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PREPARATI ON OF PRI NTED Cl RCUI T BOARD USINé THE COMPCSI TI ON Thi s i nvention

relates to a nmethod of preparlng a prlnted CIrCUIt board by using an =« ,
aqueous phot osensi t IAQUEQ DSE ' L T3 preparing

specific aqueous photﬁﬁgﬁihm@mr Q%,é_kﬂ”&&ﬁi témﬂﬁcﬁ?%f'c agueous
phot osensitive conpos ore, preparation of a printed
circuit board, gen&@EENIED; axm-5-=-3“ : -USING, THE GOMPOSITIONt ed on a

| ami nat ed board which has been lined with an electrically conductive metal
foil such as a copper foil. The coated board is then irradiated with ,
actinic light through a negative and devel oped. Then, unnecessary portions
of the netal foil Thi® inveptéomsrelates {a & gakhog ©f PrEPAHALE cui t

pattern, areﬁtﬁt&ha@ﬁéaftpheaeaew h's\i ?fldriﬂalqlile%ﬁfsl pped. The result is
a printed C|r uit on | am nat ed

d itself acts as an
i nsul at or . ?ﬁﬂﬁ?ﬂﬁ&%?Y?v€e§FPnFB§EHS1ﬁ1§ﬁbﬁﬁ?F %%qqsoFélrly t hi ck,
aﬂds- 20 prepﬁﬁiﬁ@lggéglftauaqaepusbbhm&osamblaivéemeeaaed shar pness of
the circuit p er 0 d nt,
Cdifficulty of°a°“¥r¥°‘?£1 ‘éfgg;oa %ﬁ?{%kjh %ggg’gﬁt g@g g%\égkgg, e netal foil
and hi gh coskxmme$m£¥¢mﬁosenS|t|ve f||n1. Anot her net hod 25 of
preparing a printed circuit board is to coat a |liquid photosensitive resin
conposition directly on a substrate and dry it to forma photo-curable
coating. Since the photosensitive resin conposition used for thi,s purpose
I's dissolved or dinpestetora, aﬂnOtEénbﬁ'e@ﬁration ofolav piiintiedde or ganic

solvent will qreat qg emin_t mork envi r.qnoent nd;accordingly,
ool vent i1 Sheale Aol elubdeh 291’ Kh SUNRIR e 3N
10 coated on a laminated board which has been lined with {

<rCh

an electrically conductive metal foil such as a copper
foil. The coated board is then irradiated with
actinic light through a negative and developed. - Then,
" unnecessary portions of the metal foil, i;e., those
15 not forming part of the circuit pattern, are etched
and the photosensitive film is stripped. The result
" is a printed circuit on the laminated board. The
board itself acts as an insulator. The photosensitive
film used in such a method is fairly thick, and -
20 accordingly, causes problems such as decreased —
sharpness of the circuit pattern formed after the
irradiation and development, difficulty of uniformly ' e
coating the photosensitive film on the metal foil and
high cost of the photosensitive film. Another method
25 of preparing a printed circuit board is to coat a
ligquid photosensitive resin compoSition directly on a
substrate and dry it to form a photo-curable coating.
Since the photosensitive resin composition used for
this purposé is dissolved or dispersed in an organic
30 solvent, the organic solvent will create a problem in
the working environment and accordingly, this method
is hardly acceptable.



The preparatioh of a printed circuit board by the el ectrodeposition
technlque has attracted a trenendous attention in recent.years. Such a
nethod not only requires expensive facilities, but also has a problen15

t hat mai ntenance of the el ectrodeposition f|UId is difficult. It is an

- obj ect of the present invention to provide a nmethod of preparing a printed
circuit board by using an aqueous photoSefisitive resin conposition. 10 The

resin imge i s shpge 9Bép9§§t%adoﬁ€e§I @&%@:@d Qidkuad Board By Rthesol Ution
after. it has been irradia aQtlnlg %@; aggﬁ%fve3§% ed th water or
an aQueous a?k%??ﬁ%dEBPﬁ%Fbﬂn FGFPH%BH&r ass AR & M can be
had over theattestiodepasrecentlyeaeshni Gueh anahemxgpahmts(dnlqnts are not
required. Another asp nv hod of
prepari ng a,ﬁﬂ%?b£8ﬁ3§¥P$§5}63|ﬁgﬁgégg& advggéé e g%’ %ﬁt WOr Ki ng

envi ronngnt thatanhaintesanceoofethe Mﬁr&dmﬁwméﬂéu;ﬂ @drfecaut i ons 20

against fire L ogy the coating and drying steps, and does not require any |
sol vent recovery sienl Tﬁgﬂg?gsegt i nvention, provides a thod of

preparing an aqueous-pHR 02 TRgi B e3rBbs tRYBRTEARR cFCconpri ses
m xi ng or dmmmyidemp|meWh¢®rof2§repar1ng(a)prlatedrbquulgrbuprdontaining

resi N navi Al 4l difuBudphat S00ns B PUEDELS BHCERAROIRLESH . o7 Vol O

of 1,000 to ass transition enpera not | ower
t han[ er i}, \MHQH¥Qﬁ%ﬂrim%g%t¥$eﬁbaﬁal%n@ Bﬁﬁyﬁ??@ereﬁﬁﬁt§ﬁ€¢ #R0o38 acid

anhydri e gwm&%rbm@ §&1ﬁtﬂenoaﬂaefl Mt ha¥ebeen #Pralsqbel. anmoni a
or an ani ne, ajmpni a phot o- cur abl e

unsaturated (ﬁﬁﬁ??&ﬁﬂ*&ﬁ%ﬁ ? gn%eYﬁ£°g€8yVéﬁPcH%F§ruﬂ§a?ﬂrated bonds,
(d)  aapheioyolyiwslinei solabibhat oOFurhermore, shenipyeahton furt her

or vl des a0 e, Rgh OSE5HA  HEar 832 ERIPETobL2BalibERe SIPT S

technique, and organic solvents are not required.

15 _ :
Another aspect of the present invention is that

this method of preparing a photosensitive resin has no
adverse effect on the working environment or natural
environment, does not require safety precautions
against fire during the coating and drying steps, and -

20
.does not require any solvent recovery system.

The present invention provides a method of preparing
an aqueous photosensitive resin composition which comptrises
mixing or dispersing in water:

25 (a2) a carboxyl group-containing resin having an
acid value of 20 to SOO,'a number average molecular weight
of 1,000 to 100,000 and a glass transition temperature (Tg)
of not lower than 0°C, whiéh resin is styrene maleic
anhydride copolymer whose acid anhydride groups have been

30 ring-opened with water, an alcohol, ammonia or an amine,

"~ (b) ammonia or an amine compound,' _
. te) a photo-curable unsaturated compound having at
Teast two ethylenically unsaturated bonds, and
(ay a photbpolymerization initiator.

35 The invention further provides an aqueous

photosensitive resin composition which comprises:



-3- (a) a carboxyl group-containing resin having an acid value of 20 to
500, a nunber. average. nol ecul ar wei ght of 1,000 to 100,000 and a gl ass
transition tenperature (Tg) of not lower than [err], which resin is styréne
mal ei ¢ 5 anhydri de copol yner whose aci d anhydri de groups have been
ring-opened with water, an alcohol, amgpn a or an am ne, (b) ammoni a or
an am ne conpound, (c) a phot o-curabl e unsaturated conpound havi ng at

Iﬁast t}NO et hyl qai)cal layqartwm?_@%_u@omtaamn@ofresin heing déh hod
phot opol yner,izati.on initjator. e invention yet further ovi des met ho
of prepar Iaﬁ&dévﬁrllur‘?t é>3§ czior & tsac?garad %?ﬁ%ﬁ? &%%%ﬁQrﬁ(eq_ﬁﬂa’éo‘ﬁ??‘ﬁ Lan <y
aqueous pbdt asend tHo/a0EI00 corbasiglisms Wiranisidoipt i tsempeddture (Tgfa) = a

car boxyl -C Wl esd A hagw 3cisd, V. ] 500, a nunber
aver age moTolttan Gt isbel o dHH gBAE b R edfe on

t enper &t upahyPa)idst geRolymex whege [aid anhydridenaweupsrhaye dneen
compound, rg.gg-opened Glith Qv O-HHARI NS ARl SPMRRUadihavi ng at

| east two ethAyl énicall'y unsaturated bqnds, anc (dg a phot opol yneri zati on
initiator on an (sul AMERLiePT AR @HAS FETRP ctrically conductive

nﬁtal | ayer thgyegn_ta b@@mbapm&engcum&htﬁra@@d!aﬁmﬁahﬁ? haviﬁé)?t ﬂrying
t he coatigg; i wi se i.rradiating the coating w actinic light;

(4) devig %n&%&%gﬁqucq]ﬁ% WRahYrarsg l'{dalgt'er'z" an_aqueous

al kal Loe sol uti dd) ana Pphotopolyfmexizattion rnpipdetticans of the electrically
conductive netal,la - N d RIS | J aci dic etching
solution. The cgrhﬁoﬁ&%e%% é%%’t al'_ni g%rfg’;&rﬁ%ﬂai nqn%gg?&prcg%ent I nvention
has an acP¥epapiacfa PrindssbEincuviinthearss whilch grmpmisesd ar wei ght  of
1,000 to 100, 00Qg)and cadatdngf aRObquedtst bRbtbaehkiti\We-ddig, acid val ue iE:

| ower than 20, . | _ . _
: composition which comprises: '

15 (a) - a carboxyl group-containing resin having an
acid value of 20 to 500, a number average molecular weight
of 1,000 to 100,000 and a glass transition temperature (Tg)
of not lower than 0°C, '

(b) ammonia or an amine compound,

20 - (c) a photoaCurable unsaturated compound having-at
least two ethylenically unsaturated bonds, and
.- o (d) a photopolymerization initiator on an
insulating substrate having an electrically.conducEIVé
metal layer thereon to form a photo-curable coating;

25 - (2) | drying the coating; _

_ (3) imégeWise'irradiating_the coating with actinic NS
light; | |
_ (4) developing the coating thus obtained with water
' or an aquéoﬁs alkaline solution; and , _

- 30 . (5) etching portions of the electricaily_conductive.
metal layer other than image portions with an acidic '
etching solution. |

The carboxyl group-containing résiﬁ used in thei
present invention has an acid value of 20 to 500, a number

35 average molecular weight of 1,000 to 100,000, and a Tg of
not less than 0oC. When the acid value is lower than 20,
its affinity to water will be decreased even in the
presence of an amine compound, and thus, it is



its affinity to water will be decreased.even in the presence of an anine
conpound cand thus, it is difficult to obtain the aqueous photosensitive
resih composition of the present invention. On the other hand, when the
acid val ue exceeds 500, it will be difficult to obtain a clear inage by
devel opmrent with 5 water or an aqueous alkallne sol ution because its
affinity to water is too high. Wen the 4nunber average nol ecul ar weight is
| ess than |, 000, the mechanical strength of the unexposed photosensitive
resin coatlﬂgfmpnlﬁetd’e&be@é@d then aqueeuso RNAtPSARS LR %8818y danmged

I nl t{l,el i 11 agdbi ?Qﬂtibﬁgofl%eg éyéwh 1|i1ﬁﬁ2ﬂ\ti\ld”tﬁnf tdiﬁ thehethawrer age

mol eCul ar we exceeds t he viscosity of the tosensitive resin
conposi ti onhwqﬁlr UE‘ePeﬁ"ﬁ‘rem?(ﬂlf Vlﬁér"@a dﬁ& “%lpor'esjtﬁt fﬁ:ep%ll ssol vi ng or

m xi ng st epaigrienatl todicbtadm ta mlmg&mwwmpmamt neitt || be

I ncrease Tg_of the carho s o | ower than
[err] te%dsw?‘gan Feile atq!ileeout% )c%ll%aglg‘ fsq}qhe phot ose}gél i%srem n
cg{rppm 1a| gnaﬁﬁdna&ysé:p wyaheshlismtioo tmjh-r r dBien ithe e . Resi ns
obt ai ned by r aqﬂgemn an

unsat ur at ed® %%%%hé%&%dﬂﬁc %ﬁ&?qacrlﬁﬁégqaeﬁﬁ iés‘%dé? ene,

(met h) acry| mechanieadr staenath Rf %Bﬁ%alnlng

resins suchrggip SoWtamy WHAl %@Méa&d) Iaﬁwrﬂi’é adswsﬁx@cmdyanhydrl de
groups have_ been r.i opened watgareter aJcoh nig or an an ne
can be tfcl B&e&%lﬁgm eegraﬁa g p=ednt ai ni ng

resin used bghklte handsenhemva immber prverage anqntecnmmwergmt board. 30

Al t hough an conventltagieladr d’;\l Cﬁ_{g)l&lggc&iq&er r eﬁg éj 6@09&?@1{:{\‘79.6‘0' ’d

anhydri de g I's pre Sse a primary or
sesendary at'eslml aﬂm&mn‘hm ildadee wemarkahly ingreased: hy2sat cohol ,

result, the dissolving or mixing step 1s more

15 difficult, and also the developlng time will be
1ncreased. The Tg of the ‘carboxyl group-contalnlng
resin of lower than 0°C tends to increase the _
stickiness of the photoéensitive resin composition_and _
causeé a problem in the irradiation step.

20 | Resins obtained by copelymerizing acrylic acid or
methacryllc acid with an unsaturated monomer such as a
(meth)acryllc acid ester, styrene, (meth)acrylonltrfki
or acrylamide and acid anhydride group-containing
resins such as a stjrene-maleic anhydride polymer

o 25 whose acid anhydrlde groups have been rlng—opened with
hd water, an alcohol, ammonia or an amine can be included in

preferred examples of the carboxyl group-containing resin
used in the present 1nventlon to prepare a prlnted circuit

ard.
30 * Although any conventional alcohols can be used to
rlné-open the acld anhydrlde groups of the resin, it
is preferred to use a primary or secondary alcohol due -
to their reactivity. For example, methyl alcohol,
 ethyl alcohol, butyl alcohol, butoxy ethanol and
35 ethyleneglycol monomethyl ether can be used. Also,



et hyl al cohol, butyl al cohol, butoxy ethanol and 35 ethyl enegl'ycol
mononet hyl ether can be used. Al so, _ 5-_5' ammoni a, primary am nes and
secondary am nes can be used for this purpose. Exanples of such am nes

i ncl ude al kyl am nes such as di et hyl am ne, nonoet hyl am ne, diisopropyl am ne
and diisobutylamne; 5 al kanol am nes such as nonoet hanol am ne and
di et hanol am ne; al kyl al kanol am nes such as di net hyl am no et hanol; and
alicyclic am nes such as cycl ohexyl am ne. Preferred carboxyl
group-containing.resiu | ; -1 N 3 hesensi tive
conpositi om?n?ﬁé %?’gg‘%%? %ﬁ'\}é%tsﬁ grr]x_ gﬁ?@ﬁ%%ﬁ%ﬂﬁb@u%t urated b

i n the nol fonl thisSpukpessi.ns Barrdess pf I%%zéalwsdﬂﬁ‘m .met hod, for
example, by1R94 Shii his"Gull bsdlilcttyadiniony m@mdethydlantitie carboxyl 15
group-contalintng resin with.glycj.dyl .agryl at.e in the presence of a

catal yst. dtiSORrepydpRiHe ﬁ%&mﬁ%‘”d&?m. zabl e unsaturated bond

cgn be usedlranolemimehduch ddancriBathdrdXaniheo@md t he aci d anhydri de
groups of the above descrih rene-. mal.ei.c 20 . anhydri de pol ymer.
Exanpl es o l?ﬁ%‘ﬁ“éﬁ@&ﬂ%’, aﬁ?‘g‘yﬁﬂ?&%|%? FHR @% a purpose are

hydr oxyet hgimethytleadmgd sthanold endrdpdyditet [@mines stuch asyl al cohol

and allyl ap Eioh%l%&ﬁtr@.emi tive resin conposition of the present 25
i nvention afso 1 ncfudes an am ne conpound .or ampnia for the purpose of

di ssol ving or dP¥efermed garkanbb aroupantainingiresinsivhichwat er. Any

ggnvent i onahnamén%mquiﬂ& C;ﬁ{b%étﬁﬁ?tifﬁ _ddiﬂ;ﬁ)élﬁi&?%f Bgeepl es Of such
am ne conpounds. i.n¢l ude .al kanol am nes 30 - .such as nonoet hanol am ne,

30 ., e
di et hanol aBFRgeRty IMVeERHan Bave& Rei¥RerisaRle Msaiuxated ny| ani ne,
di et hyl am pendandmo &hiey Inaﬂigm;leﬂ | Systomesinsaande synthesized .

by any known method, for example, by esterifying part
of the carboxyl groups 6f'thé Qarbdxyl ._ -

15 group-containing resin with glycidyl'agrylate inlthe'
presence of a catalyst, Or,"alcohols or amines having
a'polymegizable unsaturated bond can be uSed as the
alcohol or the amine to"ring-Opén'the acid anhjdride

. groups of the above described'étyrene-_méieic
20 anhydride polymer. Examples of such alcohols and

o,

o

amines suitable for such a purpose are hYdrokyethyi
(meth) acrylate, hydroxypropyl (meth)acrylate, allyd—s
alcohol and allylamine. D '
i The phothensitive‘resin cbmpoéition_of the—présent
25  invention also includes an amine compound or ammonia for W/
the pufpose of dissolving or disperSinj the carboxyl |
group-containing resin in water. Any conventional
amine compounds can be used for this pﬁrpose. '_ _
Examples of such amine compounds include alkanolamines
30 ~ such as monoéthanolamine, diethanolamine and ”
triethanolamine; aikylamines'such_as triethylamihe,
diethylémiﬁe,'mbnoethylaminé, diisbpropyiamine and
diiéobutYiamine;_alkylélkanOIamines suéh as
dimethylaﬁihoethanol; alicyclic'amines such as



di i sobutyl ami ne; al kyl al kanol ami nes such.as di net hyl ani noet hanol ; alicyclic
am nes such as - -6- cyclohexylam ne. Am ne conpounds having a '
pol yneri zabl e unsaturated bond in the nolecule aré particularly preferred
for such a purpose and exanpl es of such am ne conpounds i ncl ude

di met hyl am nopropyl 5 acryl am de, di nethyl ani noethyl nethacryl ate,

di et hyl am noet hyl nethacrylate and allylamne. To.reduce generation of

ani ne odor i nojidmoral dish pd ' RPSy ' cggpounds having a

boi | i ng poi nt %f at Ieaés}?'r%]O[ gn}/ ﬁ%r% pr ef%??e svgglq_ﬁ'g amount of the 10

ani n&-conpourtl R EeEbFrlbke amsaturated hendr £8ehbei nodatuda aset ypical ly

0.2 to 2 nol %qdl&ficf@iaﬂ}ﬁ_tﬂﬁféx%@af@:ﬁ%clgrguguf'%aégeaﬁérQgéﬁ%es
group-contalqhg resi n., The phot ocuraple unsat ut at conpounds I'Ch can be
15 used in t gﬁﬂé&éﬂlﬁ%\@ﬁﬁnw%nimléyi%tdm%hnmmppyopnlca| ly
unsat ur at el andaldmiddie qirettylanin EsméthasePlsegpounds incl ude
cimnam o ol RSB SgenRin herBRiTe Andlst Exlvathe. unbac urat ed 20
bonds. Exanptestucs genexatsidn af wnineodbresiershé nebatiEng PN

met h) acryl a '%b he r ' f . epoxy, resin _having two or
gmre %unctioﬁgﬁrﬁﬁ)fjgps an'd%glhﬁefﬁdv@be%lﬂ%’i‘gt% B?lglﬁger‘B&? ic acid
havi ng an et 88 é% degast WRQ eee prnfiarrad ot Heine dmeal) aof ythees obt ai ned
by the 230 I GafinedRipcurkd IR Mar Ui foyaP YRME Bolehf! yVal ent
aromati c isogyanate and at | east two equival erffts of a nonoester of

(met h) acryl i CTHEHAAR 1S WRiSeddY 9-20/e 2 ArlLs Rer)ne} ywhitheof a

pol yval ent alfxeeolcaxdnbailnigrougt dreagie Td&i:lﬁ)k?’i Q#ﬂ'&@élao%ﬁtﬁ:ﬁ ted bonds.
30, Exanpl esrg_gc ih)ge al Iyl conpound include diallyl esters of phthalic acid,
adipic acid an il oni ¢ acid. Exanples of the vinyl ~ethers include vinyl

et hers of a pol yvalThs photocurable unsaturated compounds which can be

15 used in the present'invention_comprise'at least two
ethylenically unsaturated bonds in the molecule. Examples
of such compounds include (meth)acrylic acid esters, allyl
compoﬁnds,'Vinyl ethers, vinyl esters and cinnamic acid
esters'containing at least -two ethylencially unsaturated

20 bonds. Examples of the (meth)acrylic acid esters include
epoxy (meth)acrylatés obtained by the reaction of an'epoxy
‘resin having two or more functional groups and atlleast two
equivalents of a carboxylic acid having an ethyleni€3lly
unsatﬁrated_bond; urethane (méth)acrylates obtained by the

25 reaction of a polyvalent aliphatic isocyanate of.a |
polyvalent aromatic isocyanate and at least two equivalents
of a mbnoester of'(meth)acfylic acid with a_divalént |
alcohol; and (meth)acrylates af a poiyvalent alcohol
containing at least two ethylenically unsaturated bonds.

30 Examples of the allyl compound include diallyl esters of
phthalic acid, adipic acid ana malonic acid. Examples of
the vinyl ethers include vinyl ethers of a polyvalent
alcohol cOntaihiﬁg at 1eaét two ethylenically unsaturated
bonds. Examples”of tha vinyl estera“igélude diviny

35 succinate. In addition, the so-called '



al cohol containing at |east two ethylenically unsaturated bonds. Exanples
of the vinyl esters include divinyl 35 =suéctnate. |n addition, the i
so-cal l ed -7- nmono-functional nonomers having one ethylenically

unsat urated bond can be used together with the above descri bed
phot o- cur abl e unsaturated conmpound. The anount of the photo-curable

unsat urated conpound which 5 can be used in the present invention is
typically 0.2 to 3 tines the total weight of the carboxyl group-containing

Phot o5ens! Ch e Lo g omaa Lo 10, Haflg ““’“W@:ﬁ?ﬁ” USing a
itiv | it | UI

car boxyl BﬂﬁaE‘Bﬁf’&Pﬁ] gpqdeﬁﬂ‘ zl’r?d/‘lﬁedaﬁ""zﬂﬁ B‘H‘B%L ¢has a

8h0t0p8|énﬁﬁe?abhbeﬂnphbwhﬁbﬂrdhmuiunsﬁturitea<mbMpuyﬁduN mhérlthe above
escri bed phot o-cur u ur n

phot osensi t FHRUR °%btge ?’Z‘%tt %%%cg’;et%%ﬁ g:é'ﬁﬁ‘ %ﬁl\&#p%%%% coat ed,

dr$ed on a cabsbeausedndn Ithe mmdme{lﬂ:m dis. dypdieaddaedus2 al kal i ne

sol ution af{gr i {:&g‘ggaq:h@ﬁgtta ddil tcdcf | EHe c‘%yr%ﬁ?]] forma photo-curable

coating having resi stance to an aci ol ution. 20 Any
convent|onagrﬁﬁﬁrﬁﬁﬂﬁﬂﬁﬂﬁﬂaﬂﬁQ§iﬂwnt|ators can be used as the

phot opol yner i zat pegoraling? e dﬂbﬂmﬁ' RxYcEsRTY iofe Wsérﬁflbf the

present invention,For exanple, henon such as benzo henone,
benzophenontPHERFHPRat ALY Wqﬂsc q’(ﬂ' e F$sin ¢ pc'f%f&o‘r such as

bedzoi n, al pan- bet bpthadmed by alsimay qﬂuaz;ﬂd:mizgmu;&lqﬂmtmlﬂmg)enzm n,
benzoin rretp&élgt QE‘EAZQe%maqan.{Jnéoﬁ&ﬁ{d Wi %mﬂgg %opropyl et her, ben20| n

n- butyl ether and 0i N.1 SO - ace ophenones such as

acet ophenonEhOE°E°1merlzab1€d|W§W@%Mﬁ@sqﬁﬁderqf or Q
bUty|tr'Ch'@é&éﬁﬁb&D@&%ﬁﬂ%hézé%d*é“ﬁésﬁﬁ&ﬁ%d photo-curable

unsaturated compound. Such an aquecus photosensitive

15 resin'cdmposition can form an image when coated, dried
on a substrate and then developed with water or an
aqueous alkaline solution after 1rrad1atlon with
actinic light, and can form a photo-curable coatlng
hav1ng good resistance to an acidic etchlng solution.

20 Any convent1onal photopolymerlzatlon initiators can be

' used as the photopolymerlzatlon 1n1t1ator 1n the
photosens1t1ve compos1tlon of the present inventian.
For example, benzophenones such as benzophenone,
benzophenone methyl ether and Mlchler s ketone; _

25 benzoins such as ben201n, alphafmethylbenzoln, alpha- i_/
phenylbenzoin, alpha-allylbenzoin, benzoin methyl |
ether, benzoin ethyl ether,_ben201h isopropyl ether,
benzoin n—butyl ether and ben201n 1sobuty1 ether;
acetophenones such as acetophenone, 2 2-

30 “ 'dlethoxyacetophenone, p-tert- '
buty1tr1chloroacetophenone, 2, z-dlmethoxy-z- _
phenylacetophenone, 2 2-dlethoxy—z-phenylacetophenone '
and N N-d1ethylam1noacetophenone, ben211, ketals such
as benzyl dimethyl ketal; anthraquinones such as 2-_



phenyl acet ophenone, 2, 2-di et hoxy- 2- phenyl acet ophenone and

N, N- di et hyl am noacet ophenone; benzil; keBals such as benzyl dinethyl ketal;
ant-hr aqui nones such as 2- - 8- net hyl ant hr aqui none, 2-et hyl ant hraqui none,
2-anyl an- thraqui none and 2-am noant hraqui none; and t hi oxant hones such as
2, 4-di et hyl t hi oxant hone, 2,4- diisopropylthioxanthone and

2- chl or ot hi oxant hone can 5 be preferably used. The amunt of this
phot opol yneri zati on |n|t|ator ‘'to be added in the photosen5|t|ve resin
conNposi tion i sydtHyrah Qn&ﬂeloﬂ/a%mmrb?afﬁoﬁg e, g&ah-we' ght of
t he phot osensitive E&g b referred to enploy an
appropri ate pdiBEAGR ?%naﬁﬂh?b??b?°?ﬂt¥ﬁ%q$h6?ﬁéen%P ive resin

conposi tion oftﬁmﬂﬂs@méslgumta@nz 4-¢<mymaﬂsymai@mhtwhebl 2948 can be
used as such nerlz on i nhi bi t or %efeiredtgxang 808 15
polynerizatio QF?QX pexa ﬁ%?s nd 4-gRlcrgtnicxan oRe can

di meshyl - 6- terhe nreferranly wsed2, 6Fhie -amotnbudf | tlpiscresol ; hydroqui nones

h hyd hyd
S 2 Y YOS FELLY WSRO0, o L RRHAACEE BRd Ny oqul none
pyrogal | ol . photosrpsibi Vehée%bmyﬂ%mPeeﬁttﬁml##ntﬁrtﬂélhhl@hlgahobe used
is typically Gd0ky GdlgRt. H&é&@tox‘?aéﬁ‘é’ estalevé Rt ¥Biehe of the

phot osensi tive _resi'n coppgsition. . conventional " appropriate surfactants
may be added ﬁ@qgﬂﬁ %ed?%$39§+ PRty resins in water. For this
purpese, anionic, qaﬁlﬂ@lprefeﬁpgdoamceﬁplapcaﬁnippﬁoprh@tused | f desired -

or necessary, e resi W th kn wn, filler, such_as.barium
sul f at e, S,|,§5ﬁ¥ﬂ&{&33€n%e é gﬁﬁ ﬁ%r tosen51E%Yﬁoﬁ5§én a known
COUI ng agentccuup;#smcpmmﬁl'ohqapmesgn'eemwtmmammom de; a dye; a
conventional inhibitors can be used as such a
polymerlzatlon inhibitor. Preferred examples of
15 polymerization inhibitors are phenols such as 2,4-
dimethyl-6-tert-butylphenol and 2, 6-d1-tert-butyl-p-
cresol; hydroquinones such as hydroquinone,
methylhydroquinone, 1,4-benzoquinone and hydroquinone
monomethyl ether; and catéchols such as tert-
20 butylcatechol and pyrogallol. The amount of the
polymerization inhibitors which can be used is
typically 0.001 to 5% by weight based on the total _,
weight of the photosensitive resin composition.
Any conventional appropriate surfactants may be
ggs added to improve the dispersibility resins in water.
For this purpose, anionic, cationic or nonionic -
surfactants can be used. If desired or necessary, the
resin may be mixed with a known filler such as barium
sulfate, silicon oxide, talec, clay and barium
30 carbonate; a known coloring agent such as
phthalocyanin green and titanium oxide; a dye; a
leveling agent; an adhesion promotor; thixotropic
agent; and a plasticizer. ' -
The amount of water which can be employéd in the



| evel i ng agent; an adhesion pronotor; thixotropic agent; and a plasticizer.
The anpunt of water which can be en® eyed in the =9- photosensitjve ,
resin conmposition is 30 to 90% by wei ght based on the total weight of:the
phot osensitive resin conposition, and the total anount of the carboxyl
group-contai ning resin, the am ne conpound, 5 t he phot o-curabl e
unsat urat ed conpound, the photopol ynerization initiator and, if desired,

ot her additives which can be enployed in the photosensitive resin
conpositio b g ot.al [ of the ,
photosen5|gﬁyit%%%$%légqg ¥e%§h QBT§8§§918B %E 3 Egougg %gtosen5|t|ve e
resi n conpdoéeighi h%%ﬂdlﬁntﬁbepﬁe§é%twﬁh9bﬁtPSntb&nPBQ§P59n§ét§N@pared by
the foll OWf&mtda@Hﬁo%tibnarsnal taa i:etanl hishhét beetpear poses and are not
meant to limt the_inventio % é oxy%agrou conta|n| resin or an
acid 15  ©arboxyl groupz ﬁﬂ?’a t &ngrsﬁﬁleon PRI SPRPP 'xed with
W@ er cont athe nghétoasurablenpnsatusateticebagoindgi shel ve or di sperse the

phot opol ymaPiStRPaivRr EpaEiph b ALe atBa hHuT! $2 GRBRRLR, BRReE,

resul ting sadditivesrwhichecshoke employiedsdnuthenpbotosepeitive i s ni xed
and di sper sg éklﬁzéoﬁQEEitioﬁaigoiﬁltgr969 SQ”%@&BhEngQ%EPcﬂrtﬁ% aci d

anhydri de group-cont |n|n% resin Is olved in a
phot o- cur abFetahsueighteatcthponhatorgBpikiye ngsin FRBPOSILIM-- zation
iyg tiator iBpha ebﬁst ﬁﬁotﬁ&&hhh.ﬁﬁlv&oi’:&hhﬁncéﬁﬂohh&ﬂohhﬁséat &h ehat ai ni ng

an am ne coqﬁ ﬁ 1v b ﬁ% é d anhydri de
gr oup- cont & ?ﬁﬁnFeé?ﬂeﬁ a°3n°3P08ﬁ8F 3 PEnPEPAES are reacted .
following methods which are given for 111ustrat1ve- -

purposes and are not meant to limit the invention.
(1) A carboxyl group-containing resin or an acia

15 o anhydride group-containing resin is mixed
with water containing an amine compound and
heated to dissolve or disperse the.resin.in
water. Then a photo-curable unsaturated
compound and a-éhotopolymerization initiator

20 are added to the resulting solution or .
dispersion, and the solution or dispersion
is mixed and dispersed. : . |

(2) After a carboxyl group-containing resin or
_ an acid anhydride group-containing resin is .

25 ~ dissolved in a photo-curable unsaturated o
compound under heating, a photopolymer-
zation initiator. is added tO'the*résulting
solution and then the water containing an
amine compound is blended in. -

30 - (3) An acid anhydride grdup-containingfresin and
an alcohol or an amine compound are reacted
with a photocurable unsaturated- compound to
ring~open the acid anhydrlde groups. Then,
a photopolymerization initiator and



wi th a phot ocurabl e unsaturated conmpound. to ring-open the acid anhydride
groups. Then, a.photopolynerization-initiator and 10--subsequently, water
contalnlng an am ne conpound are ni xed fAto the reaction solution and the
solution. (4) An acid anhydride group-containing resin and 5

an al cohol or an am ne conpound having a pol yneri zabl e unsaturated bond are
reacted, if desired, in a photo-curable unsaturated conpound to ring-open
the acid anhydride groups to introduce an unsaturated group in 10

the resin. Then, a photRplefiRiitast, YFate td@{tqlrgmjj Hp st |y, water

contgini ng an amine conpound are bl'ended reaction solution. (5
An aci d anhydride gr oup-SQReyns er&ll’ﬁ?da %ﬂiq"?‘e reaction a pri(rrZary

or a secondary amine ar e;d]ﬁftaitcﬁd and waiee'sdlmtriiong- open the acid anhydri de

groups, and then a n [ l s ved or
di spersed in water, 3 %aﬁfﬁ’é}‘%‘}ﬁ %?%@2%83%&&# d‘lgsgl éx%
?Ed B8 Ioht(:)t opol yrrgrl zat | @n |ailctolmloloxalael aodae mwn@mvm s®l ution, and
e solution or dispersi " be added
;;ac}&;m} 9 i&ﬂﬂe Y Wi e rddéedad,

| ater may be previously’a reaction systen1and t he ring-opening
reaction may be carried dutdesines diedephotacunabile agmted o | an

am ne corrpoung havi ng a Mpgm{h d z&bqu_ ard dug|l afimydaeideed as the
am ne conpound to ring-open the aQIC ri_ de 30 gr oups
and/or as the anine con1£‘iﬂﬂ?§ &9 e’rﬂ:'é’r" % |Ws&f§ﬁ%f'°tﬂ SRR AT

10 the resin. Then, a photopolymerization

initiator and subsequently, water containing
an amine compound are blended into the
ot " . N
reaction solution.-
(5) An acid anhydride group-containing resin and
15 a priﬁary or a secondary amine are reacted
in water to ring-open the acid anhydride
groups, and then an amine compound to render
the resin easily dissolved or dispersed in
water, a photo-curable unsaturated compound
20 and a photopolymerlzatlon initiator are
added to the reaction solution, and the
solution or dispersion is mixed. These __,
components which are to be added later may
be previously added in the reaction system
&vﬁ and the ring~opening reaction may be carried
out in the presence of these components.
Or, an amine compound having a polymerizable
unsaturated bond may be used as the amine
compound to ring-open the acid anhydride
30 . groups and/or as the amine compound to
render the resin easily dissolved or
dispersed in water. '
The aqueous photosensitive resin composition of
the present invention can be prepared by the methods



di spersed in water. The aqueous photosensitive resin conposition of the
present invention can be prepared by tjje_met hods as descri bed above ,

W t hout using any volatile organic solvent. However, a small anount, at
most 20% by wei ght, based on the total weight of the water, of a volatile
organi ¢ sol vent such as ethanol may be used 5 to | ower the viscosity
of the photosensitive resin conposition. The preparation of a printed
circuit board in accordance with the present invention using an agueous
phot osensi t3% edecribednpbove yithenthasipg aay ylatile) opganic oyt .

the fol | owig@yvaneer . Hwevéstueauamauqt QfRUFIt,| Wt mREE 0¥ MRsi tion is ‘u‘
coated on a subs%bap QV|ng§§n g gp |cala%b%8p ctlv netal | ayer such as
a copper fdfg¢igh PRGYCER @S &ER hy e efé of a2~ (evice
such as an woBDatily omghaic seodvent snbh esabemanmerEW'¢naUEnxbr
electrostatis SORLE" endY:LARNINY Qalndl YeloTRLRE iR - ddpeeded. I
S case n e oséensi e :

aqueaous p resin conp05|t|on of the
present i nveompoaitdanai ns no 20 . .vol atjl.e organic_sol vent or

contains a very Smalel paapu&btebnswhaapmmeﬂl em@u\imnaoam dmeci al

measures for k|n envi;r t fr r sion are
required, aﬁﬂgﬁ’é F §'ttgl §£’1%\/@ﬁle Fé’éo&&%%q%yqs?tnen% & Ul As with
any Ot][ler cgnweatsensartlpleotmmlcmmmm qdméza aﬂyﬁlqa;]idy asinied ) -
i mage-formn p I e irradiation of the coating wt
alinic Ilgﬁﬁt ghe %%11 gf Q*_%g

|ng a mave 0 to 600 nm Preferred |ight sources
i nclude a high prmra&;lﬁébus photoessityi Yanpesn neompositice iam, a

xenon Ianp,f¥%§%e§fogh%%§ﬂﬂ% %Eé‘ﬁhéqkﬂT cal lanp. The devel opi.ng step

after the i -;‘
: an electrlcally conductlve metal layer such as a
copper f01l. Coating can be done by any convent10na1
15 . device such as an ordlnary curtaln coater, roll
coater, screen coater or electrostatlc coater. Any
conventlonal dryer may . be used 1f needed. In this
case, since the agqueous photosen51t1ve resln
~ composition of tpe'preseht invention contains no
20 " volatile organie soivent or contains a very small
amount of such an organlc solvent, no spe01a1 measures
~ for protectlng the working environment from fire gg;
explosion are requlred and neither is a solvent
recovery system. - L
25 As with any other conventlonal photosens1t1ve -{:;
resist materlals,_the resist image-forming step is
carried out by the irradiation of the cbating with
actinic light having'a wavelength_of'ZOQ.to 600 nm.
Preferred light sources_include a high pressure
30 mercury lamp, a metal halide lamp, a xenon. lamp, a
carbon arc lamp and a chemical lamp. The
developing step after the irradiation can easlly be B
carried out. by an ord;nary procedure using water or a

dilute aqueous elkaline solution, for exemple, a 1% by



carried out by an ordinary procedure using water or a dilute aqueous

al kal j ne solution, for exanple, a 1% by .__- 12 - weight_ sodi um hydroxi de -
solution. The etching step for formng & d@rcuit can be carried out with an
ordinary acidic etching solution such as an aqueous hydrochloric acid
solution of 5 cupric chloride. A dilute aqueous al kaline solution
such as a 3% by wei ght sodi um hydroxi de sol ution can be used to strip the
resist coating after the etching. Surprisingly, the aqueous photosensitive
resin.conpositiqn_of the, present inpyention can forman i mage 10 when
coat g¢" and drﬁﬁiqg$ef?9&§%r. @E°¥+¥%d$%.%ﬁlﬂﬁth actinic light and

devel oped wi t h wat arheretach b estisp atdnl forming! atcbpcuileseahebet.s ability

to di ssol ve or__dispesse e r : ] ound. In
addi 1 on 't ho S ot (ifh in Pofalhgel" 855858 SLaRind kRTETER] D]
aci di ¢ et chi ngusdi (8s Aan a@recws | hydoechhoricoacid nsatytioganfc sol vent at
all gr contal Skglﬂsi?fd' h1SFYasml A @iPwpd f&xgé&u@?&i’ﬁfiﬁ@@&ﬂﬁti& ere is no

need to provi ety precautiops agal ns Ire in_the coating and drying
20 st efdich @g i3 hoPR, veiohh ssodivmaydeoxide solutina® GaRki ng

envi ronment opeNaisedtenetFrDPNENé ¥EELEt negatihg aptéedthy etoRihg.
sol vents. The exan%_es whi ch iollgxlare %iven %@é jllusérative pur poses and
are not meant to |iTHIPTHRIBI-Y, T 3GRAPRY P RPPRRU“hEP F RSP par t
nmeans "part byompagitioml efsthe hpresernt eipventign stcanefloritxanpirageOne
hundr,ed parts %ggg C | SL Nefrn ET, XL 27" uct of
B.Faotpodrich“@%??qﬁ fguénélé%éé§;6gcédsé% ue = 80}%%%§£%E?§r9&gﬁght =
40, 000) as thaddapsxylighbupnd odevekopedresth waker orrap agueenst hyl anine
aS\LDe am ne GARROUIKe ando3dLiBA’ t Sd€épite its ability to dissolve  °

or disperse in water and the presence of an amine

compound. In addition, the irradiated coating has a

15 good resistance to an acidic etching solution. Since

it does not contain any organic solvent at all or
contains only a very small amount of an organic
solvent, there is no need to provide safety
. precautions against fire in the coating and drying
20 steps. Furthermore, it has no adverse effect on the
. working environment or natural environment which might
be caused by organic solvents. S
The examples which follow are given for
'illustrative purposes and are not meant to limitiihé-
et invention described herein. "Part" means "part by
- weight" unless otherwise expressly stated.

Example 1

One hundred parts of an agueous acrylic resin
("CARBOSET XL-27", a product of B.F. Goodrich Co.,
30 U.S.A., acid value = 80, molecular weight = 40,000) as
the carboxyl group-containing resin, 14.4 parts of .
triethylamine as the amine compound and 330 parts of



"13 - water were nmixed and heated, at 70C to obtain a honogeneous and cl ear
.solution. Thirty three parts of trimet ‘0l propane trjacrylate as the. .
_phot opol yreri zabl e unsaturated conpound, 15 parts of 5 2

, 2-di met hoxy- 2- phenyl acet ophenone as the polynerization initiator and 0.5
part of hydrogui none nononet hyl ether as the polynerization inhibitor were
added to the solution, and then the m xture was cooled to roomtenperature
with agitation to forman opaque, 1 creany aqueous photosensitive
resin. The resin was coated on

0

| api nat ed rd havjng _an 18 m cron copper
forl i ayer YRkeR Yonschoren) e narbed, FEq78P8 Bor PERLROR 5 ninut oo { ooy
gi ve a dri atbridodgendéausngnd theaknseiubionbothiftynthreespatts of A
negative fi ' ta R t jed filmwith rays froma
hi gh pressﬁﬁé?#é?%%%gfﬁgésggg gﬁiggﬁg%%?% g%e?é% of 400 [err] and then
devel oped Ighotopglymgenizable i wnsgtweated compowndsolf uparhshofat e sol ution
ats 25C 10 g VA @4 hEEhSky29-phenylabbtbitbhbné §+.eﬂie' mage showing a line
width as smal] as 50 m crons, Jhe copger-llned am nat ed board having the
resi st fil RkEerhxabBirR AR1ELBRPFg2RE| Ot P RAEB PRI RYAEOTVIPAPEs of
anhédrogswwéﬁe or etRer3@s2the polyméﬁik&tﬂ?ncmgnoﬁﬁitafedebﬁirﬁthOFi c
acid an r{s, o ter.at.roomt rature for nmi_nut es. th the
exclusion(ﬁég%é E?egﬁ%fs?ﬁgkfgg?s?nargﬁ?ntﬁégéﬁ' YER VRS 5824 hed and
removed. Thes eroes temperatereowibh agitation| to féxmtanropagnethe
I, nat ed RoaLdn 30, nsﬁggrgg%gggggfgéigé }+8g;i [t ching was soaked in a 3% by

wel ght aqueous sodi C olution at roomtenperature for one
mnute. As a restine refanrWwasseopted epuprdlaminatedbaardphaying gi ve a

circuit boaisl.18 micron copper foil layer using a doctor blade, i‘ﬁ
and dried at 100°C for 5 minutes to give a dried film
having a thickness of about 20 microns.
15 A negative film was tightly contacted with the
| dried f£ilm with rays-from'a high pressure mercury lamp
at an exposure energy of 400 mJ /cmz, and then,
developed by spraying with_a*1%.by-weigh£'aqﬁeous
sodium carbonate solution at 25°C to give a resist
20 film with a clear image showing a line width as small
as 50 microns. _
The copper-lined laminated board having the
resist film was. soaked in an etching solution
containing 40 parts of anhydrous cupric chloride, 30 -
25 parts of concentrated hydrochloric acid and 50 parts N
of water at room temperature for 20 minutes. With the
exclusion of the area of the resist film, the copper
foil was etched and removed. There was no damage to
the resist film. Furthermore, the laminated board
30 obtained after the etching was soaked in a 3% by
weight aqueous sodium hydroxide solution at room
temperature for one minute. As a result, the resist
film could be easily stripped to give a circuit board.



- 14 - Exanple 2 The procedure of Exanple 1 was repeated except that 22.3
parts of dimethylam nopropyl acrylanidq_mﬁiq_enployed i.nstead of the
triethylamne to obtain 5 an opaque, creany, aqueous photosensitive
resin conposition. Wien the subsequent coating, drying, irradiation with

| i ght and devel opment were carried out under the sane conditions as in
Exanple 1, a resist inage which 10 had reproduced clearly to a line
wi dth of 30 microns was obtained. In the same nanner. as in Exanple 1,

etching and stripping of the resist £i tgr the etching could be carried
out Wit hout any problem Exanple 3 1§g££h2§__ A m xture containing 150

parts of a styrene-nmal eic anhydri de copol yner ("SMA-1000", styrene/nmaleic

anhydride = 1/1, appeogupkedbraabo®Ranble, 1Uwas repebtldp@hicepti
trimethyl ol propane triacrylate, cohol arts of 20

54 parts of butyl 8

di net hyl ol pr opRRE 22rdc '§FePf4ﬁlﬂ§$&¥i8P1N9BH¥?V eACENAABI & nani de as
the plastici zgeranémploypd tinsteaddogotheote isthyianiye &ohebtadn heat ed
and agitated at 80[err] for 2 hours tg o ' Is S tance. Four
part® of a sufRafPafber EHEAEEN 58339855BL%E353n§3%§§ ug%ggilKao K. K.
Japan), 20 pactmposifidndi met hoxy-2- phenyl acet ophenone and 35 parts of
ethyl alcohol as taﬁegobcyl%ntsuweg#%ﬂ%eeosem ; Ur§ifds LsAMEoRNd then

ol'e gl

the m xture was co to roomt erature. Furt nore, 55 parts of

di net hyl ani nowith light apdogdpveloppenti Werfe FarEdesd out eFarthe of wat er
to prepare a gghi! ceRdaithionss dsutindExdapladdgdal eesiet imagkbwhich
10 had reproduced clearly to a line width of 30 microns
- was obtained. In the same manner as in Example 1,
i etching and stripping of the resist film after the

etching could be carried out without any problem.

Example 3

15 A nixture containing 150 parts of a
styrene-maléic anhydride copolymer ("SMA-1000",
styrene/maleic anhydride = 1/1, a product of Sartomer
‘Co., U.S.A.), 150 parts of trimethylolpropane
triacrylate, 54 parts of butyl alcohol, 8 parts of_,

20 dimethylolpropane triacrylate, 47 parts of
N-butylbenzene sulfonamide as the plasticizer and 0.5
N part of hydroguinone monomethyl ether was heated and

agitated at 80°C for 2 hours to obtain a viscous
substance. Four parts of a surfactant (“EMﬁLGEN 903",
25 a product of Kao K.K., Japan), 20 parts of
2, 2-dimethoxy-2-phenylacetophenone and 35 parts of
ethyl alcohol as the solvent were added to the viscous
substance, and then the mixture was cooled to room
temperature. ' Furthermore, 55 parts of dimethylamino-
30 propyl acrylamide were added in 300 parts of water to
prepare a solution. This solution was added to the



‘above obtained nixture with constant and vigorous agitation to yield an
aqueous photosensitive resin. The resin was coated on a | am nated hoard,
_having a 18 mcron thick copper foil-I&§er using a doctor 5 bl ade,
and then dried at 100[err] for 5 mnutes to give a dried filmhaving a

t hi ckness of about 20 microns. A negative filmwas contacted with the dried
film irradiated with rays froma high pressure nercury |anp at an exposure
energy of 400 mJ/[err], and 10 t hen devel oped with tap water at 25C

to give a reﬁ?dx?é ébi:é&ﬂé&' ﬂﬂxéufée@ith”%ﬁs’é@hﬁhaﬁaowgoéoh'b”e wi dth of ~50
m crons. Wen,_ t ger- I ned | am nated board havin he resist film wa#

soaked |naﬁ9¥§%ﬁ&ﬂﬁ B Yitedd 33 aque°uscBHP§PﬁFﬁ§1§ VBaFPE1BF anhydrous
cupric chloride, Thé pesif wiscceseearehed huninabedr boagdi Havifgb0 parts of

t t t LNyt es, sth foisl. t ched d
fempved excoptd TRESEFREB1¢E coPREF COFY HhVErOBREh 2eok8Edomge i n the
resi st 20 blade, fahdn thénr dhiedoat, 10080 fbr Bamp.nated,tet gliwe hoard was
subsequenthy‘ﬁgg lﬁnhgv?ﬁ%b¥h£ﬁi8ﬂﬁe$9u ?u§bggﬁh§gggxg£8ﬁgde sol ution at

roonltenpera ure resis easi 'y striped to
give a circuit Pyanegabive film was contacted with the agigflpl e 4 The

procedure Oflfn’fanﬂﬁa@l%édrﬁﬂﬁﬁtfﬂyéxfﬁah hhRigRSpPakkaral hydroxyet hyl
acrylate to ring-opgen the acid anhzgrlde grou ps to |ntroduge a doubl e bond

in the resi®f ’éYe:H%F‘By%H ARsEXRASHYe: RREEEYyPL3600 mI/omy @pd| to

reepar e an gupiecdsévelopeacnithi taprestarcaﬁpnsm €8. gibenat besiul&sequent
coating, dr n.wth actinic.l

-16- tap :Eﬁgﬁgléiﬁngfégegﬁtlﬂﬁ%%rw ﬁghs WE nalgséﬁggggggt anple 3,.
a resist ir@enikarahshad reproduced : \’
~When the copper-lined lamlnated board having the
resist film was soaked in an etching solution
15 containing 40 parts of anhydrous cupric chloride, 30
parts of concentrated hydrochloric acid and 50 parts
of water at room temperature for 20 minutes, the
copper foil was etched and removed except the. area of
the resist film, and theré'was-no damage in the resist
20 film. Furthermore, when the laminated, etched board
was subsequently soaked in a 3% by weight aqueous
sodium hydroxide solution at room temperature for .ong
minute, the resist film could be easily striped to
give a circuit board..

O

25 | Example 4

The procedure of Example 3 was repeated except
that 85 parts of hydroxyethyl acrylate to ring-open
the acid anhydride groups to introduce a double bond
in the resin were employed instead of the butyl

30 alcohol to prepare an aqueous photosensitive resin
composition. When the subsequent coating, drying,
irradiation with actinic light and development with



an image clearly to a line width of 30 microns was obtained. In the sanme
manner as,in Exanple 3, the 5 “resi,st filmcould be etched and

stri pped wi thout any problem Exanple 5 APnixture containing 150 parts of a
styrene-mal ei ¢ anhydri de copol ynmer (" SMA-2000", styrene/ naleic anhydride =
2/ 1, a product of Sartonmer Co., U S. A ), 150 parts of trinethylol propane
triacrylate, 28 parts of allylamne for ring-opening of the acid anhydride
groups in the above descri béd copol yner to introduce a photopol yneri zabl e
15 . unsgt ur b i € Sy, ] | RHRslagoet hyl

met hagr yl ate,eé#.g%? 3 %Pgﬁ- %& y?’ggr]?g%qusual orr%% %fgmgs the p ?s%oci zer,
0.5 part of hg®irbauEKenpPleolemet F@sisthdmage whdchobadexiepriadieachhi bitor,
20 parts of 2Qn image é1éatlEiti0ony13nehearithc /ifopioeRdkeond wid) parts of

wat er was agitateqd at. rogmtéenperature for 3 hqur and then the m xture
was heated an@Ptgipgteq &N Famer FANHST ﬁ&uﬁntikaﬁp engantéﬁheous

phot®sensi ti veesgstnfionpesuldobe 2tched and strippedc wibhtiut @mywvas coat ed

on a | am nated bgfrd having a 18 micron thick copper foil layer using a
doct or bl ade, PAR8 EMen dried at 100C for 5 minutes to give a dried film
havi ng a thickness of about 20 mcrons. 30 A negative filmwas
tightly contacted with the dried fil g.,.889el & adiated with rays froma high
pressure nercury |lanp at an exposure'§ﬁ§§§$*ﬁT 200 . - 17- m)/[err], and

t hen devel oped by spraying with a 1% by wei ght aqueous sodi um car bonat e
solution at [err] homdk¢@re 'RWtAiningMsyipagts @fear imge with a line
wdth of 30 né%&EQgé-maleic anhydride copolymer ("SMA~2000", '

ng .styrene/maleic anhydride = 2/1;.a proguct of Sartomer
Co., U.S.A.), 150 parts of trimethylolpropane
triacrylate, 28 parts of allylamine for ring-opening'
of the acid anhydride groups in the above described
copolymer to introduce a photopolymerizable

15 unsaturated bond in the resin, 77 parts of
dimethylaminoethyl methacrylate, 47 parts of
N-butylbenzene sulfonamide as the_plasticizer, 0.5
part of hydroguinone monomethyl ether as the
polymerization inhibitor, 20 parts of

20 2,2-dimethoxy-2-phenylacetophenone and 300 e
parts of water was agitated at room temperature for 3
hours, and then the mixture was heated and agitated at

N 80°C for one hour to obtain an aqueous photosensitive
resin composition.

25 The composition was coated on a laminated board
having a 18 micron thick copper foil layer using a
doctor blade, and then dried at 100°C for 5 minutes to
give a dried film having a thickness of about 20
microns.

30 A negative film was tightly contacted with the
dried film, and irradiated with rays from a high
pressure mercury lamp at an exposure energy of 200



5 When the copper-lined | am nated board formed with a resist
filmwas soaked in an etching solutienlé@ontaining -40.parts of anhydrous:
.cupric chloride, 30 parts of concentrated hydrochloric acid and 50 parts of
water at roomtenperature for 20 m nutes, the 10 copper foil was
etched and renoved except the area of the resist filmwhich did not show
any damage. Furthernore, when the | am nated, etched board was soaked in a
3% by wei ght aqueous sodi um hydroxi de solution at roomtenperature for one
mnute, thandfom?, and ridsenstdévéelopeadl| iy epraridy with ppexk tly give a -~
circuit board, pa aqueous “wf
ot osens: (ToATHE ASeRECEPRLEN GAFERREER,PPLLL RRLAF2r CatBrer <l ng in
water: 5 (gdve a xesbskyfidmobpvingt ai alegrr enagehuxthgaahael d val ue of
20 to 500, 2 AirbsE f¥ehBLo Iecular wei ght of 1,000 to 100,000 and a

gl ass transition tenperature né of _not | ower than &err which resin is a
sty rene-mal ei ¢ éﬂh?ﬂrtb@ €opprymaingAodaninatednhoarddtogmedpyitlve been 10

ring-openedy W-é&j ¥8t i1mafasl s6BRka IHNAAI atehing 881ALi6RA) anmonia or an
am ne comnpoun -curabl e ansaturate gggoun havi ng at | east

t Wo ethyled?%%.?ingﬁgafﬂrgﬁg Sp8fganhyfgops) CuPLiGLGRIBEEYfer #2at i on
initiator. ;iirts of cancentﬁameahnydaocmdrmg acidl ahd) 80 phetein the

car boxyl ta e h pghyOeLi.Zah! e nsaturated bond.
3. A net %dwéggﬁ 8895 ?FﬂpggétgFQ ng ?é ﬂE ég conpound has a
ﬁhbtopolynemwpaﬁrefqmlaWGSaB&Gthndndzvemoved except theeahed afcording to
claiml, 2 e %&@féﬁ' Eﬂﬁewﬁ%hea?;awﬁbé' fha h¥ﬂ{r' HSmQQQO' ynmer .has been

ring- opened mnt rimary or secondary .
ermore, when the lamlnated etched board was <

soaked in a 3% by welght aqueous sodlum hydroxide
solution at room temperature for one minute, the

15 resist film could be easily stripped to give a circuit
board. - : : '

'(‘)




5. A net hod accordlngto claim1l1, 2 or 3 wherein the styrene-taleic
anhydti de icopol ynmer has been ring-opened 25 wtha primary o dary
am ne. 6. A nmet hod according to claim4 or 5, wh “ ﬁmﬁﬂm

am ne has a pol yneri zabl e unsaturated bond. 7. ‘mm

one of the preceding clains, wherein the %m ne corrpound‘| stused in an
anount of 30 0.2 to 2 nols per nol of hé®f ree car boxyl group of the

car boxyl group-containing resin. 8. ggégggﬂod according to any one of the
precedi ng cl ai ms, wherein the photo-cu nsat urated conpound i$ used in
an agpunt of 0 2 o 3 tAmeethied od grepeiging e tdmetfhis phubodensitive

gr oup- cont ai %;Q, hgﬁn . :
phot osen5|t|ve reS| n corrg:ols?rt |v{)hnrﬁt Elgsl%seﬁ@ q%j I N an %Irstsel%? the -

19 - precedW@§ed:ai ns, save that the photo-curabl e unsaturated conpound is

to any

repl acedsby (ah aman@asHEREA -Q;rorﬁeaﬁaﬁb@wea&pmmg aarnlattgld esin

whi ch has a EOtOEﬁé rlzable unsat yrated bond ngthod
accor di ng t 'e(,aed?"wg’e(ﬁ ﬁ‘f?sra%é?%lf"ﬁ“’t]t?er welght °

phot opol yneui, p@ii & llrmlot loatoorands ausgadassn mmmimmﬁn crfen(pérattmﬁ@%'by) wef ght
of the total ht of, the |t|ve resin ositio A net hod
accordi ng t8°§E; S ('j:thatxhe chﬁ ajﬁnsa eTern 1 eJ:at':&ueous

phot osensi tanhyﬂeade @@rnm\smtemmlmaq)racsneis Blhytdy BB bgRetuS H;awellgétenbased
on the ta S 1 FECOTSL of

t he pre%gdlké ?En@khﬁé?@fn e aqueghéx%hotosen5|t%€e re5|n %ﬁ@'@gﬁ

conposi ti onaF‘EthPHér O&o sy |a§l§é’13a gAY zat i on inhibitor in an amount of
0.001 to 5%(ky V\Bb.gbthE-Td%&amTeahﬂMétgﬂfat@d IR Halvh iy &l 1eadt

netthod accor di n%tﬁ'xg(lané r]te:-L ofuntst;ei:lpraei:ceddl Ialarrrlsd wherein the water

contains a ¥¥Pa
(d) a photopolymerization initiator.

15 2. A method according to claim 1, wherein the
carboxyl group-containing resin has a photopolymerizable
unsaturated bond.

3. A method according to claim 1 or 2 wherein the
amine compound has a photopolymerizable unsaturated bond.

20 | 4, A method according to claim 1, 2 or 3 wherein
the styrene-maleic anhydride copolymer has been ring-opened
with a primary or secondary alcohol.

5. A method according to claim 1, 2 or 3 wherein
the styrene-maleic anhydride copolymer has been ring-opened

25 with a primary or secondary amine.

6. A method according to claim 4 or 5, wherein the
alcohol, or amine has a polymerizable unsaturated bond.

7. A method according to any one of the preceding

. claims, wherein the amine compound is used in an amount of

30 0.2 to 2 mols per mol of the free carboxyl group of the
carboxyl group-containing resin.

8. A method accoxrding to any one of the preceding -
claims, wherein the photo-curable unsaturated compound is
used in an amount of 0.2 to 3 times the total weight of the

35 carboxyl group-containing resin. _

9. A method of preparing an agqueous photosensitive
resin composition which is as defined in any one of the



20 solvent in an anobunt of not greater than ZUW“by—werght—based—on t he

wei ght of the water. 14. A net hod accordlng ntlaLIy_as
her ei nbef ore described in any one of Exanpl es llﬂlﬂunﬂymﬂgﬂ eous.

phot osensitive resin conposition 25 which conphk ar boxyl
group-contai ning resin having an acid value of 20 to 500, a number average
nol ecul ar melght of 1,000 to 100 000 and & a glass transition tenperature
(Tg) of not wer th err] esin i styrene-nmal ei hydrlde
Conbl yrrer WFBSSTHRT ELatfar | 5av8: Gint Fhoebheln Pigblpenea-aren Ak or

al cohol , avompoandrismreplaced(by anaammneacompanndnand/omnpouadbo&gﬂ A

hot o- |1
Do it S SupIeGhta A s CAGRRH MIn BN Hstl LEBERObIGERINLRACCA LY
conposi t | osREeraked Pend} ai m 15 wherein the * C L M S - 20-
cormone@ts of thfocomﬁhéﬁl%liaé@c@édﬁqﬁ%'f‘édah SRy efetﬁé gkéeaa%ﬁ to 13.

A co 03|t|on accprdlng to clal 5 substanti_ al erein ore
descrlbed ¢ oFerRin the phatopol 8m5r1§8t1°nAlﬁéFH§H°€f15r§§&@|ng a

printed cnmtaﬁ ét@@mtvmcn r,ompr 158sby(¥pight0afi BedBotal weight of
agueous. p nsitive resi Lch conprises: 10

(a) a car °Eﬁ%ﬁﬁ§%5ﬁ¥%lﬁ?ﬁ nrgg?ﬁoﬁmgﬁﬁa an acid value of 20 to 500,
a nunber average‘l.:tml el methwd gtcafding 0ot ang 06né€06f abte apgéaeding

transifjon.ieimer akil fedd gélagf %géohg"\gﬁo{:gggn%FEﬁlvel?‘es1n (b)

anmonia or_an. ani ne conp o-curabl e unsaturated conpound
composition comprlses 0 to 90% water by weight based on
the total weight of composition. -
12. A method according to any one of the preceding o

.claimé, wherein the aqueous photosensitive resin
15 .composition further comprises a polymerization inhibitor in
an amount of 0.001 to 5% by weight of the total weight of
the composition. :
13. A method according to any one of the preceding
claims, wherein the water eontains a volatile organic
20 solvent in an amount of not .greater than 20% by weight
based on the weight of the water. _
- 14. A method according to claim 1 substantially as
hereinbefore described in any one of Examples 3 to 5.
15, An agqueous photosensitive resin composition
25 which comprises: '

O

(a) a carboxyl group-containing resin having an acid
value of 20 to 500, a number average molecular weight of
1,000 to 100,000 and a glass transition temperature (Tg) of
not lower than 00C, which resin is a styrene-maleic

30 anhydride copolymer whose acid anhydride groups have béen
ring-opened with water, an alcohol, ammonia or an amine,
. (b) ammonia or an amine compound, .
(c) a photo-curable unsaturated compound having at least
two ethylenically unsaturated bonds, and

35 (d4) a photopolymerization initiator. ,

16. - A composition according to claim 15 wherein the



havi ng at | east t wo et hyl eni cal |y unsatuyated bonds,

phot opgl,ygeri zation initiator on an ‘20 Hlam}, ! itﬂ ﬂlfe
having an electrically conductive netal @yer thereon t

cur?ble coaLing, (2) , drying the coatlﬁ% |nagemnse |rrad|at|ng t he
coating with actini o) h n
t hus obt ai n89"RPER" &Et‘é’ theaﬁogaggéﬁéog] rel(%)es g’o 51 Ut :ﬂ(:)i;&:ﬁ Aﬁh%ﬁéxgﬁt Cgl ng
portions ofclakmel| 8ctei 83k1y. conductive netal |ayer..other than imge
porti-gns with an 39, A composuashdaecs&aahggtéolcmhmn1519 A met hod

orarne 12 | §ubrEaBbIt 1IN R Rertinbatarny deatuien 15 Amsenn iof 1y as
her ei nbe§or Exdmptesbadtbnsany one of the foregoing 35 Exanpl es.
18. A method of preparing a printed circuit board
- which comprises:

(1) coating an aqueous. photosensitive resin

composition which comprises:
10 (a) a carboxyl group-containing resin having
an acid value of 20 to 500, a number average
molecular weight of 1,000 to 100,000 and -a
glass transition temperature (Tg) of not lower
U than 0°C,
h 15 (b). ammonia or an amine compound,
(c) a photo-curable unsaturated compound
having at least two ethylenically unsaturated
bonds, and '
(d) a photopolymerization initiator on an
20 insulating substrate having an electrically

conductive metal layer thereon to form a photo-
curable coating;

(2) drying the coating:

(3) imagewise irradiating the coatlng with agt;nlc

25 light;
(4) developing the coating thus obtained with water
g or an aqueous alkaline solution; and

(5) etching portions of the electrically conductive
metal layer other than image portions with an
30 acidic etching solution.
19. A method according to claim-18 wherein the
composition is as defined in ény one of élaims 15 to 17.
20. A method according to claim 18 substantially as
hereinbefore described in any one of the foregoing
35 Examples. '



