reaction was further
continued for 5 hours. The obtained reaction solution was washed
with an aqueous 5% NaCl solution, toluene was distilled out by
means ¢of an evaporator, and diethylene glycol monocethyl ether
15 acetate was added to the sclution to obtain a novolak type
acrylate resin solution having a nonvolatile content of 55%.
Next, 238 parts of the resultant novolak type acrylate resin
solution, 0.02 part of hydroquinone monomethyl ether, and 1.3
parts of triphenylphosphine were charged into a four-necked
' .0 flask equipped with a stirrer and a reflux condenser. This
mixture was heated to 120°C and made to add 39 parts of -
tetrahydrophthalic anhydride and they were left reacting for 6
hours. The product was cooled and then extracted from the flask.
The carboxyl group-containing photosensitive resin consequently
25 obtained was found to have a nonvolatile content of 61% and an
acid value of 83 mg KOH/g as solids. This reaction solution will
be referred to hereinafter as "varnish A-5".

- Comparative Synthetic Example 1l:



of met hylhydroqui none and 1. 3 8 parts of triphenyl phosphine were ddi&dR §004
the solution. The resultant m xture kept heated to 0 95-105-C and 72 parts
of acrylic acid gradually added dropwi se thereto were | éft reacting for 16
hours. The reaction product was cooled to 80-900C-and nade to add 152
parts of tetrahydrophthalic anhydride3dnd they were left reacting for 8 -
hours. The product was cool ed and then extracted fromthe flask. 15 The

found to havaRadnbnGbraee ke BIRaR: cap IBBAIHA tna SELE70R RRIcA TRE M
KOH/ - Thi : LUt i Sl : e L
G S5 T B 0 PR AR, MR R
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synthetic® exanples 1 to 5 and conparative synthetic exanpl .
ment isonege aH 0¥ Es ¥O1 @cdeBgr Rbby ikaradeden,t b .a d pagd b¥ hydiddgu b abtad n

phot ocur abl e and thernosetting resin conpositions. The Chardcteristics of
t hese coanpasltnenszat foahbmhibhtdabied 2 . 3B PR L0EF4t r 4phEakllehbsphine
Conpar ati ve Conponents (parts by wei ght) Conposition Exanpl eConposition
Exanpl e 1?345@2312,&0111(5@‘&alys_t-were,@cme!:mto-the-solmi:ch]pxyl'rhe resultant
9 OUP-A ] tiire kept heated 8755210530 ana 75 parts of seryiic acid
gradually added dropwise thereto were left reacting for 16 hours.
( 10 The reaction product was cooled to 80-90°C and made to add 106
parts of tetrahydrophthalic anhydride and they were left
reacting for 8 hours. The product was cooled and then extracted
from the flask. The carboxyl group-containing photosensitive
resin consequently obtained was found to have a nonvolatile
15 content of 64% and an acid value of 97 mg KOH/g as solids. This
reaction solution will be referred to hereinafter as "varnish
B-1".
Comparative Synthetic Example 2:
In a four-necked flask equipped with a stirrer and a reflux
‘0 condenser, 220 parts of a cresol novolak type epoxy resin,
EOCN-104S (product of Nippon Kayaku Co., Ltd., epoxy equivalent: -
220) and 220 parts of carbitol acetate added thereto were
dissolved by heating. Then, 0.46 part of methylhydroquinone as
a polymerization inhibitor and 1.38 parts of triphenylphosphine
25 as areaction catalyst were added to the solution. The resultant
mixture kept heated to 95-105°C and 50.4 parts of acrylic acid
and 41.5 parts of p-hydroxyphenetyl alcohol gradually added

dropwise thereto were left reacting for 16 hours. The reaction
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Thecarboxylgroup-containingphotosensitiveresinconsequently
obtained was found to have a nonvolatile content of 66% and an
acid value of 98 mg KOH/g as solids. This reaction solution will
be referred to hereinafter as "varnish B-2".

Comparative Synthetic Example 3:

Into a flask equipped with a gas introduction tube, a
stirrer, a condenser, and a thermometer, 313 parts of bisphenol
A and 987 parts of a bisphenol A type epoxy resin (EPICLON-840
manufactured by Dainippon Ink & Chemicals, Inc., epoxy
equivalent: 180) were charged and dissolved at 120°C while
stirring under nitrogen atmosphere. Then, 0.65 part of
triphenylphosphine was added to the mixture and the temperature
in the flask was increased to 150°C. The reaction was continued
for about 90 minutes while keeping the temperature at 150°C to
obtain an epoxy compound having the epoxy equivalent of 475 g/eq.
Next, the temperature in the flask was cooled to 70°C or less,
and 1851 parts of epichlorchydrin and 1690 parts of dimethyl
sulfoxide were added to the mixture. The mixture was heated to
70°C while stirring and kept at this temperature. Then, after
110 parts of 96% sodium hydroxide was dividually added to the
mixture for 90 minutes, the reaction was continued for further
3 hours. After completion of the reaction, mosf of excess
epichlorohydrin and dimethyl sulfoxide were distilled at 120°C
under a reduced pressure of 50mmHg. The reaction product

containing a by-product salt and dimethyl sulfoxide was



strength (MPa) (4) Elongation (% 3.73.33.57.73.81.01.92.3 (5) 18 MAR 2004
Fol di ngOoO0OXOL1 endurance (6) Flexibility00000X&40 (7)

Wat er 0. 80. 80. 91. 20. 71. 61. 41. 9 absorption (% (8) Pencil 3HAHAH2ZHSH3H2HHB
hardness (9) Resistance toOO0000000 acids (10) Resistance toOO00000 al kalis
(11) Heat OO0 resi stance The charactef stics shown in Table 2 nmentioned -
above were determ ned by the following nethods. 5 (1) G ass Transition

ove were d¢ th et | | =S .
Conposi {1 ar e oo e iR gbu TR I oRE AR R 8E waZh B £ g
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conposition on the sheet was dried 10 in a hot air circulating drying

at 80 C Laye#0byi mitsasill#fioncesl obdai rPops1eARENBLYW & o%'C]P &ﬁﬁ%’?to
|'i ght under theISﬂ conditions of irradiation ose?of 1, 000 r%]/ n2, and then

cured ihawihgtamiepoociy eghdvadgntr £ 138 Oy¢rgat WeXE,f o 3691551&1&&&9 ddne
sheet_covered with the cured conposition was cooled to room 13 MAR 2004 -42
t enpér at Withamd therexr ed clandengsr s epat at tlefrmomdter TeRlsoparstest tloe
obtain a test sanple. The glass transition point of
obtained polynuclear epoxy compound and 300 parts of carbitol
acetate added thereto were dissolved by heating. Then, 0.46 part
of methylhydroquinone and 1.38 parts of triphenylphosphine were
added to the solution. The resultant mixture kept heated to
( 0 95-105°C and 72 parts of acrylic acid gradually added dropwise
thereto were left reacting for 16 hours. The reaction product
was cooled to 80-90°C and made to add 152 parts of
tetrahydrophthalic anhydride and they were left reacting for 8
hours. The product was cooled and then extracted from the flask.
15 The carboxyl group-containing photosensitive resin consequently

obtained was found to have a nonvolatile content of 65% and an

acid value of 98 mg KOH/g as solids. This reaction solution will

be referred to hereinafter as "varnish B-3".

- .0 Composition Examples 1 to 5 and Comparative Composition Examples
1 to 3:

The components accounting for varying ratios of combination
shown in Table 1 and using the varnishes obtained in the synthetic
examples 1 to 5 and comparative synthetic examples 1 to 3

25 mentioned above were severally kneaded with a three-roll mill
to obtain photocurable and thermosetting resin compositions.

The characteristics of these compositions are shown in Table 2.



the test sanple was determ ned by the DVA nethod.

Tensile Strength (tensil:e strength at 5
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Photosensitive
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Remarks

Irgacure 907: 2-methyl-1-[4-(methylthio}phenyl]-2-morpholino-
Propanone-1 (produced by Ciba Specialty Chemicals Inc.)
DPHA: a mixture of dipentaerythritol pentaacrylate and

Dipentaerythritol hexaacrylate

(produced by Nippon Kayaku Co., Ltd.)
EPIKOTE ¥X-4000: biphenyl type epoxy resin

(produced by Japan Epoxy Resin K.K.)
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5 assum ng the maxi mum | oad applied on the el ectronic wei gher whenq gfiptides
so that the distance between the side portions reaches 3 nmmas the

repul sion force, the flexibility was evaluated on the followi ng criterion.
O: Less than 10 g 10 0: 10 to <30 g X2 Not less than 30 g (7) Water

Absor ption: Each of the conpositions e#lCGonpositi on Exanpl es and -
Conpar ati ve Conposition Exanples nentioned above was applied by 15 the
screen printing nethod to a gl ass s,fuegi oE whi ch wei ght was neasured in
advance. The gl ass sheet covered w #°tfie conposition was dried in a hot
air ci&%ul ating drying ¢ven at _80C far %% m.nut es. The cog@eatdtien on |t he

sheet Wps | gfiboe 80 i NQ|tO r oont TERPET-SR FFEPARA exposbdedpodir ghi Exages |t he
sO condjtions of irradiatign ¢losg of 15000 my/ch, sanyd thenf cufed 1n g hot
air cire i i hven at 150 € for 60 minhtes tpb obthin a it est
sanpl e. ﬂ'nbcﬂ:%%st sanpl e{was cooled o room tenperatufe and| then mwei ghed.
SubsequéntELtErR tREP sadpd e | wddd {rddted iRl a| PER appdttt us B TABARPY EJPEC
HAST SY&tiem TPC- 412MD) 2?5 under theicondifions of 121C 1006 R H.| and It he
treating (2l Renside 24 holir s33n¢ y&igoheshdoo|fidad t heowe| oibo Of H4h8 | ed

productgb moppEiswWEfPa) absorption of the hardened product was kal cul at%rgg@

the fol § 6 Fgnddaation: {1 $ MAR 004 -44 YWatar absgrpriag = {GY2 | W) /[(W
- W) } betremthnéPa) W s thelweighi of the test sanple, Wl is thle weight

of the Qezswl@a;jug%oahm‘;t gr 3f.l’ne IP@T3t eatsrent ,7.Ianzl Weifp In{ne w_ei.@hlt_ of3 tlhe
acoor ey B g T ST o o ot TA A
[ (6) Flexibility O @ O O O X Jay A )
(:gs::;tffon - o8 | 0.8 | 0.9 | 1.2 | 07 | 1.6 | 1.4 | 1.9
(:a)r;ne::;l 31 4H 4" 2H SH 3H 2H HB
(9) Resistancete | 5o | 0 0| O | 0o | o | O | ©
(10) Resistance to | o 0 o o o ol a | a
() Feae O o) o O o) ol a | a

The characteristics shown in Table 2 mentioned above were
determined by the following methods.
5 (1) Glass Transition Point:

! Each of the compositions of Composition Examples and
Comparative Composition Examples mentioned above was applied by .
the screen printing method to a Teflon sheet washed with water
and dried in advance. The composition on the sheet was dried

10 in a hot air circulating drying oven at 80°C for 40 minutes, left
cooling to room temperature, and exposed to light under the
conditions of irradiation dose of 1,000 mJ/cm’, and then cured
in a hot air c¢irculating drying oven at 150°C for 60 minutes.

The sheet covered with the cured composition was cooled to room



specified in JI'S K 5400. Each of the conpositions of Conposition Eﬁgﬁﬁh@@w
and 10 Conparative Conposition Exanples nentioned above was applie y e
screen printing nmethod to a printed circuit board washed with water and
dried in advance, and dried in a hot air circulating drying oven at 80C
for 40 nminutes. The conposition on the4Board was left cooling to room
tenperature and exposed to |light under 15 the conditions of irradiation

at 150 ST e ar murad o SRare! Ehn Pal Rpdlacdd ot P Rk, "

at 150 C for 60 mnutes to
test, thsmedkatd 6964 $haRCLERSEa Cia.th%@%ljﬁiﬁfé‘ﬂgftiﬁﬁgpf)g—é? g?;irg

Resi stance Test: 9 This property s determ eepr ng

ment i onechaboyet | sampIedwal Wb RAHEDVS 10y Vehe YDA fﬁ&drf?&l?i d solution at
20C for 30 mnutes, renoving the test board from the solution, and

eval uat i (i) tTensticls Moahrkispnpl pheess YBeyswhéhgthespeak e tbeeagati Ag film
condi tion and adhesion. The 25 criterion for evaluation is as follows: O:
Absebce hureak kcet 4) bEkophatden Atafesilel ehbhgptdsencee dfrediange X :
occurrence of blister or swell or separation of coating 1 8 MAR 2004 -45
film (10) AFhartienektemasiel yesttherfeasidepetrengad deeasiileesit bgngth
fol | ow nq:s%)h%lfﬁ{ oceduye of _the acjd resistance test except that an aqueous
10 vol . AsEHSHH) 5 6 G NFAETOR (BRN§EEE ehoppatdost athbraakeoas 10
vol . % syl fur,j (o] tion, . (1 at_ Resi stance: The test board,
ment i omLeH ééﬁgoe\%e@\/\#aag“ﬁ’s%%’ T%mélﬁg?%)al‘a OVE MERSRITHFIREY BYed BenE5d6C for-
24 hour nd hesBELEEiohNtester (manufactured by Shimadzu Seisakusho

;0 K.K.).

Each of the compositions of Composition Examples and
Comparative Composition Examples mentioned above was applied by
the screen printing method to a capton sheet (thickness: 25 um)

15 washed with water and dried in advance, and dried in a hot air
circulating drying oven at 80°C for 40 minutes. The composition
on the sheet was left cooling to room temperature and exposed
to light under the conditions of irradiation dose of 1,000 mJ/cm?,
and then cured in a hot air circulating drying oven at 150°C for
. ) 60 minutes to obtain a test sample for the folding endurance test
and the flexibility test. -
{(5) Folding Endurance:

The test sample was folded 180° over itself while positioning

the cured film outside and evaluated on the following criterion.
25 O: Absence of crack in the cured film
A: Presence of slight cracks in the cured film

X: Presence of cracks in the cured film

(6) Flexibility:



test board was incised |ike cross-cut in the shape of squares in a g0 2004
board, 10 x 10 (100 cells) , and then subjected to a peeling test \ th"a
tape in accordance with the nethod specified in JIS K 5600-5-6 to eval uate
the resistance to heat deterioration by the adhesiveness. The criterion
for evaluation is as follows: 15 0: 10043600 (Absolutely no peeling of the -
film L,: 99/100-70/100 (Slight peeling of the film X 69/100 or |ess
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flexibilrty (folding endurance, supplen wat er sorption,

and resi ahanete ouHEem £246. pORtiba L OFS1AEY, ovBe CWLhAY odjigls ofythe
conposi tions obtained by using the carboxyl group-containing

phot dsenassumd ngeshasnat inbm 1cadpppl is® cexatpl €5everendel€i§Rér ivhen
tensile strength, flexibility (folding endurance, suppleness); elongation,

and 18 MiRldeg4so4éhadsitdeartis tanewi betweepwiiher sddeopptrtdons Qegulsds i on
Exanples_6 to 10 and Conparative Conposition Exanples 4 to 6: The

phot ocur AbT8 &FdthRerpPEdEiiany farger cohpotlexdhd ldhawwass evaliwtiad Dmer e
pr epar ed onpoundi ng rel evant conmponents at proportions shown in Table
3 and kn'égéi ﬁaﬁﬁé"rﬁr\ﬂ %Fjat?ﬂ?'%’& roll mill, respectively. 1 8 MAR 2004 -47

Table 3 Compahative. pan 10 g

{ 10 Az 10 to <30 g
X: Not less than 30 g
(7) Water Absorption:
Each of the compositions of Composition Examples and
Comparative Composition Examples mentioned above was applied by
15 the screen printing method to a glass sheet of which weight was
measured in advance. The glass sheet covered with the
composition was dried in a hot air circulating drying oven at
80°C for 40 minutes. The composition on the sheet was left
cooling to room temperature and exposed to light under the
20 conditions of irradiation dose of 1,000 mJ/cm?, and then cured
in a hot air circulating drying oven at 150°C for 60 minutes to -
obtain a test sample. The test sample was cooled to room
temperature and then weighed. Subsequently, the test sample was
treated in a PCT apparatus (TABAI ESPEC HAST SYSTEM TPC-412MD)
253 under the conditions of 121°C, 100% R.H., and the treating time
of 24 hours and weighed to find the weight of the hardened product.

The water absorption of the hardened product was calculated by

the following equation:



Conmponents (parts by wei ght) Conposition Exanpl eConposition Exanple 13 MAR 2004
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where W, is the weight of the test sample, W, is the weight of
the test sample after the PCT treatment, and W, is the weight
of the glass sheet. |

5 (8) Pencil Hardness:

This hardness was determined in accordance with method

specified in JIS K 5400.

Each of the compositions of Composition Examples and
1} Comparative Composition Examples mentioned above was applied by
the screen printing method to a printed circuit board washed with
water and dried in advance, and dried in a hot air circulating
drying oven at 80°C for 40 minutes. The composition on the board
was left cooling to room temperature and exposed to light under
15 the conditions of irradiation doseof 1,000 mJ/cm’, and then cured
in a hot air circulating drying oven at 150°C for 60 minutes to
obtain a test board for the acid resistance test, the alkali
resistance test, and the heat resistance test.
(9) Acid Resistance Test:

9 This property was determined by keeping the test board
mentioned above immersed in an aqueous 10 vol.% sulfuric acid -
solution at 20°C for 30 minutes, removing the test board from
thesolution,andevaluatingthetestboardcomprehensiveLywith
respect to the coating film condition and adhesion. The

25 criterion for evaluation is as follows:
O: absence of discernible change
As Very slight presence of change

X : Occurrence of blister or swell or separation of coating



YX-40002132292041313232 Irgacure 907: 2-nmethyl-1-14-(n

t hyl t hi o) phenyl ] - 2- nor phol i no- propanone-1 (produced by Ciba Speci al 8yMAR 1004
Chem cals Inc.) Silicone KS-66: Silicone type anti-foam ng agent (produced
by Shi netsu Chem cal I|ndustzy Co., LtdlSF@narksAERCSIL 380: anhydrous
silica (produced by N ppon Aerosil Co.7“Ltd.) DPHA: a m xture of )
di pentaerythritol pentaacrylate and D pentaerythritol hexaacryl ate
(producegdlny N ppon Kayaku Co., Ltd.) EPIKOTE YX-4000: biphenyl type epoxy
resin (produced by Japan Epoxy Resin K. K. ) Each of the photocurable and

t her nosdtltil)ndi ldonbbsRes aas aofce @mEtosi ti on Exanpl es 6-10 and Conparative
Conposi tion Exanples 5 4-6 nentioned above was applied by the screen
printing nethods prepgraypehsedeterntnednbpf fdDDowesly thet hecendure odr f ace
of a copper plated-throughhole printed circuit board having a prescribed
pat t er n thér A6dd FegdFditcCs HasdosRceotmat enatingonss1RAROR084s0d8ufi | m
of -3 mt hi ckness. The coating fil mon the board was dried in a hot
air irddl ’ngic?jr%ﬁ’ﬁ‘dtb@)&nw&rg g5 okt P RE8cPEbENE AFURIWH. LG hEodedt i ng

filmwag i.rradi ated. with,ultraviolet |ight by using an exposure appar atus
(producfSg (}frua‘\}faf)a‘%b u?%f‘ﬁr‘?ﬁ‘g Co., Ltd., Model HMWM680GWN through a

negativ IR L 0g. Gribed resist pattern and tightly superposed
on the g&alt)i %H#Yﬁn%llr&}:g!}?%tl on dose: 350 mJ/cnR). Then, the coating film

was devel opeghd OteBQ SE6QPES Méd i SHe@dudRHse 13 S Op bongf sqkytion
applied by sprayi r?g at a pressurelofelo 2.0 kg/cﬁﬂog%f%q g’?%l%eq%ﬁtt ?h’g

unexposed riewliadtoing Hey Bied tefen dthesc0at ifBe bilmwe@nst herhepedrvas,t Baemal |y
cured in a hot air «circulating drying oven at 150C for 60 m nutes. The

r Esw t atestt éstany eces have hgethdiker edobsl-ouasn ediedHape tde squares
adhesi veness,
in a go board, 10 x 10 (100 cells), and then subjected to a peeling
test with a tape in accordance with the method specified in JIS
K 5600-5-6 to evaluate the resistance to heat deterioration by
the adhesiveness. The criterion for evaluation is as follows:
15 (O: 100/100 (Absolutely no peeling of the film)
A: 99/100-70/100 (Slight peeling of the film)
X: 69/100 or less (Considerable peeling of the film)
It is clearly noted from the results shown in Table 2 that
the cured products of the compositions obtained by using the
( Y carboxyl group-containing photosensitive resin of the present
invention excelled not only in heat resistance and toughness -
-{tensile modulus, tensile strength) but also in such properties
as elongation, flexibility (folding endurance, suppleness),
water absorption, hardness, and resistance to chemicals. On the
25 contrary, the cured products of the compositions obtained by
using the carboxyl group-containing photosensitive resins of the

comparative examples were deficient in tensile strength,

flexibility (folding endurance, suppleness), elongation, and



resi stance to sol dering heat, PCT resistance, and resistance to 15 _
el ectroless gold plating. The testing nethod and the eval uation me f HoliAraf0l
as follows: (12) Developability: For the printed circuit boards which have
been dried for 30 mnutes, 40 mnutes, 50 mnutes, 60 mnutes, 70 m nutes,
80 O mnutes, or 90 m nutes, the condjgi.ons of the coating filnms after
exposure and devel opnent were visually exam ned by using a magnifier. The
results are shown in Table 4. 0: Devel opnent was perfect because the

coat i ng TESIfi HW#C € r eRpPed SEWTieh o WRRRT oph@ArPt29nX .. Undevel oped portion
havi ng at | east slight resjdue was observed in developnent. 1 8 MAR 2004

- 49 Tab?QW%M%aﬁ#%%@iﬁyi%m ngﬁataﬁﬁc GOPRRr3bise 760BBOSHTAMM. )
60Q00x- - 5 [ (g204cpgp8§ition 800000 Exanpl e 90000000 1000000x- 4000k- - -
Com ar &t5ARP '

The photocurable and thermosetting resin compositions shown
5 in Table 3 were prepared by compounding relevant components at
proportions shown in Table 3 and kneading them with a three-

roll mill, respectively.

——



Conposi ti on500X---- Exanple 6x----- (13) Adhesiveness: The cured fi{Hh%glmi
the test piece was incised |ike cross-cut 5 in the shape of squares

go board and then subjected to a peeling test with an adhesive cel | ophane
tape in accordance with the nmethod specified in JIS D 0202. The degree of
separation of the cured filmafter thedpeeling test was visually exam ned:
The results are shown in Table 5. Incidentally, the test piece 10 which
coul d not be devel oped was not evalugggg %c) 100/ 100 and absol utely no
peeling _of the cured film 0: 100/10 Gt slight peeling in the cross-cut
portions A: 50/100 - 90/100 X: ©/100 - 50/100 18 NMAR 2007 - &dpd=aRis: o

Adhesi e C B040506@668060 Hxatgle) 6PP( C)composition
70(§)Sl(\é E&?ﬁor%y%%nﬁosﬂgg B(c) (c)(c)(c)-- Exanple QCZ)(@);&;%)LZC)G(C (c)

10(c) (cp(ec)(ec)(e)-- 4000 --- paréat | v@ 8 9 10
aA-1 156 - - - - - - -
A-2 - 147 - - - - - -
A-3 - - 142 - - - - -
photosensitive resin A-3 - - - iy 164 - - =
B-1 - - - - - 156 - -
B-2 - - - - - - 152 -
B-3 - - - - - - - 154 -
{ ' Irgacure 907 12 12 12 12 12 12 12 12
s B EA R KA B ERE
Silicone KS-66 3 3 3 3 3 3 3 3
Barium sulfate 50 50 50 50 50 50 50 30
AFROSTIL 380 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Phthalocyanine green 1.5 1.5 { 1.5 } 1.5 | 1.5 | 1.5 1.5 1.5
Dicyandiamide 1.0y 1.0 | 1.0 | 1.0 | 1.0 | 1.0 1.0 1.0
DPHA 20 20 20 20 20 20 20 20
YX-4000 ' 21 | 32 29 20 4] 31 32 32

Irgacure 907: 2-methyl-1-[4-(methylthio)phenyl]-2-morpholino-
propanone-1 (produced by Ciba Specialty Chemicals Inc.)
Silicone KS-66: Silicone type anti-foaming agent
{preduced by Shinetsu Chemical Industry Co., Ltd)
AEROSIL 380: anhydrous silica (produced by Nippon Aerosil Co., Ltd.)
DPHA: a mixture of dipentaerythritol pentaacrylate and
Dipentaerythritol hexaacrylate
(produced by Nippon Kayaku Co., Ltd.)
EPIKOTE YX-4000: biphenyl type epoxy resin
(produced by Japan Epoxy Resin K.K.)

Remarks

Each of the photocurable and thermosetting compositions of
Composition Examples 6-10 and Comparative Composition Examples

5 4-6 mentioned above was applied by the screen printing method
using a polyester screen of 100 mesh to the entire surface of

a copper plated-throughhole printed circuit board having a

prescribed pattern formed in advance thereon to form a coating



Composi tion 500----- |l e Exam p60------ (14) Resistance to Solderin a@%@%ﬁm
A test piece was repeatedly inmmersed in a solder bath kept 5 at 26 i
three tines each for 10 seconds in accordance with the nethod specified in
JI'S C 6481 and visually exam ned the change in appearance on the follow ng
criterion. The results are shown in TdHe 6. Incidentally, the test piece’
whi ch could not be devel oped was not evaluated. Further, a flux according

to JIS £016 6482089 PREEhaTkhdiP! TPHE dd@@iﬂbgﬁ@ ;ﬁlgb%rg&r)végifggwﬂ&' e

change in appearance L: Discoloration of the cure
Li fting drisdpan atliom adfr ¢ becolaed g dyiag ovén bkl 86 * @ For0f p¥¥s¥&ibed |
observed 1 3 MAR 2004 -51 Table 6 Resistance to soldering heat Drying tine
at 80C 39408040ME80IM ndMat 60§0-£ilm 790880G-rrahimosd t wahS QUERRvi e pl e
9000000C)light by wusing an exposure apparatus (product of ORC
5 Manufacturing Co., Ltd., Model HMW-680GW) through a negative
film having a pfescribed resist pattern and tightly superposed
on the coating film (irradiation dose: 350 mJ/cm’). Then, the
coating film was developed for 60 seconds with an aqueous 1%
sodium carbonate solution applied by spraying at a pressure of
( 10 2.0 kg/cm’ to dissolve out the unexposed portion. Thereafter,
the coating film on the board was thermally cured in a hot air
circulating drying oven at 150°C for 60 minutes. The resultant
test piece having the cured film was tested for the adhesiveness ’
resistance to soldering heat, PCT resistance, and resistance to
15 electroless gold plating. The testingmethod and the evaluation
method are as follows:
(12) Developability:
For the printed circuit boards which have been dried for
30 minutes, 40 minutes, 50 minutes, 60 minutes, 70 minutes, B0
( 0 minutes, or 90 minutes, the conditions of the coating films after
exposure and development were visually examined by using a -
magnifier. The results are shown in Table 4.
O: Development was perfect because the coating film was
removed during development.
25 X : Undeveloped portion having at least slight residue was

observed in development.



1000000-- C 4000---- ti onpara ve Conposition 5pp----- Exam le prﬁ»@ﬁij
(15) Water Absorption: A cured filmwas forned on a ceram c board (a

board) 5 of which weight was nmeasured in advance, under the sanme
conditions as descri bed above except that the drying tinme was 40 m nutes,
and the total weight was neasured. Thig9board was imrersed in -
dem neralized water of 22C for 24 hours and then weighed. The degree of

i ncrease in weight was regardeg gs thf 10 water absorption. The results
are shown in Table 7. 18 MAR 2 1828 Tabl e 7 Exanpl e No.Water absorption

(% 60.6(70.6 Conposition 80.8 ﬁﬁggﬁ%gﬁigq?
Drying time at 80°C
(min.) 30 40 50 60 70 80 %0
6 O O O X - - -
7 O O O o O X -
Composition
9 O O O O O O o
10 @) O O o O X -
( 4 O O O X - — -
Comparative
Composition 5 O 0O X - — — -
Example
6 O X —_ - - — -

(13) Adhesiveness:
The cured film on the test piece was incised like cross-cut
5 in the shape of squares in a go board and then subjected to a
peeling test with an adhesive cellophane tape in accordance with
the method specified in JIS D 0202. The degree of separation
of the cured film after the peeling test was visually examined.
The results are shown in Table 5. Incidentally, the test piece
10 which could not be developed was not evaluated.
©: 100/100 and absolutely no peeling of the cured film
O: 100/100, but slight peeling in the cross-cut portions
A 50/100 - 90/100
X: 0/100 - 50/100



100.6 Com tive 42.0 ar p a Conposition 51.7 Exam |e p62.3 (16) PCT

Resi stance: The PCT resistance of the cured filmwas measured under Wi Bl
conditions of 121C, saturation, and 50 hours and eval uated on the
following criterion. The results are shown in Table 8. Incidentally, the
test piece which could not be devel ope'ip was not evaluated. 0: No ;
di scernible blister, separation, or discoloration of 10 the cured film
observed 0: Slight blister, sepaf.;igiggj or discoloration of the cured film
observed X_: Blister, separation, or discoloration of the cured film

observed |13 MAR 2004 -53 Tabl e 8 RidsResdst ance
Drying time at 80°C
(min.) 30 40 50 60 70 80 90
s | el o | o | -| -| -] -
7 ©) © © © © - -
Composition _ _
Evanple s ||| o o e
9 @) © © © © © ©
10 © @ © © @ - -
( 4 o) O O - - - -
- Comparative
Composition 5 O O — — — - —
Example
6 O - - - - - -

({14) Resistance to Soldering Heat:
A test piece was repeatedly immersed in a solder bath kept
5 at 260°C three times each for 10 seéonds in accordance with the
method specified in JIS C 6481 and visually examined the change
in appearance on the following criterion. The results are shown
in Table 6. Incidentally, the test piece which could not be
developed was not evaluated. Further, a flux according to JIS
10 C 6481 was used as a post flux (rosin type).
O: No discernible change in appearance
A: Discoloration of the cured film observed
X : Lifting or separation of the cured £ilm, or infiltration

of solder ohserved



Drying tinme at 80C 30405060708090 (min.) 6000---- 700000-- Conpositipmmar 2004
800000- - - Exanpl e 90000000 1000000-- C 4XXX---- ti onpara ve Conposition
S5pp----- Exam |le p6p------- (17) Resistance to Electroless Gold Plating:
The copper plane of a copper plated-throughhole printed 5 circuit board
having a prescribed pattern fornmed in.g@lvance thereon was surface-treated-
(surface polishing with the use of a roll buff No. 1200 (nmanufactured by

I shii Hyoki K. K.), subsequent jet-scrub polishing with the use of an
abrasive No. 270 (manufactured B9PL&nPi Hyoki K K.) , washing with water,

and dryi[ng). The reslTatant board was subj.eclted t0O coating, dryimng,
exposur e, devel opnent and ﬁ@ﬁ’tsitﬁ’bceltr?sﬂll%e #B®3tanner as descri bec
Drying time at 80°C
(min.) 30 40 50 60 70 80 90
6 O O O - - - —
7 O O O O G - -
Composition
Example 8 O O O O O - -
9 @) O O O O O O
10 O O O O O - -
( 4 O @) O - - - -
Comparative
Composition 5 FAN FaX - — — - -
Example
6 | A - - ~ — - -

(15) Water Absorption:
A cured film was formed on a ceramic board (alumina board)
5 of which weight was measured in advance, under the same
conditions as described above except that the drying time was
40 minutes, and the total weight was measured. This board was
immersed in demineralized water of 22°C for 24 hours and then
weighed. The degree of increase in weight was regarded as the

10 water absorption. The results are shown in Table 7. -
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(16) PCT Resistance:

ane tape and the peeling

bl Bbither any change i n appearance nor peeling
filmwas obsérved. 0: No change in appearance was observed,

served. X : The cured film
nd significant peeling of
El ectrol ess Gold Pl ating
in an acidi c degreasing

L- 5B manuf actured by

2. Rinsing: Imerse the

ft etching: Imrerse the
persul fate sol ution at

se the test piece in

d: Immerse the test piece
one mnute at room

in running water for 30
alyst: Imrerse the test

% sol ution of Metal Plate
C for 7 mnutes. )

The PCT resistance of the cured film was measured under the

the following criterion.

The results a

conditions of 121°C, saturation, and 50 hours and evaluated on

re shown in Table 8.

Incidentally, the test piece which could not be developed was

not evaluated.

(O: No discernible blister, separation, or discoloration of

10 the cured film observed

A : Slight blister, separation, or discoloration of the

cured film observed

X : Blister, separation, or discoloration of the cured film

observed



—

8. Rinsing: Imerse the test piece in running water for 3 m nutes. 1%ﬁ’?92%h
El ectrol ess nickel plating: Imerse the test piece in a nickel plat' 5”“
solution (an aqueous 20 vol.% solution of Melplate N -865M nanufactured by
Meltex Inc.) of pH 4.6 at 85C for 20 mnutes. 1 3 MAR 2004 - 55 10.

| mrersion in acid: Inmerse the test pi®te in an agqueous 10 vol. %sul furic
acid solution at roomtenperature for one mnute. 11. Rinsing: Imrerse the
test piece in running water forT§8 sgconds to one mnute. 5 12.

El ectrol ess_gold plating: |merse }ﬁe test piece in a gold plating

sol ution| (an aqueous solution o s¥9£ %of Aurolectroless UP
manuf act yred by Meltex | nc, and VO .a&aof gold potassiumcyan|de) of pH
6 at 95C f Grying taemat 88°C 13. Rj nbing: || rlse .t he test] pj.ece in [unning
water fol 3 nirwiney. 14. Hi ng n \?mgtf %‘ta vva?&er ?ﬁm?g theéo?est piece in
hot water at 60C for B minutes.|Afder qﬂffchgn washing W th water
~thorough{drai ning, andl.dryiing,” an_eleq¢trol gss gold pldted tlest lece is
obt ai ned} 15 Tabl e 9 Respkstlance {o @l ¢ctmollesg gpl ¢ypllating Dryipg tine at
80C 30405069;8§ (m p—g606 +04000- corpos-t-ilon—8QOO00.
e 59%9“’“ sl o|loflo|oflo]| -|-
Xamp le
9 O O O O G @) O
10 O O O O O - -
4 X X X - - — —
Comparative
; Composition 5 A A - - — — —
‘ Example
6 A - - - - - -

(17) Resistance to Electroless Gold Plating:
The copper plane of a copper plated-throughhole printed
5 circuit board having a prescribed pattern formed in advance
thereon was surface-treated {(surface polishing with the use of
a roll buff No. 1200 (manufactured by Ishii Hyoki K.K.),
subsequent jet-scrub polishing with the use of an abrasive No.
270 (manufactured by Ishii Hyoki K.K.), washing with water, and
() drying). The reslatant board was subjected to coating, drying,
exposure, development and heating in the same manner as described
above to thereby give a test piece. By using this test piece,
electroless gold plating was effected by the method as specified
below. Then the test piece was examined as to the change in
15 appearance and subjected to a peeling test with the use of an
adhesive cellophane tape and the peeling conditions of the cured
film were evaluated. The results are shown in Table 9.

Incidentally, the test piece which could not be developed was



Exanpl e 90000000 1000000-- 4XXX---- Conparative Conposition 500 ---1g NN‘%DL
Exanmple L~JX------- By using a capton sheet (thickness: 25 pm in place o

the 10 MAR 2004 -56 copper pl ated-throughhole printed circuit board haV|ng
a prescribed pattern forned in advance thereon, the photocurable and

t hermosetting conposition was applied-bHereto and cured in the sane nmanner
as descri bed above and tested for flexing 5 resistance, folding endurance,
erxibiIit , ang m%rﬁage. (18) Flexing Resistance This property was
evaluatéﬂj' Hechifaghce with the method specified in IPC—SN¥84OB ™. 4 29

under the co 1/8 .inch dianeter and 10 ¢ follo
criterion. W %‘I(? q:Shs(;'[ﬁt fOY,FRADHS AT APPRAT NG A9 T 2 yﬁf“.ﬁ&"tr

piece wWpGh ¢24! gr88L-vog .devel oped was not evaluated 0 Absence of crack
in the cured filmA Presence of slight cracks in the cured film X

P f E
Presence of glacks ichdis cbhedobeifalid Wbhe BBsEUA0 ERSLEHARILSY N0

5 peeling of the cured film was observed.

X : The curedlfilm suffered from lifting and plating
penetration, and significant peeling of the cured film was
observed in the peeling test.

Electroless Gold Plating Process:

{ .0 1. Degreasing: Immerse the test piece in an acidic degreasing
solution (an aqueous 20 vol.% solution of Metex L-5Bmanufactured
by Japan MacDermid Co., Ltd.) at 30°C for 3 minutes.

2. Rinsing: Immerse the test piece in running water for 3 minutes.
3. Soft etching: Immerse the test piece in an aqueous 14.3 wt.%

15 ammonium persulfate solution at room temperature for 3 minutes.
4. Rinsing: Immerse the test piece in running water for 3 minutes.
5. Immersion in acid: Immerse the test piece in an aqueous 10
vol.% sulfuric acid solution for one minute at room temperature.
6. Rinsing: Immerse the test piece in running water for 30 seconds

-0 to one minute.

7. Introduction of catalyst: Immerse the test piece in a catalyst -
solution (an aqueous 10 vol.% solution of Metal Plate Activator
350 manufactured by Meltex Inc.) at 30°C for 7 minutes.

8. Rinsing: Immerse the test piece in running water for 3 minutes.

25 9. Electroless nickel plating: Immerse the test piece in a nickel
plating solution (an agueous 20 vol.% solution of Melplate
Ni-865M manufactured by Meltex Inc.) of pH 4.6 at 85°C for 20

minutes.



6000---- 700000-- Conposition 800000--- Exanple 90000000 1000000- - 18 Mar 2004
| 4XXX---- Conparat ve Conposition 5XX----- Exam l|e p6Q----- (19

Fol di ng Endurance: 1 8 MAR 2004 -57 The test piece was fol ded 180 over

itself while positioning the cured fil moutside and evaluated on the
following criterion. The results are-$hown in Table 11. Incidentally, the
test piece which could not be developed was not evaluated. 5 0: Absence of

crack imghergiepdibh!l fhlacifh e§ﬁﬂﬁ%§'s abI Hd %%t%gﬁ%%se { thgﬁc%r%j‘gﬁfl X:

Presence of cracks In the cured ng €en time
at 80C IHSPHUWOEPO: acid solution at room temperature for one minute.

11. Rinsing: Immerse the test piece in running water for 30
seconds to one minute.

5 12. Electroless gold plating: Immerse the test piece in a gold
plating solution (an aqueous solution of 15 vol.% of
Aurolectroless UP manufactured by Meltex Inc. and 3 vol.$% of gold
potassium c¢yanide) of pH 6 at 95°C for 10 minutes.

13. Rinsing: Immerse the test piece in running water for 3
{ 0 minutes.

14. Rinsing with hot water: Immerse the test piece in hot water

at 60°C for 3 minutes. After sufficient washing with water,

thorough draining, and drying, an electroless gold plated test

piece is obtained.

15 Table 9
Resistance to electroless gold plating
Drying time at BO°C
. 30 40 50 60 | 70 80 90
(min. )
s |lo]lo|o| -} -|-]-
7 O O o O O - -
) Composgition _ _
A sl o]Jo|o| oo _
9 O O O O O O O
10 O o O O O - -
4 X X X — - - -
Comparative
Composition 5 A A - - - - -
Example
6 x - - - - - -

By using a capton sheet (thickness: 25 uym) in place of the



(mn.) 6000---- 700000-- Conposition 800000-- Exanple 90000000 10009QQQ4AR 7004
AXXX- - - - - Conparative Conposition 5XX------ le E xanp60------- 10 (20)
Flexibility: This property was evaluated in the same testing method and
criterion as those of (6) flexibility nmentioned above. The results are
shown in Table 12. Incidentally, the te86-piece which could not be

devel oped was not evaluated. 10 MAR 2004 -58 Table 12 Flexibility Drying

time at GG40598049809% P009Rno1e 0320t ea TR OBod2A 00y Bam! €
prescribed pattern formed in advance thereon, the photocurable
and thermosetting composition was applied thereto and cured in
the same manner as described above and tested for flexing
5 resistance, folding endurance, flexibility, and warpage.

(18) Flexing Resistance |

This property was evaluated in accordance with the method
specified in IPC-SM-840B TM2.4.29 under the conditions of 1/8
inch diameter and 10 cycles on the following criterion. The

( 10 results are shown in Table 10. Incidentally, the test piece

which could not be developed was not evaluated.

O: Absence of crack in the cured film

A: Presence of slight cracks in the cured film

X: Presence of cracks in the cured film

15 Table 10
Flexing resistance
Drying tine at 80°C 30 | a0 | s0o | 60 | 70 | 80 | 90
(min.)
slolo|lo| -|-1-1-
7 O O O O O - -
Composition _ _
Exarple 8 O o O O O )
9 O O O O O O O
1w} O O O O O — -
4 x x x - — — —
Comparative
Compositicn 5 X X - - - - —
Example
6 A - - - - - —

(19} Folding Endurance:



90000000 1000000-- 4XXX---- Conparative Conposition 5XX------ Exan11|@pgﬁzmﬂ
p6A------ (21) warpage The cured filmwas cut into the size of 150 X 1

nm The 5 heights of the four corners fromthe bottom surface was neasured
and their average value (hereinafter referred to as "four corners average
val ue") was cal cul ated. The war page wad®7eval uated on the follow ng :
criterion. The results are shown in Table 13. Incidentally the test piece

whi ch coul d E‘BEJ?% }"e%]é’& s"‘%lg%% i}ﬁb"e&%i’a{f@é’elP wh g8eitivnly

aver age val ue'i e four cornéers avera e value

| ess thagy b c'H’EéH"hl‘nPéﬁtE'l@ré éﬁd”@&aiﬂaai@ﬁ SRWhE FAA i f}}geE:i‘Q%e‘ffi'olhe s
not Iess than 12 mm or 1 npossible to neasure because of” curling. 18 MAR
2004 - 59rHalesulB: 4 ar\éﬁl’slﬁ@% Payras1bi ne, atr ROLd3R4020907088% kst piece
which could not be developed was not evaluated.
5 O: absence of crack in the cured film

A: Presence of slight cracks in the cured film

X : Presence of cracks in the cured film

Table 11
Folding endurance
( Drying 1(;1;; ?t 80°C 10 40 50 60 70 80 90
6 O O O - - - -
7 O O @) O O - -
Composition - -
Example 8 © © © © ©
s 1 Ol Ol O} O] O] OFfO
10 O O O O O - -
4 X X x - - - -
Comparative
Composition 5 x X = - - - B
Example
6 A - - - - - -

10 (20) Flexibility: -
This property was evaluated in the same testing method and
criterion as those of (6) flexibility mentioned above. The
results are shown in Table 12. Incidentally, the test piece

which could not be developed was not evaluated.



(min.) 6000---- 700000-- Conposition 800000--- Exanple 90000000 10FCObEJUAR 2004
C 4XXx---- 1 onparat ve Conposition 5xx------ Exam |e p6A------ (22)
Electrical Insulating Properties: By using a B pattern of a printed circuit
board (thickness: 5 1.6 mm specified by IPCin place of the copper

pl at ed- throughhole printed circuit bgﬁrq having a prescribed pattern

formed i n advance thereon, the photocu gble and thernosetting conposition
was applied thereto and cured in the sane manner as descri bed above. The

el ectrical insulating properti eBabbleth2 10 resultant cured fil mwas

eval uat e ' ' i i i Fen-

. : erature
85C, hum|dity 85%R H., applied wietidgeityOOV, 500 hours Measurengnt
conditionfjﬂ§§? cnent -t reT 60—secondsy—appirted

ﬂﬁéﬁ% 80™C 30 40 50 60 70 80 90
(min.)
6 O O O - - - -
7 O O O O O - -
Composition
Example 8 O O O O O - -
9 O @ O O O O @)
10 O o | O O O - - -
f 4 X X X — - - —
Comparative
Composition 5 X X - - - - —
Example
6 A - - - - - -

(21) Warpage
The cured film was cut into the size of 150 X 110 mm. The
5 heights of the four corners from the bottom surface was measured
and their average value (hereinafter referred to as "four corners
average value") was calculated. The warpage was evaluated on
the following criterion. The results are shown in Table 13.
Incidentally, the test piece which could not be developed was
10 not evaluated.
(O: The four corners average value is less than 6 mm.
A The four corners average value is not less than 6 mm and
less than 12 mm.
X : The four corners average value is not less than 12 mm

15 or impossible to measure because of curling.



vol tage 500V 15 The results are shown in Table 14. InC|dentaIIy, the tepian 200
pi ece which could not be devel oped was not evaluated. O: Insulation

resi stance after noistening is not |ess than 16 MAR, 2004 -60 109 Q and no

m gration of copper is found. LL : Insulation resistance after noistening

Is not less than 104 S2, but mgratioem9gof copper is found. X : Insulation
resi stance after noistening is not nore than 5 10' S2 and m gration of

copper is found. Table 14 Electrgial |nsulat|ng properties Drying tinme at

80C 30405060708090 (mn . ) 60 88ble 1300000- - Conposi ti on 800000 - Exanpl e
90000000 {I000000- - 4000----- Lonparatlve conposition 500------ Exam le
P60 - - - - - - Warpage
Drying time at 80°C
(min.) 30 40 50 60 70 80 90
sl olojo | - -]-1]-
7 O O O O O - -
Composition
Enomple slojo|lo]oflo]| -|-
9 O O O O O O O
| O O O O O - -
( 4 X % X — - - -
Comparative
Composition 5 X X - — - — -
Example
6 A - - - - - -

(22) Electrical Insulating Properties:
By using a B pattern of a printed circuit board (thickness:
5 1.6 mm) specified by IPC in place of the copper plated-
throughhole printed circuit board having a prescribed pattern
formed in advance thereon, the photocurable and thermosetting
composition was applied thereto and cured in the same manner as
described abowve. The electrical insulating properties of the
10 resultant cured film was evaluated on the following criterion.
Moistening condition: temperature 85°C, humidity B5%R.H.,
applied voltage 100V, 500 hou;s
Measurement condition: measurement time 60 seconds, applied
voltage 500V
15 The results are shown in Table 14. Incidentally, the test

piece which could not be developed was not evaluated.

Q: Insulation resistance after moistening is not less than



I ndustrial Applicability As described above, since the carboxyl 1 & MAR 7004

group-containing 10 photosensitive resin of the present invention exhibits
the flexibility and elongation inproved by the chain extension of a
phenol i ¢ novol ak resin caused by an addition reaction of an al kyl ene oxi de
thereto and contai ns unsaturated groupggand carboxylic groups introduced -
to the termnals of the respective 15 side chains by the addition of an
unsat urat gd group-contai ning nonocarbxylic acid and the addition of a

pol ybasil® act RR2AN)Er R4 ratd.athe e RPPREF ok§ fguddps caused by the addition
reaction of 8_NARI%&§4.-GH t he al k Iggg oxi de, the resin exhibits inproved
reactivity aftd TDIHWRELIPR [HIHIEINOR BFLAr RELIC-PREALCES MRL Agss than

wel | - bal.anc eat resi st.ance and toughness at a high level, excelling in
har dness anSPTIQQ?bPFﬁﬁﬁiﬁﬂﬂi rﬁ?ﬁ??ﬂglﬁu%QPgﬁding water 5 resistance and

Fur her mor e, o) RE8 (e 1o EFERERAGe Telbd I Mo fLRact S SURGK cpaa

devekopngytt QM {4y aRi §aHeqWs oA kAldpsP! Pt i paynhccordingly, by the use of a
phot ocurabl e and thérnosetting c ﬁ%05|t|on contai ning the carboxyl -group A

cont ai ni ng photosensitive resi pabflet h@ present invention, it is possible
to form g—et+ed—++-m-excel--nrg—r—vari-odus-—properties—such-as—adhesi veness,
resi stange to sol deri ng Eleatricaksasilairiag préperizsst ur e absor ptiofp, PCT

1 1 1 | =SV

n ot oo ~

resi st ange rstat t tecttoless—gotg—ptati+ FexReg—+e4i st ance
. D ting'atgoec [ Y > g 1 J . ’
fol ding [L5 efr\(gﬁtﬂ'(g_nc , Tlexipibdty, 4oval page,| and |elzctyieal |i asullating
propert i ps—at—a—+ew-ecost—wh—gh—-prdductipvi-ty-+——Accprdingly 4 he
conpositjon is not only wsapl © ag an Wl tpayi ol-et]-curapl e type-pfinting ink
Wh{i ch isjcured by the lse f the active egergy lrays or ot her ugage but
al'so useful as a GO solger| resibt oah eyching rieshstf a plating resist and
an
Composition
Example 8 O C O O o - -
g O O O Q O O
10 O O O O O - -
4 O O O - - - -
Comparative
Composition 5 O O - — - - -
Example
6 O ~ - - - - -

Industrial Applicability
As described above, since the carboxyl group-containing
10 photosensitive resin of the pres.ent invention exhibits the
flexibility and elongation improved by the chain extension of
a phenolic novolak resin caused by an addition reaction of an
aikylene oxide thereto and contains unsaturated groups and
carboxylic groups introduced to the terminals of the respective
15 side chains by the addition of an unsaturated group-containing
monocarbxylic acid and the addition of a polybasic acid anhydride

to the end hydroxyl groups caused by the addition reaction of



interlam nar insulating material to be used for the manufacture of a1tg MAR 2004
printed circuit board, a permanent mask to be used for the manufacture of

a tape carrier package, a resist for a flexible circuit board, a resist

for a color filter and the like. Further, 25 since the photocurable and
thernosetting conposition of the presgpt. invention exhibit little warpage
after curing, it allows easy mounting of parts or chips on the flexible
printed circuit board or tape carrier package. Mreover, it is possible to

| 18 Nmﬂelez@dk&plrmdbu%fc*@lh‘posesi@rﬁ&hlbbﬁﬁcb@pronedonpacmmm anda

liquid p%A¥|n1de I nk heretofore used. 1 8 MAR 2004 -63 CLAIMS 1.
(Amendedyl &Rk ProfBapieancd & @rﬁﬁbﬂ§ﬁﬂﬂﬁ§|R&V1$%§W%lbbbalﬁé§eﬁy

d | d h
ﬁggﬁﬂgﬁi%ﬁﬁégi%’ﬁgﬁﬁ SR AhA el ia  BER A8y g S atkihend tox | de
b d d d d th | t ant
ﬁeéc? |non et | SR | Plex foBTNRAS GndP é‘h?je Velddy ok eand dd'vyntet | 2"
h f |
the 98 Ofs B3¢0 Am?P 3k ¥ fce %o -gheertﬁiécinﬁ,y 198 %sa‘?urat , the

photosen3|t|ve resin accordlng to cla ereln's

gr oup- CHAi i Nk eM®NORAN bOXlH€h@EmSrey) 5$nder ykhe aﬁleglandh% end
nmet hacrylic acid and. 3. The carboxyl group-containing photosensitive resin

15 accorgdirtptyl Lt agpolipsyhdneial bawsl the pekgbapneraciwh ethhydr hdaebl)s is
an alicyclic dibasic acid anhydride. 4. The carboxyl group-containing
phot oserslikd e scelgithion. Accordingly, by the use of a photocurable and
thermosetting composition containing the carboxyl group-
| 10 containing photosensitive resin of the present invention, it is
possible to form a cured film excelling in various properties
such as adhesiveness, resistance to soldering heat, resistance
to moisture absorption, PCT resistance, resistance to
electroless gold ©plating, flexing resistance, folding
15 endurance, flexibility, warpage, and electrical insulating
properties at a low cost with high productivity.
Accordingly, the composition is not only usable as an
ultraviolet-curable type printing ink which is cured by the use
of the active energy rays or other usage but also useful as a
20 solder resist, an etching resist, a plating resist and an
interlaminar insulating material to be used for the manufacture
of a printed circuit board, a permanent mask to be used for the
manufacture of a tape qarrier package, a resist for a flexible
circuit board, aresist for acolor filter and the 1ike. Further,
25 since the photocurable and thermosetting composition of the
present invention exhibit little warpage after curing, it allows
easy mounting of parts or chips on the flexible printed circuit

board or tape carrier package. Moreover, it is possible to




according to claim1, wherein the ratio of addition of the alkylene ?ﬁhﬂ@ :
(b) to the phenolic novolak resin (a) is in the range of 0.3 to 10.0 ng 2004
per one equival ent of a phenolic hydroxyl group of the phenolic novol ak
resin (a). 5. (Deleted) 6. An al kali-devel opabl e, photocurable and

t hernosetting conposition, characteri-®2 by conprising (A a carboxyl 25 -

gr oup- cont ai ni ng photosensitive resin obtained by reacting an wunsaturated

gr oup- cont ai ni_ ng nocar boxyl.i c aci d with a reaction product (c) of a

(d ! .
Dhenol | PHONBF e RRCraRPas LigmA c1bomko ot Ranba kyFeRavbRh b iy Hhd
further g _a.pel ybasi.c acid anhydride (f) with the resultant
reacti orécgﬁg%gge( é‘?ﬁ( 2{6 eatog?]B?oBBF rerization initiator, and (D) an
epoxy resin. 7. An al kali-devel opabl e, photocurable and thernosetting 5
conposition, characterized by conprising (A) a carboxyl group-containing
phot osensitive resin obtained by reacting an unsaturated group-containing
nonocar boxylic acid (d) with a reaction product (c) of a phenolic novol ak
resin (a) and an al kyl ene oxide (b) and further reacting a pol ybasic acid
10 anhydride (f) with the resultant reaction product (e), (B) a
phot osensitive (neth)acrylate conpound, (C) a photopolynerization
initiator, and (D) an epoxy resin. 8. The photocurabl e and thernosetting
conposition according to claim6 or 7, further conprising (E) an organic
15 solvent. 9. The photocurable and thernosetting conmposition according to
claim6 or 7, further conprising (F) a curing catalyst. 10. The
phot ocur abl e and thernosetting conposition ,0 according to claim®6, which
cont ai ns the phot opol yneri zati on -

{



initiator (C) in an anmount of 0.5 to 25 parts by weight and the epoXxyy g MAR 2004
resin (D) in an anmount of 10 to 70 parts by weight, based on 100 parts by

wei ght (as solids) of said carboxyl group- containing photosensitive resin
(A). 25 11. The photocurabl e and thernosetting conposition according to
claim?7, which contains the photosenst6B+e (neth) acrylate conpound (B) in
an anount of not nore than 5 0 parts by weight, the photopol ynerization
initiator (C) in an anount 18 MAR 20 ﬁ~ -65 of 0 .5 to 25 parts by weight
and the epoxy resin (D) in an anpount BtMP0 to 70 parts by weight, based on
100 parts by weight (as solids) of said carboxyl group-containing

phot osensitive resin (A) 5 12. The phot ocurabl e and thernosetting

conposi tion jace¢apdindd:do ' i nt.aj i ' l; F)
T an amount - of SBereRd 0 B AL ERR Rl e PO SO e )
(as sol ifsgi®f obtiad nel bBiY|rHOkIPn §ORA @h@gtuEE@e@Setﬁ‘%&by@oﬁﬁﬁ'iﬂiﬁﬁ- -0
13. The phot ocurabl e and thernosetting conposition according to claim9,

furtéer moompra sbhogy athci amigand cwiithl @rrdavt fon praaic®i cilot @ gAenpafls by
wei ght, based on 100 parts by weight (as solids) of said carboxyl
gr oup- comed I ngestot(egensid ancalkglané)xidé () aftk fphrdhecurebbe iaed
thernnsetting conposi tion according to claim9, further conprising at |east
one conpouR@lyBapaet eaf id opndiye p{ Ednsiigth nghef ressditgintgreagetiiona
t her mal IFO nerization.én i bitor, a. thickening agent, an anti-foam ng
agent, & % i hgetdt COSPPgAL WEUEESHE BGddng an agid,vad us dduct
obt ai ne L ng_th p? t abl t hernosetti ng conposition
accordiﬁgﬁ¥d%%P%$n?% gP %bagﬁégﬁéqgﬁgﬁgrradiation of active energy rays -
and feating.; rThe carboxyl group-containing photosensitive resin
according to claim 1, wherein said.unsaturafed group-containing
monocarboxylic acid (d) is acrylic acid and/or methacrylic acid
and.

3. The carboxyl group-containing photosensitive resin

15 according to claim 1, wherein said the polybasic acid anhydride
(f) is an alicyclic dibasic acid anhydride.

4. The carboxyl group-containing photosensitive resin
according to claim 1, wherein the ratio of addition of the
alkylene oxide (b) to the phenolic novolak resin (a) is in the

20 rangeof0.3to10.0mols per one equivalent of a phenolic hydroxyl
group of the phenolic novolak resin (a). -

5. {(Deleted)

6. An alkali-developable, photocurable and thermosetting
composition, characterized by comprising (A) a carboxyl

25 group-containing photosensitive resin obtained by reacting an

unsaturated group-containing monocarboxylic acid (d) with a

reaction product (c) of a phenoclic novolak resin (a) and an
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alkylene oxide (b) and further reacting a polybasic acid
anhydride (f) with the resultant reaction product {(e), (C) a
photopolymerization initiator, and (D) an epoxy resin.

7. An alkali-~developable, photocurable and thermosetting
composition, characterized by comprising (A) a carboxyl
group-containing photosensitive resin obtained by reacting an
unsaturated group-containing monocarboxylic acid (d) with a
reaction product (c) of a phenolic novolak resin (a) and an
alkylene oxide (b) and further reacting a polybasic acid
anhydride (f) with the resultant reaction product (e), (B) a
photosensitive (meth)acrylate compound, (C) a
photopolymerization initiator, and (D) an epoxy resin.

8. The photocurable and thermosetting composition
according to claim 6 or 7, further comprising (E) an organic
solvent.

9. The photocurable and thermosetting composition
according to claim 6 or 7, further comprising (F) a curing
catalyst.

10. The photocurable and thermosetting composition
according to claim 6, which contains the photopolymerization
initiator (C) in an amount of 0.5 to 25 parts by weight and the
epoxy resin (D) in an amount of 10 to 70 parts by weight, based
on 100 parts by weight (as solids) of said carboxyl group-
containing photosensitive resin (A).

11. The photocurable and thermosetting composition
according to claim 7, which contains the photosensitive
(meth)acrylate compound {(B) in an amount of not more than 50 parts

by weight, the photopolymerization initiator (C) in an amount

=3

1004
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of 0.5 to 25 parts by weight and the epoxy resin (D) in an amount
of 10 to 70 parts by weight, based on 100 parts by weight (as
solids) of said carboxyl group-containing photosensitive resin
(A).

12. The photocurable and thermosetting composition
according to claim 9, which contains the curing catalyst (F) in
an amount of 0.1 to 20 parts by weight, based on 100 parts by
weight (as solids) of said carboxyl group-containing
. photosensitive resin (A). -

13. The photocurable and thermoéetting composition
according to claim 9, further comprising an inorganic filier in
an amount of 10 to 300 parts by weight, based on 100 parts by
weight (as solids) of said carboxyl group-containing
photosensitive resin (A).

14. The photocurable and thermoéetting composition
according to claim 9, further comprising at least one compound
selected from the group consisting of a coloring agent, a thermal
polymerization inhibitor, a thickening agent, an anti-foaming
agent, a leveling agent, and a silane coupling agent.

15. A cured product obtained by curing the photocurable and
thermosetting composition according to claim 6 or 7 by means of -

irradiation of active energy rays and heating.



