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printed circuit boards for domestic use and industrial use to
cope with the ever-increasing wiring density on printed
circuit boards.

As examples of such resist inks, compositions
containing as the essential ingredient ultraviolet—curable
resins to be produced by reacting an epoxy resin with an
unsaturated monocarboxylic acid while adding a poly-basic acid
anhydride thereto are disclosed in Japanese Patent Publication
Nos. 56-40329 and 57-45785. 1In Japanese Patent Laid-Open No.
61-243869, disclosed are dilute—alkali-developable,
photosensitive resin compositions for resist inks comprising
an ultraviolet-curable resin which is developable with a
dilute aqueous solution of an alkali and which is obtained by
adding an acid anhydride to a novolak—-type epoxy acrylate, a
photo-polymerization initiator, a diluent and a thermosetting
component comprising-an epoxy compound.

Resist inks comprising such ultraviolet-curable resins
of novdlak—type epoxy acrylate adducts with polybasic acid
anhydrides can finally give considerably good resists. Since
the resists have excellent physical properties suitable as



-1- sol der resists, the above-nentioned ultraviolet-curable
resins are much used in sol der resist inks. Howevey,, .the . .

ul traviol et-curable resin conpositions conprising: nOvaIak°typq epiky
acrylate resins are highly sticky, since the novquR= A3 pé épdx Lesins
which are the raw materials for ultraviolet- curable resin conmposi ti ons
contai n oli_gomner onents having a relatively | ow nol ecul ar wei ght. At
present, eﬁr§8§éggﬁm the éb@%%TmﬁnﬂiQnedIuihﬂavnnlebnpusablenseﬂassbeen

tried toahe mebnedsby eAPLOYESS fwihmxﬁ@' afrro%k;%@ €REXY resins.
However, the nol cular ggkght of popul ar, novol ak-typé €poxy resins which

can be p g¥a° ?tt fBr met kR aﬁ%nmﬁlim@swpwnénég BOvabike—t¥Ren
conp05|te®bxylackymatedréﬁﬂn$tar§ 1l JH 1y Witi kg, p%QﬁbéetHQVﬁbegléﬂpe epoxy

h ht of .10, 000 or .nor.e_as aw npterials for
{ﬁzlzftr§§F%?8? ggrgggég?egﬁﬁg%6ﬁ%6§iq(ﬁﬁ¥'mﬁﬁPrﬁﬁé§efPEaBLFEaV%%%ﬁﬁTore
it is incﬂxablenpessnbtemposxmﬂanstdunqmmmbbdﬁgbnetheomPOﬁknﬂeSﬁa@inghe
=
mono- di spor eLqEiuety’ Eow i OMRR, Wittt PR BRRREREY ERk Ptk e 4R gh
ol i goner §hﬁa§§lﬁkéﬂe$%n@ﬁeﬁl%r@emwmmm&w haSebeanstrnedeWrbe hough
the flnaboﬁﬂéaubﬁtéﬁ918§1ﬁ eh{ﬁﬂnﬂﬁfﬁﬂﬁi 2Tl ly P éggx%hfegfﬂgos't'ons I's

nodi fi ed is stil npossible to el mnate kT ness of the
conp03|tp8W§V6§ccE?ﬁlm@ﬂ?0u¥¢ﬁaWﬁ @€ prruparupevelalsteypre lepexe

conposi t kessnsnwhbeh r c&i |mé<|§i1ﬁisldesi la%e‘thfeﬁ?hgr gaée;ggagﬁtf%ﬁ%gewt ?m E 2;3' Al s
For the LouBsvidreRcofmird il BlbbaeitigheoiRol SRFERE 208 1 Hhe
crltlcaldiﬁﬁtgulthbm PooNide srcund akattlype bpmﬂyerQEngrmdwﬂm®lé{tg Sge of
Pesi st i hpsetalapittint bt I AP o wBrRCHE) Ble. Piy SREERiANe Rk
conp05|tFBﬁsu%5ﬁ§V$%l¢Er¢Rﬂﬁhlﬂ<ﬁﬂﬁxﬂycpﬂppﬁstlonS- For these

reasons, therefore, it is in fact impossible to solve the

problem in the stickiness of the ultraviolet—curable resin

compositions. Even though so-called, mono-dispersed novolak-

type epoxy resins from which low-molecular-weight oligomers

have been removed are used as the raw materials, or even

though the final formulation of the components constituting
the compositions is modified, it is still impossible to
eliminate the stickiness of the compositions. Accordingly,
the drawback of the ultraviolet-curable compositions in their
stickiness is inevitable and is intrinsic to the compositions,
as far as novolak epoxy resins are used as the raw materials
for the éompositions. The stickiness of the compositions is
the most critical factor that controls and rather lowers the
producibility of printed circuit boards in the step of
producing the boards by the use of resist inks as finally
formulated from the ultraviolet-curable resin compositions
comprising novolak epoxy resins.

To form a resist pattern on a substrate by the use of a
resist ink, in general, either a contact exposure method or an
off-contact exposure method is employed. The former contact
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xenon lamp, a metal halide lamp or the like, and thereafter
developing it to produce the intended pattern on the
substrate. In this method, if the pre-cured film, with which
a patterned negative mask shall be in direct contact, is
sticky, such causes various problems in that a mark made by
the contacted negative mask remains in the ekposed film, that
the mask is difficult to peel and that the mask is stained to
shorten its life and to lower its resolution.

Novolak-type epoxy acrylate resist inks are highly
sticky as so mentioned hereinabove, and the stickiness of the
resist film comprising the ink cannot be lowered to a
practicable level if the evaporation and removal of the
organic solvent used as the diluent cannot be completed as
much as possible during pre-curing the ink film. The reason
is considered because the novolak-type epoxy acrylate
components having a relatively low molecular weight in the ink
film would be plasticized during the pre-curing by even a
minor amount of the solvent remained therein. For this .
reason, the pre-curing must be conducted generally for 40
minutes or so at 70°C. However, such is a serious problem in
view of the producibility of resist patterns on substrates.
If the problem is not solved, it is impossible to
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curable to give sharp patterns. The patterns made by the use
of such resist inks often have additional problems in that
these are swollen or peeled during development. In addition,
since the resist inks are not satisfactorily photo-curable,
these rather have disadvantages in that much thermo-setting
components must be added thereto in order to maintain the
physical properties of the resulting resists and that the
allowable range for the pre-curing time is narrowed.
According to the method of producing the above-
mentioned ultraviolet-curable resins of novolak-type epoxy
acrylate adducts with polybasic acid anhydrides, it is
possible to obtain similar ultraviolet-curable resins by
adding a (meth)acrylic acid to a vinyl copolymer comprising,
as one monomer unit, an ethylenically unsaturated monomer
having epoxy group(s) such as glycidyl (meth)acrylate,
followed by further adding a polybasic acid anhydride thereto.
According to this method, for example, ultraviolet-curable
resins are obtainable from alkyl acrylate copolymers. (These
are hereinafter referred to as "ultraviolet-curable, acrylic
polybasic acid anhydride adduct resins”.) As compared with
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of the monomers constituting the raw material of the acrylate
polymer. This may be presumed because acrylic polymers that
are popularly used in coating materials for industrial use
have a molecular weight of approximately from 40,000 to
200,000 and therefore the optimum content of the unsaturated
monomer having epoxy group(s) to be in the acrylic polymers
having a molecular weight falling within the range was
determined. Therefore, the ultraviolet-curable regins to be
obtained from the raw materials of such acrylic polymers must
have a relatively high molecular weight in accordance with
this.
It may be said that the ultraviolet-curable resins
having such a relatively high molecular weight may have a high
sensitivity in point of the fact that their re-solubility in
dilute alkalis is lowered even by minor exposure of the
resins. However, if the resin is applied to a substrate and
then a negative mask is attached thereto, the resin resist
formed on the substrate is sensitive even to minor light as
leaked through the boundary of tha pattern in the negative
mask. As a result, the change in the re-solubility and the -
dispersibility in dilute alkalis of the boundary between the
exposed area and the non-exposed area becomes dull as a whole,
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itself. Therefore, even if the molecular weight of the
ultraviolet-curable resin is enlarged, such causes only the
increase in the apparent sensitivity of the resin but does not
attain the increase in the substantial sensitivity thereof.
In fact, the solder resist produced from the resist ink
comprising the ultraviolet—curable, acrylic polybasic acid
anhydride adduct resin that falls within the above-mentioned
numerical range is much inferior to that produced from the
resist ink comprising the other ultraviolet—curable, novolak-
type epoxy acrylate resin with respect to the heat resistance
in soldering and the gold plating resistance. As a result, it
is inevitable that the former solder resist is o6ften whitened
or peeled. For these reasons, it was difficult to use the
ultraviolet-curable, acrylic polybasic acid anhydride adduct
resins to produce solder resist inks for printed circuit
boards for industrial use and those for domestic use if such
printed circuit boards are required to have high quality.
Because of the reasons as mentioned above, either the
acrylic solder resist inks or the novolak solder resist inks
shall be selected at present in accordance with the level of
the necessary physical properties of the printed circuit
boards to be produced, in such a way that the former are
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especially a solder resist, as formed on a substrate by
coating the composition thereon, which can be exposed even
within a short period of time to give a resist film hawving
good chemical resistance, solvent resistance, gold-plating
resistance and heat resistance. Still another subject matter
of the present invention is to provide a printed circuit board
as produced by the use of the resist ink. _

DISCLOSURE OF THE INVENTION

The photosensitive resin composition of the present
invention which is developable with a dilute, alkaline agueous
solution comprises; '

A. an ultraviolet-curable resin having a weight-—
average molecular weight of from 6,000 to 30,000, which is
obtained by reacting a polymer comprising (a) from 60 to 100
mol% of glycidyl (meth)acrylate and (b) from 0 to 40 mols of
other ethylenically unsaturated monomer(s) copdfymerizable
with (a), with from 0.7 to 1.2 chemical equivalents, relative
to one epoxy equivalent of the polymer, of (meth)acrylic acid
and with a saturated or unsaturated, polybasic acid anhydride,

B. a photo-polymerization initiator,

C. a diluent, and

D. a thermo—setting component.
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the pres . ion Leh js,de o) 1 | Utee .1 al | aqueous
sol U1 on SasALSaEs?" reTERyb oL Aoyt RN it el WeCend) pBRer ALt e
aver age mfl daeitdr) ameydhic etidrandewhdo a caoBoed Wit gnspsusptafned by
reacting r EYMclo from60 to 100 nol % of gl yci dyl
(neth)ac#%PQ?%¥§%Ha%ggp%bgg?glég)40 nol % of ot her ethylenicalIy,unsgturated

mononer (s) copolfiee SLYSHAFIW(NAtR IJorydate qfohle ForgopeRtRa) 2§ L
equi val enihe golymier\ € biyOwRNeh epRY yp&Tpthendl syl Iofhaviee gglopdgl, gebups.

(1ot 1) 261l e SBLL L o 01 1S SthenPBLVRRY Byl
and glyieidylt keoupss eesubys chnpumenintroduction of ethylenically
-1 unsaturated double bonds into the polymer, by which the
polymer is made to be ultraviolet—curable. The content of the
glycidyl (meth)acrylate of the component {(a) in the polymer
must be from 60 to 100 mol% of all the unsaturated monomers
constituting the polymer. In addition, the ultraviolet-
curable resin must have a weight—-average molecular weight of
from 6,000 to 30,000, especially preferably from 10,000 to
25,000.

The ultraviolet-curable resin must satisfy both the
proportions of the constitutive components as mentioned above
and the mean molecular weight also mentioned above because of
the following reasons. In order to attain the object of the
present invention, the resist ink comprising the
photosensitive resin composition of the invention must have
high resolution and also a high sensitivity while maintaining
a lot of latitude in its exposure. Only if so, the resist ink
is characterized in that the exposed area of the resist can be
cured sufficiently while the removal of the area by
development is not retarded even when the resist is cured only
slightly by the leakage of a minor amount of light through the
boundary of the pattern in the negative mask attached. Since
the exposed area of the resist can be cured sufficiently, the



A. Utraviolet-curable Resin: The ultraviolet-curable resin to be
used in the present invention is obtained by reagtd rg-sa-okydTRE GONpPri si ng
(a) from60 to 100 nol % of gl ycidyl (neth)acryl ate sang 3(k) fTom 0,20 40
mol % of ot her et hyI eni cal Iy unsat urat ed nononer ( S)s°¢eg§Sky'mér i “zabise. wi t h
(a), with from0.7 to 1.2 chenmical equivalents, relative to one epoxy

equi val ent of the polymer, of (meth)acrylic aC|d and wth, a saturated or

unsat ur acbdecsobfhsbecpaesanhnkyveniion is realFﬁédiPéFByFs(F@t%?%ﬁryIate

of the C%%O%QEs@ahabé éﬂcéhfeﬂ)@lh@@é rdB4 sMance t:l.hesEQBﬁBEﬁg$ha|| have

gl yci dyl ps. The addition of acrylic aC| ol ymer havin
such gly lc@ﬂoﬁﬁ§1F§§BF?s ??@Y?ﬁ? F% €an 9 ﬁﬁpéﬂgcarly °

gnsafgra&ggﬁgauhbe E?ad§$gﬁtﬁe§tgx¢n&?mEL by which the polymer is nmade to
e ultraviolet-gurable e_cont ent._of, t.he i_d f the
conponent (a) i AVRESpely ?nn%fs? THEHSm (i gs%DHFE}Q)’?ﬁ gy%a@ﬁag
unsat ur atred ecniareweigbhsoEt Larglgrtttearpoi%rﬁé}() JJSn usedi ipokhet he

ul travi Oiygﬁoto%%g@g%gv@e%&ﬂu fort\e iy @%&ﬁqstgvhﬁcal aLLgesgnt of

fromé6,0 es eC|a erabl from 10,0 0
The ul t r alikelldt sedugbra pésthe nﬁ%’ﬁl%%\tnﬁ? yf’%!i:trﬁstlﬁ’@ ShEpEPRPERILLPN | he

constit UtlsV%o%%B%qs}t SoRer8BNEvERNashab e e ilghe faRaRdANERERULRE YRk ght
al so nent oned above  because of he fol|low ng r sons n ordetho attain

the obj ed® GXPOBECESsBRt SRRTERETHNOY HEFRRS st PEEPRG
phot osengiddive ha®dng eaBpoa&i laﬁ@eaﬁeameno]remmaxomelmhﬂ: haveohi gh resol ution

exposur o SEHePelY Spfablecth & GRS Mdthdbe R8T iK8 RLIMELLR | 5
gr ege\?]; I teveenr memt 1¢ansbaotgexpose|df i midntidy additdonhe th@nﬁoéﬁcltﬁ-at Ihe ﬁr Iea
Dy he SR b B, SELSECR) PR Mgl sl oL oM
pattern iat nﬂ@g\étlwvﬁnﬁﬁﬁérat‘?‘écwp%#&é’-ﬁ%e‘%%&eﬁpéésoﬁrﬁhe resi st
can be cyad s4filgheh9ntih¥iubhed by photo-polymerization reaction.

This results from the experiential fact that, for ultraviolet-

curable resins having the same content of ethylenically

unsaturated bonds therein, provided that the content of

ethylenically unsaturated bonds in the resins is represented

by the percentage relative to one kg of the resin, the

increase in the molecular weight of the resin to be caused by

exposure depends on the molecular weight itself of the non-

exposed resin and that the larger the molecular weight, the

larger the increase in the molecular weight like a so-called

guadratic curve.

Therefore, the removablllty by development of a resist

formed from a resist ink comprising an ultraviolet—curable

resin having a weight-average molecular weight of larger than

30,000 is lowered eveﬂ by the curing of the resin due to a

minor amount of light as leaked through the boundary of

pattern in the negative mask as attached. For this reason,

the content of ethylenically unsaturated groups in such a

resin must be lowered to ensure the necessary latitude in

exposure in order that the resist comprising the resin is made



obj ect of the present invention is realized which is to nake the resi st
have excél |l ent heat resistance in sol dering, chemcak.s esistance,..sol vent
resi stance, gold-plating resistance and heat resisstzancg. s »°3 < Hohever, if
an ultraviol et-curable resin having a nean nol ecdbar.weLght dteiatger than
30,000 is used in the photosensitive resin conposition, the solubility in a
dilute alkali solution of the resist ink conprising the_conposition is

not i ceablbp mavietednetbe nheassary ressetuttionmed Asr @mresalinREi §héxposed to

an ext 1 elildddfndaqr €he IBhEeht BECQUSRId MRMeVeIqVRE Bupbsadl arge mean
nol ecul ar wei ght 1s not I clentl soluble I n dllut? ggHSOUS al kal i ne
soIut|ona§ﬁ§1oﬁhéhel?eﬁésﬁoFOE%ﬁ %nﬁprqqtﬁﬂﬁi ¥h | ecul ar

wei g[lt OItﬂc?l}%fr&@ nth%t Eeetétycwpdlaeﬂ@@dfﬂyﬂqw@et FQtﬁFF)&EEBf?3| ly .
unsat urate ps in the resin nol ecul es ar s i y
phot o- polwgcfﬁt PEOPRELLEFomD THFR 3¢ ?ﬂ’f%e%rl"@Pﬁ % ?(‘éﬁ g#&;é%
that, forreguiradiedltet.- curable resins having the sane content of

ethylenically u gtﬁ%gtgg ggﬁdgbgpg éﬁ%léﬁéﬁ”§¥3$ thg content of

ethylenically u ds™in t € resins s représented by the
percentagdtnawmnle¢~carabéekgeeintﬁmrr@ﬁ#rnntﬂhﬁ|Eﬁ#¥%§elpﬁepﬁé°ﬁnﬂécular

wei ght - ofy éﬁl?lerfstlonhtagebg ﬁaﬁgﬁé —B¥e PEHOSHS BedltRENdR ight! be BBl 000! 8¢

wei ght its non- resin and that the Iargfr the ol ecul ar

wei ght, tiewerar g’élrlltettéhien§9§§§€tl af t gehyAgialdhy WasSghurpted greBPEal | ed
quadrati G Whee resin is Eh@é@&@ﬂeastl’ﬁ‘@cﬁ e4® i diigle by c@ﬁwb«zatrgnt thé a

resist forned fronta res 0 sin ul t ravi ol,et Q e resin
havi ng a SRR hﬂXFé a?m%g‘?\?rg]f%ear"bo&o“teﬁ'aﬁ% % 's | ower ed
even by hﬁlﬂ:extjralnq:oafymbheshaunbdunotolmem nidrara réfu mto 161, Iplrgtﬁerablyeaked
hr ough 5 Honadarg 8l ¢BALERNoE Nl NecREdRtie P Horts i ikanhednelor (s

reason, yPari &4l fy- unsatura groups’in such a resin
must be mmw@mEdut®yem®uch the petnmsar§h¢l&|hQRﬁanand§H¢05ure in order that

tge resi gl iATNH1NY LRSatEPhPeldSHOREE. Accordingly, using the
ultraviolet-curable resin having such a high content of
ethylenically unsaturated groups as above, it is possible to
formulate a resist ink to be able to give a resist, of which
the removability by deveiopment is not lowered even when the
molecular weight of the resin in the resist is increased in
some degree due to minor exposure of the resist. The resist
thus has a lot of latitude in exposure and has an excellent
sensitivity and resolution at the suitably exposed area
thereof due to the presence of a sufficient amount of
ethylenically unsaturated groups therein.

For the reasons as mentioned above, the resist to be
formed from the resist ink of the present invention can be
satisfactorily photo—cured and therefore has excellent
physical properties. Especially for solder resists comprising
the resist ink of the invention, the noticeable improvement in
the heat resistance thereof in soldering can be realized. 1In
addition, since the ultraviolet-curable resin for use in the
present invention has such a low molecular weight as mentioned
above and is therefore near to an acrylic dispersant, its
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to maintain the necessary resolution. As a result of the reduction in the
content in question, however, ,the exposed area ofs t.-he Lesd.si .cou.d not be
cured sufficiently and therefore, the resist couldd :not; ¥ inak1y haye

sati sfactory physical properties in such a degreé.i'hai® i.{° Feet.s® {1, gh- degr ee
requi renents. In view of the above-nentioned problens, the
ultraviolet-curable resin for use in the present invention is defined to
have a waibghtitzvéoadésperseupagmertshthexeidn id0goed. ofberefpree the

cont ent . et.h i YU 4 S 1 el d as
much as pos: g‘?‘l ?@é’%&%%% %L)eéfl ePéﬁ{)?%%hgg n%%;ws&lr{q#gégle???ég Ieh?rrgf'h)agggyl ate
nmononer istabidityw material polymer shall be not |ower than 60 nol %

preferably not lguerohhaBr68aA0hd ehtaihed Ny rERIyoNRIoHNCONSti tuting the
pol yner, by which the polynmer shall que endant,éﬁgllen%%ally unsat ur at ed
bonds. ARDYMEFFZALIG8InEOrnEXBIPLE Y eﬁ&é{ﬁ’é’aé’ & ™R8 " such a high
content QimAtdI¥ne piodFmey ikasabHT 6f ethgr bilps. asalmhien polysepasathbpbs to

f | at t k to.b blLe t ' |.Sds f

Forovab 159 PrRpats, dPE, RERIEE . PSRRI i U WhleCRxbBLe.

of the resimistuntchefr enssaturstedcnenseers rcawnisiag &&edadove i nor

exposure Il'?énéi%%ﬁrf %'oﬁli)onzg?:sr § ?lean% hk’ég h:Fé IyMerizd Bt ifodd@xbfipg¥posSur e
and resolutlo

and has an excellent sensitivi I at the suitably exposed
area t hersofa dedhosl Ofe spisséngethe Bixtire gndar daaindlop SUEFRRARCal |y

U“S?turato‘icbb URSINRSREHR- the pres&fée ldE 4 GRSIGMErdTaFon dnediakeye, the
resist to be fornmed fromthe resjst ink, of the present anentiﬁgscgn be
r

sati sf actidt i3 PINFOGST StE83BN ATt R¥r 21 BPLL HRE ROIVHSTHAA WIS ek Berti es.
Especi al Ipe feon®@tédy inethet samenpanseéng the resist ink of the invention

be real i zed. | n MRAHERRLcs FRAYSE Rt OrthESH o) A RIS, KeoRBETShERS, 19
the presesd methhyit iethylakesook,acyohohekanoney efd ghtarematdst i oned above
and i's thel Sl QUGG dudh?Bs2EbYhbfied! RPEES@Ntetd IS acetates such as

ethyl acetate, butyl acetate, cellosolve acetate,

butylcellosolve acetate, butylcarbitol acetate, propylene

glycol monomethyl ether acetate, etc.; dialkylene glycol

ethers, etc. These organic solvents can be used singly or as

their mixtures.

The polymerization initiator includes, for example,
hydroperoxides such as diisopropylbenzene hydroperoxide,
cumene hydroperoxide, t-butyl hydroperoxide, etc.; dialkyl
peroxides such as dicumyl peroxide, 2,5-dimethyl-2,5-di—(t-—
butylperoxy)-hexane, 1,3-bis(t-butylperoxyisopropyl)—benzene,
t-butylcumyl peroxide, di—t-butyl peroxide, 2,5-dimethyl-2,5-
di-(t-butylperoxy)-hexyne-3, etc.; diacyl péroxides such as
isobutyryl peroxide, 2,4-dichlorobenzoyl peroxide, lauroyl
peroxide, benzoyl peroxide, acetyl peroxide,'etq.; ketone
peroxides such as methyl ethyl ketone peroxide, methyl
isobutyl ketone peroxide, cyclohexanone peroxide,
acetylacetone peroxide, etc.; alkyl peresters such as t-—
butylperoxy pivalate, t-butylperoxy 2-ethylhexanoate, t-—
butylperoxy 3,5,5-trimethylhexanoate, t-butylperoxy acetate,

_11_



-10-. _' ability to disperse pignents therein is good. Therefore, the
final conposition conprising the resin has excellent..stofage. stahility.

The pol yner can be obtai ned by any known polynermzqtiqi,§§gﬁ°?x?ﬁgte, by
sol ution polynerization, enulsion polynerization e “tite,l9 Ke.° . Solzufi on

pol ynmeri zation to prepare the polyner is referred to herein as one exanpl e.
A m xture of unsaturated nononers conprising the above- nentioned
conponentts DY 1aeg oFl) bPBZERLG Nefte el PEXNX e Kigeitbonpyes Fuchodsof stirring
thle m xt l&it@._s%@(i%_ltb;é%%)xyndﬁcéﬂb&?@i@, Cﬁﬂf@éﬂ@q@égcﬁ}tlplegok?enpr esence of a
pol yneri zation initiatr in a njtrogen streamor by a boiT]j :
polynerig%ﬂ%ﬁaoﬁéFﬁodd%bsBBrEBﬁgﬂﬁfé%Yi$;QQﬁ?Q§§ﬁ§'ngﬁﬁéﬁ?‘bugylpe#ﬂﬁy
organi c slilcaegbioniatel, udes, ; f 8o exampdehdskadugeassuch als nmet hyl Iet hyl ket one,
cycl ohexanane,..ete. . arowptic hydrac ,_such .as t ene, xylene, etc.;
acetates%?%%HséfogPﬁyFoﬁggfé@%{Iwﬁﬂvﬁfgggfafgpg3§ﬂﬁ8§8%¥€a§8etate,

but yl cel lazobliseyavevalerobityitey bl ; bl-adtiat(eyciohpxeneelgl ycol nononet hyl
et her ac . 1a4di gl kyl e q;qu_, el ani ¢ sol vents
can be ugé' g?%g%glgg'ag'ghe$€&%1X%%ré?f (2 %&grégﬁéﬁ%gi ation

i ni ti at oPropdrngdidetor ebRanpl e, hydroperoxi des such as dii sopropyl benzene

hydr oPgr OXi de,h Quwggereqdiia@@rﬂ%geahzé %@&}é#&l%ﬁhgﬁghgfb(ﬂ?thétﬁoiyﬂé@ kyl
er oxi des.s as I.CUI er oxl , , O~ -4, Q- - -
Eutyl perc?}?}?;ﬁhéﬁﬁﬁﬁfi ‘rflné{lb Re {NeRRSIHS IRLSSHIREpYEFIBENSENERE - but yI cuny!

per oxi deuldiratribleytcpeabXe dees ¥h Scdlivetontaiied by the tﬁse of tltl)e I

per oxi dePo3TieR 2 PHBERERES: | Shonatd |l R <B8; BRI ERIERY per oxi de.

acetyl péucki deredativeket bore melemildes waichtas empflbybbdehgte Kipa bixde

per oxXi de.cpdehnLlahSPRY Yhek L UNRIPHLHING F4T1AREYABRIGHIEI Xk de.

acetyl acetone peroxide, efc.; alkyl peresters such’a$S t= bulylpéroxy

pivalatePerBEE9P9€Yb§§m§t%Y¥§Mlﬁ9@ﬂﬂﬁnhidaﬁv etc.; sulfur compound
chain transfer agents such as thiols (e.g., alkylmercaptans,
thioglycols, glycol dimercaptoacetates, etc.), thiocarboxylic
acids (e.g., thiomalic acids, etc.), dithiocarbamidates,
thioamides, thioureas, etc.; terpenoid chain transfer agents

. such as limonenes, etc.; dimer chain transfer agents such as

o-methylstyrene dimers, etc.; addition—cleaving chain transfer
agents such as a-benzyloxy-substituted vinyl monomers, etc.;
ylide chain transfer agents such as sulfoniumylides, etc.
Also employable are high-temperature polymerization, pressure
polymerization, etc. Anyhow, the polymerization conditions
for producing the polymer must be such that the epoxy groups
in the monomers are not cleaved during the polymerization.

The component (b) may comprise any ethylenically
unsaturated monomer that can be copolymerized with the
component (a). For example, it includes linear, branched or
alicyclic alkyl (meth)acrylates such as methyl (meth)acrylate,
ethyl (meth)acrylate, propyl (meth)acrylate, butyl
(meth)acrylate, isobutyl (meth)acrylate, tert-butyl
(meth)acrylate, 2-ethylhexyl (meth)acrylate, n—octyl
(meth)acrylate, n-decyl (meth)acrylate, isodecyl



butyl peroxy 3,5, 5- trlnethylhexanoate t- butyl peroxy acetate,

t - but yl peroxy benzoate, etc.; peroxy dicarbonates-such as Qbasep&pylperoxy
di carbonate, di-2- ethylhexylperoxy di car bonat e, &lwsonwogylpegogy 9

di carbonat e, di-sec-butyl peroxy di carbonate, etc. ;s"dzd GﬁhpOUhd%“§Uch as
azobi si sobutyronitrile, nmethyl 2,2 -azobi sisobutyrate,
azoblscyanovaleronltrlle 1,1 '-azobls (cycl ohexene-1- carbonitrile), 2,2
" azobi s{(mekbi)agrylate?- heurpky tneth )acryiads o myFiesyl et c. It is

reqU|red cu I al(he®RsaEgvaES, t he
necessaryhﬁg%g%gﬁyqakg Eéﬁyregﬁg%h¥%raV|Jﬁgt¥§%?r§Pe(he Fz tg;%% obt ai ned

t

by the ué’é’C&PhtePFéfaE)é!V‘\‘gﬁgl)ac’ﬂﬁ%ﬁ"’%@or’eSOI?‘?F‘BPJdéF“ectS‘)GSFXﬁ'ﬁ%?he tyner having
tsuch ? r@i:%‘y'l){é@ngh.z omD|(ilﬁéﬂh§i£cr§€1ﬂf§s Sifmih@lsawyﬁraﬁcyehhyﬂ.de chain
ransfer agents such,as a al i
brompher{&%&rﬁlaﬁﬁty ?I“?ul?“ﬁﬁ%ﬁ bﬂ’g’g (’%%igl)y csﬁxlﬁ‘%F'cé?EB%HStB% n transfer
Sgents sumbt&sa?hymbsecedgethplénérg&ynqﬁamun3£Mchgbycy&a;eglycol |
i merca

PiaAathighe S19cb1 RELSEALOSKILLAAG, alect%o&gdlte@hgﬁrahéc aci ds,

etc.), i our'eas enoi d chaln
transfer g;y@wﬂs(@@@h)agrylnbﬁenebc etand ﬁhQnﬂonﬂ%§PﬁnﬁﬁaﬁsPEPPHQGH?s such

as a- ”et@ig%to\i Eh‘étﬂg %g?laﬂﬁ bﬁeﬁiéﬂ@rmq}&ﬁvmwmqmvcﬁ)h&eg)iaeésagents

such as da-benzyl oxy- ituted vin nonorners, . g ain transfer
gt

agent s sl aéywpénmeﬁm(ma‘éé)a%m at%scﬁl’é?ﬁﬂtdﬂfat(ﬂ‘@t r)écﬁl‘f B&nperature
pol yneri zaidols %a&&mr emBehYHBFyZaté PretElC. ao%tywamﬂdetsheuphl gBeri zation

The. monories BeB R an Al BonBEey Tihe ) damhaicta Mon. ¢ The T

conponenmn@mW1mmpthoapryiamadg,eﬂh?éztnhuﬂjhﬂmﬁthamwmaﬂamidemoﬁeterhat can

b | deggl
br anched SSEVHECth RS-kt TF et le GRIUARH Snide, | BELLFRES | 2T,
et hyl (nstedla@syvinyl pyﬁpwllé%@h)%ﬂyl%metrl&ﬁ,y vipydt ﬁ)’-‘eﬁé?zyl: ate,

i sobutyl iRl aaf—)hh%h?lswkénéutxyin;éﬂeéﬁﬁela,c retlcat efl‘h%s@t b&hhaéyhsé&et h)
acryl ate, n- oct acrylate, n-dec netQ) %f odecyl
singly or as their mixturés. These are use or er o

control the content of ethylenically unsaturated groups to be
introduced into the final ultraviolet-curable resin, the
hardness of the pre—cured film and the hardness of the final
resist, or in order to control the workability, such as the
dispersibility, the solubility and the printability, of the
resist ink in its actual use.

The amount of the (meth)acrylic acid to be added to the
polymer shall be from 0.7 to 1.2 chemical equivalents relative
to one epoxy equivalent of the polymer or, that is, shall be
from 0.7 to 1.2 chemical equivalents relative to the glycidyl
(meth)acrylate in the polymer. If it is less than 0.7
chemical equivalents, too many glycidyl groups remain in the
ultraviolet—curable resin and are cured at the pre—curing
step, thereby often lowering the developability of the exposed
resist. If, on the other hand, the amount is more than 1.2
chemical equivalents, the existence of the non-reacted
(meth)acrylic acid in the resin is problematic.

The saturated or unsaturated, polybasic acid anhydride
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-12- ) (meth)acrylate, lauryl (meth)acrylate, nyristyl
(nmeth)acrylate, cetyl (meth)acrylate, stearyl (neth)aciylate,. cyclahexyl
(meth)acrylate, isobornyl (meth)acrylate, etc.; etshyl ene of yeol s°

(meth)acryl ates such as hydroxyet hyl (neth)acrylafe;“aﬁﬁhdxyethy3£:°
(meth)acryl ate, ethoxyethyl (neth)acrylate, diethylene glycol
mono( et h) acryl ate, triethylene glycol nmono(neth)acrylate,

net hoxydif@hyisendngitheopresent) ivysnbien inqludesnd foKe e¥8MPé8pondi ng

propyl engyifakq@ scaRl BhaghYiabsSsudiad eiitedinicolantyaeiael h) acryl ates and
gl ycerol nono(neth)acgryl ;.aromatjc nethgﬁﬁr | afes such,as benzy

(net h) ac MATAYd S (,i?‘;lcaé‘?l 53%#3%5 %w%sart r ikragenic

ﬁ {73 P ylat(?tmilt ?r eygqrahidgr_ibl-eaﬁhp@iéiférﬁéi‘l%mmﬁlc?h') ac r;d rlig%'dghtgaéigt one

- - ; y , dl
(neth)achﬁ%%ﬂ%ﬁglet8¥Fa§§gﬁgpﬁ%§§£kﬁrﬁﬁhg%##a%ﬁ done, acrylonitrile, vinyl
apetate,n&ﬁ#wdﬁe;rphydrophthglicyanhgdridewﬂm&ﬁhﬁinadeccanmmdsedean be used
singly o s)a?o@h@hmeeaahéaﬁge AfetiSPthd b iRontfadept rol the content

of ethyl enicall y ansaturated groups’ to ntro Into the fina
ul t ravi olashysiniglel, e etesic nandhEr habamie o fhigherppelymbagici pAldnd t he

har dness Lfnydi8 delsN@licheakStrifb1i e dedid Qritiydride ! bgropekablibty, such
as the dispersibility, the solubility and the printability, of the resist

i nk in i @S ARRydrdde, benzopheponerfrkrafaniaxylis: tr)%f&ér #PP¥IELAR to be
added t o nidvhyllelyyTohexbakl-tberacamoxylio doidl cmividrdldegqeteal ents rel ative
12 chemt oal. cqdPtarears SpRrAFIGR 10 et setiretive dRrL chs) BbEBbe e
pol ymer. dff impar¢ingsent handOvaledchd ctdie erjlinaatioled cusebienyeginctdyl
g[g?gﬁ rirﬁﬁPér%ﬂy”mtaﬂ% ghbr 2uLohelaCal G NPN i FeAsB 1011818t the

éilute, aqueous alkaline solutions. Therefore, the acid

anhydride is added to the polymer by which the ultraviolet-

curable resin is made to have an acid value of preferably from

25 to 150. When the resin has an acid value of from 40 to

100, the most favorable results are realized. If the acid

value of the resin is less than 25, the developability of the

resist comprising the resin is poor. However if it is more

than 150, the carboxyl groups still remained in the cured

resist cause various problems in that the electric

characteristics, the electro—etchability and the water

resistance of the cured resist are worsened. These problems

are of critical importance for solder resists.

The addition of the (meth)acrylic acid and the

saturated or unsaturated, polybasic acid anhydride to the

polymer can be conducted by any known method. To add the

(meth)acrylic acid to the polymer, for example, the both are

reacted by ordinary methods at from 50 to 150°C, especially

preferably from at 60 to 120°C, by adding a thermal

polymerization inhibitor such as hydroquinone, hydroquinone
monomethyl ether or the like, a tertiary amine such as
benzyldimethylamine, triethylamine or the like, a quaternary



step, thereby often lowering the devel opability of the exposed resist. If,
on the ot her hand, the anmount is nore than 1.2 chemni cal, equLMakenus, t he

c @ 9

exi stence of the non-reacted (neth)acrylic acid i ttheeresi nsis $° 3

probl emati c. The saturated or unsaturat ed, polybasyt ac%d°gmhydr|de
-13- for use in the present invention |ncludes for exanpl e,

di basi ¢ acid anhydrides such as succini c anhydri de, nEthy|SUCCInIC

anhydr i demmealisivc sadlby encheas ctrinethy oennyiammoaivgl g¢hapridgnhydri de,

i taconi ct@% xq%tﬁgphmﬁbhﬁ By 15+ fife 619t1{h¥‘3i‘1'k%0|&hﬁ%k0aaeaiélyge

met hylte I c_an r|de met hyl nadic an

hexahydréﬁﬁﬁh@ﬁl@ré@ﬁﬁﬁwﬂéél h%?hy?%é%&hfﬂ? fztgﬁhFBFYH@r iPcd: and
tri-basi GAvehtdhernBObMdResbs S£i Qhéll‘&”%iiﬁ&%‘d whna&thﬁsaﬁaal itic acid

anhydride, pyronellitic a anhydri phenone-tetrac rboxyllc acid
anhydr i dé’@%ﬂi}l F‘E}héﬁgﬁgr g‘f"r’a%a‘? W‘?ecé)dﬂ 3" nf7r 83’“8&
The acid anhydru&elssdasédab$eehhaalthefamoudhaqﬁJmm@sel@tavmpéetrng an acid

value 10 dhgndld Aol b £dr 2! eh%eqﬁ&fwsoe&ﬁ%%v 8 LBfipbESLIon of

re-di spe e and re-soluble’in ueous al u I ons.
Ther ef or &he [present dnNpoticn is Ederd tho t&ﬂa Py Wed gb wﬁ. thet hatal

ul travi ol gt b@bkﬁerﬁéhﬁob§tﬂaﬂe to have an acid value of preferably from
25 to 150. en the resin has an acid value of from40 to 100, the nost

favorablé5re§MQF9‘&PéYm§5F?§§a°nl¥H%Fk§%ﬁﬁd value of the resin is |less than

25, the devel opatiel | t@f—ﬁbmﬁméﬁitétl&wiﬁiﬁld&)ﬁ R @glen ins theor . However
if it is nore than

resist cRF&ERhL |16’1Y? 8B éf’rﬁ?}’ag%(zl ?g&% ﬁeépaé'fpglbelt'lr :bc?rne(,zl??né‘lpggg I‘Ilg'%l c:s“%ﬂ'

el ect r o- ettitiendsi Isiuich asdbeheona} ebenzoin methyl ether, benzoin ethyl
ether, benzoin isopropyl ether, etc.; acetophenones such as
acetophenone, 2,2-dimethoxy-2-phenylacetophenone, 2,2-
diethoxy—-2—-phenylacetophenone, 1,1-dichloroacetophenone, 1-
hydroxycyclohexyl phenyl ketone, etc.; anthraquinones such as
2-methylanthraquinone, 2-amylanthraquinone, etc.;
thioxanthones such as 2,4-dimethylthioxanthone, 2,4-
diethylthioxanthone, 2-chlorothioxanthone, 2,4-
diisopropylthioxanthone, l-chloro-4-propoxythioxanthone, etc.;
ketals such as acetophenone dimethylketal,
benzyldimethylketal, etc.; benzophenones and xanthones such as
benzophenone, 3,3-dimethyl-4-methoxybenzophenone, 3,3',4,4'—
tetra—-(t-butylperoxycarbonyl)benzophenone, 4-benzoyl-4'-
methyldiphenylsulfide, etc.; nitrogen—containing compounds
such as 2-methyl-1-[4-(methylthio)phenyl]—-2-morpholino—propan—
l-one, 2-benzoyl-2-dimethylamino-1—-(4-morpholinophenyl)-
butanone—1, 4,4'-bis—diethylaminobenzophenone, etc.; as well
as "Lucirin TPO" (ex BASF; 2,4,6-
trimethylbenzoyldiphenylphosphine oxide), etc. These can be
used along with known photo-polymerization promoters, for
example, benzoic acids, tertiary amines such as ethyl p-
dimethylaminobenzoate, isoamyl p—dimethylamiﬂobenzoate, 2-
dimethylaminoethyl benzoate, etc. Any of these photo—
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resi stance of the cured resist are worsened. These problens are of critical

i nportance for sol der resists. The addition af .&be.( net.h)yacrylic

acid and the saturated or unsaturated, polybasic agié a@@ygrydg 3G tshe

pol ymer can be conducted by any known nethod. To add°t£e94ﬁegh)gﬁgylic acid

to the polyner, for exanple, the both are reacted by ordinary nethods at

from50 to 150[err]C, especially preferably fromat 60 to 120[err]C, by

addi ng a pbkymetipatiomnrimdtiahensntiisbiatideds uehther hyinolywiowras their

hydr oqui nafeegPOOTES Wle Ydifodliesldi olel KBie BrbeLht Ay, such as

benzyl di met ¥ amne, triet am ne or_the ITke, a quaternary,

- 14- preferabbyiogf (anREAROGIER #F €rrRefh}l Ben3d | ankpireiahiy sqnse,

et hyl tri pt8ye2apDpi £romw ) O itde 20 st b Wwekehandielagi vated e SiHOLaAS

trlphenylstlblge tqﬁ%ﬂgtsolutlon of tg pol%ner in a,solvent. The addition

of the satfPRPEODrthf St etsGArBRIeC COBPANERTS tF deP'$ s conducted in

the same cempesition. It is desirable that the anount of the ultraviolet-

curabl e rssin?%gwgetjn t he photosensitive resin conposition of the present

i nvention Ts %"t 0 60 % by wei ght of the total anount of the

conposi tion. B. Bhothe pbiluent,z asiadpdel st azeoa: photo-polymerizable

phot o- pol L&Al d | i A : L t S hventd | udes,

For - exanplaonen o e o B et e B oghl 1 KA et by

et her, beR¥btaret hyFhetrhatopadygierizabpeoponorereincliqes, Q% ophenones

such as aggampleNofesersoINIR MORsmérBN8a¥haset Ppipdeseyethy

dlethoxy-2-§£§n | acet.ophenone, 1 1-d|cglgro gtqﬁ% none,. 1

hydr oxy cyRPERERYE Y PR QR RPY L RETY L2k E N oY TG Kokiflone

2- met hy| aatiyboyl mowphdl-iarg, aetthoxgtteneraethelene glycol acrylate,
methoxypolyethylene glycol acrylate, polyethylene glycol
diacrylate, N,N-dimethylacrylamide, N-methylolacrylamide, N,N-

dimethylaminopropylacrylamide, N,N-dimethylaminoethyl

acrylate, N,N-dimethylaminopropyl acrylate, melamine acrylate,
and methacrylates corresponding to these acrylates; water-—
insoluble monomers such as diethylene glycol diacrylate,
triethylene glycol diacrylate, propylene glycol diacrylate,
tripropylene glycol diacrylate, phenoxyethyl acrylate,
tetrahydrofurfuryl acrylate, cyclohexyl acrylate,
trimethylolpropane diacrylate, trimethylolpropane triacrylate,
pentaerythritol triacrylate, pentaerythritol tetraacrylate,
dipentaerythritol pentaacrylate, dipentaerythritol
hexaacrylate, isobornyl acrylate, cyclopentanyl (mono or
di)acrylate, cyclopentenyl (mono or di)acrylate, methacrylates
corresponding to these acrylates, mono—-, di-, tri- or higher
poly-esters of polybasic acids and hydroxyalkyl
(meth)acrylates, etc.; high-molecular-weight acrylate
monomers, for example, epoxyacrylates such as bisphenol A-type
epoxyacrylates, phenol-novolak-type epoxyacrylates, cresol-
novolak—type epoxyacrylates, etc. (these epoxyacrylates may be
partly crosslinked with compounds having at least two
isocyanato groups in the molecule or with polybasic acid



- s

t hi oxant hones such as 2, 4-di net hyl t hi oxant hone, 2, 4- diethyl thi oxant hone,
2- chl or ot hi oxant hone, 2, 4- diisopropylthi oxanthonegs seco so woso co e

1- chl or o- 4- pr opoxyt hi oxant hone, etc.; ketals such:ag acét@pherore °

di net hyl ket al , benzyl di net hyl ketal, etc.; benzophénonas asid: xani*heones such
as benzophenone, 3, 3-di net hyl -4-net hoxybenzophenoner 3,3',4,4'-
tetra-(t-butyl peroxycarbonyl)benzophenone, 4-benzoyl-4'-

met hy! di pdygrsdesi,detced ¢. pohyesoeeracuyiatian ngreshpbenasrylahess
2'”Ethy|%ﬁ%L4T&ﬂEEQVQEEEPlQQ%Gﬁii'ﬁ%ﬁgﬁé¥¥¥'dH%eELQB§61u$18”ﬁonomers

2- benzoyl - 2-di nmet hyl am no- 1- (4- nor phol I nophenyl ) - but angne-1, ,

4, 4" - bi s-amcetighaRPABEEA2EPNEAShE, At El ate dqromerss cap Pey PRe}pEARILY. BASF:

2,4, 6- tiddmishyehberzaykdipagny! phosphi ne oxide), etc. These can be used
al ong wi th known '

phot o- pol yneri zati on pronoters, for exanpl enzoi c
aci ds, tertiaryTQﬁiR§§a868hsgivﬁﬁ?w&niiﬁéﬁ%mﬁ%§i5#@W8§8ﬁggéﬁ§?gfsoanyl
phdinethmh&mhmghenaeabﬁdaiy di npo hyt yd i et lodhdisn soghe aseethanod, of t hese
phot o- . R A - | yneri zation
initiatopgqggng&deaéogF?ﬁg?o%fn%?%a%ﬁl%ﬁfﬁqﬁgggq%;%t3rgyt?88?ﬁe conposition
of the phesemoli,nechyilenepgdieobbl stad; ketranss sueh 65 neshyd. ethBl3o % by
vei ght, (Rad CLokaBhEXbABHLD. Scd 0, “arciidbi oMilydltocal Bodl! ¥achoakhe whol €
amount of the dltravi ol et-curable conponents in the compositiop.

Di | uent : tOluene:A§Yﬂﬁ§ediPﬁéni,C%%%&ﬁQQY%ﬁeﬁﬂ?haaﬁhGFGlB§P}W§ri9§E§i mononer
or/and aReln@ad1GeSOkYent, catbies1s| Sl 4 ASHiRRl, Butylr earbhieol,
DO PO 28Dl TROLEL cLICLHASE oGt ST S Wbt 38 Bl ogpToTer
N-vi nyl pyethlyildether, etc.; polypropylene glycol alkyl ethers such as
dipropylene glycol methyl ether, etc.; acetates such as ethyl
acetate, butyl acetate, cellosolve acetate, butylcellosolve
acetate, butylcarbitol acetate, propylene glycol monomethyl
ether acetate, etc.; dialkylene glycol ethers, etc.

The photo-polymerizable monomers such as the above-
mentioned water—-soluble monomers, water—insoluble monomers and
high-molecular-weight acrylate monomers dilute the polymer and
other components constituting the composition of the present
invention to thereby make the composition easily coatable,
while controlling the acid value of the composition and making
the composition photo-polymerizable. The above-mentioned
organic solvent dissolves and dilutes the polymer and other
components to liquefy the composition and therefore make the
composition coatable. 1In addition, the solvent existing in
the composition is removed by drying the composition as coated
on a substrate, whereby a film is formed from the composition
on the substrate. Depending on the coating method, it is
desirable that the diluent is, either singly or as a mixture
of two or more, in the photosensitive composition of the
present invention at a proportion of from 10 to 95 % by weight
relative to the total amount of the composition.

D. Thermo-setting Component:

....17._



acryl oyl norpholine, nethoxytetraethylene glycol acrylate,

met hoxypol yet hyl ene glycol acrylate, polyethylene glyeol -di.acryl ate,
N, N-di met hyl acryl ami de, N-nethylolacrylanmde, N, B < 3 g "¢ 3° 3

di met hyl am nopr opyl acryl am de, N, N-di net hyl am noefhyF..a4Csyl at €,.° .2,

N, N- di met hyl am nopropyl acrylate, nelam ne acrylate, and nethacryl ates
corresponding to these acryl ates; water- insoluble nmononers such as

di et hyl ene gl yc@heditherpparetting ceoRpARn Yy ifc Addedadoythee, propyl ene

gl ycol dicdupdsdtaont bifPEBBYbeaSeSt Yibert i Yo @hePparps¥et Byl acryl ate,
tetrahydrof urfyryl ;acryl ate cgglohexl ;Egglate tri et hyl ol pr opane

di acryl ati@PTOVIRG: Ao PERSpE¥e r?%&?%&%& S ddhther FERASEOECt PRacryl at e,
pent aer ytforred firehw gaer gbapositieendm@raldy idfolrgaettingcwikht €he

di pentaerythritaql hexaacryl a | spbornyl acryl at.e. cycl opentanyl .(nono or
i §acr v SREPoRyd FReHBRnFEoRhE RS of ol s rlnnaV i eRbereRRleIRks 1t
corr esponai rijpet conmpesaétaonyl adesexampmbes aff -the rhhermo-Beghengpol y-esters of

pol ybasi ¢ bQ%n@QdHEXQEBK 8! k¥t éﬁ@4$3j§§%%ié§3ﬂ§ﬁ§?°8$ ounds;

hi gh- nol ecul"ar - wei'ght acryl ate nononers, X xyacrglages such

as bi sphéd@ickad: jsecypaajasr shakeas phbnkana dlidisgeyeppteepdrynbelinees,

cresol - ROM@c¥ahkRe ,cRespR6FYhal @PisSdFandtid 1R PRY4waEhylahes may be

partly crasslinked with ounds, havi n t |east twg |soc¥a ato groups in
£ p6I biat alonatds,

t he nol e %§qﬁyaﬁpg kﬁda¥+ caprolactams, oximes, onates
-16- etc.; amihpdriedéns etch)as pothiestlataar melaimdne westihsape acryl ates,

: - | - | ub)
hi gh- ol SEgERIRate, RefallRiR FeSInde M INEd RuBa "RORIRES BUEviened,
m xt ur es melamine-ureaorgpalycenfensate mesidss, bemzoguanpménel i near,

branched c532390daMEn85+BOLYBYAE Cegd cOhoOl s such as et hanol,

Of these, especially preferred are thermo-setting epoxy

(XX

compounds. The thermo—setting epoxy compounds include, for
example, bisphenol A-type epoxy resins, bisphenol F-type epoxy
resins, phenol-novolak-type epoxy resins, cresol-novolak-type
epoxy resins, N—-glycidyl epoxy resins, alicyclic epoxy resins
(e.g., "BHPE-3150" ex Daisel Co.); "YX-4000" (ex Yuka Shell
Epoxy Co.; epoxy resin); hydrogenated bisphenol A-type epoxy
resins; triglycidyl isocyanurate, etc. Of these, especially
favorable are triglycidyl isocyanurate, "YX-4000" and cresol-
novolak—-type epoxy resins.

The photosensitive resin composition of the present
invention may contain, in addition to the above-mentioned
components, various polymer compounds, for example,
ultraviolet—curable epoxy acrylates (e.g., bisphenol A-type,
phenol—novolak—-type, cresol-novolak-type or alicyclic epoxy
resins added with (meth)acrylic acid) and those as further
added with saturated or unsaturated polybasic acid anhydrides
such as maleic anhydriée, succinic anhydride, itaconic
anhydride, phthalic anhydride, tetrahydrophthalic anhydride,
etc.; copolymers of ethylenically unsaturated compounds such
as styrene—(meth)acrylic acid-(meth)acrylate copolymers, etc.

-18-



propanol, isopropanol, butanol, isobutanol, 2-butanol, hexanol, ethylene
glycol, etc.; ketones such as nethyl ethyl ketone,-<Cyel-obhexanore, -etc.
aromati ¢ hydrocarbons such as tol uene, xylene, ete¢.;: dEEI&sofﬁe§€éﬁth as
cel l osol ve, butyl cellosolve, etc.; carbitols suche«38-C8rd5i €0l°- Dty
carbitol, etc.; propylene glycol alkyl ethers such as propyl ene glycol

met hyl ether, etc.; polypropylene glycol alkyl ethers such_as dipropyl ene
gl ycol menifyulsrawio @tc??ré%%@aﬁ @ﬁﬁﬁ1§£§h§:ﬁ?¢a&8§gag¥,fBEF??gacetate,

cel | 0s0l y222¢8hat hobUt ¥ier! 08Pl M6 Elpts atiiraitedr hohomeas ehaving
propyl ene gl ycol” nononeth

| ether acetate, etg.: dialk | h ,
etc. epoxfhgrBHBﬂﬁjﬁoPiﬁﬁ?Y% E??Hﬁﬁﬁiﬁw?o @ﬁr§2t9¥b32§8g3¥ﬁ%%n oﬁéz
wat elr - fO|a@lal|iﬁgWQﬁeg_hll)acry&/aﬁer ad':jl:kS@I o | vel rpdn @opod yaed shicgiprbe £og | aas wei ght
acrylate nmononers dilute t . e ' ' th
conposi t 3% 8PHPW8er8§§htaﬁn€€%¥$%%“$gﬂ?ﬁé?%%?ﬁ%gggatﬁ%ﬁggﬁgzé?%?%%ngasiFy
coat abl e epaisiyl groopt(sd;| angd aheoa@tmexﬁﬂtxiQﬂeﬂmﬂieéénﬁ§§ﬂtF@ﬁiaﬁd meki ng
t he COMPATE1NY pAgha1ReLyPE iﬁ@?'@he 3¢ ARG e ARG AOEE8RRS , SO vent

di ssol ves™an utes the gg ymer her conponents to |iquefy the
conposi t uxethane resdnsy efhaREIRQr@HHPOSI®E %N coatable. In addition, the

sol vent exi stingnl BgkAei6ANPERE ! bBLoSer STBMRA dewidr Yongokhieionnpagi tion as
coated on a substrate, where a filmis fornmed fromthe copgposi,tion on the
subst r at £9IBSENFORGAR 1t E 8é§%Fﬁﬁ'rﬁﬁqﬁﬁtrqﬁ?q SUFADO; BEFBLL ARE ¢ he
d Ihl) ;Jg 22 ngﬁ::ii?gt ?gbmgitia?by sﬁé? ass aimiddzoke afetivatdivesyr polyamihes,
et oo T o AL o B Lt lptige slenyr | o of fom
Ther no- s@aliypheBodsonppilybasic acid anhydrides, etc.; fillers sugh_as
barium sulfate, silicon oxide, talc, clay, calcium carbonate,
etc.; colorants; leveling agents such as silicones, acrylate
copolymers, fluorine—containing surfactants, etc.;
adhesiveness improving agents such as silane coupling agents;
thixotropic agents such as aerogel, etc.; polymerization
inhibitors such as hydroquinone, hydrogquinone monomethyl
ether, pyrogallol, tert-butyl catechol, phenothiazine, etc.;
other various additives such as anti-halation agents, flame
retardants, de—-foaming agents, antioxidants, etc.; and also
surfactants and polymer dispersants to improve the dispersion
stability of the composition, etc.
The photosensitive resin composition of the present
invention can be produced by known kneading methods where the
constitutive components and additives are kneaded in a three—
stage roll mill, ball mill, sand mill or the like. If
desired, it is also possible that a part of the above-
mentioned components A to D, for example, the components A and
C are previously mixed and dispersed and the remaining
components are added to the resulting mixture to finally
produce the photosensitive resin composition of the invention
just before use.
The photosensitive resin composition of the present
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The thernp-setting conponent is added to the conposition of the present
invention for the purpose of inproving the density--Qfegregse-d:i pks-tn the
resist to be fornmed fromthe conmposition and al so%of react mﬁgvmgtghggt he
carboxyl groups resulting fromthe ultraviolet-cufablfe’Fesih i’htle
conposition. As exanples of the therno-setting conponent, nentioned are
therno-setting epoxy conpounds; blocked isocyanates such as tol Iefe
di i socyadaventdonphehi he dsedoryarenky assdpiFelsles gepistyankt Euénﬁl 80
hexame! nyleeng diheayapabeses DLOCKRM middercanisd, aehameong¥seson ik onat es,
etc.; amno resins sdch as n- but%‘ll ated nel ami.ne resins, i.sob | at ed

e £rtlrf5ﬁ89u£§§

mel ani ne Dods PRSE-SUEPAatRASTr BBAT esih COMRASH ORI FEP
copol ycongRRea@anteshed, cBRBEDEHEINE denpuiEits dotethat photesensitive

O these, especially,preferred are therno-setti.ng e o] u he
t her no- s&@SRy cémlgbﬁﬁoﬁﬁd@? YRR f%}ve&d‘r?gll'eggélgg%hgﬁgl Eﬂé@%@ epoxy
resins, hietdierolcompbyipateporl asstmsrmetmtding epoxly- coppoupdsy €aRBins,

cresol - nowol ak-type 11 0S, i dyl ' | } '

esins (G130 BeiBRAREN RETREF ok Y LA L RATININC IR Sondl dBlERe; CED
Co.; epoand esinplsiytrogend: ad #hseteinolg Aasisd dpdey ABsPASLtEPRgl yei dyl
lsocyanurg{e:,coﬁfpgﬂ%Shhg% preSPRG| Ahd Ve ity UWcHY S tiitd vier cohpeheits as

I socyanur , cresol- novo] ak-type ,epo . Th

phot osendihdsge fogsithec BREESFERBATIYE t FRS 1 .O%JT,F\&&)I(P%/ Prgﬁ%h%;p{:‘&ﬁ?ﬁ?:n, i ﬁ

Zgglrr; : on ﬂlﬁéﬂﬁoﬁpo%&c@g@; :tﬁaedhéﬁweg@tnﬁl fng woniponentql yeer beoapednds, for
e, ravial et - cur e.epoxy _acryvlates (8. 0., i e 2

phenol - nof\L;}ﬁ XD, acF@iE?F- _ﬁb@ﬁ a%?él%%tjcﬁg aﬁ(lﬁ'ggfcl i]:(éIEJ %B%x%glrngéls%gp'ggded

Wi t ht (metdd axlfilsd ity pecicdhtaddst Aoseibsblercdoradded wigmens: oradye 8e

unsat ur ate i i h ' S | | I ni

annyar | dEe oot TEol, B RndE HERbATs SHich XS B R e o

anhydr i dénssilablec agol pigments , ephhahoeyanine pigmendSed €¢6mpounds such as

ﬁﬂi\?iez)l(ieqﬁ}rit g)ua%rg[ﬁ/?iggﬁ%%g; gﬁet %hﬁgclgﬁgé@ EORS) )ﬁ.@{n?],oﬁfd@-, cobalt and i
" I ne ur r
et hyl eni @digmenisyaeicatedSn¥idhefrs ﬂhqﬁﬁcbl&fg cI %asri%a%y'ers'%’ those wit

disperse dyes, etc., it can be used for forming color filter

yes,

pixels.
BEST MODES OF CARRYING OUT THE INVENTION

The present invention is described hereinunder on the
basis of examples thereof, which, however, are not intended to
restrict the scope of the present invention. All "parts" and
"g* ag referred to hereinunder are by weight.

Production Examples 1 to 5:

70 parts of glycidyl methacrylate, 30 parts of methyl
methacrylate, 100 parts of carbitol acetate, 0.2.parts of
laurylmercaptan and 3 parts of azobisisobutyronitrile were put
into a four-neck flask equipped with a reflux condenser, a
thermometer, a glass tube for nitrogen substitution and a
stirrer, and polymerized for 5 hours by heating at 75°C in a
nitrogen stream to obtain a 50 % solution of a copolymer.

0.05 parts of hydroquinone, 37 parts of acrylic acid
and 0.2 parts of dimethylbenzylamine were added to the 50 %
copolymer solution and reacted for 24 hours at 100°C for



epoxy group(s); ultraviolet-curable polyners to be obtained by adding
(meth)acrylic acids to vinyl copolymers conprisingse. a&:QFe cIRNAITER. UNi t, an
et hyl eni cal | y unsaturated nononer havi ng epoxy gr@up(s%* andﬂqlgo ot her
styrene-mal eic acid resins, diallyl phthal ate resi«$;.-pRaifoky °c&sins,
mel am ne resins, urethane resins, fluorine resins, etc. I n addition
t he photosen3|t|ve resin conposition may further contain, if _desired, epoxy

resin cuﬁﬁﬁgtagﬁnﬁeaﬁﬁlénﬁlngeﬁtonﬁﬁeﬁérﬁﬁuﬂfzi9ﬁ3ﬁhmﬂfép@tbéﬂﬁﬁatlves

p0|ya”‘”%5hy@&§@é”hﬁﬁs79tﬁéktérMfa@%fﬁi&oIﬂéﬁéﬂdﬁ@ﬂﬁe&@”&ﬂd@&l&ﬁbk&to
pol yphenol s pol ybasic _acid anhydrides, ,etc, flllgps%suc as bar

sul fate, a9 r&3K der ?abeur§|3§ 109G urmH% b én l88|8%aﬁ?s
| evel i ng ﬁ&%‘&%oi\é%hg%a’élé' £QBES ( ﬂi}"l?éﬁxf@@'vﬁéfl@#%ra%%béne cont ai ni ng

surfactants, et hesi veness 1 nproving agents such as silane coupling

agents: MOLeSULaE wedghht 9s2Bn008, 2 reppenteqf ethNLEReCALA¥i on i nhi bitors
Su;?h ﬁs| W&ﬁ%ﬁaﬁ@&%oﬁﬁgrt@luz n@%\eaﬁ@mém v(?lm{ﬁr ,oﬁomqgaksl ghowhetih- butyl
cat echo engt hi azine, etc her var addi tives _su

anti - hal F@ode dgeies, °Pkéﬁﬁeﬁeta?ﬂéﬁt%5 %ﬁi%?ﬁﬁdj RFQ%uS%PPBX|dants
S_tc., an&x@nﬁﬂgsilrfaﬂé&ﬂtslﬁnﬁhé%mrmmmr&am\ﬁe} uipravdolbe—

i spersion stabilit co | sensitive
resin cor%lg?lﬁo | or‘feg ntﬁg r%cs’e%!tj&?n%/ %ﬁ%a)n "f)ereproo}uceghb%‘gknom
kneadlngPnnthmd&OWhSKemphescanto|5uta&eucdhﬁﬂﬁedbs Ihe wedightvevexpge
kneaded lrd%l%ctuli weighR¥€a FOLE gﬂ:éd @@'ﬂeﬂlﬂ 1S Yitifeld a@okenk k8. |

desired, I's al so possib a part of the above- nentioned Conponents
Ato D 'ﬁ@ﬁ SpaRsremenkiopsApBAtA¥s A and C are previously nixed and

di sper seqicdhbd bF b@ﬂhﬂh@gu@pé@@p@ﬂtﬁe;ﬁg}ﬁ;added to the resul ting mxture

to finally produ e th tosensitjve resi e) e invention
just before usel iec?ﬂérpﬂﬁ%ggﬁﬁs?ﬁlﬁﬁfé qﬁqﬁbhﬁﬁ of t he present
-19- indicate the weight—average molecular weights as measured by

GPC. The conditions for the measurement are as follows:
Conditions for Measurement of Molecular Weight:
GPC Device: SHODEX SYSTEM 11 ex Showa Denko Co.
Columns: Four columns of SHODEX KF-800P, KF-005, KF-003
and XF-001 as connected in series.
Mobile Layer: THF
Flow Rate: 1 ml/min
Column Temperature: 45°C

Detector: RI

Standard Substance: Polystyrene
Referential Examples 1 to 4:

50 parts of glycidyl methacrylate, 50 parts of methyl
methacrylate, 100 parts of carbitol acetate and 2 parts of
azobisisobutyronitrile were put into a four—neck flask
equipped with a reflux condenser, a thermometer, a glass tube
for nitrogen substitution and a stirrer, and polymerized for 5
hours by heating at 75°C in a nitrogen stream to obtain a 50 %

solution of a copolymer.
0.05 parts of hydroquinone, 26 parts of acrylic acid
and 0.2 parts of dimethylbenzylamine were added to the 50 %

-2 1_



invention can be used not only as a solder resist ink but also as an
etching resist. 1In the latter case, the conposi tiONodsg AOt-POSL - GUr ed
under heat. A conposition conprising the above-nebttorred copsti tut jve
conponents for the photosensitive resin conpositidn°dfes"thé présent..

i nvention, except the therno- setting conponent such as therno-setting
epoxy conpounds, can al so be used as a solder resist ink favorably in sone
degree ardpedfmelrseobatiisndand asaectedifgr rdkikktunsniat 11003Edifbicon, t he
conposi tion conprising the sane constitutive conponents as tgo e for the
phot osen@iddl\téoﬂe§ﬁﬁcgéﬁ§®si Fesh, ol0 i herdites aft Hatrabyosrpht 32[3? t he

]E,hfr mDI- ?%{rﬁ#y&i@@ﬁ??@l pﬁ@?ﬁ_béf Ué&ﬁb:i'&s]f fagetatg ar_e?:@blaadbw ehepetbect i ng
ilm € conposjtion_o s n ns, a _sui Qra

bl gent | GRCHFE AT ede £BE 2qPPPEM BF L) E pi HBRve Sath tasoABBIPRREE & i,
i nsol ubl 31%%@&@%%%@%@&9%am'snxe) PhSPRY 5 wiight-averagei c pi gnents
such as | on _Blue, ,iron oxide, cobalt pignents, .etg., .as.well as

0i | - sol uBledegdar U&éigétd(j’és,%dpgger%e"%‘g 1t é:tﬁ.e,t%iyﬁ'e?d'ﬁat}ﬁ‘%used f or

form ng GRlstulriatied beingel 6f 2.36 and an BSld MAe @F GARRYSNShOWER ThiE

| NVENTI ON The present .invention is gdescrihed herei ,.en the

basi s of Tépiﬁplles"‘laﬁelpé’ ,mﬁﬂi'ch',?ﬂﬁ%vxﬁ'/e efi reech-to iah@t e%%ge%%%gglragstri ct the
scope of Edmmglreedent NextgntinotheAsamé ppanndr asl abwvess uldrawviodeto

her ei nundgr.._ar i uchi appl 4ot 70 parts of
gl yci dyl dcrquert alc;%r %%as\t&lgl, g’gguﬁgg’?g g% %&%[ (@rreﬁacv;errtﬁ)aot%éalfoeg Sgrts of

car bi t ol Referendial ExpmpilesoR taufyl agritapfailennt 3 parts of

azobi si sobutyronitrile were put into a four-neck flask equi pped with a
reflux condenser, a thernoneter, a glass tube for nitrogen substitution and
a stirrer, and polynerized for 5 hours by heating at 75[err]C in a nitrogen
streamto obtain a 50 % sol ution of a copol yner. 0. 05 parts of

hydr oqui none, 37 parts of acrylic acid and 0.2 parts of dinethyl benzyl am ne
were added to the 50 % copol ynmer solution and reacted for 24 hours at
100[err] C for - 20-



addi tion react
parts of “car bi

i on.
t ol

Next ,

45 parts of tetrahydrophthalic anhydride and 79
acetate were added thereto and reacied £0t..3 hougs at

100[ err] C. Thus, a 50 % sol ution of an ultraviol ettcurap} ed redgn: (A1)

havi ng a wei ght -average nol ecul ar wei ght of 26, 000 ..a".conterg o&f.°

a

ouos

et hyl eni cal |y unsaturated bonds of 2.82 and an acid value of 91, as shown

in Table 1, was_ohtained This is referred to as Productio ample 1
Next, in the same npnner (as|abpve, udltfaviol et;‘z. cuf &bl e resin §q|$ltion<
(A-2) to (A-5)| were RilFed=as Rroduct Tars Exafpl es<2 F9 5| Sas néTd@Eg 1.
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-21- copol ymer solution and reacted for 24 hours at 100[err]C
for addition reaction. Next, 10.7 parts of tetrahydrophthal i.c..aphydri de and
51 parts of carbitol acetate were added thereto ang fea¢fed S 3°hdurs at
100[err]C. Thus, a 50 % solution of an ultraviol et2gburabFacresiep(B;. 1)
havi ng a wei ght -average nol ecul ar wei ght of 35,000, a content of

ethyl enically unsaturated bonds of 2.36 and an acid value of 65, as shown

i n Tabl e XNowas 19bt ai ned. This is referred to as Referential Exanple 1

N 1D 0 R TRRRE, 13, PR Gonthds M Uil A, LRgREsSaL 0TS
groups is represented by the number of mols of the ethylenic
unsaturated groups existing in one kg of the ultraviolet-
curable resin.

Referential Example 5: _

" 214 parts of Epicron N-680 (ex Dai-Nippon Ink Chemical
Industry Co.; cresol-novolak-type epoxy resin having an epoxy
equivalent of 214) was dissolved in 60 parts of carbitol
acetate under heat. 74 parts of acrylic acid, 0.1 parts of
hydroquinone and 1.4 parts of benzyldimethylamine were added
to the resulting resin solution with stirring and reacted at

from 90 to 100°C for 24 hours according to an ordinary method.

76 parts of tetrahydrophthalic anhydride was added to the
resulting reaction product and reacted at 100°C for about 3

hours with stirring. Next, 137 parts of carbitol acetate was
added thereto with stirring. Thus, a 50 % solution of an
ultraviolet—curable resin (B-5) was obtained as Referential
Example 5.

Referential Example 6:

214 parts of Epicron N-680 (ex Dai-Nippon Ink Chemical
Industry Co.; cresol-novolak-type epoxy resin having an epoxy
equivalent of 214) was dissolved in 60 parts of carbitol
acetate under heat. 74 parts of acrylic acid, 0.1 parts of
hydroquinone and 0.7 parts of benzyldimethylamine were added
to the resulting resin solution with stirring and reacted at
from 90 to 100°C for 24 hours according to an ordinary method.

60 parts of carbitol acetate and 35 parts of butylcellosolve
were added to the resulting reaction mixture, stirred and then
cooled. Thus, a 50 % solution of epoxy acrylate (C-1) was
obtained as Referential Example 6.
Referential Example 7:

65 parts of glycidyl methacrylate, .35 parts of methyl
methacrylate, 0.2 parts of laurylmercaptan, 100 parts of
carbitol acetate and 3 parts of azobisisobutyronitrile were

_24._



-22- [err] (Note 1) In Table 1, the content of
ethylenically unsaturated groups is represented by, hhenmunbezwotgnuls of
the ethylenic unsaturated groups existing in one kg of LheoulqﬁaW|ohet-
curable resin. Referential Exanple 5: 214 péﬁfSaOf“EpICFQHQN;GBO (ex
Dai - Ni ppon | nk Chem cal
put into a four-neck flask equipped with a reflux condenser, a
thermometer, a glass tube for nitrogen substitution and a

stirrer, and polymerized for 5 hours by heating at 75°C in a

nitrogen stream to obtain a 50 % solution of a copolymer.
0.05 parts of hydroquinone, 34 parts of acrylic acid

and 0.2 parts of dimethylbenzylamine were added to the 50 %

copolymer solution and reacted for 24 hours at 100°C for

addition reaction. Next, 34 parts of carbitol acetate was
added thereto and stirred. Thus, a 50 % solution of a resin
(C-2) having a weight—average molecular weight of 22,000 was
obtained as Referential Example 7.

Examples 1 to 7 and Comparative Examples 1 to 7:

Using any of the resin solutions of the above—mentioned
production examples and referential examples, the components
as shown in Table 2 for Examples 1 to 7 or those as shown in
Table 3 for Comparative Examples 1 to 7 were kneaded in a
three-stage roll mill. Thus, dilute—alkali-developable,
photosensitive resin compositions were obtained.



I ndustry Co.; cresol-novol ak-type epoxy resin having an epoxy equival ent of
214) was dissolved in 60 parts of carbitol acetate under heat.. YA parts of
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acrylic acid, 0.1 parts of hydroqui none and 1.4 patts ofs ¢ .- ° v

benzyl di net hyI am ne were added to the resulting re&.n"s6Fufi bn Wit Elm,
stirring and reacted at from90 to 100[err]C for 24 hours according to an

ordi nary nethod. 76 part f rahydr opht hal j nhydr i de s added to the
resul ting reactipn|prlodudt (and ed at {1D0] rr]C for ab ut_i3thours with
stirring. Next, 133’ parts af (g al |aget atg Added. therlefipiw th
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thernoneter, a glass tube for nitrogen substitution and a stirrer, and

pol ymeri zed for 5 hours by heating at 75[err]C in genrt-eQgen- Gtseanmto
obtain a 50 % solution of a copol yner. 0. O5spart’s: of: hy&rqquynone

34 parts of acrylic acid and 0.2 parts of dlnethyIBenzyFénané Verresadded to
the 50 % copol yner solution and reacted for 24 hours at 100[err]C for
addition reaction. Next, 34 parts of carbitol acetate was added thereto and
stirred. THeEe 2)50 % sol ution of a resin (G- 2) having a wei ght-average

nol ecul ar “B'ghtlﬁfTaglgoﬁ “@EPQ@lﬁ'ﬂ@@nﬁ%qﬁﬁﬁe&%&hha|h5¥ﬁﬁﬁ|§n7e Eﬁgnples
1to 7 and ngp rative Exa ng any of "the resin

sol ut i ons SFLVR eREoQL- ﬁﬁﬂﬁlBﬁ@ﬂuﬁ?%dg%tW%ﬁ?%B«ﬂﬂﬂW%?a&n Oreferenti a
exanpl es, (Negec@pponents as shown in Table 2 for Exanples 1 to 7 or those

Chre-stage roll 1 FRELPAe, CHPPCYES ol Gh 1S do Pl SoaB I YRS GEB5REI 11 ve
resi n conpoditiiadies peoducktdabpediba-Geigy Co.
(Note 4)
In Table 2, Kayacure-ITX is a photo—polymerization
initiator produced by Nippon Kayaku Co.
(Note 5)
In Table 2, Modaflow is a leveling agent produced by
Monsant Co.
(Note 6)
In Table 2, Swasol 1500 is an aromatic solvent produced
by Maruzen Petrochemical Co.
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Evaluation of Properties of Resin Compositions:

The properties of the photosensitive resin compositions
of Examples 1 to 7 were evaluated with respect to the matters
mentioned below according to the methods alsoc mentioned below,
and the results are shown in Table 4. The properties of the
photosensitive resin compositions of Comparative Examples 1 to
7 were also evaluated in the same manner, and the results are
shown in Table 5.
~Surface Stickiness-

Each photosensitive resin composition was applied to
the whole surface of a copper—laminated glass—epoxy substrate
where the copper layer had a thickness of 35 pm, by screen-—
printing, and then pre—cured by drying at 70°C for 10, 20, 30,
45 or 60 minutes so as to vaporize the solvent. Thus, five
test samples each having thereon a dry film with a thickness
of 20 ym were prepared for each composition. Next, using an
ORC HMW201GX (ex ORC Seisaku-sho Co.; reduced-pressure contact
double-side exposing machine), a patterned mask was directly
applied to the surface of the film and kept in tight contact
therewith under a reduced pressure, and the film was exposed
to ultraviolet rays at 150 mJ/cm’. After this, the mask was
removed from the film, whereupon the degree of stickiness of
the film to the mask, depending on the drying condition
employed, was determined on the basis of the criteria

mentioned below.
X: The removal of the mask was difficult. When the

mask was forcedly removed, the mask pattern was broken.

A: After the mask was removed, the mark of the mask
remained on the film.

O: The mask was removed easily, and no mark of the
mask remained on the film.
-Latitude in Pre—curing Time-—

Each photosensitive resin composition was applied to
the whole surface of a copper—laminated glass—epoxy substrate
where the copper layer had a thickness of 35 um, by screen-—
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Eval uation of Properties of Resin Conpositions: The properties of
t he photosensitive resin conpositions of Exanples & te.7.mete eyal,uated
with respect to the matters nmentioned bel ow accorgding €@ t§h§e°r§et§1"og% al so
menti oned bel ow, and the results are shown in TabFe- 4..°Thg propertlLes of
t he photosensitive resin conpositions of Conparative Exanples 1 to 7 were
al so evaluated in the sane manner, and the results are shown in Table 5.
-Surface Sriskimgssand then masfoyred byedsiytingeate30?C chHopaki f i, &,

applied to_the whol e surface of a copper-Ilam nated gl ass-epoxy substrate
where t he250p§%r°’|" SR MIRREES (37 Ad&Ss V&P°§5zFer?ng°gVe%*cr ee?Y'Fu%'r i1t} ng,
and then pegtcsa mﬂlﬁs' @hclyn rtgaxﬂitn_g?&{kmmf]oﬁ hoﬂrizOfiZﬁl,wah al‘ﬁtmiclﬁfbsé RUt es
SO as to yapQki t he sol vent . us, ve test.sanmpl e avi ng thereon
a dry fi Ié‘?\/\?? h&‘g Y‘Fﬁ%%es%aro%d r[? m"%‘Pégbgé‘gﬁr e?&’g‘?’ e{;ch

conposi t i pattéened masskhgras dRE@JHIN?@pEIiedx tOREh&8essnkaca hof Gthe f£ilm
reduced- p S cont Q - Sl \.Ng chi.pnek: téﬂim sk
was di rec%ﬁé g%%?i "ié)% ?%él%ﬁeégé}lu%c?cce&g t Z:hf [ F%aaﬁiagkgé%ﬁi‘ﬁg%i g cocmtiact

t her ewi t htantke epkboue anginds Nf alltxeyichets rARFwasAEX@BHsERLS 0 @A%H avi ol et

rays at 1§Qm§1].écﬂlﬁ1% réxpﬁé&rwééqid%vetﬂ%?e@iaﬁ!itﬂ’aﬁ BEPRYSFefromdahe §ilm
wher eupon thé degree of stickingss of the filmto the nmask, dependi ng on

the dryi nBIu8AEs t FeH elen Bl fodiad Farornpted WRSTREPPRASEREof the criteria

ment i Oneddbﬁémg,[bability of duh rRiipld afld the oBAlivesndofftlgall t. VWien the
mask was forc{e7 renpved, the mask pattern waailg)éojgﬁn A _After the

mask was PERELRRC RREHEK WATS R efo AGFRE ethe griteria’” o o
mask was memblemeddselgw. and no mark of the mask remained on the film

-Latitude in Preggury e a 0 LV | gﬁ)érposition
was applied to te)fgé v%o egés%aécgfofevae %%2?%55@%%% gf%%?é}gpoxy

subst r at ederelepnert o dif il tha@nd thecpabssrpingswasripPesHiPIRy een-

A: The removal of even the non-exposed area by the
development needed a long period of time, and the patterning
of fine lines was impossible.

0: The film in the non-exposed area was easily
removed, and a sharp pattern was reproduced.

—Number of Optical Steps Remained after Development—

Each photosensitive resin composition was applied to
the whole surface of a copper—laminated glass—epoxy substrate
where the copper layer had a thickness of 35 pm, by screen-
printing, and then pre-cured by drying at70°C for 30 minutes

so as to vaporize the solvent. Thus, test samples each having
thereon a dry film with a thickness of 20 pm were prepared for
each composition. Next, using ORC HMW201GX (ex ORC Seisaku-
sho Co.; reduced—pressure contact double-side exposing
machine), a stép tablet PHOTEC 21-Stages (ex Hitathi Kasei
Ltd.; mask for exposure test) was directly applied to the
surface of the film and kept in tight contact therewith under
a reduced pressure, and the film was exposed to ultraviolet
rays at 50 or 150 mJ/cm’. After this, each sample thus exposed
was developed with a developer of a 1 % agueous solution of
sodium carbonate. After the development, the number of the
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- 29- printing, and then pre-cured by drying at 70[err]C for 10,
20, 30, 45, 60 or 80 minutes so as to vaporize the.sobxent ...Thus, Six test
sanpl es each having thereon a dry filmwth a thickness of: 2¢° Jeft]linwere
prepared for each conposition. Next, a patterned rask. MHS“ﬁFrentﬂx applied
to the surface of the filmand kept in tight contact therewith, and the
filmwas exposed to the optimum anount of ultraviolet rays. After this,
each sanpB&epgutenapoeddvar sceavkedpathigh Hngdigakesopbe GXPQSEr@6aqueous

sol ution ggngggiygtfaégoggég gﬁg{énuxwlthe devel opability of each sanple
and the condi tion o he develqg pattern wer. e evaluateaﬁaccord g to the

criteria BEALPBREANLRE oRroperties yof HArdntad, FArcyiteBaardpe"ibh- 8oHdek

area by tresdeveFopreat fres Rédin cndxﬁposirﬁidnhe patterning was inpossible.
A: The renoval of,k even t@ ggn e‘gfsed ar.ea th d velognent needed a
| ong period of trpES Lfid=PneRedt (i P Iyng €% npossi bl e.
0: The f photosehhétioa- na@bsembmpaﬁntmnn gaspayede aboed, aandohdeharp

pattern oe8sisk SEQHCGdE%cﬁ‘%E? Eoé)éns&l{/ 'xz(éa're@l%p%oﬁ%%ﬁﬁgna&&sra plied

Devel opnen osensi e resin Fon was: app
t he mholetguthacwhgleasub -¢Euﬁrﬁﬂnaﬁqjlﬁmgnéﬁéﬂyg§§§§r¢ﬁP%Ymhere t he

copper 'a)éﬁbsg'i‘gté &ﬂéf&neﬁé @5?&5& [1lydrMh R aSEheeRneRSi BEi 59, mﬂn&na hen

pre- cured err m nutes so as to vapor| ze t he

sol vent . Vﬁﬁsprﬁgé?u§bﬁpP%§t%%R#ﬁPRMHQRfQNHQheGW gCHPGOTPFINELRB- a t hi ckness

of 20 [er rhehyetReBeenaredpi&cedsd KOMGSING @t 70REXEor U30 ngikikesIMZ01CX
(ex ORC Seisaku- sho Co.; reduced-pressure contact double-side exposing

machi ne) , 8§ §Pcpapabize FheTswlvents: aJduis etenitt SaRPLREseACht BAVingsk for
exposure Eﬁékéowaa éh?eﬂiﬂ{ WPBR | £ H iR S Wil Q@euﬁf wé!@e téﬁafé@ £&Pt in

tight contaci therew under a reduced pressure and Ln1mas exposed

to uItravFéPEtcPﬂygsbflg@ orNex%r A /REftETOed Rﬁ?grwﬁﬁlglrﬁﬁE Y sappt e hus

exposed to the surface of the.film, and the film was exposed to the
optimum amount of ultraviolet rays. After this, each sample
thus exposed was developed with a developer of a 1 % aqueous
solution of sodium carbonate for patterning, and then cured
under heat at 150°C for 30 minutes. Thus using the

photosensitive resin compositions prepared in the prévious
examples and comparative example, prepared were test samples
of printed circuit boards.

The results of the evaluation of the test samples of
Examples 1 to 7 are shown in Table 4, while those of the test
samples of Comparative Examples 1 to 7 are in Table 5. To
evaluate the properties of these samples with respect to the
matters mentioned below, the samples were subjected to the
tests mentioned below.

—-Resolution-—

The condition of the pattern to be formed on each test
sample through a mask pattern of concentric circles having a
solid line width of 40 pm and a line—-to-line width of 40 um
was observed according to the criteria mentioned below.

X: No pattern was formed. |

A: A pattern was formed but was incomplete in that a



Resminan et

was devel oped with a devel oper of a 1 % aqueous solution of sodium
carbonate. After the devel opnent, the nunber of thee ssco oo coos o0 oo

- 30- steps remai ned was counted, which wnilcapeSotheeexboEe
sensitivity of each sanple. Eval ution of Propertléssdt°prrﬂued@(}g@u|t
Boards with Solder Resist Fornmed fromresin Conposition: This is to check
the practicability of each photosensitive resin conposition prepared above
as sol deparésiost thekpaEhehnptitsappestedye resin conposition was applied to

the whol e surfacg,of aSEQP eﬁa#ggigagégiﬁgéﬁﬁygapoxy substrate where the

copper layer had a t [err]m was previously patterned by
et chi ng, bFPescideHagAPREFNg. Then, these were pre-cured by drying at

70[err]C for 20 ms&ntgea ﬁQtﬁﬁbith/aI)QiniZGpédlﬁlSq|ékem\.tsﬁbi§h1t pehcsanpl es

each havi with thlckne of 20 ar ed
for each E’%ﬂbdm Poﬁenﬁléit gaﬁg}bﬁﬁe‘?ﬁe%a%sﬁ? (Y"ﬁseé%"%? g‘bf}wﬁegy gﬁg
surface olordiaafiyl method.the fil mwas exposed to the optlnun1annunt of
ultraviole y hi S t.hus gv with a
devel oper ?Fa% ?e@;g%%ég& £§o§° é%#ﬁéﬁwﬂé%ﬁé%% 5&?%@%&%@w§§r ag#ggﬁg%g, and
t hen cure@ndnddheheuenaSSISQ[élhmt for 30 minutes. Thus using the
photosensitive rggi eheomiltﬁg@& PASRBRD 935519 1P(RY! PURBKICRERSCANT

corrparatlve exanp gare were test sarrp es O pri nt e circult oar
The resul €8 -6f waﬁeref,ialu ieohlex) ¢ hdFixak, stélﬁplféélxowaﬁxéﬁ’ﬁﬂ-é?dlt?oe#c}are

shown in E@altesémpwel | fniERSRadf thdre dﬁséeéqrﬁalae%ogae@ﬂmtabaw Exanples 1
e 5. _To eval uate of thes

ospoct tGOONE FRELLPSoREMTEnc A HUTO NS MATEIR, MBS NBPEeG,BRER BHECE: { he

the degree of whitening of the surface of the sample was
determined according to the criteria mentioned below. In
addition, each test sample, after having been washed, was
subjected to a cross—cut peeling test using an adhesive tape
(JIS D0262), whereupon the change, if any, in the adhesiveness
of the film was observed according to the criteria mentioned
below.
Degree of Whitening of Surface: _

X: The surface was whitened noticeably.

A: The surface was whitened slightly.

O: The surface did not change before and after the
test.
Adhesiveness:

X: Before the peeling test, the resist £ilm blistered
or peeled. :
A: When the adhesive tape was peeléd, some cross—cut
parts were also peeled.

O0: When the adhesive tape was peeléd, £H8 cross—cut
parts were not peeled.
—Other Tests-

The tests for "surface gloss", "solvent resistance",
"acid resistance”, "gold-plating resistance” and "electro-—
etching resistance" were conducted according to the ordinary



tests nmentioned bel ow. -Resol ution- The condition of the pattern to
be formed on each test sanple through a mask pattern-ef -eoneentric circles
having a solid line width of 40 [err]Jmand a | i ne-to- ki nes wirdg h: of =40

[err]m was observed according to the criteria nmentiored-beliow..*.s.. X No

pattern was formned. A: A pattern was formed but was inconplete in
that a - 31- part of the
pattern gicayerared. 0: A sharp pattern was fornmed. -Penci

Har dness- Using a Mtsubishi Huni pencil (ex Mtsubishi Penci

Co.), the pencil hardness of each sanple was determ ned by the ordinary

met hod. -Heat Resistance in Soldering (degree of whitening of surface and
adhesi veness of film- As the flux, used was LONCO 3355-11 (ex
London Chem cal Co.; water-soluble flux). First, the flux was applied to
each test sanple, which was then dipped in a solder nelt bath at 260[err]C
for 10 seconds. After the sanple was washed with water, the degree of

whi tening of the surface of the sanple was determ ned according to the
criteria mentioned below. In addition, each test sanple, after having been
washed, was subjected to a cross-cut peeling test using an adhesive tape
(JI'S D0202), whereupon the change, if any, in the adhesiveness of the film
was observed according to the criteria nentioned bel ow. Degree of Witening
of Surface: X: The surface was whitened noticeably.
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[err] [err] | NDUSTRI AL APPLI CABI LI TY

As has been nentioned herei nabove, the photosenS|t1ve“Pe$1n <QrnQst.ti on of
the present invention is superior to any other cohvént=éndl -'ories i the
workability in that it has a lot of latitude in pr% curing time <Ehat, in
spite of said wide latitude, it has a high sensitivity while being able to
be exposed at any desired ex osure anpunt and that it does not need any

severe working conditions. BURTRIAN ARRIFCABRIIITY | m formed from t he
conposition is ng§ wdé q&re/exemmdorh@req%aavw t Bh8 phébesénpitiwel of

time, the working ting for e co sition is noticea redu ced Mor eover,
tLe photo§8ﬁé?{?gﬁpéﬁﬁ?ﬂmﬁdﬁg ﬁéﬁdqIh§V6P§§8ﬂtl?n§éﬂ?¥5ﬁrl §?§6va

di sper_sedob];terteehﬁentiomlll dlmastnftblqhecm\;\tﬁdbﬁmity inn’gh@eribchaaé 4ine. kThe
conpositi e e en m._.a en i u st in
thgpre5|s?°ngﬁef?§ H%%g Qnﬁ%?1 MRS %qguﬁeF t%na%§9 her <!\l/entlonal
ones in twedehjistitideys operhasesa |hlgih$temsuthastyevbnle hbegthg ea(lpkgddbvm thin
8 Short (PBEL Bfiobled! KB, o) 4 Aa Chelcale GRBLALARGE LRGL POlassS xence

and gol d-p resista n ad I on, especl al composi tion
of the pr@@éﬁtaﬁlﬁv%ﬁ?*?@l vr%rltagaj qqul@rlmné soﬂﬂeﬁdﬂé‘éi‘-@{l; $HRCQGFRRr resi st

formed hag;iext rerRéd 2G| 410 IcARRs itADNSHBNGBLI Btsekfeavan whate pret he

character] ot §S Bt 00 e &RV P S48 Bkt VSrk 835 Y ine for the
composition is noticeably reduced. Moreover, the
photosensitive resin composition of the present invention is
stably dispersed by itself, it can be stably stored for a long
period of time. The composition gives an excellent film, and
when it is used as a resist ink, the resist to be formed from
the ink is superior to any other conventional ones in the
physical properties in that it has, even though exposed within
a short period of time, excellent chemical resistance, solvent
resistance and gold-plating resistance. 1In addition,
especially when the composition of the present invention is
used to form a solder resist, the solder resist formed has
extremely excellent heat resistance in soldering. Due to the
characteristics mentioned above, the photosensitive resin
composition of the present invention has realized the

'production of high—quality printed circuit boards at high

producibility.
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conposition of the present invention has realized the production of

hi gh ,mm ircuit boards at high product.bi fﬂ.t“ TTIILTTL LN
-36- "mn"" ,m:umi\/s 1. A photosensitive resit comnosiii o6h which
S deVeﬂbpable di lute, al kaline aqueous soFutiron ~and whirctr-+

conpri ses; A. an ultraviolet-curable resin having a weight- average
nol ecul ar meiﬁht of from6,000 to 30,000, which is obtained by reacting a

pol yrer i ng (a) from60 to 100 nol % of glycidyl (nmeth)acrylate and
(b) fromO to 4G, rml t@tstéﬁéleliwleessﬂl é&npwwrﬁtmdmri@rer(S)

e R N ORIGRTREC P E L TS P
with a saidﬁﬂtmsgr unsaturat ed, pol ybasic acid anhydri de,

A. an ultraviolet-curable resin having a weight-
average molecular weight of from 6,000 to 30,000, which is
obtained by reacting a polymer comprising (a) from 60 to 100
mol% of glycidyl (meth)acrylate and (b) from 0 to 40 mol% of
other ethylenically unsaturated monomer(s) copolymerizable
with (a), with from 0.7 to 1.2 chemical equivalents, relative
to one epoxy equivalent of the polymer, of (meth)acrylic acid
and with a saturated or unsaturated, polybasic acid anhydride,

B. a photo-polymerization initiator,

C. a diluent, and

D. a thermo-setting component.

2. The photosensitive resin composition as claimed in
claim 1, wherein the thermo-setting component comprises a
thermo—setting epoxy compound.

3. A film formed from the photosensitive resin
composition of claim 1 or 2, on a substrate.

4. A resist ink for producing printed circuit boards,
comprising the photosensitive resin composition of claim 1 or
2.

5. A resist formed from the resist ink of claim 4, on
a substrate.

6. A solder resist formed from the resist ink of claim
4, on a substrate.

7. A printed circuit board produced by using the
resist ink of claim 4.
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B. a photo:polyﬁﬁ}lzatlon |n|t*ﬁﬁ¥#33 ' C. adjluent, and D. a

t her mo-sétting conponent. 2. The phot osensigti-ve~ Fe$ln‘ﬁpﬁpOSth0n as
claimed in claim1l,- mhereln the t her mo- setting cofiponent cofpri ses’a

t her no-setting epoxy conpound. 3. Afilmformed ffomthé ™7

phot osensitive resin conposition of, claiml1l or 2, on a substrate. 4.
A resist ink for producing printed circuit boards, conprising the

phot osensi tive resin conposition of &BSFRACTor 2. 5. Aresist forned
fromthe resist iphlahieRl 3B 4 afubeSubRAIAldevelopabld) A sol der Tesist
formed fromthe resist ink of claim4, on a substrate. prlnted
circuit bmoﬁ%&&%?eﬁépngqlﬂﬁsi‘é%?%tw}iw oks mof wtdcky ever iR

- 37- conkéct exposure to be conducted within a short period of pre-

ofring time and which has a lot of latitude in pre—curing
time, and a film to be produced by coating the composition on
‘a ‘mubstrate followed by curing it. Also provided are a resist
ink, a resist and a priﬁted circuit board produced by using
composition.

The photosensitive resin composition comprises;

A. an ultraviolet—curable resin having a weight—
average molecular weight of from 6,000 to 30,000, which is
obtained by reacting a polymer comprising (a) from 60 to 100
mol% of glycidyl (meth)acrylate and (b) from 0 to 40 mol% of
other ethylenically unsaturated monomer(s) copolymerizable
with (a), with from 0.7 to 1.2 chemical equivalents, relative
to one epoxy equivalent of the polymer, of (meth)acrylic acid
and with a saturated or unBaturated, polybasic acid anhydride,

San =2 B. a photo—polymerization initiator,

C. a diluent, and

D. a thermo—-setting component.
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