WO 03/ 048235 PCT/ EP02/ 13047 -1 Heat-curable resin conposition The present
invention relates to a heat-curable conposition and the use of this
conposi tiwo anq4sBhie field of circuit boards. The inventi orcalmoumiates to
a heat-curabl e and photocurable conposition and its use in the field of
circuit boards. In the production of printed circuits, a protective filmis
applied to a printed circuit board to protect the electrical circuit and
to prevent adhesion of solder material in undesired areas when electrical
parts are soldered onto the printed circuit board. The consi derabl e demand
for increasingly light circuit boards and the resultant high density of
circuits nean that the conpositions have to have excell ent adhesion
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It has now surprisingly been found that cured layers which have outstanding electrical
properties and which are distinguished by excellent resistance to heat occurring during
soldering, high moisture resistance and mechanical strength and by high resistance to rapid
temperature changes are obtained if compositions contain (1) a heat-curable prepolymer, (2) a
telechelic elastomer and (3) particles having a core of elastomeric material and a shell of a
thermoplastic material are used.

Surprisingly, this composition is extremely resistant to rapid temperature change. After
application to a support and subsequent curing, the composition shows no new tears after more
than 1 000 cycles with thermal shocks of -55°C for 15 minutes and +125°C for 15 minutes.

The invention relates to a composition comprising
(1) an at least bifunctional prepolymer (A) curable under the action of heat,
(2) a telechelic elastomer, and

(3) a particulate material having an elastomeric core and a thermoplastic shell.



term nal group. The telechelic elastoner contained in the fornul ation
according to the invention preferably contains a hetero atom The

t el echel iwoaBasd2esrer having at | east one prinmary hydroxylPcgreropiai7 one end
of the nol ecule and at | east one epoxidi zed pol yi soprene group at the

ot her end of the nolecule is preferabl.y_of the general formula I OHin
which g is a nunber from1 to 20 and h a nunber from1 to 400. (I) The
telechelic elastonmer is preferably added alone or in solution or dispersion
in an Fpoxy conmpound or in a solvent to the conposition according to the
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t hernopl astic shell preferably contains acrylate resin, such as PMVA or
GvA/ MMA copolyner. In a partlgul arly preferred enbodi rrent the shell of

the particulate material has sanmg structyre as the tel echelic el astomer
or a structure simlar tHC a 0 oner. THe particle size

di stribution of the partlcul ate material having a shell and core is
preferably very narrow and is preferably inthe range from5 to 200 nm The
particul ate material having a she core is preferably dispersed in an
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i mprove not only the properties of the
produced using the composition according to the invention exhibit increasingly high tear

resistance under repeated cold/hot cycles. Moreover, the telechelic elastomers do not adversely
affect the heat resistance and the curing behaviour of the photocurable polymer. A particularly
preferred telechelic elastomer is the Kraton Liquid EKP-207 polymer (Shell Chemicals
Eschborn, Germany).

The particulate material contained in the composition according to the invention and having an
elastomeric core and a thermoplastic shell comprises discrete particles. The elastomeric core
preferably contains silicone resins. The thermoplastic shell preferably contains acrylate resin,
such as PMMA or GMA/MMA copolymer. In a particularly preferred embodiment, the shell of
the particulate material has the same structure as the telechelic elastomer or a structure similar
to that of said elastomer. The particle size distribution of the particulate material having a shell
and core is preferably very narrow and is preferably in the range from 5 to 200 nm. The
particulate material having a shell and core is preferably dispersed in an epoxy compound. The
formulation according to the invention preferably contains 1 to 10%, particularly preferably 2 to



conposition according to the invention but even cooperate in inproving the
thermal shock resistance. As a result of the conbination, the |ayer
produced weim@g482b8 conposition according to the inventi oPOTEPOA13047
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The at least bifunctional prepolymer curable by the action of heat is preferably selected from
the group consisting of the epoxy compounds having more than one epoxide group per
molecule, the acrylate resins, the polyurethane resins, the cyanate ester resins, the
benzoxazine resins, the polyphenylene resins, the polyimide resins and mixtures thereof. Such
prepolymers are generally known and commercially available.

The composition according to the invention particularly preferably comprises an epoxy
compound as heat-curable prepolymer (A), it being possible to use known epoxy compounds in
solid or liquid form. The epoxy compound is chosen by a person skilled in the art so that the
protective film acquires the desired properties. If, for example, the plating resistance is to be
improved, a liquid epoxy resin is used. If, on the other hand, the water resistance is to be
increased, epoxy compounds having methylated benzene rings or having cyclic rings are
suitable. Examples of preferred epoxy compounds are bisphenol S type epoxy resins, such as
EBPS-200 (product of Nippon Kayaku), EPX-30 (product of ACR Co.), Epiclon EXA-1514



(product of Tohto Kasei AG; novol ak type epoxy resins, such as EPPN 201,
EOCN- 103, EOCN- 1020, EOCCN- 1025 and BREN (products of Ni ppon Kayaku AG),
ECN- 278, WON3A®235 and ECN- 299 (products of Asahi Chem cal #CI/HECM D273 and
ECN- 1299 (products of Ciba Geigy Inc.), YDCN 220L, YDCN 220HH, YDCN- 702,
YDCN- 704, YDPN- 601 and YDPN-602 (prodycts of Tohto Kasei AG, Epiclon-673,
N-680, N-695, N-770 and N-775 (products of Dainippon Ink Chemcals AG;

bi sphenol A type novol ak epoxy resins, such as EPX- 8001, EPX-8002,

EPPX- 8060 and EPPX- 8061 roducts of Asahi. Chem cal s), Epiclon N 880
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weight of a diluent, fromO0.1 to o opo ymeri zation
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EPX-84-2, EPX-4061 (products of Asahi Denka), etc.; dicyclopentadiene-phenolic epoxy resins,
such as DCE-400 (product of Yamawaki Kokusaku Pulp AG), etc.; silicone-modified epoxy
resins, such as X-1359 (product of Asahi Denka Kogyo AG), etc.; and e-caprolactone-modified
epoxy resin, such as Plac G-402, G-710 (products of Daicel Chemicals); etc.; and epoxy resins
partially esterified with (meth)acrylic acid.

Further examples of the prepolymers curable by the action of heat are Epikote® 180S70 (Yuka
Shell Epoxy AG), Epiclone® N-670, Epiclone® N-673, Epiclone® N-680, Epiclone® N-690 and
Epiclone® N-775 (Dainippon Ink Chemicals AG), ECN-1273, ECN-1280 (Ciba Geigy AG), etc..

In a preferred embodiment, the composition according to the invention comprises, based on the
total composition,

from 1 to 10% by weight of a telechelic elastomer,

from 1 to 10% by weight of a particulate material having an elastomeric core and a
thermoplastic shell,

from 1 to 20% by weight of a diluent,

from 0.1 to 10% by weight of a photopolymerization initiator,

from 0.01 to 7% by weight of an epoxide curing agent,



from5 to 30% by weight of at |east one inorganic and/or at |east one
organic filler. The conposition according to the invention preferably
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like; aandhmbhﬁablv\lbréﬂtlﬁﬁéﬂBBtaI?@’IBYeEEﬁ)ZéécCBlGA?of H blsphenol A type epoxy resin with
epichlorohydrin with formation of a postglycidylated epoxy resin, mixing of the postglycidylated
epoxy resin with a novolak epoxy resin, complete esterification of the mixture with an o,B-
unsaturated carboxylic acid with formation of a product and subsequent reaction of the product

thus obtained with a saturated or unsaturated polybasic acid anhydride.

The abovementioned unsaturated monobasic acid copolymer resins are obtainable by
copolymerization of an ethylenically unsaturated acid, such as, for example, (meth)acrylic acid,
2-carboxyethyl (meth)acrylate, 2-carboxypropyl (meth)acrylate, maleic anhydride and the like,
with at least one monomer selected from the group consisting of (meth)acrylic esters, such as
methyl (meth)acrylate, ethyl (meth)acrylate, propyl (meth)acrylate, butyl (meth)acrylate, 2-
ethylhexyl (meth)acrylate, stearyl (meth)acrylate, hydroxyethyl (meth)acrylate, hydroxypropyl
(meth)acrylate and the like; vinylaromatic compounds, such as styrene, a-methyistyrene,
vinyltoluene, p-chlorostyrene and the like; amide-like unsaturated compounds, such as
(meth)acrylamide, diacetoneacrylamide, N-methylolacrylamide, N-butoxymethylacrylamide and
the like; polyolefin compounds, butadiene, isoprene, chloroprene and the like; and other



compounds, such as (neth)acrylonitrile, nmethyl isopropenyl ketone, vinyl
acetate, beoba nononer (product of Shell Chem cal), vinyl propionate,
vinyl pivabate4aassl the |ike. The acid value of the unsat ecatepd2/mapbasi c
acid copolymer resin is preferably in the range from30 to 260 ng KOH g.
An unsat urated conpound contai ning an .gl.icyclic epoxy group nmay be, for
exanpl e, one having an unsaturated group capable of free radical

pol ynmeri zation and an alicyclic epoxy group in a nolecule. This
unsat ur at ed conpound contalnlngpan alicyclic e oxy group i s obtainable by
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PCT/ EPUEW@E@'H?“QCP"F@OUPQS ﬁ%lﬂ‘@d@ﬂ or a rret hyI group; R2 is a divalent
al i phatic saturated hydrocarbon group having 1-14 carbon atons and in

particular a |inear or branched al kyl ene chain, such as nethyl ene,
et hyl er®e rgsippniaiing an unsaturated group and obtained from an unsaturated Tesin containing

an alicyclic epoxy group and an unsaturated compound containing an acid group is obtainable
by reacting a solution of the unsaturated resin containing an alicyclic epoxy group in an inert
organic solvent with the unsaturated compound containing the acid group at a temperature of
from 20 to 110°C for from 1 to 7 hours. The resin thus obtained may contain from 0.2 to 4.0,
preferably from 0.7 to 3.5, double bonds per 1 000 molecular weight units and preferably has
an average molecular weight of from 1000 to 100 000 g/mol, preferably from 3 000 to
20 000 g/mol.

The following general formula (I) shows a photocurable resin which is preferably contained in
the composition according to the invention:

in which



tetramet hyl ene, ethyl ethyl ene, pentanethyl ene, hexanethyl ene or the |iKke,
and phenyl ene; R10, R' and R12, independently of one another, are hydrogen
or a nethwbogesps Z is a direct bond or a cycl oal kyl ene PcaPoy1®41 0 10
carbon atons; a is a nunber from1 to 10 and b and c are, independently,
nunbers fromO to 10. The ratio a:b:c.izs preferably 5:3:2. The acid val ue
is preferably in the range of 60-90 ng KOH g, since, in this range, the
conposition is nmore stable and has the best properties. The nol ecul ar

wei ght #15 ﬁ‘ﬁf er abl%/1 &\XLhe range of 400-6000 g/nol. For the preparation of
a resin CONAPHTY LNCUWsACHPat ed group froman acrylic resin containing
an aci d?zgfsoalmmwéhphéﬁoabutfuﬂit@cﬂ dea@nbbd @roup davingg14aa @rbey Gltdreis %m@xm

group, for exa a soluti.o acrylic resi ontaining an acid

o oup’ FANHE e g randisiakdend GuA ok, 45 Retalionss  ehue e, Bipayieee.
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cont ai nj,p e ali cyclic, epox roup at a erature o rom o

for frg#n% %dg hB‘GFBe”dFHEV f)e/@\% eﬁfﬁlhw%ng%omm Ry} G5B gr oups may

cont ai rz.ura&mteuf@drﬁcbr@r@u@alkylené h@mﬁ@ﬂ@tﬂ(ﬂ E&Bbn Gtomnd; 0 4. 0, preferably from

0.7 to 3. 7%%%‘?( o Iecul ar weight units, |f the nunber of unsaturated
[ a

groups '8 & 910 JuiRyang¢ F?g"l%%l’@fﬁ”@béﬂ’”&’ﬁés frema 048H8si ve

propertles W th respect to the substrate and the resistance to water are
have an avera nmol ecul ar wei ght of

i deal . hot ocurabl e pre ners. m
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its viscosity. The acid val ue of the photocurable resin is preferably in a

range d‘ﬁ"ﬁrﬁ'sl@'éfeﬁ%b'lkﬁ-ﬁh@ra’@ier?éé()?‘ﬁ@o%@/tﬂﬂﬁy tion according to the invention
then has good water resistance. Alternatively, a photocurable prepolyner
whi ch i s obtained i)t}%/ reacting a vinyl resin containing an alicyclic epoxy

group &REMEPER AL aft%ae%ﬁ%ﬂmg@@d{rﬁ?m%d SFPURATIN 8P AGP/iFESE I FRaipiBg

Pr esentanigtid @:@us QRB @H dds@ﬂra’%&& 86rdbdihdt Sontdiing an%m&ycﬁ@ e?MQ dlP482Sample,
PCT/ EP02/ 13047 8 The abovenenti oned phot ocurabl e prepol yners nmay be present

al one Gr SPIHILRHAM ACNER resin RBtainiNg BB At err?uadecﬁfmnﬁa Qrea'ﬂ'ﬁéOIVﬁ%ﬁHP’br@S I'n

a pref eldofgls e BERA, Rohati@hydrBasboRd) 8RR Yiké, 0BRP B eS&Bd RAtHMTheS dnaMtirbteline
photocurable resin, the type of such a m xture dependin t he desired

on the
pr oper CPEROd aor%merthq acySlc emony gtRvR 2t tainrer@iuse of flem po@@r%mre‘rqr@éu n
shoul d pEebafsabl y have a hi gher proportion by weight than the

The resin containing the unsaturated groups may contain unsaturated groups in the range from
0.2 to 4.0, preferably from 0.7 to 3.7, per 100 molecular weight units. If the number of
unsaturated groups is in this range, good curing is achieved and the adhesive properties with
respect to the substrate and the resistance to water are ideal.

The photocurable prepolymers may have an average molecular weight of from 1 000 to
100 000 and preferably from 3 000 to 70 000. With such a molecular weight, the photocurable
prepolymer can be readily used owing to its viscosity. The acid value of the photocurable resin
is preferably in a range up to 120 mg KOH/g, since the composition according to the invention
then has good water resistance.

Alternatively, a photocurable prepolymer which is obtained by reacting a vinyl resin containing
an alicyclic epoxy group and an unsaturated compound containing an acid group may also be
present in the composition according to the invention.



epoxy resin, since, as a result, the negative is not influenced by adhesion
during exposure, the <cured surface has a regqular gloss and the al kaline
devel opmewD waksss pl ace satisfactorily. The conbi nati on @®CTIEPS2/13047

phot ocur abl e prepol yner and the epoxy conpound | eads to excel |l ent
properties of the resist filmformed wgth the conposition according to the
invention in respect of the heat resistance, adhesion properties and
flexibility. In a particularly preferred enbodi ment, the fornul ation

accor di t he inv nlonadltlo rises ound  of the

For mul AREAbPy SR PR Ul e RPRE MR DRPIeSSR Slatroor BaeTBragbaL e,
sat ur atceshpositiomaedonding &ckhalidgghtiqgr oup having 1 to 60, preferably 1 to 30
and particularly preferably 1 to 20 carbon atons, such as, for exanple,
ethyl, nethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl,
ei cosylip atméfefreﬁ )elmbotjﬁ?rﬁdrm,cﬁméa"sy bne epexyt @sttunt dah H@amé@mﬁmlthe pho@B@rable0

tet | ent h | ent
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at ons, astixture,ahe aﬁbtbyuramerresmh@ln@brbyéramy have @mlg:heﬁpﬂibortfoﬂ Byetdightahsthe
al kenyl 8r oup. havi ng ca Qﬁ/
1- met hyPEPhERYY Singe, tﬁﬁ%Fﬁ?P“qt 2 “89?/‘!"‘%?18“2”{5‘1‘%5‘5@%% aPh%G' 9'rmn9 exposure, the

car box »arelcyérmee G LTS @Q@g@luﬁblo% ard G dIcaiyie YePsIOPYbSNaKkEY SHES satlsfactorrly The

al koxycagﬂ? IaI eEX rou sb having 1 to, 4 carbon atons, such as

3- et h&R t p‘?@&&r% &P &f and {he,poxy gpmeoyYrid, leag flogexcglignt
nunber prdpmt e@ deh@resB@flfm forhad With lﬂﬁ@é@ﬁ@d&ltbﬁn dtcording tarise MveMtioR.in V&pect of
03/048%@?l PCT/ EP02/ 13047 I n the co o nd of the formula I, X is in which
R3 and Uiheateesigiants: adnesipn RIPPerHeAd é‘-’ﬁ‘ép"ééch radi cal, independently of one

another, is hydrogen or a straight-chain or branched al kyl group or
hydrox¥al k%g group having 1 to 5 carbon atons, or R3 and R4 together form

a ringm %gartyyrg{p éﬁte;PFbOdmtOW&(f?TmU'ﬁWri‘ﬁ@?Fﬁé’ﬂgﬁﬂ thgjgvention addrtronally
hydr oxy:8tpMées a BSmpSurdysiteoRimae (Am al kyl group having 1 to 5 carbon atons
(such as nethyl, ethyl, n-propyl, n- butyl, sec-butyl, tert-butyl or
pentyl) or a hydroxyal kyI group havi ng 1 to 5 carbon atons (such as

2- hydr oxyet hyl , 3-hydroxypropyl, 2-hydroxypropyl, 4-hydroxybutyl,

3- hydroxybutyl or 2- hydrgxy-2- ma'ﬁyl proopyl).

(XN J\ )J\N/(X)n (1)

R (B,

in which A is a mono- to tetravalent, saturated or unsaturated alkyl group having 1 to 60,
preferably 1 to 30 and particularly preferably 1 to 20 carbon atoms, such as, for example, ethyl,
methyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, eicosyl, tricontyl, tetracontryl,
pentacontyl or hexacontyl, a mono- to tetravalent aryl group, such as phenyl or naphthyl, a
monovalent dialkylamino group or a divalent monoalkyl group having 1 to 4 carbon atoms, such
as methylamine or diethylamine, or a mono- to tetravalent alkenyl group having 1 to 4 carbon
atoms, such as ethenyl, 1-methylethenyl; 3-butenyl-1,3-diyl and 2-propenyl-1,2-diyl;
carboxyalkylene groups such as 3-carboxy-2-propylene groups; alkoxycarbonylalkenyl groups
having 1 to 4 carbon atoms, such as 3-methoxycarbonyl-2-propenyl groups, nis 1 or 2, mis 2-n
and q is a number from O to 3.

Particularly preferably, nis 2 and mis 0.



Particularly preferably, the formulation according to the invention
additionally conprises a conpound of the fornmula IV in which R4 has the
sanme defiwotasoms2as above and is preferably hydrogen or a metrigpo2/asoaup.
Such a formul ati on can be extrenely readily crosslinked at tenperatures
above 120C and thus forns |ayers which.are resistant to solvents. A

di luent which is, for exanple, a photopolynerizable vinyl nononer and/or an
organic solvent is preferably added to the conposition according to the
i nvention. The rlzable vi nyl nononers are preferably sel ected
from t it rQﬂﬂ?ogHﬁQ? %r Ky®ir oxyal kyl acryl ates, such as

2- hydr oxyet hyl acrylate 2 hydroxybutyl acrylate and the |ike; nono- or
di acryl ates of glycols, such as, for gnple et hyl ene gl ycol,

met hoxyt et r aet hyl ene WO 03/048235 PCT/ & 02# 3047 -10 glycol, polyethylene

gl ycol, propylene glycol and the leze@ll ene glycol diacrylate,

di et hyI ene glycol diacrylate and thexi ker acryl am des, such as

N, N- di met hyl acryl am de N- net hyl ol acg Ilgm de net hyl enebi sacryl am de,

di et hyl enetriam netriacryl am de, bisacryl am dopropoxyet hane,

bi snet hacryl am doet hyI rret hacrylate, N [( R—

hydroxyet hiyl I am de_and the || am noal k acrylates, such
as N, NN yhigg yﬁ> 'C%Jcﬂfﬂ'féﬁ'%ﬂteﬂ'i‘él e r?q’r@é m%@W&P%@%{@r@n%@e&'sof
pol yol sydeyéhors sﬁ@igmn@ﬁwdm brarﬁdh'e&%lk@yd;r@h;ﬁ)bpwexya[k?l“% 8 Wh\Ihd 4 @ 5 carbon

di pentaerythritol . _frih th |soc anurate and the like, and ethyl ene
oxi de 2R O5R: A BO%O%Yh%?%ﬁw ee(SH0 0 SRR, ;CYpIRBRk yEToyymetBy| and d
bi sphelngdjrokyet?mcryl ate and acryl ates of ethyl ene oxi de adducts and

propyl epe oxj adducts of these phenols; acrylates of cid et hers,
such ag" & Ddepgan o 3oy gaurdianies 1P ‘??é?WtBF‘ﬁr( r@m?'?‘b’%?% ASATORY! s |

trigl y@u@vIsebmg)yaamtyeoaaamtymsr & in@roxyartyR GHat® Rving RS cafuénrmé:hg%oéhat es
of the abovenenti oned acryl at es etc. The organic solvents are preferabl y

sel ect @8 FISFHOKYRINYGy Gy SERHRIOBY i RgMY¥SHFOMRECPI et SREIOXRYH, AydrRyblY 6f eyl

ket one ny&se)-o2hetAn P%ﬁl gnd the Iike, aromatic hydrocarbons, such as tol uene,
xyl ene, tetranethy benzene and the |ike; glycol ethers, such as
nmet hyl cel | osol ve, butylcell osol ve, nmethylcarbitol, butylcarbitol,

propyl %ﬂlcgiaﬂfodreW%QWorrﬁ&IBﬂfn aééd?élﬁg%bem@ m%r)f%ﬁ' adﬁ%@ﬁﬁ%bm@ﬁf&r a
triethyl ene nonoet hyl ether and the |ike; esters, such as ethyl

acetatéomBG¥W1mHE%ﬂHF@b'Xbetates of the abovenentioned glycol ethers and
the |ike; alcohols, such as ethanol, propanol, ethylene glycol, propylene
gl ycol and the Iike; al i phatic q¥drocarbons such as oct ane, decanes and
the Iike, and petroleun1so|ven}/L\such as
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in which R* has the same definition as above and is preferably hydrogen or a methyl group.
Such a formulation can be extremely readily crosslinked at temperatures above 120°C and thus
forms layers which are resistant to solvents.

A diluent which is, for example, a photopolymerizable vinyl monomer and/or an organic solvent

is preferably added to the composition according to the invention.

The photopolymerizable vinyl monomers are preferably selected from the group consisting of
hydroxyalkyl acrylates, such as 2-hydroxyethyl acrylate, 2-hydroxybutyl acrylate and the like;
mono- or diacrylates of glycols, such as, for example, ethylene glycol, methoxytetraethylene



petrol eum et her, petrol eum napht ha, hydrogenated petrol eum napht ha, napht ha
solvents and the like. These organic solvents serve for reducing the

vi scosi t ywofosplsa3tonposi ti on according to the invention, peftrERP02/im®ards to an
i mprovenent in their application properties. The diluent can be used al one
or as a mxture of a plurality of dilugnts. The conposition according to
the invention may contain up to 30% preferably 10-30% of the diluent. By
addi ng the photopolynerizable vinyl nononer as a diluent to the conposition
accordln t he i nvention, not on Vi scosi t
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2,2-die aceto eno etop en
1- hydr 6@59@!9 oﬁf@x?ﬁWét@n?f eEwateOﬁeox@ eddugts -gnd- propylane tomd@) @dféngsl pf these

mor pholyi, ﬁlﬂ?s a&g@%an‘ﬁ gne Néﬁ]\'e té@éhgé%@g@%ﬁ %’W tltungthg/l'om?opane

t hi oxa t one x_ant SUC
2, 4-di mmldyhetmartﬂglwéyl isocyanusatet aridotoaikomelamine acrulate;@@dapeythawlemmfhone

and th &ﬁ’ n%ﬂﬁ&{e%%%gﬁ%t such as ant hraqui none, chl oroant hraqui none,

2- neth raqui none iyl ant hr aqui none, 2-tert-butyl anthraqui none, 1
-chloroanthraq ui none, 2-anyl ant hraqui none, 2-am noant hraqui none and the

l'i ke; %h,e t ' Y. al
and the F%lr n'(ﬁ%@\%oqt%g%zérgﬁs suc edjh% ﬁé’@ré}lﬁﬁ nei ame%ggﬁtﬁgoéé‘tc;h%ts
2- (di rrmeﬁlwl aaﬂhyidgeéqnwlcy@elr@@a@@ apd Hpe -Ilbe dnqmlnwyquacnmazsmreaandluem
like; h e 2-nitrofl ugr y ni
et hor , D505 Bt yBeRET e Ry, TRe DUty SBL oRT e BrdVe. .
These butylvpmw@ rlrm}h)b@rpltahslemylcarbmlvipmmlehy gycol mnammatmditertftan dipragyene
conposi | t Q. 1 e | tor
s pre yfglbﬁngﬁgé%ﬁ eé?ﬂl?er ﬂlegrs( ne 9!}? Ho(?tpeth Ihgth%hgﬁé) @-851 Ne ! Ceesf]e,?g ?J@h a@ éthﬂ
based @anetatee bnug/rlrmsnate membesoofdthngabwetrhetlonedegiwm)rethers and the I|ke aIcohoIs
such as ethanol, propanol, ethylene glycol, propylene glycol and the like; aliphatic
hydrocarbons, such as octane, decanes and the like, and petroleum solvents, such as
petroleum ether, petroleum naphtha, hydrogenated petroleum naphtha, naphtha solvents and
the like. These organic solvents serve for reducing the viscosity of the composition according to

the invention, which leads to an improvement in their application properties.

The diluent can be used alone or as a mixture of a plurality of diluents. The composition
according to the invention may contain up to 30%, preferably 10-30%, of the diluent.

By adding the photopolymerizable vinyl monomer as a diluent to the composition according to
the invention, not only is the viscosity of said composition reduced but at the same time the
photopolymerization rate is increased.

Furthermore, a photopolymerization initiator may be added to the composition according to the
invention if the composition is cured by exposure to UV light. Typical examples of



Furthernore, a photopol yneri zation accel erator in conbination with the

phot opol yneri zation initiator nay be added to the conposition according to
t he i nvenwioaa/048EB& phot opol yneri zation accel er at ors accelpemratre2/iive7

pol ynmeri zation reaction. Typical exanples are tertiary am nes, such as
triethylam ne, triethanol am ne, 2-dinejhyl am noethanol and the |ike. The
conposition according to the invention may furthernore contain an epoxide
curing agent. This serves for crosslinking the epoxy groups on heating, so
t hat the Protectlve f.il mproduced u5|n8?the conposi tion according to the
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t he | ICREPOIISSTPAY AP msg@?ir@w@g@y\ oRin combination in the composi on accordmg to the
tri-n- bewlidrd, 5- di hydr oxyphenyl) phosphoni um brom de,

hexadecyl tri utyI phosphoni um chloride and the |ike; quaternary amoni um
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Furthermore, a photopolymerlzanon accelerator in combination with the photopolymerization

initiator may be added to the composition according to the invention. The photopolymerization
accelerators accelerate the polymerization reaction. Typical examples are tertiary amines, such
as triethylamine, triethanolamine, 2-dimethylaminoethanol and the like.

The composition according to the invention may furthermore contain an epoxide curing agent.
This serves for crosslinking the epoxy groups on heating, so that the protective film produced
using the composition according to the invention has good heat resistance, moisture resistance
and electrical properties. Examples of these are s-triazine compounds, such as melamine,
ethyldiamino-s-triazines, 2,4-diamino-s-triazine, 2,4-diamino-6-tolyl-s-triazine, 2,4-diamino-6-
xylyl-s-triazine and derivatives thereof. Guanidine compounds, such as guanidine,
acetoguanidine,  benzoguanidine,  3,9-bis[2-(3,5-diamino-2,4,6-triazaphenyl)ethyl}-2,4,8,10-



are al so suitable. The abovenenti oned epoxi de curing agents can be used
al one or in conbination. The epoxide curing agents are expediently used in
rati os ofwpliswess abl e pol ynmer to epoxide curing agent ofPCIEPS2/03041 ess,
preferably 98:2 or |ess. Because of the presence of the epoxide curing
agent in the abovenenti oned anount, sufjicient crosslinking takes place so
that the desired water resistance and heat resistance are obtained, making
the conposition according to the invention particularly preferred conpared

wWth t e conpaqsi on known t conposition according to the,
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The epoxide curing agents are expediently used in ratios of photocurable polymer to epoxide
curing agent of 95:5 or less, preferably 98:2 or less. Because of the presence of the epoxide
curing agent in the abovementioned amount, sufficient crosslinking takes place so that the
desired water resistance and heat resistance are obtained, making the composition according
to the invention particularly preferred compared with the compositions known to date.

The composition according to the invention can also contain inorganic and/or organic fillers in
order to improve adhesion properties or hardness of the protective film. The inorganic fillers are
preferably selected from the group consisting of barium sulphate, barium titanate, pulverized
silicon oxide, finely pulverized silicon oxide, amorphous silica, talc, chalk, magnesium
carbonate, calcium carbonate, alumina, aluminium hydroxide, mica powder and the like. The



t he phot ocurabl e prepolynmer. Suitable devel oper |iquids are organic

sol vents, such as cycl ohexane, xylene, tetranethyl benzene, butyl cell osolv,
but yl car bwoai3jo4g28®pyl ene gl ycol nononet hyl ether, cell os@craErareioat es,
propanol , propyl ene glycol, trichloroethane, trichloroethylene, nodified
trichloroethane [Eterna IR (product of4qAsahi Kasei Kogyo), Squone EX-R
(product of Toa Gosei Kagaku), Kanden triethane SR-A (product of Kanto
Denka Kogyo), Resisolve V-5 (product of Asahi dass)], etc., and/or
aqueous al kal.i ne sol utions,  suc ueous sol utions contaln ofassi um
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phosph@bﬁnnsoﬂwu@hﬁbfMQ@hﬂmfmgnonla am nes and the like, and/or agueous
sol utions containing a surfactant. In the production of a circuit board
having a layer, the printed circuit board is first coated with the
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conprising two containers Those conponents which react together
can be separated so that the cont a| ner A contains the prepolynmer curable
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are cofkePcpAymer- '&‘*@aﬁnlt'&@r@ from Ger rran SheII under the trade name Kraton

The developer liquid used for the production of the protective film is dependent on the choice of
the photocurable prepolymer. Suitable developer liquids are organic solvents, such as
cyclohexane, xylene, tetramethylbenzene, butylcellosolv, butylcarbitol, propylene glycol
monomethyl ether, cellosolve acetates, propanol, propylene glycol, trichloroethane,
trichloroethylene, modified trichloroethane [Eterna IR (product of Asahi Kasei Kogyo), Squone
EX-R (product of Toa Gosei Kagaku), Kanden triethane SR-A (product of Kanto Denka Kogyo),
Resisolve V-5 (product of Asahi Glass)], etc., and/or aqueous alkaline solutions, such as
aqueous solutions containing potassium hydroxide, sodium hydroxide, sodium carbonate,
potassium carbonate, sodium phosphate, sodium silicate, ammonia, amines and the like,
and/or aqueous solutions containing a surfactant.

In the production of a circuit board having a layer, the printed circuit board is first coated with
the composition according to the invention and then dried for evaporation of the solvent with
formation of a film (from 60 to 95°C for from 15 to 60 minutes). The film is then preferably



Pol ymer EKP-207. Exanple 2: Photocurabl e prepolymer A m xture consisting of
20 parts of nmethyl nethacrylate, 20 parts of styrene, 25 parts of nethyl
acryl at e, wb®3pas285 of 2-hydroxyethyl nethacrylate, 20 partsTafrozciyti c acid
and 5 parts of azobisisobutyronitrile is added dropwi se to 60 parts of
butyl cel l osolve, which is initially Lproduced into a reactor, in a
nitrogen atnosphere over a period of 3 hours. After the addition, the
resulting m xture continues to react for one hour. Thereafter, a mxture
consisting of. 1 part azobi sdi Ivaleronltrlle and 7
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further 5 hours. The acrylic resin thus obtained has an acid val ue of 260.
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polylsoprene double bonds are epoxidized. Telechelic elastomers which are prepared as

described above are commercially available from German Shell under the trade name Kraton
Polymer EKP-207.

Example 2: Photocurable prepolymer

A mixture consisting of 20 parts of methyl methacrylate, 20 parts of styrene, 25 parts of methyl
acrylate, 15 parts of 2-hydroxyethyl methacrylate, 20 parts of acrylic acid and 5 parts of
azobisisobutyronitrile is added dropwise to 60 parts of butylcellosolve, which is initially
introduced into a reactor, in a nitrogen atmosphere over a period of 3 hours. After the addition,
the resulting mixture continues to react for one hour. Thereafter, a mixture consisting of 1 part
of azobisdimethylvaleronitrile and 7 parts of butylcellosolve is added over a period of one hour
and the resulting mixture in turn is reacted for 5 hours. The resin thus formed has a high acid
value (150). After addition of 25 parts of an unsaturated resin having an alicyclic epoxy group
and 0.06 part of hydroquinone, the resulting mixture is reacted at 80°C for 5 hours with addition
of air. The photocurable prepolymer thus obtained has an acid value of 60 and an average
molecular weight of 10 000 g/mol.



m xture continues to react for 1 hour. Thereafter, a mxture conprising 1
part of azobisdinethylvaleronitrile and 10 parts of nethyl isobutyl ketone
I s added wWoapwieas over a period of one hour and the resulPOTEPOI3OUTre i S
reacted for a further 5 hours in order thus to obtain a solution of the
acrylic resin having an acid val ue of.484. Thereafter, 62 parts of an
unsaturated resin having an alicyclic epoxy group and 0.12 part of a

hydr oqui none are added and reaction is carried out at 80C for 5 hours in
order thus to obtain a solution of a photocurable prepolynmer. The
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and a condenser, 1.76 parts of a phenol novol ak type epoxy conpound having
an epoxi de equi vaI ent of 176 (EPN1138, produced by Vantico) are heated and
are nelExa@plg4:90- 100C while stirring. 720 parts of acrylic acid, 10 parts
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mixture continues to react for 1 hour. Thereafter, a mixture comprising 1 part of
azobisdimethylvaleronitrile and 10 parts of methyl isobutyl ketone is added dropwise over a
period of one hour and the resulting mixture is reacted for a further 5 hours in order thus to
obtain a solution of the acrylic resin having an acid value of 184. Thereafter, 62 parts of an
unsaturated resin having an alicyclic epoxy group and 0.12 part of a hydroquinone are added
and reaction is carried out at 80°C for 5 hours in order thus to obtain a solution of a
photocurable prepolymer. The photocurable prepolymer has an acid value of 0.2, 0.7 mol of
unsaturated groups/1 000 molecular weight units and an average molecular weight of about
30 000 g/mol.

Example 5:
In a three-necked flask having a stirrer and a condenser, 1.09 parts of cresol novolak type

epoxy resin having an epoxide equivalent of 215 (JDCN-702, produced by Tohto Kasei AG) are
heated and are melted at 90-100°C while stirring. 390 parts of acrylic acid, 1 part of
hydroquinone and 2 parts of benzyldimethylamine are then added. The mixture is heated to
110-115°C and reacted for 12 hours while stirring. The solution thus obtained is cooled to room



acid value of 3 ng KOH/ g. 500 parts of this product are introduced,
together with 75 parts of ethylcarbitol acetate and 75 parts of Sol vesso
#150, i ntwoa3nesssor and stirred at 70-80C in order to olPCaiRPoa13047
honbgeneous sol uti on. One hydroxyl equivalent of the resulting solution is
then reacted with 0.5 nol of tetrahydrgphthalic anhydride. A solution of
the acid anhydride adduct of the conpletely acrylic acid-esterified
product of the novol ak type epoxy conpound having an acid val ue of 58 ng
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are dissolved in 187.5 parts of nmethyl isobutyl ketone. 1.8 parts of 30%
NaOH are added to this WD 03/048235 PCT/ EP02/ 13047 -17 sol ution and

reacti @ainplefd:f ected at 70C for 1 hour. After the reaction, the reaction
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W th d'tﬁ@# pé’alcted with 0.5 mol of tetrahydrophthalic anhydride. A solution of the acid anhydride
adduct of the completely acrylic acid-esterified product of the novolak type epoxy compound
having an acid value of 58 mg KOH/g in an organic solvent is obtained.

Example 7:
The glycidation of a side chain of an epoxy resin can be carried out by known methods as

described, for example, in JP-A-8-134390: 100 parts of a bisphenol A type epoxy resin
(GT7004, produced by Vantico; softening point 101°C, epoxide equivalent = 730, average
molecular weight 1460, n = 3.9 on average) are dissolved in a mixture of 171 parts of
epichlorohydrin and 116 parts of dimethyl sulphoxide. 15 parts of 98.5% NaOH are added
dropwise at 70°C to this solution over a period of 100 minutes. After the addition, the reaction is
carried out in a period of 3 hours at 70°C. The main part of the excess unreacted
epichlorohydrin and of the dimethyl sulphoxide is then distilled off under reduced pressure. The
reaction product contaminated with dimethyl sulphoxide and the salt formed as a byproduct are
dissolved in 187.5 parts of methyl isobutyl ketone. 1.8 parts of 30% NaOH are added to this



sul phoxi de and the salt forned as a byproduct are dissolved in 187.5 parts
of nethyl isobutyl ketone. 1.7 parts of 30% NaOH are added to this
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epoxy resin having an epoxide equivalent of 298 and a softening point of
72C. In the epoxy resin, of the al coholic gr oups
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part of the excess of the unreacted epichlorohydrin and of the dinethyl
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1 equl va carbit acetate are a IS reac
pr oductthep@aniedhass truerder touebtaib 7 8i8madtsiof thecepaxy resin having an epoxide equivalent

of 298 and a softening point of 72°C. In the epoxy resin, 2.5 mol out of 2.9 mol of the alcoholic
OH groups have been epoxidized.

Example 9:
In a manner analogous to example 7, 100 parts of a bisphenol A type epoxy resin (GT6703,

produced by Vantico, softening point 88°C, epoxide equivalent 715, average molecular weight
1430, n = 3.8 on average) are dissolved in a mixture of 170 parts of epichlorohydrin and
116 parts of dimethyl sulphoxide. 14.9 parts of 98.5% NaOH are added at 70°C to this solution
over a period of 100 minutes. After the addition, the reaction is carried out at 70°C. for 3 hours.
The main part of the excess of the unreacted epichlorohydrin and of the dimethyl sulphoxide is
then distilled off under reduced pressure. The reaction product contaminated with dimethyl
sulphoxide and the salt formed as a byproduct are dissolved in 187.5 parts of methyl isobutyl
ketone. 1.83 parts of 30% NaOH are added to this solution and reaction is effected at 70°C for
1 hour. After the reaction, the reaction mixture is washed twice with 50 parts of water. After the
organic phase has been separated from the aqueous phase, isobutyl ketone is distilled off from



95C and reacted for about 6 hours. The reaction mxture if then cool ed. The
phot ocurable resin thus obtained has a solids content of 65% The solid
conponentwbas/oas?3aci d val ue of 100 ng KOH g. Exanpl e 11: pe9fpPpanios7 ( 2

equi val ents) of the resin prepared according to exanple 8 are added to 144
parts of acrylic acid, 1.2 parts of hyglroqui none and 321 parts of carbitol
acetate. The mxture is heated to 90C while stirring, in order to forma
honogeneous sol ution. The m xture is cooled to 60C and 2 parts of

tri phenl{el( phOSphI ne are added, and the I‘?SUHI ng mxture is heated to 100C
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g=1 eqU| val ent) and of carbitol acetate are added to this reaction
pr oductlconplic GHareyrs 'E‘Hl?seR?BfYéﬁﬁ’fb'ﬂla‘{e@eﬁ@&p@G #8d-95C and reacted for a
period of about 6 hours and then cool ed. The photocurable resin thus

obt ai ned has a solids content of 65% The solid conponent has an acid val ue
of 10@—"&:@12@9'9 Exanpl e 12: 144 parts of acrylic acid, 1.2 parts of
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resin thus obtained has a solids content of about % The solid corrgonent

has an 98¢ @ndaeaetedfor ooyt Rewis gTheeagsipe mlsturerrfethﬁrwpwe@rElp%upéatoa@ ledi ng
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resin produce Toht o Kasel AG epoxide equivalent = 215) are
m xed 108@'@9K@H9n aratio of 9:1. 144 parts of acrylic acid, 1.2 parts of
hydroqui none and 319 parts of carbitol acetate are added to 592 parts (2
equi val ents) of the mxed resin. The m xture is heated to 90C while
stirridxampe bider to form a honpgeneous solution. The mixture is cooled to

60C 596 parts (2 equivalents) of the resin prepared according to example 8 are added to 144 parts
of acrylic acid, 1.2 parts of hydroquinone and 321 parts of carbitol acetate. The mixture is
heated to 90°C while stirring, in order to form a homogeneous solution. The mixture is cooled to
60°C and 2 parts of triphenylphosphine are added, and the resulting mixture is heated to 100°C
and reacted for about 32 hours in order to form a reaction product having an acid value of
1.0 mg KOH/g. 161 g of tetrahydrophthalic anhydride (154 g = 1 equivalent) and 135 g of
carbitol acetate are added to this reaction product. The mixture thus obtained is heated to 95°C
and reacted for a period of about 6 hours and then cooled. The photocurable resin thus
obtained has a solids content of 65%. The solid component has an acid value of
100 mg KOH/g.

Example 12:
144 parts of acrylic acid, 1.2 parts of hydroquinone and 326 parts of carbitol acetate are added

to 606 parts (2 equivalents) of the resin prepared according to example 9. The mixture is
heated to 90°C while stirring, in order to obtain a homogeneous solution. The mixture is then
cooled to 60°C and 2 parts of triphenylphosphine are added. The mixture thus obtained is
heated to 100°C and reacted for about 32 hours in order to obtain a reaction product having an



and 2 parts of triphenyl phosphine are added. The resulting m xture is
heated to 100C and reacted for about 32 hours in order to obtain a

reacti on woadoe2zhavi ng an acid value of 1.0 ng KOH g. 1®Q0TEPO1/13047
tetrahydrophthalic anhydride (154 g = 1 equivalent) and 134.1 g of

carbitol acetate are added to said reaggion product and the m xture is
heated to 95C, reacted for about 6 hours and then cool ed. The phot ocurabl e
resin thus obtained has a solids content of 65% The solid conponent has
an acid val ue of 100 KOH g. Exa resin prepared accordi ng to
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react e@xafle fPout 32 hours in order to obtain a reaction product having an
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m xture 1 s heat ed t and reacted or about hours 1 n order
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carbitol acetate are a to sald reaction produ m xture 1's heated
t o 95C68fd Thegelikepmpanentibasuan acithyalue oh P madsP/gol ed. The phot ocur abl e
resin thus obtained has a solids content of 65% The solid conponent has
an acid value of 100 ny KOH g. Exanple 16:

Example 14:

The resin prepared according to example 8 (epoxide equivalent = 298) and a phenol novolak
type epoxy resin EPN1138 (produced by Vantico; epoxide equivalent = 176) are mixed together
in a ratio of 9:1. 144 parts of acrylic acid, 1.2 parts of hydroquinone and 308.3 parts of carbitol
acetate are added to 591.6 parts (2 equivalents) of this mixture. The mixture is heated to 90°C
while stirring, in order to form a homogeneous solution. The mixture is cooled to 60°C and
2 parts of triphenylphosphine are added. The resulting mixture is heated to 100°C and reacted
for about 32 hours in order to obtain a reaction product having an acid value of 1.0 mg KOH/g.
154.5 g of tetrahydrophthalic anhydride (154 g = 1 equivalent) and 129.5 parts of carbitol
acetate are added to said reaction product and the mixture thus obtained is heated to 95°C and
reacted for about 6 hours and then cooled. The photocurable resin thus obtained has a solids
content of 65%. The solid component has an acid value of 100 mg KOH/g.

Example 15:
The resin prepared according to example 7 and the resin obtained according to example 8 are

mixed together in a ratio of 8:2. 144 parts of acrylic acid, 1.2 parts of hydroquinone and 326



310 parts of a bisphenol F type epoxy resin (epoxide equivalent = 898, n =
5.8 on average, softening point 81.1 C, viscosity 14.0 dPas at 140C) are
di ssol vedwprozam4smxt ure of 90 parts of epichlorohydrin anecdm®Podiparts of
di met hyl sul phoxide. 54.2 parts of a 98.5% NaCH solution are added to the
above solution at 70C over a period ofglO0 m nutes, while stirring. The
resulting mxture is reacted at 70C for 3 hours. The main part of the
excess of the unreacted epichlorohydrin and t he di net hyl sulphoxide S
then distilled, off under reduced ction pr
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After drying, 'the layer thus obtained is exposed to Iight, devel oped and
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added and the reaction is effected at 70°C for 1 hour. After the reaction, the reaction mixture is
washed twice with 200 parts of water and separated into different phases. The methyl isobutyl
ketone is removed from the organic phase. 340 parts of the epoxy resin having an epoxide
equivalent of 424 and a hydrolysable chlorine content of 0.07% by weight, a softening point of
64.2°C and a solution viscosity of 7.1 dPa-s are obtained thereby. In this epoxy resin, 5.5 mol
out of 5.8 mol of the alcoholic OH groups have been epoxidized. The epoxy resin obtained
according to example 16 (424 parts) and 72 parts of acrylic acid are reacted in carbitol acetate
under reflux. 76 parts of hexahydrophthalic anhydride are added to the reaction product thus
obtained, and the reaction is carried out under reflux until the acid value has reached the
theoretical value. The photocurable resin thus obtained contains 70% of solid component.

The compositions are prepared according to the ratios shown in table 2. The numerical values
are stated in % by weight. After an initial brief mixing of the ingredients, each formulation is
kneaded twice in a three-roll mill. The size distribution of each formulation is measured using a

grindometer (produced by Erichsen Co.). The particles thus obtained are smaller than 16 um.



Resin according to exanple 245.0------- Resin according to exanple

3-45.0------ Resin according to exanple 4--45.0----- Resin according to
exanpl e 5wo-08H4€235 - Resin according to exanple 6----45. 0- PCTRPS/M30aTCOr di ng
to exanple 10----- 45.0-- Resin according to exanple 11----- 45.0- Resin
according to exanple 12------- 45. 0 Respq. according to exanmple 7----- 10. O- -

Particulate material having a core and shell 3.03.03.03.03.03.03.03.0
(silicone core shell) D pentaerythrityl

hexaacr¥ll at e5. 05. 05. 05.05.05.05.05.0 1Ir

907(r) INg2tol. sydfage afea gb apoirgyit) ?‘Z?é Uf & §E§’§( Wb"@ tops compesitions ageorgiggots. e
Kay acUifyeRgari aidy i3 A85c0BoPBR R B00 o O A mpBteaRASUiing the layer thus
BMS(r)1.01.01. 01.01.01.01. 01. 0 Kayacure EPA(r)0. 20.20.20. 2 0. 20. 20.

Di Cyan@pglﬁqgiéi eggos@g tgilgbtl dggelgae ang finglly muf thﬁ?tdﬁé’ﬁ%er to obtain the solder
triacryésudt@atleh. 02. 02. 02. 02. 02. 02. 0 Bari um

sul phat e15. 015. 015. 015. 015. 015. 015. 015. 0 Finely granul at ed
talcl.51,51,.51.51.51.51.51.5 Aerosil #200(r)1.01.01.01.01.01.01.01.0

Fl owl ed2Ble.Bd3(r) 1. 01.01.01. 01.01.01.01.0 Silicone antifoam-------

Mer captotriazoleQ 50.50.50.50 50 50.50 5 Silane coupli

agent 0| BExanyfle 5Id. 50. 50. 50. 50.(3 WO 03/ 048335 - 22 PCIT/BEPO2 16.3047 7 8
Elastomer acc. to example 1 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

Resin according to example 2 45.0 — — — — — — —

Resin according to example 3 S 45.0 — — —_ — — —

Resin according to example 4 — — 45.0 — — _ —_ —

Resin according to example 5 — — — 450 |— —_ — —

Resin according to example 6 — - _ - 450 |— —_ _

Resin according to example 10 | __ —_— —_— — —_— 45.0 — S

Resin according to example 11 - — — — —_ _ 450 |—

Resin according to example 12 _ — —_— _— — — — 45.0

Resin according to example 7 — — — — —_ 10.0 - -

Particulate material
having a core and shell 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
(silicone core shell)

Dipentaerythrityl hexaacrylate 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

Irgacure 907° 2.0 20 2.0 2.0 20 2.0 2.0 20
Irgacure 369° 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Kayacure DETX-S® 005 |005 |005 [005 |005 |0.05 |005 |0.05
Kayacure BMS® 1.0 1.0 {10 1.0 1.0 (10 |10 |10
Kayacure EPA® 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Dicyandiamide 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Trimethylolpropane triacrylate 20 20 2.0 20 2.0 20 20 2.0
Barium sulphate 150 |150 |150 |150 |150 |150 |150 [15.0
Finely granulated talc 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Aerosil #200° 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Flowlen AC-303° 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Silicone antifoam — _ — — - —_ - _

Mercaptotriazole 05 05 0.5 0.5 0.5 0.5 0.5 0.5
Silane coupling agent 0.5 0.5 0.5 0.5 0.5 0.5 05 0.5




Exanpl e No. 12345678 Sol vesso #150(r) 3. 03.03. 03. 03. 03. 03. 03. 0 Pht hal ocyani ne
G i nD. 50. 50. 50. 50. 50. 50.50.5 Heliogen Blau L7560(r)-------- Irga Hell blau
GS(r)----wo-03/0d48B3 C- S(r)---10.010. 0--10. 0 YX-4000(r)10. 01@camPoR130410. O-
Tabl e 1-2: Exanple No.910111213141516 El astonmer acc. to exanple

15. 05. 05. 05. 05. 05. 05. 05. 0 Resin accordppng to exanple 10----30.0-30.0- Resin

according to exanple 11-------- Resin according to exanple 12-------- Resin
according to exanple 1345.0----30.0-30.0 Resin according to exanple
14-45. Q=c o - - - cording to exanple 15--45 0----. esin according to
exanpl eEgample Blo015. 015. O- - Rdsi n chordﬁng t pdexand e 316----|-7- Re$8n
accord o e 4------ -~n RE$ ac ding,to npl
5---30 gg\fe’?io ﬁf‘fg 0_Resin ,'-\r‘r‘r?fodi ngé'pn D%E—\an| 492- - - -%)ib(:i- - grf i m'JOI a :3'0
mat er i aPhthdeyame Gricdr e and [$tfel | [8503. |03 03]03. 03.033. 080.6 (sliold con@5corle
shel 1) genté} Ly%g(gd Tyl hex@aacrylat e5.[05.05]05. 05. 05. 05. 05. 0 Trgacure
907(r) ?ﬁ 02.02. 0200 lrgacure 369(1) 3. 03.03. 08, 03.03.03.03.0
Kayacuf IengeTMaLSGs?O 050. 050.|050. 050. 050050. 050. 05 Kayagure |
BMS(r) I TEPICUS\b 01061161161 UJ_._U Kayacure EPA( 15 208829202626 £0-2
YX-4000° 10.0 10.0 100 |— — —_ 100 |—
Table 1-2:
Example No. 9 10 11 12 13 14 15 16
Elastomer acc. to example 1 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Resin according to example 10 | —— — — 30.0 — 30.0 —_
Resin according to example 11 | — - — —_ — _ _—
Resin according to example 12 | __ — — —_ — — — _
Resin according to example 13 |45.0 — — — — 30.0 — 30.0
Resin according to example 14 | 450 _ — — — — —
Resin according to example 15 |_— — 45.0 —_— — — - —
Resin according to example 2 — — — 15.0 15.0 15.0 — —_
Resin according to example 3 — _ _ — —_— — — —
Resin according to example 4 — —_ —_ - - — — _
Resin according to example 5 — —_ — 30.0 —_ —_ 15.0 15.0
Resin according to example 6 — —_ — — — — — —

Particulate material
having a core and shell 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
(silicone core shell)

Dipentaerythrityl hexaacrylate 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

Irgacure 907° 20 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Irgacure 369° 3.0 30 (30 |30 3.0 30 |30 3.0
Kayacure DETX-S® 005 (005 [005 |005 (005 |0.05 [0.05 [0.05
Kayacure BMS® 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Kayacure EPA® 02 {02 |02 |02 |02 |02 |02 |02
Dicyandiamide 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Trimethylolpropane triacrylate 20 20 20 2.0 2.0 2.0 2.0 2.0
Barium sulphate 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0




D cyandi am del. 01. 01. 01. 01. 01. 01. 01. 0 Tri et hyl ol pr opane
triacryl ate2. 02. 02. 02. 02. 02. 02. 02. 0 Bari um

sul phat e N§003548235. 015. 015. 015. 015. 015. 0 WO 03/ 048235 - 23 PRTUHPEPODAL3047

Exanpl e No.910111213141516 Finely granul ated talcl.51.51.51.51.51.51.51.5

Aer osi |

#200(r)1.01.01.01. 01. 01. 01. 01. £ Fl owl en

AC-303(r)1.01.01.01.01.01.01.02.0 Silicone antifoam
Mer capt ot ri azol e0. 50. 50. 50. 50. 50. 50. 50. 5 Si | ane coupling

agent 0,.50.50. 50, 50,50, 50. 50 5 Solyesso #150(r)3.03.03.03 03.03.03.03.0
Pht hal pExesmpléa®oGri nD. 50. 50. §@. 50. 10 50.{30. 5 H&2 i ogdd Bl at4 L7566(r) 16 - - -
Vi a008 J\(%?)&I&Hr)\uﬁaédf\t%ll' o 10103 Tabla A T bbb et 72 b 82021F202bl
El ast oeros#200% o exanpl e 15165, 05105, (3.5, )5005 0-0Resi{h0acqdldi ng'-@ o
exanpl VF.&N@QA@%Q::,@MO 0---- Rag n pegordiyng 10 gxample 3rqp-- (40 ReH(§
accord o—exahple4 Resin—agecordi-pgto-lexanple
5- 10. 0}iEo0d antiee 010. 010. O Resi n|accor|ei-ng 1e—exaﬁﬁle b— - - -|—- Resi
accor ol gL T RERD' ® T07 U5 075] Py 20 (425, U5 SR aCIpE0T g g0 ﬁ‘m !
exanpl eSitegeepuplinpgets. 015. 010.5- 1028 Rd9if a¢br di ngf to Qe&am: 0§ 1405 .
Solvesso #150° 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Phthalocyanine Grin® 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Heliogen Blau L7560° —_— — — — . — - —
Irga Hellblau GS® — — = = — = = =
TEPIC-S® — — — 100 (100 |— — 10.0
YX-4000® 100 [100 (100 |— |— |— 100 |—
Table 1-3
Example No. 17 18 19 20 21 22 23 24
Elastomer acc. to example 1 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Resin according to example 2 — 10.0 10.0 10.0 _ —_ _ —
Resin according to example 3 —_— —_ — _ — —_— —_ —
Resin according to example 4 — —_ — —_ - - —_ _
Resin according to example 5 — 10.0 - 10.0 10.0 10.0 10.0 10.0
Resin according to example 6 _ — — — — - S _
Resin according to example 10 |25.0 25.0 25.0 — 20.0 25.0 — —
Resin according to example 11 | __ — — — — — 25.0 —
Resin according to example 12 | __ —_ — — — — — 250
Resin according to example 13 [20.0 — 10.0 25.0 15.0 10.0 — 10.0
Resin according to example 14 | — —_ — - — - -
Resin according to example 15 |.— _ — - — — —_ —
Particulate material
having a core and shell 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
(silicone core shell)
Dipentaerythrityl hexaacrylate 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Irgacure 907° 2.0 20 |20 (20 |20 |20 |20 |20
Irgacure 369° 30 |30 (30 (30 (30 [30 [30 |30

'O(‘D



Resin according to exanple 15-------- Particul ate material having a core
and shell 3.03.03.03.03.03.03.03.0 (silicone core shell) D pentaerythrityl
hexaacr y| woaB/0@2395. 05. 05. 05. 05. 05. 0 Irgacure PCT/EP02/13047
907(r)2.02.02.02.02.02.02.02.0 Irgacure 369(r)3.03.03.03.03.03.03.03.0 WO
03/ 048235 -24 PCT/ EP02/ 13047 Exanpl e Ngy 1718192021222324 Kayacure

DETX- S(r) 0. 050. 050. 050. 050. 050. 050. 050. 05 Kayacure

BMS(r)1.01.01. 01.01.01. 01. 01. 0 Kayacure EPA(r)0. 20. 20. 20. 20. 20. 20. 20. 2

D cyandiamdel. 01.01.01.01.01.01.01.0 Trimethylolpropane
tri acr ybxengsde 0. 02. 02. 02. 02.|/0Z. 02| (8 Bar|il@m 21 23 24

20 22

sul phafgl5. 0T @015, 015, =015, 5. I NEL = g1 a

talcl. ayﬁ"l“'%aEﬁ)&m 5151 b%grnz?ﬁslﬁak} Cr) 16'%51 P Wﬂ’%ﬂ 89501 /4%

Fl oW efKA@uBo8KMs 1. 01. 01. 01./0D. 01| 02. 04.1® Si [1.€ong 1@nt i foam |10 |10

Mer cap r1az - 50.50.50. 90..50. b0, 50. 19 Sl CqQ N

agent O 5H2&tF g‘%ﬁ)n 5050 50 é'zgnl /én)%qn 312'%0( 130 H?u% 82 03%03 %%

Pht hal pRigwndiamid&r un(r) 0. 50. 50.050. 50050.|3@. 50| 50 Hel|it@gen|Bbau [1.0  |1.0

L7560( ¥imativialerG ; I bl GS e e Pl ¢ r)tsgqsd0. U.01540.Q
( &meir}fo]fi%paﬁ:glgﬁ V(l]llgtle o %:b_rﬁh %é . 420 26T e 15 9% 5.6

D,

YX- 4009+ : 10 Fabl-e—1
éarlum sulphate 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0
Finely granulated talc 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Aerosil #200° 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Flowlen AC-303° 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Silicone antifoam —_ — _ — —_ _ . _

Mercaptotriazole 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Silane coupling agent 0.5 05 0.5 0.5 0.5 0.5 0.5 0.5
Solvesso #150° 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Phthalocyanine Grin® 0.5 0.5 0.5 05 0.5 0.5 0.5 0.5

Heliogen Blau L7560 — — — — _ — — —

Irga Hellblau GS® — — — _ _ _ _ _
TEPIC-S® — —_ — 100 [100 | — — 10.0

YX-4000° 10.0 10.0 10.0 —_ — - 10.0 —

Table 1-4

Comparative example no. 1 2 3 4 5 6 7 8

Resin according to example 2 45.0 — — - _ — — —

Resin according to example 3 — 45.0 — — - — — —_

Resin according to example 4 — — 45.0 — —_ - — —

Resin according to example 5 — — —_— 45.0 — — — —_

Resin according to example 6 — _— — — 450 |— — _

Resin according to example 10 | — — — — 45.0 —_ -

Resin according to example 11 | — _— — — — — 45.0 —

Resin according to example 12 | — _ _ _ _ _ 450

Dipentaerythrityl hexaacrylate 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Irgacure 907° 2.0 2.0 2.0 2.0 2.0 20 |20 2.0

Irgacure 369° 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0




Conpar ati ve exanpl e no. 12345678 Resin according to exanple 245.0-------

Resin according to exanple 3-45.0------ Resi n according to exanpl e
4--45. 0- -wo-03Be®BfH according to exanple 5---45.0---- Resi rcampor/aioay to
exanple 6----45.0--- Resin according to exanple 10----- 45.0-- Resin
according to exanple 11------ 45. 0 Resisg.according to exanple 12------- 45.0

D pentaerythrityl hexaacryl ateb5. 05. 05. 05. 05. 05.05.05.0 Irgacure
907(r)2.02.02.02.02.02.02.02.0 Irgacure 369(r)3.03.03.03.03.03.03.03.0 W
03/ 048235 -25 PCT/EP02/13047 (‘nrmar_a_t_|_v_g_g_xa’ml e no.123 -R---?R?R Km/arure

DETX- S{ Coparatved&anii®n650. 050. 05 D2 050.(35 Ka/4icure5 6
BVS(r) K%é?“ﬁ?i?g#ﬁg&' 01.0T. Ul(gJTb5Ka‘ ﬁqé.lr e_PFolgA( ?jgﬁ {zﬂ o8- 2V, 65 B_.Ogu. Z&of

Di Cyanth 01.01. 001 e propane

tri acr ykaypee BRSB2. 02. 02. 02.[02 02] 00Baritéom [10  [10 [10 [10 |10
sul pha 5. 015. 015. 015, OIS @ Fin grianutat g4

chal k1 Igalyaqqeéﬁ’,&bé,l 51 51 51 EJE’ Ner 10':'?1 #gﬁn(r é’ré(m ) 01 ‘gg 01°%1_01%%
Fl ow enDigy@n@88ide) 1. 01. 01. 01./00. 01/0¢. 01.1®@ Si {1.6wnd 1ant i foam |1.0 1.0

agent 0 Lo FRR e Rala® T2 00l 190 20k, 98 3L o0, 420, 120,

Pht hal )%Wm%@h@uno 50. 50. 505%0. 56.50.4805 (#59 0ddh OBl alP-1.75400r) 1180 - |- -

I rga Lighdly geddmtddhak------- 1.5 15 1.5 15 15 1.5 1.5 15
Aerosil #200® 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Flowlen AC-303° 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Silicone antifoam — - — - _ —_ — _
Mercaptotriazole 0.5 0.5 0.5 0.5 0.5 05 0.5 0.5
Silane coupling agent 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Solvesso #150° 3.0 3.0 3.0 3.0 3.0 30 |30 3.0
Phthalocyanine Grin® 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Heliogen Blau L7560° — — — —_ —_ — - —

Irga Light Gelb GS® — — — _ _ _ _ _
TEPIC-S® — — — 100 |100 |— — 10.0

YX-4000® 10.0 10.0 100 |— S — 10.0 —




TEPI C-S(r)---10.010.0--10.0 YX-4000(r)10.010.010.0---10.0- WD 03/048235 -26
Tabl e 1-5 PCT/ EPO2/ 13047 Conparative exanple no.910111213141516 Resin
accor di ngwoosmxaapl e 10----30.0-30.0- Resin according to examroz13047
1345.0----30.030.0 Resin according to exanple 14-45.0--
nple 15--45.0----- Resin accordisg to exanple 2---15.015.015. 0--
Resin according to exanple 5---30.0--15.015.0 Di pentaerythrityl
hexaacryl at e5. 05. 05. 05. 05. 05. 05. 05. 0 Irgacure
%,02 02.02.02.02.02.02.0 Irgacure 369(r)3.03.03.03.03.03.03.03.0
-S(r)0.050. 050. 050. 050. 050. 050. 050. 05 Kayacure
BMS(r)1.01.01.01.01.01. 01. 01. 0 Kayacure EPA(r)0. 20. 20. 20. 20. 20. 20. 20. 2

to exa

907(r)
Kayacu

Di cyan
triacr
sul pha
tal cl.

Silico
coupl i
#150(r
Hel i og
TEPI C-

Resi n according

CEPbEEe GBS 0o 9 02l B Badithn |12 19014 |15 |16
Resih. (0¢Ediod ©.e83a65p1916. (15. 015--015.]6-Fi nely gr|804l aj-ed 300 |—
R eC a0 Tl T S e A R P T PR T
@s&g&tﬂﬁr@indjﬁ @Eé)mﬁe 150 50. 50|40 5 |Sol vegso —_ —_ —
—0303-03 3 O—+Pnthatgcyantfe—G+m6—567 565565556
R e LA A AL - bl i B I
SRdsinracedkBn@dx8npid @ 0 | _ _ _ 150 |150 150 | _
Resin according to example 5 — — _ 30.0 — —_ 15.0 156.0
Dipentaerythrityl hexaacrylate 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Irgacure 907° 2.0 2.0 2.0 20 2.0 2.0 2.0 2.0
Irgacure 369° 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Kayacure DETX-S® 0.05 |0.05 |[0.05 0.05 0.05 005 |0.05 |0.05
Kayacure BMS® 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Kayacure EPA® 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Dicyandiamide 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Trimethylolpropane triacrylate 20 20 2.0 20 20 20 20 2.0
Barium sulphate 15.0 15.0 156.0 15.0 156.0 15.0 15.0 15.0
Finely granulated talc 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Aerosil #200° 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Silicone antifoam — — — — — — _ _—
Mercaptotriazole 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Silane coupling agent 0.5 0.5 0.5 0.5 0.5 0.5 05 05
Solvesso #150° 30 |30 |30 |30 |30 |30 (30 |30
Phthalocyanine Grin® 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Heliogen Blau L7560° — — — — —_ _ _ —
Irga Hellblau GS°® — = = = = = = =
TEPIC-S® — — — 100 (100 |— — 10.0
YX-4000® 100 [100 [100 |— — — 100 |—




YX-4000(r)10.010. 010.0---10.0- WD 03/048235 -27 Table 1-6 PCT/ EPO2/ 13047
Conpar ati ve exanpl e no.1718192021222324 Resin accordi ng to exanpl e
2---10. 0-wo-03Rew=Bfn accordi ng to exanpl e 525. 045. 0-10. 010. ®Le/EPLD151D. O

Resi n according to exanpl e 10--45. 0-20. 025. 0- -

11------ 25.0- Resin according to exanpie 12-
exanpl e 1320. 0--25. 015. 010. 010. 010. 0 Rubber

D pentaerythrityl

907(r)
Kayacu
BVS(r)
Di cyan
triacr
sul pha
tal cl.
Fl ow e
Mer cap
agent 0
Pht hal
L7560(

Resin according to exanple

25.0 Resin according to

particl es8.08.08.0----
hexaacryl at e5. 05. 05. 05. 05. 05. 05. 05. 0 Irgacure

%_ 02.02.02.02.02.02.02.0 Irgacure 369(r)3.03.03.03.03.03.03.03.0
-S(r)0.050. 050. 050. 050. 050. 050. 050. 05 Kayacure
01.01.01.01.01.01.01. 0 Kayacure FDA( \ﬂ 20. 2020 20202020 2
NCamparafivédddxadipléddo.01. G1701. 018 0 THQmat 180 ol pRapane22 23 24
RO € 4RI 2: T 01k 0 F obldP glamuales | — |~
ﬂe%ﬂa@diﬁ@.tp&}erﬁé]s?o}.ﬂ 5350[\0 5{54.0 ﬁfZOLE( rn) l1_(IDl. Q1001. 00.®1./00.001| ®.0
B 501D OSP 80 50, o-50. 60. 50,1458, | ke, CAaRRL nioD | |—
%r@c&@m@@ e&@m;ﬁ@ 150 5 Sol yesso |#150(1)3. 03.03. 08.03.03503.03.0
pey-artfe—a+a{+)6- 565656565055 HeHoeger—bBta
-ljiesmacmrdmg 10@@gnqﬂg|1|2b| at GS(1)---|—=---|— —_ — — 25.0
Resin according to example 13 | 20.0 _ — 25.0 16.0 10.0 10.0 10.0
Rubber particles 8.0 8.0 8.0 — — —_ —_ _—
Dipentaerythrityl hexaacrylate 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Irgacure 907° 2.0 2.0 2.0 2.0 2.0 2.0 2.0 20
Irgacure 369° 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Kayacure DETX-S® 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Kayacure BMS® 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Kayacure EPA® 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Dicyandiamide 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Trimethylolpropane triacrylate 2.0 20 20 20 20 20 20 20
Barium sulphate 15.0 15.0 15.0 15.0 15.0 156.0 15.0 15.0
Finely granulated talc 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Aerosil #200° 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Flowlen AC-303° 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Silicone antifoam — — - —_ —_ — - _
Mercaptotriazole 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Silane coupling agent 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Solvesso #150° 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Phthalocyanine Griin® 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Heliogen Blau L7560° — = = = = = = =
Irga Hellblau GS® — — — — — — _ _
TEPIC-S® — — _— 10.0 100 |— — 10.0
YX-4000° 100 [100 |100 |_— _ _ 100 |_—




TEPI G- S(r)---10.010. 0--10.0 YX-4000(r)10.010. 010.0---10.0- WD 03/048235
PCT/ EPO2/ 13047 -28 Flexibility test Each formulation is exposed through a
phot omaskwbm3wks2savi ol et |ight at a wavel ength of 365 nm pamditrozrim4dose of
200- 400 mJ/ cn2 (neasured using an integral actinoneter produced by Gak

Sei sakusho AG . The devel opnent is cargged out with a weakly aqueous

al kal i ne devel oping solution for 60 seconds under a spray pressure of 2
kg/ cn2. The pattern thus obtained is based in an Erichsen tester and
treated by the nethod described in JI S/K5400. A steel ball is pressed
againsiﬂﬁﬂﬁmbgﬁk of the test board (hardened filmof a cured resin on a

sur f acgaeh fc#rrﬁﬂa‘ﬁ@r"n ..ﬂ@b@éd tHréud &l BhotbMasiefoqntravidiét lighbht Pvaldengtih of mseﬁrs.ur e
di stance required rma tear and to detach the filmis nmeasured

Resi st #R€dn AFqs8tof @QPd‘OQyBWé@ ERERSURS HEINAENJAtegER! @fmﬁwef RiogueRs By Oak

phot orre%isak&gmbl AGRVIHY @dveldpaitint & carib@\al G tawehklp Gguédlls é!k‘ﬂmbrbe@eﬂﬁﬁmg of
200-400 m)/cn? (measured using an inte raI acgl nonet er Eroduce

Sei sak ﬁewaom@; 60 rﬁeortﬂiév@pemémayrpgesearer R - e atierRdhns 9bta@eédﬁr%ased

al kal i feagl Eﬁehééﬁltéyer awi tddt&d bf e rﬁ&heeae&%eu R SI6/18540R1 Adstd sgw 4" Restfed?
kg/ cnR2. The deve test board is in an apparat us

t enper agaigt the é?ﬁ@éOfp thadest bepi Gatdeaed §|”éﬁfa’1‘1 §w8d 4P PAA Rirpce r°6 hstesh plate)

125C, ﬁrl”'Srdb?[H)&éfartn‘a‘ 'Er?é Q@t P@chatp%d%erb HiBtaReE FeduRe® td Rrmld tdlrHMas detef
termcycle i s used he tenperature change from-55C to 125C (or back)
i s conpechim 'Sﬂ?éS‘FVGF’rratl on of new tears is checked after 50 cycles. If a

tear is found, the test is termnated. Misture resistance Exposure is
effected through a photomask to ultraviolet Iight at a wavel ength of 365 m
in a M&J@Mﬂﬁlﬁét e n2 (nmeasured using an integral actinoneter

pr OdUC‘E%cPYor%i%tloFﬁ%' %5&'@&"'%&@1 éﬂﬁbtéﬂgs@@’mﬂrﬁnél&qﬁh?ét%’%@elér%th‘ oesbAIma

test board rrparatlve PI eceg ar e I’O uced %/ exposi ng a sarrp e at a dose
of 2002ng0n AxasaE! %ﬁé@é@élcmémaa%e@weg @pdategral @ctlmeyp@qlae%gy Oak

al kal | ReisdRYSHORGTNIrREChlieldpdrPtis @Qmé@%@ﬂdrﬁh WHBAKIR a8 BEGS akamatae%ra |n8
kg/ cn2. The devel oped test board is stored in 2aFl_gr essure cooker

hour s &@lution fos fPspeandsainder a spragprasgdie of 2i0éxa i ge eeveomdn*ﬁgtmércé@ Pé%?da
humi di § aﬁspaeﬂﬁ% erh@ﬁr%@ifatttﬁE’chaﬁé@ menghbéemreis émﬁg@a att&%fergﬁrréml ﬁ*:sto

checke Vi sua and the results  are assessed accor oW ng
criterilgdb’C, the temperature being maintained in each case for 15 mlnutes The term cycle is used
when the temperature change from -55°C to 125°C (or back) is complete. The formation of new

tears is checked after 50 cycles. If a tear is found, the test is terminated.

Moisture resistance

Exposure is effected through a photomask to ultraviolet light at a wavelength of 365 um in a
dose of 200-400 mJ/cm® (measured using an integral actinometer produced by Oak
Seisakusho AG) and the sample thus exposed is used as a test board. Comparative pieces are
produced by exposing a sample at a dose of 200-750 mJ/cm?. The test board is developed in a
weakly aqueous alkaline developing solution for 60 seconds under a spray pressure of
2 kg/cmz. The developed test board is stored in a pressure cooker for 200 hours at a
temperature of 121°C under a pressure of 2 atmospheres and a humidity of 100%. Thereafter,
the condition of the protective film is checked visually and the resuits are assessed according to
the following criteria:



WO 03/ 048235 PCT/ EP02/ 13047 -29 Q no change observable R a slight change
on the surface is observable S: a substantial change on the surface is
observablwo 03/04¢828®8 protective filmis torn off. Tack / DryoasroTics47
conposition is applied to a test board and dried at 80C for 20 minutes in a
hot air ~circulation oven. A finger iszdhen pressed vigorously into the
surface in order to investigate the state of the adhesion. The result is
assessed according to the following criteria: Q neither tack nor
fingerprint observabl e R slight tack and a fingerprint observable on the
surfacgl sho chaRgeeRsehfakler ack and fingerprint observable on the surface T:

the cogti pgligis dﬁgﬁ e btHesurfBR®IsisbeBR/kblevi ty test Each test board is exposed
to uItraV| ol et ‘:’?8 t at a wavel ength of 365 nmand in a dose of 300

mi/ cn2 S 46GURYAR CB‘?{&QeﬁUhﬁﬁPﬁ?@ B /PBSQYARIE using an integral actinoneter
(Cak Fei grkaofetivilin is rh ff. t he devel opnent with a weakly al kaline aqueous
solution for 60 seconds under a gentle spray pressure of 2 kg/cnR, the
state of the filmthus formed is checked visually and assessed accordi ng

to thengUgw'n@gs criteria: @ no change observabl e R sI i ght change

observabl e ght charage of surface observabl e he filmis torn off.

Devel oﬂ'ﬁﬁrﬁoni‘%tt'o'TH% apaliad khartgsh BoyHde died gt @9&)%‘? 8OdT“n’t4?§ ipoathel affest

board i atn @«eﬁhﬂtﬂﬁg’@ﬁg theh pr@lsﬁéoa\)'ig&bﬁﬂy |ir1t<§l e it6cBth Brae Y& IneB&tightedthe 365
nmand in a dose of nmi/ c (measured using an integral actinoneter

(Cak séfadariibrFdaesign- Tha f%fr\’éi '%éﬁﬁﬁ%ﬂ ?Qf@@&%@pﬁ‘%@”%ﬂﬂ@d&ﬁ@ is effected
using a dose of 200-750 mJ/cnR. The devel opnent is carried out in a weakly

al kal i ne qyeous sol ution under a spray pressure of 2 kg/cn2 for a period
of 20, Qo neithesdackdosfingerPiatiobeen@ble3/ 048235 PCT/ EP02/ 13047 - 30

R: slight tack and a fingerprint observable on the surface
S: considerable tack and fingerprint observable on the surface
T: the coating is very tacky.

Photosensitivity test

Each test board is exposed to ultraviolet light at a wavelength of 365 nm and in a dose of
300 mJ/cm?, 400 mJ/cm? and 450 mJ/cm?® (measured using an integral actinometer (Oak
Seisakosho AG)). After the development with a weakly alkaline aqueous solution for
60 seconds under a gentle spray pressure of 2 kg/cm?, the state of the film thus formed is
checked visually and assessed according to the following criteria:

no change observable
slight change observable
slight change of surface observable

2RO

the film is torn off.

Development test

The test board is prepared by exposure of the coated test board through a photomask to
ultraviolet light having a wavelength of 365 nm and in a dose of 200-400 mJ/cm? (measured
using an integral actinometer (Oak Seisakosho AG)). In the comparative examples, exposure is
effected using a dose of 200-750 mJ/cm?. The development is carried out in a weakly alkaline
aqueous solution under a spray pressure of 2 kg/cm2 for a period of 20, 40 or 60 seconds. After



t he devel opnent, the renoval of the unexposed |ayer is checked visually and
assessed according to the following criteria: Q conplete devel opnent was
achi eved Wo 03/0882851 | ayer of undevel oped material remains @®aTiEPe2/s3onf ace S:
undevel oped material is distributed over the entire test board T: scarcely
any devel opnment was achi eved. Adhesionggest (according to DIN 53151) The
test board is exposed through a photomask to ultraviolet light at a
wavel ength of 365 nm and in a dose of 200-400 mJ /cn2 (measured using an
integral actinoneter (Cak Seisakosho Ag@%) In the conparative exanpl es
exposur"ée idevelppraente dheytreriova)sef Bre HPmO I3ysr YSGJWV%'SuaWné"@ieﬂﬁé?%ﬁ?ﬁe
is car %b@é’rdﬂbjttometfﬂllo”‘w%&&l&bﬁa -al kal i ne aqueous sol ution under a spray
pressure of kg/cn?2 for a period of 60 seconds. The devel oped test boards
are postcured under various conditions. Each test board thus obtained is
subj ecicgd chRpRt€ IQTRIPwaS SEnigvky subj ected to a peel test with a
cel | ophane adheS| ve tape. The test boards are then checked visually and the
resul t R:s adbigdayesof urdeyelepad materisheemaing ewihegueaée eria: Q@ 100/ 100 no
peel | ng: ORRGENANGE fiiedY di9nsieliB0E: MERhiBTedtbobe Crosshatch lines S
50/ 100 to 90/ 100 noderate adhesion T: to 50/ 100 weak adhesion. Pencil
har dneds ﬁé@peWWéygaYﬁéOthé@tt%aﬁcﬂleM%d |n the adhesion test is subjected to
a hardness test by the nethod of JISK5400 wunder a load of 1 kg. Acid
resi stance test The sane test board which is used in the adhesion test is
\dhes : 3 N 53491 ohuric acid solution at 20C for 30
m nut e f nd
of the anes %’%“’da@%@%ﬁ@t@é%@%@%ﬁt5%9'9%“.8'9‘)@“?“ e e
R sli@nd icieadnse SR0Sr4090Mmd/cEy’ (measiraed usingearcintass aﬁtje@m@bl(@akrSemshOng

of the Agd)). M Me EthparafeUantlest BRodsuldstrefteli &t 4l dos@of FURI 200°@ 72BSRINAR! €.

The development is carried out with a weakly alkaline aqueous solution under a spray pressure

of 2 kg/cm? for a period of 60 seconds. The developed test boards are postcured under various
conditions. Each test board thus obtained is subjected to a crosshatch test and subjected to a
peel test with a cellophane adhesive tape. The test boards are then checked visually and the

result is assessed according to the following criteria:

100/100 no peeling observable

100/100 slight peeling in the crosshatch lines
50/100 to 90/100 moderate adhesion

0/100 to 50/100 weak adhesion.
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Pencil hardness test

The same test board used in the adhesion test is subjected to a hardness test by the method of
JISK5400 under a load of 1 kg.

Acid resistance test

The same test board which is used in the adhesion test is placed in a 10% (V/V) aqueous
sulphuric acid solution at 20°C for 30 minutes. The acid resistance is assessed on the basis of
the peeling and of the adhesion:



Al kali resistance test The test and the assessnment are carried out

anal ogously to the acid resistance test, except that the aqueous sul phuric
aci d sol uwomn/oue3s epl aced by a 10% by wei ght agqueous NaCOHPE@IEPV2/03947 Sol vent
resi stance test The test and the assessnent are carried out anal ogously to
the acid resistance test, except that.zfhe aqueous sul phuric acid is

repl aced by acetone. Metallization stability test The plating solution used
is Aotolonex C (plating solution produced by Cellex Corp. USA). The test
board uysed is the sane as that used in the adhesion test. This is

met al | |Lbz AOfCHANGE RSSO at a Iiquid tenperature of 30C and a current
denmtyaofshéh obsefvaBleder to apply gold in a thickness of 1.5 m The

condi ti on ilmis assessed under the sane criteria as for the acid
resi stéﬁcéoﬁ%%%rablg&ha@e Pksen@blence test According to the test methods
descri lyed swemd%smé&im or faNRiglofrsdf thomAths s Ruit B SWEliRFAREHABIEt est s

i mrersed for seconds in a solder bath at 260C (once on one side and
three tines on the other side). The condition of the filmis then checked
accor diahiitresidtBfcesSt@8E Criteria as in the acid resistance test. Sol bond
K183 reéesistance test According to a test method described in Jl SC6481, the
test plTAedesi@ge thapessmenare saraed putan@loggyslds ks ackkiesistancadsst. £xgertdhaty o
secondshd Hqukob8s@BhuRAddid @élut?oms?répm@e b9"h 0% b§ WeRyhtBEueduB NAOH sdlBtforon t he
other side). The condition of the filmis then assessed according to the
sanme criteria as in the acid resistance test, K 183 (product of a-Metall
Co.) be&oR@nte8Rtamee fesh! Ux. WO 03/048235 PCT/ EP02/ 13047 -32 Insul ation
resistance test Using the conb-like test pattern B of | PC-B-25, a test
board il§epesad &he @ﬁ?&&m?ﬂ'{@f% greied gutaNAlqgoHslY 4a theracidyesistanee tesh axeent that
Accor diggadikolif SuibRSric 4B RIESasery dddkshel N | PC-SH-840B,  the insulation
resi stance under normal conditions and the insulation resistance in the
case of tenperature cycles of 25-65C, relative humdity of 90% at a DC
vol tagq,,éggu,zlaggng@lbn,ﬂ@gt 7 days are neasured. Insulation resistance under
hum d conditrio ing the conb-like test pattern B of |PC B-25, a test
boar d J@eml@pgﬁ@@tlgrhg@fpd isHotelapgx Cl (plating solution produced by Cellex Corp. USA). The

test board used is the same as that used in the adhesion test. This is metallized for 9 minutes

at a liquid temperature of 30°C and a current density of 1 A/dm?, in order to apply gold in a
thickness of 1.5 um. The condition of the film is assessed under the same criteria as for the

acid resistance test.

Solder resistance test

According to the test methods described in JISC6481, the test board used in the adhesion test
is immersed for 10 seconds in a solder bath at 260°C (once on one side and three times on the
other side). The condition of the film is then checked according to the same criteria as in the
acid resistance test.

Solbond K183 resistance test

According to a test method described in JISC6481, the test plate described in the case of the
adhesion test is immersed for 10 seconds in a solder bath at 260°C (once on one side and
three times on the other side). The condition of the film is then assessed according to the same

criteria as in the acid resistance test, K 183 (product of a-Metall Co.) being used as a flux.



conditions as in the adhesion test. The insulation conditions are neasured
at a tenperature of 25C, a relative humdity of 92% and a DC vol tage of 50
volt in awomsmus23Resol ution The test board is prepared byCauPoyidng7t he
pattern through a photomask to ultraviolet light at a wavel ength of 365 nm
(line/space ratio of from25 ,umto 308 pm at a dose of 200-400 nmi/cng,
nmeasured using an integral actinoneter (Oak Sei sakosho AG. The test board
of the conparative exanple is prepared by exposure to ultraviolet Iight at
a dose of 200- 750 mJ/ch After devel opment in a weakly al kaline aqueous
sol uti | ressure of 2 kg/cn2 for 60 seconds, the renaining

l'i nes |U%|rfghﬁ\eeé5cﬂﬁ§-ﬁﬂe st tpalte Bh@rcleBxasslaatdsvboM BrpréBér%Hmdd@H tHd18airRst
board is (ﬁ ared by exposing a saﬁl e tg@ a phot onmask to uItraV| ol et
light &Nt ri%a%ﬂeﬁ'?@t%’“&?m@é@t rYGOF! 6‘%?}@%@7@@“(‘?@%‘& P
using ae In@bl@ﬁérﬁ?es@éhd&%?ﬁibﬁhornﬁél&ﬂén@ﬁd)r%amﬁfﬂé lﬁﬁ)létuonﬂé@usia%é ubﬂ%r ghsef oft he
corrparat| ve exanple is_prepare osure to ultraviolet lig n a dose

y_ €ex
o 500 FTHRFTAY S Cs e 2 O ey of 02681 5 D4 KalFoRe! 100 4BLLorL on
under arépleasurBgessure of 2 kg/cnk for 60 seconds, the test board thus
obtained is postcured at 150C for 60 m nutes. A ceram'c test board is
prepared under the sanme conditions as in the adhesion test. The test board

i s stonefisbn r&ﬁgamr@epﬁb,ﬁfdidbﬁdiﬂy,ﬁg di ty of 90% for 120 hours, and the
changeS 1n the er absorption are hen neasured. Sensitivit A film of

a samIL@'Wgsth@x%E%H‘q &St IPererD; %Icﬁt'Ppr%’ﬁ? A tost\hoged isngreRatsd ribg A0S n a
dose OfondifitShs?XinTHé abRedicreRSHIMAE inkiidlign @BndifiérRdara | metsuddCae) Rimpettlire of
Sei sakgsho AQ)) and then WO 03/048235 PCT/ EP02/13047 -33 developed in a
vveaklyzéfq('aﬁ'i 'Vﬁ&%‘dfh%’oég?étqnér? & yeltage %fpﬁoéﬁ?'twé%glﬁrb of 2 kg/cn2 for 60
seconds. After the developnent, the filmis checked visually. The photomask
used is a Step- Tablet, produced by Stoffer Co.. In the case of the test
boar ds Resalgtiembt aj ned, t he tack/dryness after drying, the photosensitivity,
t he de ity
%EQ@%EHM p(’&%co?é’c;d E}% 8%bdin ItPé’ Pfaftérmél?r{e)g?ré ﬁ% krﬁa@ﬂ'%‘hﬁ vnoLelt ﬁ?‘ﬂt@tla

after final curin ot sta ness o mz
acid r@@nvgltea@fb@m élnnadhne/smesr@m]@%fror@@rvw@hto 3055} atric dosenaft2001409md/om”,

st abi | inighsuel dghg NEAtinteBRI SIRfGRetct | Wak SERERIABCAG)! ARH! i Wdaf@iStRNCe.

i nsul ation resistance un condi tions, resolu i on, water absor Etl on
and seenppativg exaraplads é@@é@.d wppélyalt@ slteavioles lighteatiazeasei of 2084156 mJ/cmhe

test bogkA§evelopment in a weakly alkaline aqueous solution under a spray pressure of 2 kg/cm? for
60 seconds, the remaining lines in the exposed part are checked visually.

Water absorption

The test board is prepared by exposing a sample through a photomask to ultraviolet light at a
wavelength of 365 nm in a dose of 200-400 mJ/cm’ (measured using an integral actinometer
(Oak Seisakosho AG)). The test board of the comparative example is prepared by exposure to
ultraviolet light in a dose of 200-750 mJ/cm?.

After development in a weakly alkaline aqueous solution under a spray pressure of 2 kg/cm? for
60 seconds, the test board thus obtained is postcured at 150°C for 60 minutes. A ceramic test
board is prepared under the same conditions as in the adhesion test. The test board is stored at
85°C and a relative humidity of 90% for 120 hours, and the changes in the water absorption are
then measured.

A film of a sample is exposed to ultraviolet light at a wavelength of 365 nm and in a dose of
200-400 mJ/cm? (measured using an integral actinometer (Oak Seisakosho AG)) and then



of the conparative exanple are exposed at 750 mJ/cnR since the surface of
the resist was damged and the characteristic properties cannot be

conpar ed wotop/088265e exposed at 300 mJ/cnR. Conpari son of PCAEP02/13047
characteristic properties Table 2-1 Exanpl e No. 12345678 Flexibility
2.01.82.55.05.45.87.67.4 Col d/ hot cyclgzresistance (-55 -
12613013510001000150016001800 125C) 15 mi nutes Mi sture resistanceSSSRRQQQ

Tack- dr yness QQQRSRRQ Phot osensi ti vi t yQRQQQQASQ Devel opabi | i t yQQRRRQQS

Adhesi gn Penci | har.dness6H6HG HSHSHSH Aci d resi sta

A Kol 1 PR A CHERRA A FOHEO oo SOl CERRICRFHAIRRY ETSSITG Shis K o7

st abi | i60seESHISAN2rInE develbmhem! mame@@tma@a VERNIR TIRSHIFtENSAUIE R Step-
nce . 5. 06, 57. 55. 04. 09 um d conditions) x 1012 Q

| naul atlPBRt AExI e Ry SARIGS i caso t‘?ﬁ&oeé@éw ghfajngd. the t83deness
108108JaﬂBrler%ik@f?w&ﬂ&é%smltﬁttﬁé Qi)avM&:élﬁit@Wﬁlonaﬁ the film after development),
flexibility after final curing, cold/hot stability, adhesion, hardness of the film, acid resistance,
alkali resistance, solvent resistance, metallization stability, solder heat resistance, flux
resistance, insulation resistance, insulation resistance under humid conditions, resolution, water
absorption and sensitivity are assessed. The results are summarized in table 2. The test boards
of the comparative example are exposed at 750 mJ/cm? since the surface of the resist was
damaged and the characteristic properties cannot be compared with those exposed at

300 mJ/em?,
Comparison of the characteristic properties

Table 2-1

Example No. 1 2 3 4 5 6 7 8
Flexibility 2.0 1.8 2.5 5.0 54 5.8 7.6 7.4

Cold/hot cycle resistance (-55- | 126 130 135 1000 |1000 (1500 |[1600 1800
125°C) 15 minutes

Moisture resistance

Tack-dryness

Photosensitivity

Developability
Adhesion

Pencil hardness

OO0 |O|W»
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A0 |O0|W”
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Acid resistance

Alkali resistance

Solvent resistance

Metallization stability

Solder resistance
KENKO resistance
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(humid conditions) x 10" Q

Insulation resistance under humid
conditions {(measured in
moisture)
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PCT/ EPO2/ 13047

Exanpl e No. 12345678 Resol ution

US25/ 7525/ 7525/ 7525/ 7525/ 5025/ 5025/ 2525/ 25 \\at er
absor pti ow0.0804805 71. 21. 31. 21. 21. 2 Tabl e 2-2 Exanpl e No. 9POTIEPAY/BH41516

Flexibility

7.07.07.04.04.04.06.06.0 Col d/ hot cycle resistance (-55 -

18001800180035050040016001800 125C) 15341 nutes Mi sture resistanceQORRRQQ
Tack- dr ynessQQQQQQQQ Phot osensi ti vi t yRQQAQRQAQQ Devel opabi | i t yaQQRQQQ

Adhesi onQRRAQQ Penci |

Al kal i
st abi |
| nsul a
| nsul a
109109

har dness5HSH5HEHEHEHSHSH Aci d resi st ance QQRLAAQ

resistanceQQRAAQAAQ Sal vent resistanceQQQOAAQ Metallization
ExaBRERNQQQ Sol der regitst ane2z QQAOSQQQ KENKO [5esi sténc eI
REAMONS nco undor 1RO Al S hd 2ET Sk o s P ha Tpey || 2928 fosies
1\Yote0BEORIMB 108108 noi|9tur e)0-Resqlut i onl-2 1.3 1.2 1.2 1.2
US25/ 2525/ 2525/ 5025/ 7525/ 5025/ 7525/ 5025/ 50 Wt er
absorptionl. 21. 31. 20.91.00.81.41.5

Table 2-2

Example No. 9 10 11 12 13 14 15 16
Flexibility 7.0 7.0 7.0 4.0 4.0 4.0 6.0 6.0

Cold/hot cycle resistance (-55- | 1800 |1800 |1800 |350 500 400 1600 |1800
125°C) 15 minutes

Moisture resistance Q Q Q R R R Q Q
Tack-dryness Q Q Q Q Q Q Q Q
Photosensitivity R Q Q Q Q Q Q Q
Developability Q Q Q Q Q Q Q Q
Adhesion Q Q Q Q Q Q Q Q
Pencil hardness 5H 5H 5H 6H 6H 6H 5H 5H
Acid resistance Q Q Q Q Q Q Q Q
Alkali resistance Q Q Q Q Q Q Q Q
Solvent resistance Q Q Q Q Q Q Q Q
Metallization stability Q Q Q Q Q Q Q Q
Solder resistance Q Q Q Q Q Q Q Q
KENKO resistance Q Q Q Q Q Q Q Q
Insulation resistance 9.5 8.0 9.0 6.5 7.0 7.5 8.0 9.0
(humid conditions) x 10'* Q

Insulation resistance under humid

conditions (measured in 10° 10° 10° 10° 10° 10° 10° 10®
moisture)

Resolution L/S 25/25 |25/25 |25/50 |[25/75 |25/50 |[25/75 |[25/50 |25/50
Water absorption 1.2 1.3 1.2 0.9 1.0 0.8 1.4 1.5
Table 2-3

Example No. 17 18 19 20 21 22 23 24
Flexibility 7.0 7.0 5.0 45 5.0 7.0 7.0 7.0

Cold/hot cycle resistance (-55- {2000 [2000 |400 450 400 1600 [1800 |2000
125°C) 15 minutes

Moisture resistance Q Q R R R Q Q Q

S2



Tabl e 2-3 Exanpl e No. 1718192021222324 Flexibility
Col d/ hot cycle resistance (-55 -

Devel opabi |'i t yQRQQQAQAQ Adhesi onQQRRRQQX -Penci |
Aci d resi st anceQQQQQQQ Al kal i

resi stanceQQQQQRAQAQ Metal lization stabilityQRQRRQQAQ Sol der
' aasaas)

resi st apceQLOQOOAQ Fl ux resi st anceQQ QOOQQQ|nsulgtion resistance
7. 58. 0F@mpsNO6. 57. 08. 0 (hyrtird cptdi tijd8s) k201012292 | p2l at|i28n r g4 st 3
Resol ub KRB 0ot/ 002/ 75/ S0RS 764550201 5028 b0 weper |9 [2
absor ptRhetesersitivilyl . 00. 81. 01. AR 31. PQ Q Q Q Q Q Q
Developability Q Q Q Q Q Q Q Q
Adhesion Q Q Q Q Q Q Q Q
Pencil hardness 5H 5H 6H 6H 5H 5H 5H 5H
Acid resistance Q Q Q Q Q Q Q Q
Alkali resistance Q Q Q Q Q Q Q Q
Solvent resistance Q Q Q Q Q Q Q Q
Metallization stability Q Q Q Q Q Q Q Q
Solder resistance Q Q Q Q Q Q Q Q
Flux resistance Q Q Q Q Q Q Q Q
Insulation resistance 7.5 8.0 5.0 6.0 5.0 6.5 7.0 8.0
(humid conditions) x 10'2 Q
Insulation resistance under humid
conditions (measured in 10° 10° 108 10° 10° 10° 10° 10°
moisture)
Resolution L/S 25/50 |25/50 |{25/75 |25/50 |25/75 |25/50 |25/50 |25/50
Water absorption 13 1.2 1.0 0.8 1.0 1.2 13 1.2
Table 2-4
Comparative example No. 1 2 3 4 5 6 7 8
Flexibilty 0.9 0.95 0.8 1.2 1.3 6.0 6.5 6.0
Cold/hot cycle resistance (-55- |60 66 65 100 110 600 300 400
125°C) 15 minutes
Moisture resistance S S S S S R R R
Tack-dryness Q Q Q R S Q R Q
Photosensitivity Q Q Q R S R R Q
Developability S S S R R R Q S
Adhesion R R R R R R R R
Pencil hardness 6H 6H 6H 6H 6H 6H 6H 6H
Acid resistance R R R R R R R R
Alkali resistance R R R R R R R R
Solvent resistance R R R R S R S R
Metallization stability R R R R R R R R
Solder resistance R R R R R R R R

7.07.05.04.55.07.07.07.0
20002000400450400160018002000 125C) 15
m nut es MyoBwrE3F esi st ance QQRRRQQQ WO 03/ 048235 - 35 PCT/ BeaarL303b47

Exanpl e No. 1718192021222324 Tack- dr ynessQQQRQQQQQ Phot osensi ti vi t yRQQQQQQAQ

har dness5H5H6H6HSHSHSH5H
resi st anceQQQQQQQ Sol vent

nce



Tabl e 2-4 Conparative exanpl e No.12345678 Flexibility
0. 90. 950. 81. 21. 36. 06. 56. 0 Col d/ hot cycl e resistance (-55 -

6066651000 D60E260400 125C) 15 mi nutes Misture resistanceSEPBRRA47

Tack- dr ynessQOQRSQRQ Phot osensi ti vi t yQQORSRRQ Devel opabi | i t ySSSRRRQS

Adhesi onRRRRRRRR Penci | har dness6H6H6HEgH6HEH6HOGH Aci d r esi st anceRRRRRRRR

Al kal i resistanceRRRRRRRR Sol vent resi stanceRRRRSRSR Metal |1 zation
stabilityRRRRRRRR Sol der resistanceRRRRRRRR WO 03/ 048235 -36 PCT/ EP02/ 13047
Conpar ative exanple No. 12345678 Flux resistanceRRRSTRRR I nsul ation
resi st pharegaratveldabpl€Bo56. 56. 77. A2 (humidd copdli tighs) x|[@012 |2 | ns&8l atijon
resi st %erﬁgggr?rmum d condi|iy ons| 4 meaggr ed T08TY8I08LO8TU4 09 T0OBI09

noi st ue)Kesolution US25/ 7825/ 75R5/ 7525/ 75257 5028/ 5025{ 2525/125 \\at er
absor pplihsios®ssonel. 21. 31. 18221, BAabl|8.32- 5| Ldnpgbat i ves-exanflle |74
No. 910((hurpid 3eneiteny xHPe 3 bi | ijty 6. 5. 56.|22.52{32.74.26.0

Insulation resistance under humid

oo o o

conditions (measured in 10° 10° 10° 10° 10° 10° 10° 10°
moisture)

Resolution L/S 25/75 |25/75 |25/75 |25/75 |25/50 |25/50 |25/25 |25/25
Water absorption 0.5 0.6 0.7 1.2 1.3 1.2 1.2 1.3
Table 2-5

Comparative example No. 9 10 11 12 13 14 15 16
Flexibility 6.0 5.5 6.2 25 23 27 6.2 6.0

Cold/hot cycle resistance (-55- | 450 300 400 300 300 350 450 400
125°C) 15 minutes

Moisture resistance R R R R R R R R
Tack-dryness R R R R R R R R
Photosensitivity R R R R R R R R
Developability R R R R R R R R
Adhesion Q Q Q R R Q Q Q
Pencil hardness 5H 6H 5H 6H 6H S5H S5H 5H
Acid resistance Q Q Q R R Q Q Q
Alkali resistance Q Q Q Q Q Q Q Q
Solvent resistance R R R Q Q Q R R
Metallization stability Q Q Q R R R Q Q
Solder resistance R R R Q Q Q R R
Flux resistance R R Q Q Q R R
Insulation resistance 7.0 7.3 6.6 9.5 8.0 8.0 8.5 8.4
(humid conditions) x 102 Q

Insulation resistance under humid

conditions (measured in 10° 10° 10° 10® 10° 10° 10° 10°
moisture)

Resolution L/S 25/25 |25/25 |25/50 |25/75 |25/50 |[25/75 |25/50 |25/50
Water absorption 1.2 1.3 1.2 0.9 1.0 0.8 14 1.5




Col d/ hot cycl e resistance (-55 - 450300400300300350450400 125C) 15 m nutes
Moi st ure resi stanceRRRRRRRR Tack- dr ynessRRRRRRRR Phot osensi ti vi t yRRRRRRRR
Devel opabwibiiBpRRBRRRRRR Adhesi onQQORRQQQ Penci | har dness5H@dFH@oiE HBID H5 H

Aci d resistanceQQQRRQQQ Al kal i resi st anceQQQQQQ Sol vent

resi stanceRRRQQORR Met al | i zati on st abi 47t yQQORRRQQ Sol der

resi st anceRRRQQORR Fl ux resi stanceRRQOORR I nsul ati on resistance
7.07.36.69.58.08.08.58.4 (hum d conditions) x 1012 S2 |nsul ati on resistance
under hum d conditions (neasured in 109109109108108108108108 nvi st ure)
Resol utlPBl& 205/ 2525/ 2525/ 5025/ 7525/ 5025/ 7525/ 5025/ 50 Wat er

absorptionl. 21. 31.20.91.00.81.41.5 WD 03/048235 -37 Table 2-6

T PR e S RE, T (572 B 0 13 O TP 22571 5 X 5T T g
Flexibility 6.0 4.0 6.0 25 3.0 6.0 6.0 6.0
Cold/hot cycle resistance (-55- 400 400 200 250 200 400 400 500
125°C) 15 minutes
Moisture resistance R R R R R R R R
Tack-dryness Q R R Q Q Q Q Q
Photosensitivity Q R R Q Q Q Q Q
Developability Q Q Q Q Q Q Q Q
Adhesion Q Q Q Q Q Q Q Q
Pencil hardness 5H 5H 5H 6H 5H S5H 5H 5H
Acid resistance Q Q Q Q Q Q Q Q
Alkali resistance Q Q Q Q Q Q Q Q
Solvent resistance Q Q Q Q Q Q Q Q
Metallization stability Q Q Q Q Q Q Q Q
Solder resistance Q Q Q Q Q Q Q Q
Flux resistance Q Q Q Q Q Q Q Q
Insulation resistance 7.5 8.0 5.0 6.0 5.0 6.5 7.0 8.0
(humid conditions) x 102 Q
Insulation resistance under humid
conditions (measured in 10° 10° 10® 10® 10° 10° 10° 10°
moisture)

Resolution L/S 25/50 |25/50 |[25/75 |25/50 |25/75 |25/50 |25/50 |25/50
Water absorption 1.3 1.2 1.0 0.8 1.0 1.2 1.3 1.2




400400200250200400400500 125C) 15 m nutes Moi sture resistanceRRRRRRRR

Tack- dr yness QRRQQQQQ Phot osensi ti vi t yQRRQQRQQQ Devel opabi | i tyQRRAQQAQQ
Adhesi onQROQAQWFenci | har dness5HSHSHEHSHSHEHEH Aci d r esipstrarPoQ@00QQQQ

Al kal i resistanceQQQQQQQQ Sol vent resistanceQQQQQAAQ Metal lization

st abi | i t yQRQQQQQQ Sol der resi st anceQQEINQ Fl ux resi st anceQQRAAQ
I nsul ati on resistance 7.58.05.06.05.06.57.08.0 (hum d conditions) x 1012 S2

| nsul ation resistance under hum d conditions (nmeasured in
109108108108109109109109 noi sture) Resol ution

Us25/ SUEAE S EAAMEP A5/ 7525/ 5025/ 5025/ 50 Wat er

absorptionl. 31.21.00.81.01.21.31.2 WO 03/ 048235 PCT/ EP02/ 13047 -38 WHAT IS
CLAIMED |S: 1. A resin conposition conprising (1) an at |east bifunctional
pr epol YnBregiMFompesineCQmRiSingt he action of heat, (2) a telechelic

el ast oPrarfdtdeds? bifihdlandl bfdpofifer TRY &lrdsib uhder the adtibnglfdghomeric core and a
t hernopl astic shell. 2. resin conposition which additionally conprises a

phot oc{®folelechelisRiastemer ang) |

(3) a particulate material having an elastomeric core and a thermoplastic shell.
2. A resin composition which additionally comprises a photocurable prepolymer (B).

3. A resin composition according to claim 2, which additionally comprises a photopolymerization
initiator.

4. A resin composition according to any one of the preceding claims, which additionally
comprises an epoxide curing agent.

5. A resin composition according to any one of the preceding claims, which additionally
comprises fillers.

6. A resin composition according to any one of the preceding claims, in which the prepolymer
curable by the action of heat is selected from the group consisting of the epoxy compounds, the

polycarbonates, the methylol-containing resins, the isocyanates and the polycarbodiimides.

7. A resin composition according to any one of the preceding claims, in which the telechelic

elastomer contains a hetero atom.

8. A resin composition according to any one of the preceding claims, in which the telechelic
elastomer has the formula |

OH |
H,C g h 0

in which g is a number from 1 to 20 and h a number from 1 to 400.



3. Aresin conposition according to claim2, which additionally conprises a
phot opol yneri zation initiator. 4. A resin conposition according to any one
of the prwoadiomge3sl ai ns, which additionally conprises anpepEdogesoauri ng
agent. 5. Aresin conmposition according to any one of the preceding clains,
whi ch additionally conprises fillers.3f. A resin conposition according to
any one of the preceding clains, in which the prepolyner curable by the
action of heat is selected fromthe group consisting of the epoxy
conmpounds, the %carbonates t he nme IoI- ntaj ni ng resi

, th

i socyara el roTARe igPGEAAIg dP ARY GBS OF e pref %C@Wﬂﬁademcaﬁﬁ%é&efaﬁ M8 to
any oneaficufaitembieRaatving £tk BRd shéll Wl {R8 sBE SrELERNE] the telBHRSE eBtomer.
contains a hetero atom 8. A resin conposition according to any one of the
preceding clains, in which the telechelic elastonmer has the fornula | OH
(1) in19hAGEsi com BSM&WB@JORM%EB any ene2Bf MBGreceRiny aBRs, i \Qﬁ’bﬂ tReDp&HlELIatdO
03/ 048235 PCT/ EP02/ 1 resin ¢conposition accord % to any one of
t he pr Sdefiahgavingammere and Wﬁ"d}?st%%o% REMPrYRY ?Wé'co'?ﬁaﬁsifb%nda% r?ﬁF‘@F'F'QQ an
havi ng agnfddé fesfi?d shell has the same structure as the telechelic el astomner.
10. A resin conposition according to any one of the preceding clains, in
which the particulate material having a core and shell has a core
conpri g4 NY résif cbinpOsiford @&bm.@ﬂfé anyedrie &%@F#e‘éédﬂgg BRIMAGH Whth&hd @Bight ratid. A
resin conposition accord to any one of receding clains, in which
t he weicjifie teleghglic Gfasic’rﬁ'éerﬁ Pé%@?i’t@“@eamaﬁﬁf@l‘ @aY'Bg t%@orﬁaﬁrtq ghgllaipethaeiesini al
havi ng cgmpBkiforfiddropt1¢5ltois .t he resin conposition is from1:5 to 5:1. 12. A
resin conposition in which the photocurable prepolymer is a conpound of the
formula in which RlL is hydrogen or a nethyl group; R2 is a dival ent
aI i phat1QCA$é’§|NEé\%66’snﬁthﬁ QURRNRAS pRGtBEIRah8 PreHdlynek 4 & Bbmpourf &MRe forfde: R’

d R12, independently of one another, are hydrogen or a nethyl group, Z
|s a direct bond or a divalent cycl oal kane havi ng 5 to 10 carbon atons,

R R” R™

0
N HO O\
f CH,
R2
|
o)

in which

R' is hydrogen or a methyl group;

R?is a divalent aliphatic saturated hydrocarbon group having 1-14 carbon atoms,
R", R" and R', independently of one another, are hydrogen or a methyl group,
Z is a direct bond or a divalent cycloalkane having 5 to 10 carbon atoms,

a is a number from 1 to 10 and b and ¢ are numbers from O to 10.

13. A resin composition according to any one of the preceding claims, additionally comprising a
compound of the formula (l11)



ais anunber from1l to 10 and b and ¢ are nunbers fromO to 10. 13. A
resin conposition according to any one of the preceding clains,
addi ti onawby3oaeszps i sing a conpound of the fornmula (111) WOTEPD4RZB5
PCT/ EP02/ 13047 0 (X)" N ()nm -40 0 '"ANAX)n g \R5SIm in which Ais a
mono- to tetravalent, saturated or unsgfurated al kyl group having 1 to 60
carbon atons or aryl group, a dialkylamno group (g = 0) or a bival ent
nonoal kyl am no group (g = 1) having 1 to 4 carbon atons, an al kenyl group
having 1 to 4 carbon atons, carboxyal kyl ene groups or
al koxycar bonyl al kyl ene groups havisgg 1 to 4 carbon atons, nis 1 or 2, mis
2-n and q is a nunber fromO to & | X ts a radi cal of the formula in which
R3 and R4 are identical of 'ffe a E? radlcal i ndependently of one
h
tons

anot her, is hydrogen, a st RI nche kyl group or

hydr oxyal kyl group havingj1l t |5 o rbon or and R4 together may
forrt;1an aliphatic Li gg, a;ddkR%Rl% éd[]o eRIJ(r)nrl an al kyl group having 1 to 5
carbon atons or a hydroxyal kyl' gr avi n to 5 carbon atoms. WO

03/ 048235 PCT/ EP02/ 13047 -41 14. A resin conposition according to claim
13, conprising a conmpound of the formula (1V) in which R4 is hydrogen or a
T ) APABHR ARG AIaEAL SHLin EPIREIS1Ped oY g REAAS 16BN, "0
pri nt edtorns cuanyl goopy alidiatkytamicd graupl(§ + ) oha bfvatent ofonaalkylaminiot groomkali = 1)7.
Use of €8 o] r.di : n I

sol der h%g@‘?str% X C% erl a%b'rhliBQn %ﬁ%ﬁg irgg% QY'ﬁQy'pfrz’o’g§§E9°§n§é&§ag‘?‘}8§’8ﬂaﬁ‘yﬁe
conpr i graupstonalkskysasbonylalkylene groups having 1 to 4 carbon atoms,

m

nis 1 or 2, mis 2-n and q is a number from 0 to 3,
X is a radical of the formula

in which R® and R* are identical or different and each radical, independently of one another, is
hydrogen, a straight-chain or branched alkyl group or hydroxyalkyl group having 1 to 5 carbon
atoms, or R®*and R* together may form an aliphatic ring, and

R’ is hydrogen or an alkyl group having 1 to 5 carbon atoms or a hydroxyalkyl group having 1 to

5 carbon atoms.



(a) coating of a printed circuit with the resin conposition according to
any one of clains 1 to 14, (b) drying of the coated printed circuits and
(c) subsewoanto4dzemt - curi ng of the coating by heating. 19. pemmreys3oarcor di ng
to claim18, in which, before the heat-curing, a photopolynerization is
carried out through a photonmask, and tfywe unexposed conposition is devel oped
with a developing liquid with formation of a pattern. 20. A packaging unit
conprising two containers A and B, containing the conposition according to
any one of clainms 1 to 14, the container A containing the prepolypger

cur abl 44l rFHRCaBRISHPNGICCORinglo ZIRHM ( ReCaraRtising R ForEPaURe of Ehebicrvg (V)

I ngredi ents of the conposition.

OH
(‘\R,, o RL OH
NMJ (V)
HO/ER“ © R
OH

in which R* is hydrogen or a methyl group.

15. A printed circuit comprising a layer, produced by curing a resin composition according to
any one of the preceding claims.

16. A printed circuit according to claim 15 in the form of a circuit board.

17. Use of the resin composition according to any one of claims 1 to 14 as solder resist
material.

18. Process for the production of a layer, comprising the steps

(a) coating of a printed circuit with the resin composition according to any one of claims 1 to 14,
(b) drying of the coated printed circuits and

(c) subsequent heat-curing of the coating by heating.

19. Process according to claim 18, in which, before the heat-curing, a photopolymerization is
carried out through a photomask, and the unexposed composition is developed with a

developing liquid with formation of a pattern.

20. A packaging unit comprising two containers A and B, containing the composition according
to any one of claims 1 to 14, the container A containing the prepolymer curable by the action of

heat and the container B the remaining ingredients of the composition.



