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Replacement sheet Date: '~ This invention relates to a resist composition
for plating, a method of producing the same and a printed wiring board
using the same, and more particularly to a resist composition for plating
with a fine structure having excellent photosensitive properties,
resistance to alkali and heat resistance and an improved surface smoothness
without causing development residue irrespectively of anchor depth, a
method of producing the same and a printed wiring board using such a resist
composition for plating. Recently, miniaturization and high-speeding of
electronic equipment are proceeding with the advance of electron industry.
For this end, it is required that printed wiring boards and wiring board
mounting LSI have high density ro and reliabihiy based on a fine pattern.
As a method of forming conductors on the wiring board, there has lately
been noticed an additive method wherein an adhesive is applied onto a
surface of a suastrate to form an adhesive layer, and a surface of the
adhesive layer Is roughened, and the substrate is subjected to an
electraless plating to form conductors on the adhesive layer. According to
this method, the conductor is formed by the electroless plating after the
formation of a resist, so that the wiring having high density and pattern
accuracy can be produced in a lower cost as compared with an etched foil
method of forming the pattern through etching (subtractive method). In
order to produce the wiring hav(ng higher~density and pattern accuracy In
low cost by the above additive method, the selection of resists Is
particularly important. That is, it is necessary to use a resist
composftlon capable of sticking to the roughened surface of the adhesive
layer under a high follow-up action, and having a high resolution, 2o and
leaving no development residue on the considerably roughened surface after
the development, and being very less in the amount of eluted ingredient
even if the immersion In a high alkali bath Is carried out at a high
temperature for a long time. As the resist composition satisfying the above
properties, there have primarily been used ones obtained by skillfully
combining a binder polymer having an average molecular weight of not less
than several hundred thousand a5 such as PMMA or the like with acryl
oligomer having a photosensitive group and acryl monomer from a viewpoint
of film-forming property, resistance to plating bath and heat resistance.
However, the resist composition containing the above polymer as a main
ingredient has drawbacks that since the average molecular weight of the
polymer is very large, the resulting cured resist is small In the
crosslinking density and Is swollen by intrusion of alkali when it is
immersed In a high alkali bath for plating or the like at a high
temperature. so As a result, the conventional cured resist is largely
eluted out in the plating solution by hydrolysis reaction with alkali In
the plating treatment to degrade the plating solution and the properties of
the plated film so that ft has a problem in the resistance to alkali. As a
technique of improving the resistance of the cured resist to alkali,
therefore, there is proposed a resist ink composition for electroless metal
plating comprising an epoxy resin, an aromatic amine curing agent for epoxy
-~ 35 resin and an imidazole curing agent for epoxy resin as 8 main
ingredient and containing an organic solvent, a thixotropic agent, a filler
and a chemical plating Inhibitor (see JP-A-57-This technique
is-particularly~oncerned with-aresist ink protecting the conductor pattern
in a semi-additive method. The cured product of such a resist ink is
sufficiently durable to the immersion in an alkali bath of pH = 12-13 (20C)
for a long time. However, the resist ink according to this conventional
technique is not sufficiently durable to the immersion ao in a
high-temperature and high-alkali plating bath having pH of not less than 14
and a bath temperature of 80C for not less than 5 hours, for example, for
electroless tin-lead alloy plating other than the above electroless copper
plating. Further, the resist ink Is a thermosetting resin composition, so
that It can not be applied to the printed wiring board formed through the
additive method requiring photosensive properties in the resist
composition. As a technique that a resin possessing both a thermosetting
property and a photosensitivity Is used in the 4s resist composition, there
Is proposed a photosensitive resin composition wherein a half ester
obtained by acrylating a part of epoxy group In novolac type epoxy resin is
used as a base material (see JP-A-61-59447). According to this I technique,
there can be obtained a resist having excellent photosensitivity and heat
resistance. i I However, this technique has a problem that a cured resist
sufficiently durable to the high-temperature and high-alkali bath having pH
of not less than 14 and a bath temperature of 80C can not stably be
obtained without So degrading the photosensitive properties. In order to
solve the above problems, therefore, JP-A-6-317904 discloses a resist
composition for plating i comprising an uncured novolac type epoxy resin in
which a part of epoxy group is acrylated as a photosensitive resin
ingredient and an imidazole curing agent as a curing; agent and having
excellent photosensitive properties, heat re I sistance and resistance to
alkali. In this case, when an anchor depth is not more than 15 Vim, tine
pattern having US s5 = 50I50 pin or less can be obtained. However, powder
of the imidazole curing agent is actually used in the resist composition
described in JP-A6-317904, so that when the printed wiring board is
actually manufactured by using such a resist composition, as shown in Fig.
1, the imidazole curing agent 2 existing at a crystal state projects from a
side surface of the resulting resist   F Replacement Shc.~.a . ' oate:'~ .y
M~aY ~i~~.i3 pattern 3 formed by the exposure and development of the resist
composition applied onto the adhesive layer 1 and hence there is caused a
problem such as partial thinning:or breaking of the wiring after the
formation of the plated film. ' Furthermore, as the anchor depth becomes
deeper, the development residue Is generated and hence the fine pattern can
not be obtained. Moreover, concave zones formed by deaeration after the
application of the resist composition are 5 observed on the surface of the
cured resist, which Is no problem when the pattern exceeds US = 50I50, but
if it is Intended to provide the fine pattern, the plated film Is
precipitated In these concave zones to result In the occurrence of
short-circuit between the wirings And also, when the resist composition Is
liquid, if dusts or the like are adhered to the surface of the substrate,
the resist composition is never applied to the dust existing portions. ' ,
In order to prevent the occurrence of the concave zone or the occurrence of
non-applied portions through the ro dusts, there is proposed a method of
adding an anti-foaming agent. In this case, the anti-foaming agent Itself
causes light scattering at a state of dispersing into the resist to create
the development residue and hence there Is caused a phenomenon of lowering
the resolution of the resist for plating. 



EP-A-0623852 in the name of the applicant corresponds to JP-A-6-317904 and
discloses a resist composition for plating and a method of producing a
resist composition for plating having the features of the
pre-characterising 15 portion of claims 1 and 6 respectively. DE-A-2925895
and FR-A-25B0828 disclose resist compositions. It is, therefore, an aim of
the present Invention to solve the aforementioned problems of the
conventional techniques and to provide a resist composition for plating
capable of improving a tine structure of a resist having excellent
photosensitive properties, resistance to alkali and heat resistance to
provide a wiring board ensuring a con ~~ 2o tinuity reliability, preventing
breakage of wiring and being strong In the heat cycle. It is anotheraim of
the invention to provide a resist composition causing no development
residue irrespectively of the anchor depth and having an excellent surface
smoothness, a method of producing the same and a printed wiring board using
the same. The present Invention provides a resist composition for plating
comprising an uncured novolac type epoxy 2a resin In which a part of epoxy
group is acrylated as a photosensitive resin ingredient; an imidazole
curing agent; characterised in that the composition further comprises an
acrylic esker polymer having a molecular weight of 500-5000; and
benzophenone and Michler's ketone dissolved In a solvent of glycol ether or
N-methyl pyrrolidone.  The present invention further provides a method of
producing a resist composition for plating comprising an uncured novolac
type epoxy resin in which a part of epoxy group is acrylated as a
photosensitive resin ingredient and 3o an Imidazole curing agent,
characterised in that the composition is compounded with an acrylic ester
polymer having a molecular weight of 500-5000, end added with a
benzophenone and a Michler's ketone) mixed and dissolved in a solvent of
glycol ether or N-methyl pyrrolidone. _ The Inventors have made various
studies with respect to the occurrence of development residue in the
conventional resist composition and confirmed that the development residue
does not result from the anchor depth but ss rather results from the
ununiformity of the resist composition itself because the anti-to$ming
agent added is dispersed in the composition without dissolving in the
cresol-novolac type epoxy resin and also benzophenone as a photoinitiator
and Michler's ketone as a photosensitizer are not sufficiently compatible
with the composition. In this connection, It has been found that when an
acrylic ester polymer having a molecular weight of b00-5000 is added
Instead of the conventional anti-foaming agent, the whole of the resulting
composition is made uniform without ao lowering the resolution and the
occurrence of concave Zones on the surface of the resist can be prevented.
Furthermore, it has been found that benzophenone and Michler's ketone can
sufficiently be compatibilized when they are simultaneously dissolved In a
solvent of glycol ether or N-methyl pyrrolidone. As a result, the whole of
the composition can be uniformized and also the kneading conventionally
required for the provision of liquid resist composition Is made useless. 4s
Preferably, the acrylic ester polymer 1s an ester polymer between acrylic
acid or methacrylic acid and an F alcohol having a carbon number of 1-10.
Preferably, the glycol ether is diethylene gfycol dimethyl ether or
triethylene glycol dimethyl ether. Preferably, the composition further
contains blisphenol type epoxy resin and a photosensitive monomer. i
Preferably, the imidazole curing agent Is liquid at 25C. so Preferably, In
the method of the invention blsphenol type epoxy resin and a photosensttive
monomer are I further added to the composition. The Invention w111 be
described with reference to the accompanying drawings, wherein: Fig.1 Is a
diagrammatic view Illustrating a state of curing the conventional resist
composition containing the pow55 dery imidazole curing agent; Fig. 2 Is a 1
H-N M R spectrum of an acrylic ester polymer obtained fn Production Example
1; Fig. 3 Is a 13C-NMR spectrum of an acrylic ester polymer obtained in
Production Example 1; Fig. 4 Is an FT-IR spectrum of an acrylic ester
polymer obtained In Production Example 1;   Renla~ men( sheet
Date:.~..6---~t~~~ ;~~ Fig, 5 is an optical photomicrograph (250 x
magnification) of a resist composition for plating obtained 1n Example 1;
Fig. 6 is an optical photomicrograph (250 x magnification) of a resist
composition for plating obtained in Comparative Example 2; 5 In the
invention, the imidazole curing agent may be used in form of powder or
liquid. However, the use of the liquid imidazole curing agent is preferable
as described below. The liquid imidazole curing agent is existent at a
state of uniformly dispersing In the molecule of the uncured resin
ingredient) so that even If the resist composition is cured, such a curing
agent is existent at a state of uniformly dispersing in the cured product.
Therefore) when a resist pattern is formed by the exposure and development
of the io resist composition, the imidazole curing agent existing at a
crystal state does not project from a side surface of the resist pattern,
and hence there Is caused no partial thinning or breaking of a conductor
circuit. On the other hand, when the conventional powder curing agent is
used Instead of the liquid curing agent, a part of the powdery curing agent
is locally existent at an unreacted state in the resin after the curing and
projects from the side surface of the resist pattern. As a result, when a
voltage is applied et high temperature and humidity after the r5 formation
of the conductor circuit, such a remaining curing agent corrodes a copper
conductor or reacts with the copper conductor to generate ion and hence
insulation resistance may be lowered. The liquid curing agent does not
remain at an unreacted state, so that the reliability of the conductor
circuit can be improved. The Imidazole curing agent according to the
invention may use any well-known Imidazole curing agent being liquid at 25C
but is desirable to be at least one selected from compounds represented by
the following formulae (1) 2o to (3): $3 25 NC-CH2-CHZ-N YN ( 1 ) C2HS 



30 35 NC~C~Hq-O-CH2~ CHy-O-Cy$q-CND (2) NC-CH2-CH2-N / N 40 ~s ~ (3) Cg2_N
/N Y CHg 50 All of these compounds are liquid at room temperature (25C) and
are uniformly dispersed in the resist after the curing, white the cured
resist is excellent in the resl~tance to base, resistance to acid and
resistance to oxidizing agent. 5s They are commercially available, In which
the compound of the formula (1) corresponds to a trade name of 2E4MZ-CN
made by Shlkoku Kasei Co., Ltd., and the oompound of the formula (2)
corresponds to a trade name of 2PHZ-CN made by Shikoku Kasel Co., Ltd.) and
the compound of the formula (3) corresponds to a trade name of 1 B2MZ made
by Shikoku Kasel Co.) Ltd. 3   f Replacement sheet DcItE.. ~ ~ ~~~ ~ t,a..J
;I'll,~  5 io i5 The above curing agent Is used in an amount; of 1-10 parts
by weight, preferably 2-8 parts by weight, more particularly 4-6 parts by
weight based on 100 parts by weight of the photosensitive resin Ingredient.
When the amount Is less than 1 part by weight, the curing is insufficient
and the crosslinking density of the cured product becomes small and hence
the desired alkali resistance is not obtained, while when it exceeds 10
parts by weight, since the water absorption of the imidazole compound
itself is high, the water absorption of the cured product rises and hence
the alkali resistance inversely lowers. The reason why the imidazole curing
agent is used in the invention is due to the following facts. That is, acid
anhydrides and imidazole compounds are used as a curing agent for a
thermosetting resin having epoxy group therein. When using the acid
anhydride, the following chemical reaction occurs, 0 II R-C ~ O + R-C ~ II
R.-~ / H2 --1 0 O II R-C-O-CHZ-CH-R' I. 0 20 O II ~ ~ R-~-o-~g2-~H-R,
R-C-O-CHy-CH-R + CHZ-CH-R --~ I 2s ~_ ~~ O-CHZ-CH-R' I O' 3o However, the
resulting cured resist causes hydrolysis under basic condition due to its
ester structure, so that the alkali resistance Is poor. Since the
electroless plating solution Is strong basic from a viewpoint of the
necessity forming a metal complex, the resist Is required to have a
resistance to base. 



On the other hand) the imidazole curing agent takes the following chemical
reaction, so that the ester structu re is not formed and the resistance to
base is excellent. 35~~ R2 40 R1- ~ ~ Hz '~ N ~N O R3 45 . R2 so R1-;H-CHz
-NYN: OH R3 55 Rz -1 Rl- i H-CHz -N ~ N OH R3 x/CH-Rl --~ 0 4   Replacement
sf~eet Dare: ~--~r-~1~~~ ~:uf;J R2 s R1-; g-CgZ - T7 ~ Nt . . . Cgz_Cg-R1
OH R3 O_ ' ro . . . CH2-Cg-R1 + CHy-CH--R1 --~ - . . Cg2_Cg_Rl O_ O/
O_CH2_IH_R1 rs - O_ Further, the printed wiring board provided with the
resist may be treated with acid or oxidizing agent, so that the resist must
be hardly soluble in acid or oxidizing agent. However, the cured product
using the imidazole curing 2o agent is relatively stable to acid or
oxidizing agent. The Invention w111 be described with respect to the
photosensitive resin ingredient below. The photosensitive resin Ingredient
used In the Invention is an uncured novolac type epoxy resin in which a
part of epoxy group is acrylated (hereinafter refereed to as
partial-acrylated). In general, the photosensitive resin for the formation
of the resist is (metha)acryl~ monomer, oligomer or 25 polymer represented
by CHz=CRrCOOR2 or (-CH2-CRyCOOR2-)n as an essential Ingredient from a
viewpoint of photosensitive properties. When such a resin Is subjected to a
crosslinking reaction, the resulting cured product is apt to have an ester
structure of Rr-COOR2. Further, It has been known that the resin having
such an ester structure creates hydrolysis in the presence of an alkali as
shown in the following reaction formula: 30 Ri-COOR2 + ON ~ Rr-COO + R20H
Furthermore) the photosensitive rests Is necessary to be based on epoxy
resin from a viewpoint of the heat resistance. 35 In the invention, It is
possible to reduce the molecular weight between crosslinklng points of the
cured product by using the partial-acrylated) uncured novolactype epoxy
resin as the photosensitive resin ingredient while maintaining the
photosensitive properties, whereby the intrusion of alkali in the
high-alkali treatment at high temperature can effectively be prevented to
Improve the alkali resistance. The above novolac type epoxy resin has a
structure of repeating units of epoxy group as a functional group ,4o and
benzene ring In which the number of benzene rings is the same as the number
of functional groups forming the crosslinking point. Moreover, since such a
resin is not a long-chain polymer, the resulting cured product has a
greater number of crosslinking points and benzene rings per unit volume. As
a result, it Is considered that the molecular motion of the cured product
is controlled in the high-alkali treatment at high temperature, whereby the
Intrusion of alkali can be prevented and OH group Is hardly reacted with a
polar group In the cured product. 45 ~ Further, when the above-defined
imidazole curing agent Is used as a curing agent for such an epoxy resin,
(t Is possible to control the esterrification in the curing and hence the
hydrolyses reaction through alkali can be prevented to improve the alkali
resistance. In the Invention, the uncured novolac type epoxy resin as a
photosensitive resin ingredient of the resist composition is partially
ecrylated for establishing high resolution (photosensithre property) and
alkali resistance. In this so case, the acrylation ratio of epoxy group is
restricted to 20-80%, preferably 25-50%. Thus, the desired photosensftive
property (resolution) of the resist is attained by restricting the
acrylation ratio to the above range, while the alkali resistance of the
resist may be Improved by using the novolac type epoxy resin as the resin
ingredient. 



When the acrylation ratio is less than 20%, the developability of the
resist is poor and ft is difficult to form a fine pattern, while when It
exceeds 80%, the sufficient alkali resistance is not obtained. Moreover,
the acrylation of ss epoxy group is carried out by using acryloyl group
(CH2=CHCO-;, ~r methacryloyl group (CH2=C(CH3)CO-). The uncured novolac
type epoxy resin is favorable to have an epoxy equivalent of not more than
30o, preferably not more than 250. When the epoxy equivalent exceeds 300,
the molecular weight between the crosslinking points of the cured epoxy
resin becomes larger and the intrusion of alkali is easy and the alkali
resistance Is degraded.   Replacement sheet Cate: ~ 6 MAY Cil~~ moreover,
one term epoxy equivalent uses herein means a weight ig) of the epoxy resin
per ~ gram equwaient of epoxy group. In the invention, the novolac type
epoxy resin having such a functtonal group Is preferably Included In an
amount of not less than 50% by weight, preferably not less than 70% by
weight per total resin ingredient. When the s amount of such a novolac type
epoxy resin Is less than 50% by weight, the molecular weight between the
crossllnking points of the cured resist can not sufficiently be decreased.
in the resist composition for plating according to the invention (In
addition to the use of benzophenone as a photo initiator and Michler's
ketone as a photosensitiser}, a thermosetting resin, a thermoplastic resin,
a photosensitive resin, a photoinltiator and the like may properly be
compounded In addition to the above defined novolac type epoxy resin such
as cresol-novolac type epoxy resin, phenol-novolac type epoxy resin and the
like) and also a further photosensitizes may be added, if necessary. As the
thermosetting resin, use may be made of an epoxy resin, an allyl resin, a
melamine resin, and a urea resin. As the thermoplastic resin, use may be
made of polyether sulfon, polyether imide, end phenoxy resin. As the
photosensitive resin, use may be made of conventionally known
monofuncttonal or polyfunctional photosensitive resins rs having a
molecular weight of not more than 10,000. Moreover, the thermosetting resin
or photosensitive resin may more advantageously be used as the molecular
weight between the crosslinking points after the thermosetting or
photocuring becomes small. As a photolnitlator, In addition to
benzophenone, use may be made of at least one of Intremolecular bond
cleavage type compounds such as benzoisobutyi ether, benzyt dimethyl ketal,
diacetoxyphenone, ecyloxim ester, chlorinated acetophenone, and
hydroxyacAtophenone, and intermolecular hydrogen-drawing type com 2o pounds
such as Mlchlar's ketone, dibenzosuberone) 2-ethyl anthraqulnone, and
isobutyl thloxanthone. As the photosensitizes, in addition to Mkhler's
ketone, use may be mane of methanol amine, dimethyidiethanol amine,
triisopropanol amine, 4,4-diethylamino benzophenone, 2-dlmethylamtnoethyl
benzoic acid) 4-dimethylamino benzoic acid, (n-butoxy) ethyl
4-dimethylamlnobenzoate, isoamyl 4-dimethylamihobenzoate, 2-ethylhexyl
4-dimethylamlnobenzoate, and polymerizable tertiary amine. 2s As the
photosensitive resin ingredient in the resist composttlon for plating
according to the Invention, resins containing no solvent can be used as
they are, but the solution of the resin fn the solvent may advantageously
be used because the adJustment of viscosity can easily be conducted and the
film can easily be formed. As the solvent used In the dissolution of the
resin, mention may be made of usual ones such as methyl ethyl ketone,
methylcellosolve, ethylcellosolve, butylcellosolve, buty1ce11osoHe acetate)
butylcarbftol, butylcellulose, tetralin, dimethylformamide) and 3o normal
methyl pyrrolidone. Moreover, addit'Nes such as coloring agent (pl$ment),
leveling agent, anti-foaming agent, ultraviolet ray absorbing agent, flame
retardant and the like, and heat-resistant fine powder and other filler may
properly compounded wfth the resist composition for plating according to
the invention. Particularly, the heat-resistant fine powder to be dispersed
(nto the uncured photosensitive resin Ingredient 3s is necessary to be
excellent in the heat resistance and the electrbal Insulating properties
and stable to usual chem~als, so that it is favorable to dse fine powder of
previously oared heat-resistant resin.gY inorgank; tine powder As the
heatresistant resin for the formation of fine powder, use may be made of
epoxy resin) melamine resin) and phenolic resin. As the inorganic tine
powder, use may be made of silica. The heat-resistant fine powder is
favorable to have an average particle size of not more than 10 pm,
preferably eo 0.5-5 wm. When the average particle size Is more than 10 Eun,
the application of the resist composftlon can not be followed to fine
unevenness of the surface of the adhesive layer and hence the fine
conductor pattern is hardly obtained. The acrylic ester polymer used in the
Invention has a compatibility with the photosensitive resin Ingredient, so
that it is not dispersed in the resist composition and there is caused no
development residue) and also h is possible to easily escape bubbles.
Although the mechanism developing such leveling action and anti-foaming
action is not clear, 45 it Is guessed that the acrylic ester polymer acts
as a kind of lubricant between molecules of the partial-acrylated novolac
type epoxy resin. For this end, it Is considered that even B the unevenness
is crested on the surtace of the resist after the application of the resist
composition, the molecules of the partial-acrytated novolac type epoxy
resin easily slip wtth each other and the surface is smoothened with the
lapse of time and bubbles are easily escaped. Further, the resistance to
base is not lowered because the acrylic ester polymer is not a base resin.
ao _ The acrylic ester polymer used in the Invention is desirable to be an
ester polymer between an alcohol having a carbon number of 1-10, preferably
3-t3 and acrylic apid, methacrylic acid or a derivative thereof. As the
alcohol, mention may be made of monovalent alcohols such as, propyl
alcohol) Isopropyl alcohol, n-butyl alcohol, tart-butyl alcohol, fsobutyl
alcohol, pentyl alcohol, hexyl alcohol, o4tyl ak:ohol) 2-ethylhexyl
alcohol, and amyl a~ohol; and polyvalent alcohols such as f ,2-ethanediol.
55 The above acrylic ester polymer is excellent In the compatibility with
the partial-acrylated novolac type epoxy i resin and is particularly
desirable to be a polymer of at least one acrylic ester selected from
2-ethylhexyl acrylate) butyl acrylate, ethyl acrylate and hydroxyethyl
acrylate. it is considered that 2-ethylhexyl acrylate has a capillary
action owing to the branching and prevents the resist from springing out by
dust or the like, and butyl acrylate bears the leveling 6
Repla~e~iP~~A~eet C)ai:,. ! 1J ('~ ~ e.tv~~ action and anti-foaming action,
while ethyl acrylate and hydroxyethyl acrylate Improve the compatibility.
Each of the above four acrylates is polymerized alone and then the
resulting homopolymers may be used alone or In admixture of two or more
homopolymers. Alternatively, two or more acrylates among the four acrylates
are copolymerlzed and then the resulting copolymers may be used alone or in
admixture thereof. 5 _ For example, when the four acrylates are
simultaneously used, it is desirable that a weight ratio of 2-ethylhexyl
acrylate to butyl acrylate is 40l60 - 60l40, and a weight ratio of mixture
of 2-ethylhexyl acrylate and butyl acrylate to ethyl acrylate Is 90I10 -
97/3, and a weight ratio of mixture of 2-ethylhexyl ecrylate and butyl
acrylate to hydroxyethyl acrylate is 95I5 - 99/1. In the invention, the
molecular weight of the acrylic ester polymer Is restricted to a range of
500-5000. Within ro such a molecu)ar weight range, the acrylic ester
polymer is liquid at 25C and is easily mixed with the photosensitive resin
and so on in the preparation of the resist composition. When the molecular
weight exceeds 5000, the viscosity becomes higher and hence the leveling
action and entlfoaming action are lowered, while when n Is less than 500,
the leveling action and anti-foaming action are not developed. Preferably,
the molecular weight of the acrylic ester polymer is 2000-3000. In the
latter case, the viscosity of the acrylic ester polymer becomes 250-550
mPa.s (cp) (2bC) and the is preparation of the resist composition is
easier. The amount of the acrylic ester polymer used Is 0.1-5 parts by
weight, preferably 0.2-1.0 part by weight based on 100 parts by weight of
the photosensitive resin ingredient. When the amount Is less than 0.1 part
by weight, the leveling action and anti-foaming action are lowered and the
surface of the resist is not smoothened and hence ft is difficult to form a
good resist and short-circuit Is apt to be caused between conductor
patterns. While, when it exceeds 20 5 parts by weight) the glass transition
point lowers and the heat resistance degrades and also the adhesion
property between the resist and the adhesive layer lowers. 



In the Invention, commercially available benzOphenone can be used as it Is.
The amount of benzophenone used is preferably 1-20 parts by weight, more
preferably 2-5 parts by weight based on 100 parts by weight of the
photosensitive resin ingredient. When the amount Is less than 1 part by
weight, photopolymerization reaction is not 2s progressing and the resist
can not be formed according to a photomask pattern, while when tt exceeds
20 parts by weight, the sensitivity of the photosensitive resin is too high
and a zone extending beneath the photomask is exposed and hence the
development treatment can not be conducted. In the Invention) commerclalty
available Michler's ketone can be used as it Is. The amount of Mk:hler's
ketone used Is preferably 0.1-5 parts by weight) more prefere~bly 0.2-1
part by weight based on 100 parts by weight of the photosensitive resin
Ingredient. When the amount is le#s than 0.1 part by weight,
photopolymerization reaction is not progressing and the resist can not be
formed axordit~g to a photomask pattern, while when it exceeds 5 parts by
weight, the sensftivlty of the photosensitive resin is too high and a zone
extending beneath the photomask Is exposed and hence the development
treatment can not be conducted. Furthermore, commercially available glycol
ether or N-methyl pyrrolidone may be used as they are. As the ss glycol
ether, there can partk:ular be used a compound reprgsented by the
followingrmula: _ CH30-(CH2CH20)~-CH3 (n=1-5), and diethylene glycol
dimethyl ether (DMDG) and trfethylene glycol dimethyl ether (DMTG) are
particularly desirable. Moreover, the glycol ether is favorably used by
heating to 30-b0C. The amount of the solvent used is 0.5-5 times,
preferably 1-2 times the total weight of benzophenone and Michler's ketone.
In the invention, benzophenone as a photoinitlator and Michiers ketone as a
photosensftizer are completely dissolved In the solvent of glycol ether or
N-methyl pynolidone, whereby the resulting resist composition is rendered
as into a uniform phase and hence the occurrence of unexposed zone can
completely be prevented in the development treatment. _ The resist
composition Is favorable to further contain bisphenol type epoxy resin and
a photosensftive monomer because the bisphenol type epoxy resin can improve
the resistance to base and the photosensftive monomer can Improve the
resolution. 5o As the bisphenol type epoxy resin, there are bisphenol-A
type epoxy resin and bisphenol-F type epoxy resin. The former Is favorable
in view of the resistance to base, and the latter fs favorable in view of
the applicability. As the photosensftive monomer, there are favprably used
polyvalent acrylates such as DPE6A (trade name) made by Nippon Kayaku Co.,
Ltd. and R604 (trade name) made by Kyoelsha Kagaku Co., Ltd., whk:h are
represented by the following formulae: 55   Replacement shte~. ~ate~ 6 MAY
~~C~~ CH20COCH=C32 Cg2pCOCH=CH2 CH2 = CHCOOCH2 - i - CH20CHy - G - CHyOCOCH
= CH2 ( A ) ~5 CH20COCH=CH2 CHzOCOCH=CHz 10 iH3 % -CH2/C2H5 . (B)
CH2=CHCOOCHZ - C - \ /C\ CH3 O-CH2 CHCOOCH2=CH2 15 The amount of the
bisphenol type epoxy resin Used Is 10-50 parts by weight, preferably 20-40
parts by weight based on 100 parts by weight of the photosensitive rein
ingredient, while the amount of the photosensitive monomer used is 5-20
parts by weight, preferably 8-15 parts by w~lght based on 100 parts by
weight of the photosensitive resin 2o ingredient. Furthermore, the resist
composition according td the Invention may properly compounded with a
thermosetting resin, a thermoplastic resin, additives such as coloring
agent (pigment), leveling agent, ultraviolet ray absorbing agent and flame
retardant, heat-resistant fine powder and the Nke as defined in the
aforementioned first embodiment of the resist composition. 25 The Invention
w111 be described with respect to a method of producing the resist
composition according to the Invention below. In the Invention, the acrylic
ester polymer having a molecularweight of 500-5000 is compounded with a
resist composition comprising the partial-acrylated, uncured novolac type
epoxy resin as a photosensftive resin Ingredient and an imfdazote curing
agent as a curing agent. 3o Furthermore, benzophenone and Mlchler's ketOne
are mixed and dissolved In the solvent of the glycol ether or N-methyl
pyrrolidone and added to the above composttion. In this case, ff is
important that benzophenone and Michler's ketone are simultaneously mixed
and dissolved in the solvent because when only one of benzophenone and
Mlchler's ketone Is dissolved In the solvent, the solubility is too low and
Insoluble matter is created even in the heating and precipitation Is caused
at room temperature. Moreover, when using the glycol ether solvent, It is
favorable to heat 35 It t0 3050C. -~Affhough it is not clear that
benzophenone and Michler's ketone are dissolved in the solvent at the
simultaneously mixed state, it Is guessed that benzophenone and Michler's
ketone take a structure similar to a complex in the solvent and hence the
solubility of M~hler's ketone is enhanced owing to the complex similar
structure. Thus, benzophenone and AAk:hler's ketone are completely
dissolved In the solvent, so that they are a uniform phase in the resist 4o
composition and hence the occurrence of unexposed zohe can completely be
prevented In the development treatment. When benzophenone and Michler's
ketone are added to the resist composition, It is preferable that the
partlalacrylated novolac type epoxy resin, Imidazole curing ag6nt, and, If
necessary, bisphenol type epoxy resin, photosensitive monomer end the like
are mixed with the acrylk: ester polymer to prepare a mixed solution, and
then mixed with a mixed solution of benzophenone and Michler's ketone
dissolved In the solvent of glycol ether or N-methyl pyrrolkione 45 to
prepare a unfform solution. The resist composttion for plating according to
the invention Is applied onto, for example, a base film by means of a roll
coater, a doctor bar or the like, and then dried in a drying furnace set to
60-100C to remove a given amount of the solvent, whereby a resist film Is
formed at B-stage state, which is favorable in view of th~kness unfformity
and productivity. In this case, the th~kness of the res(st film formed on
the base film Is adjusted to i 5-150 wm by a gap of 5o the doctor bar.
Since the resist film is taken up In form of roll) ft is desirable to
protect the resist at an uncured state by arranging a protection film
(cover film) on the resist. As the base film) use may be made of
polyethylene terephthalate film, polypropylene film) polyethylene fluoride
' film (fedolar film) and the like. The thicknes$ of the base film is
desirable to be 5-100 pm. Moreover, the surface of the base film forming
the resist film may be subjected to a mat treatment (unevenness treatment)
for preventing the spring 



55 ing out of the resist from the base film. And also, another surface of
the base film may be subjected to a mat treatment (unevenness treatment)
for preventing the occurrence of contusion or depression in the resist film
throug~~ foreign matter during the take-up of the resist film. In order to
facilitate the peeling removal of the base film, silicon may be applied to
the surface of the base film contacting with the resist film as a releasing
treatment. The resist film according   Replacement sheet D~t~: 6 MAY 2;i3
to the rnvention may be produced by directly appfyfngthe resist composition
on a given place without using the basefilm. The invention w111 be
described with respect to an example of the method of producing a printed
wiring board by using the resist composition for plating according to the
invention below.  At first, an adhesive layer is formed on a surface of a
substrate such as glass epoxy substrate, polyimide substrate, ceramic
substrate, metal substrate or the like according to usual manner, and then
the surface of the adhesive layer is roughened by using an acid br
oxidizing agent according to usual manner, and thereafter a catalyst is
applied and fixed to the roughened surface of the adhesive layer. As the
adhesive constituting the adhesive layer, there Is favorably used an
adhesive for so-called additive method loaned by dispersing a resin filler
Into the resin ingredient. As the resin Ingredient, the use of a
photosensitive resin is desirable. Further, anchor recessions appearing on
the ro roughened surface of the adhesive layer are desirable to have an
average depth of not more than 15 fun, whereby the conductor pattern can be
rendered into a fine pattern of VS = 50/50 (pm) or less. Next, the resist
film according to the invention is applied to the surface of the adhesive
layer and laminated thereonto by pressing under heating. Thereafter, the
resulting laminate is subjected to exposure through a pattern mask,
development and ultraviolet ray curing and heat treatment, whereby a resist
printed in a given pattern Is formed. Moreover, when the resist composition
obtained by dispersing the heat-resistant fine powder Into the
heat-resistant photosensitive resin Ingredient is applied to the base film
to form the resist film, the base film is peeled off from the resist film
after the application to the adhesive layer, and then the resist having a
given pattern is formed by the exposure, development, UV curing and heat
treatment. After the catalyst Is actNated by an acid treatment, an
electroless plating is carried out to form a necessary 2o conductor
pattern, whereby a desired printed wiring boal'd Is obtained. In the thus
obtained printed wiring board, the pattern of the conductor circuit is
formed between the patterned resist formed on the insulating adhesive
layer, in which the resist Is obtained by curing the resist composition for
plating according to the invention. As the printed wiring board, mention
may be made of various well-known printed wiring boards comprising the
conductor circuit formed by the electroless plating, but they are included
within a scope of the 2a invention if the conductor circuit Is formed
between the patterned resists formed by the photocurfng of the resist
composition for plating. In such a wiring board, the water absorption of
the cured resist Is desirable to be not more than 0.1 %, preferably not
more than 0.05%. When the water absorption is not more than 0.1%, the
crosslinkling density is high and nucleophilic attack of OH- is Impossible
and hence the decomposttion of the resin hardly occurs. so The following
examples are given In illustration of the Invention and are not intended es
limitations thereof. Production Example 1 In xylene solvent are mixed
2-ethylhexyl acrylate and butyl acrylate at a weight ratio of 53:47, wh~h
are 35 ~ copolymerized by using dimethylanlline (tertiary amine) as an
inftiator and heating at 50C according to usual manner. Similarly, each of
2-ethyl acrylate and hydroxyethyl acrylate Is homopolymerized alone. '`~
Then, the copolymer of 2-ethylhexyl acrylate and butyl acrylate, the
homopolymer of ethyl acrylate and the homopolymer of hydroxyethyl acrylate
are mixed at a weight ratio of 2-ethylhexyl acrylate to butyl acrylate to
ethyl acrylate to hydroxyethyi acrylate of 49:42:6:3 and then heated to
remove xylene. ~ ) eo The thus obtained composition does not show the
reprecipltatlon of polymer with methanol and is guessed to have a molecular
weight of about 2000-3000. Further, this composition has iH-NMR, 13C-NMR
and FT-IR spectra as shown in Figs. 2 to 4. From these NMR and 1R data, it
is proved that the synthesized product is an acrylic ester polymer. 45
Example 1. (1) A copper-clad laminate is formed by laminating copper tolls
of 18 wm onto both surfaces of a substrate of so bismaleimide triazine (BT)
having a thickness of 1 mrp, and then these copper foils are etched In form
of a pattern according to usual manner to form innerlayer copper patterns
on both surfaces of the substrate) (2) The substrate is washed with water,
dried, degreased with acid and subjected to a soft etching. A Pd catalyst
is applied to the substrate by treating with a catalyst solution of
palladium chloride and organic acid, activated and subjected to a plating
in an electroless plating bath to form an uneven layer (roughened surface)
of NI-P-Cu alloy 55 having a thk:kness of 2.5 Nm on a surface of a pad
comprfsing copper conductors and viaholes. Then, the substrate is washed
with water an.: immersed in an electroless tin plating bath comprised of
tin borofluoride-thiourea solution at 50C for 1 hour to form a
tin-substituted plating layer having a thickness of 0.3 ~m on the roughened
surtace of Ni-Cu-P alloy. 9   Replacement sheet Date: ~ 6 (3) A
photosensitive adhesive solution is prepared by mixing 70 parts by weight
of 25% acrylated product of cresolnovolac type epoxy resin (molecular
weight: 2500, made by Nippon Kayaku Co., Ltd.) dissolved In diethylene
glycol dimethyl ether (DMDG), 30 parts by weight of polyether sulfone
(PES), 4 parts by weight of Imidazole curing agent (2E4MZ-CN, trade name,
made by Shikoku Kasef Co., Ltd.), 10 parts by weight of
caprolactone-modified iris (acroxyethyl) isocyanurate (Aronix M325, trade
name, made by Toa Gosei Co., Ltd.) as a photoinitiator, 0.5 part by weight
of Michler's ketone (made by Kanto Kagaku Co., Ltd.) as a photosensitfzer,
35 parts by weight of epoxy resin particles having an average particle size
of 5.5 pm and 5 parts by weight of the epoxy resin particle having an
average particle size of 0.5 fun, adding with N-methylpyrrolidone (NMP),
adJusting a viscosity of the resulting mixture to 2000 mPa.s (cps) in a
homodisper stirring machine and kneading through three rolls. 



ro (4) An insulating resin composition is prepared by mixing 70 parts by
weight of 25l acrylated product of cresolnovolac type epoxy resin (made by
Nippon Kayaku Co., Ltd.), 25 parts by weight of polyether sulfone (made by
Mitsui Toatsu Chemicals, Inc.), 4 parts by weight of benzophenone, 0.4 part
by weight of M(chler's ketone and imidazole curing agent, adding with
N-methylpyrrolldone (NMP), adjusting a viscosity to 30,000 mPa.s (cps) in a
homodisper stirring machine and kneading through three rolls. rs (5) The
insulating resin composition of the Item (4) and the photosensitive
adhesive solution of the item (3) are applied to both surtaces of the
substrate of the Item (2) by means of a roll coater (made by Dainippon
Screen Co., Ltd.) in this order, left to stand et a horizontal state for 20
minutes and dried at 60C for 30 minutes to town an interlaminar resin
Insulating layer comprised of the Insulating resin layer and the
photosensftlve adhesive layer and having a thickness of 60 iun. 20 (6) A
photomask film is laminated on the substrate, exposed to an ultraviolet ray
and developed by spraying diethylene glycol dimethyl ether (DMDG) to form
openings for viahole having a diameter of 100 tun on the adhesNe layer.
Further, the substrate Is exposed to a super-high pressure mercury lamp at
3000 mJlcm2 and heated at 100C for 1 hour and at 150C for 5 hours to form a
cured interlaminar resin Insulating layer (two-layer structure) of 50 Eun
In thickness having the openings (for viahole) corresponding to the
photomask film with an excellent 2s dimensional accuracy. Moreover, the tin
plated layer is partially exposed in the opening for viahole. (7) The
substrate having the openings is Immersed in chromic acid for 2 minutes to
remove the epoxy resin particles from the lnterlaminar resin Insulating
layer, whereby the surface of the interlaminar resin Insulating layer Is
roughened. Then, the substrate is immersed in a neutral solution (made by
Shipley) and washed with water (8) A palladium catalyst (made by Atotec) is
applied to the thus roughened substrate (roughened depth: 20 iun) so to
form a catalyst nucleus on the interlaminar resin insulating layer snd the
openings for vlahole. (9) A mixing solution A is prepared by mixing 100
parts by weight of a photosensttive oligomer (molecular weight: 4000) in
which 50% of epoxy group In 40% by weight of cresol-novolac type epoxy
resin (made by Nippon Ksyaku Co., Ltd.) dissolved in diethylene glycol
dimethyl ether (DMDG) is acrylated, 32 parts by weight of 20% by weight ,
of bisphenol-A type epoxy resin (Eplkote 1001, trade name, made by Yuka
Shell Co., Ltd.) dissolved In methyl ss ethyl ketone, 3.4 parts by weight
of imidazofe curing agent (2E4MZ-CN, trade name, made by Shikoku Kasei Co.,
Ltd.), and 6.4 parts by weight of polyvalent acryl monomer (R604, trade
nam"~~ made by Nlppon Ksyaku Co., Ltd.) and 3.2 parts by weight of
polyvalent acryl monomer (DPE6A, trade name) made by Kyoeisha Kagaku Co.,
Ltd.) as a photosensitive monomer and adding 0.5 part by weight of the
acrylic ester polymer prepared In Production Example 1 based on 100 parts
by weight of the resulting mixture with stirring. ao A mixing solution B is
prepared by dissolving 4.a parts by weight of benzophenone (made by Kanto
kagaku Co., Ltd.) as a photoinitiator and 0.4 part by weight of Michler's
ketone (made by Kanto kagaku Co., Ltd.) as a photosensitlzer in 6.4 parts
by weight of diethylene glycol dimethyl ether (DMDG) heated to 40C. Then,
the mixing solution A and the mixing solution B are mixed with stirring to
obtain a resist composftion for plating according to the invention. In Fig.
b is shown an optk:al photomicrograph of the resist composition) from 4s
which tt is clear that the composftion Is a completely homogeneous Isyer
end has no foreign matter. Moreover, black spots appeartng In this
photomicrograph are duets adhered to a lens of the microscope and are not
inclusions In the solution, which is clear In comparison with a
photomk:rograph of a resist composition in Comparative Example 2 as
mentioned below (see Fig. 6). i (10) The resist composition of the Item (9)
Is applied onto both surtaces of the substrate treated In the Item (e) by
so means of a roil coater and dried at 60C for 30 minutes to form a resist
layer having a thk:kness of 30 fun. r , The resist layer is uniformly
formed on the whole surtace of the substrate and also there Is no
unevenness in the surface of the resist layer. ( 11 ) A mask having
patterns of US = 30130 ~m and 40l40 frm is laminated onto the resist layer
and exposed to an ' ultraviolet ray. s5 (12) The thus treated resist layer
is developed with triethylene glycol dimethyl ether (DMTG) to form a resist
pattern for plating having no conduc,ac~ circuit pattern on the substrate,
which is further exposed to a super-high pressure mercury lamp at 6000
mJ/cm2 and heated at 100C for 1 hour and at 150C for 3 hours to form a
permanent resist of a given pattern on the substrate. 10   Replacement
~~p_~~ oaten MAY ~~I~3 (13) The substrate provided with the permanent
resist is subjected to a preliminary treatment for plating (e.g. treatment
with sulturlc acid and activation of catalyst nucleus) and then subjected
to an electroless plating in an electroless copper plating bath) whereby an
electroless copper plated film having a thickness of about 15 um is
precipitated on a portion having no resist to form an outerlayer copper
pattern and viaholes. That is) the conductor layer is formed by the
additive method. (14) The conductor layer formed on each of both surfaces
of the substrate by the additive method is polished by using a polishing
paper of #6o0 In a belt sander. fn this case, the polishing Is carried out
so as to match the surface of the permanent resist with an uppermost
surfade of copper in the viahole. Thereafter, bui(ing Is carried out for
removing flaws caused by the belt sander. Thus, a printed wiring board
being flat in both surfaces is obtained after ro the polishing on both
surfaces. By repeating the above-mentioned steps, another conductor layer
is formed on the hoard through the addilNe method. In this way, there Is
formed a multilayer printed wiring board having 6 bulft-up conductor
layers. r5 Example 2 The same procedure as described In Example 1 is
repeated except that benzophenone and Michler's ketone are dissolved In
N-methyl pyrroUdone of room temperature (25C) instead of diethylene glycol
dimethyl ether (DMDG) fn the preparation of the mixing solution B in the
ftem (9) of Example 1. In this case, no development residue Is existent 20
on the resist and the surface smoothness Is excellent. Ex- ample 3 _ The
same procedure as in Example 1 Is repeated except that the resist
composttion In the item (9) of Example zs 1 is prepared as follows: 



A liquid resist composition is prepared by mlxfn~lO~arts by weight of a
p~otosensftlve oligomer (mol~c-ular weight: 4000) in which b0~ of epoxy
group In cresol-novolac type epoxy resin (EOCN-103S, trade name, made by
Nippon Kayaku Co., Ltd.) dissolved in diethylene glycol dimethyl ether
(DMDG) is ecrylated, 30 parts by weight of polyether suffon, 5 parts by
weight of Imidazole curing agent (2E4MZ-CN, trade name, made by Shlkoku
Kasei Co., so Ltd.), 10 parts by weight of acryt~ Isocyanate (Aronlx M215,
trade name, made by Toa Cosel Co., ltd.) as a photosensitive monomer) 5
parts by weight of benzophenone (made by Kanto kagaku Co., Ltd.) as a
photolnftlator and 0.5 part by weight of Michelers ketone (made by Kanto
kagaku Co., Ltd.) as a photosensftizer, adding 0.5 part by weight of the
acrylic ester polymer prepared in Production Example 1 based on 100 parts
by weight of the resulting mixture In dlethylene glycol dimethyl ether
(DMDG) at room temperature (25C)) adjusting a Yis~cosity to 3000 cps in a
hot odisper stirring machine and then kneading through three ~o~i s. This
resist composftion Is confirmed to be not completely homogeneous and
contain residue of undissolved benzophenone and Mk:hler's ketone (both ere
powder), When such a resist composition is subjected to exposure and
development treatments, the resuldn~ resist surface Is smooth and is not
repulsed by dusts, but the development residue is slightly existent on the
resist ~o Comparative Example 2 The same procedure as in Exampiel is
repeated except that a liquid resist composftion fs prepared by using a
disperse anti-foaming agent (S-65, trade name, made by Sannopco) as sn
anti-foaming agent instead.of the acrylk;, ea ester polymer in the Item (8)
of Example 1. In Fig. 6 (s shown an optical photomicrograph of this resist
composition, from wh~h it is clear that the composition Is not completely
homogeneous and the dlsperging phase of the anti-foaming agent is existent
In the composition. When this resist composftlon is subjected to exposure
and development treatments) the resulting resist surso face Is not smooth
and the development residue is considerably created. As mentioned above,
according to the invention, there can be provided with a fine structure
having excellent photosensftlve properties, resistance to alkali and heat
rAsistance and an tmpfoved surface smoothness wfthout causing development
residue irrespectively of anchor depth. Therefore, printed wiring boards
having a high conduction reliability without breaking and s strong heat
cycle properly can be provided by using such a resist composition for 55
plating. 11   ' 5 to 15 i ( 20 25 Replacement si~eet Date: ~ 6 M,c~Y 2~?1~3
Claims 1. A resist composition for plating comprising an uncured novolac
type epoxy resin In which a part of epoxy group is acrylated as a
photosensitive resin ingredient; an imidazole curing agent; characterised
in that the composition further comprises an acrylic ester polymer having a
molecular weight of 500-5000; and benzophenone and Mich1er's ketone
dissolved In a solvent of glycol ether or N-methyl pyrrolidone. 2. A resist
composition according to claim 1 wherein the acrylic ester polymer Is an
ester polymer between acrylic acid or methacrylic acid and sn alcohol
having a carbon number of 1-10. 3. A resist composition according to claim
1 wherein the gylcol ether is diethylene glycol d(methyl ether or
triethylene glycol dlmethyl ether. 4. A resist composition according to
claim 1 wherein the composition furthercontains blsphenol type epoxy resin
and a photosensitive monomer. 5. A resist composition according to claim 1
wherein the imidazole curing agent is liquid at 25C. 6. A method of
producing a resist composf~on for plating comprising an unoured novolac
type epoxy resin In wh~h a part of epoxy group Is acrylated as a
photosensitive resin ingredient and an imidazole curing agent,
characterised in that the composition is compounded with an acry8c ester
polymer having a molecular weight of b00-5000, and added with a
benzophenone and a Michler's ketone, mixed and dissoHed in a solvent of
glycol ether or N-methyl pyrrolidone. 7. A method according to claim 6
wherein bisphenol type epoxy resin and a photosensitive monomer are further
added to the composition. 12 .A9[.A.AR.AY.A.A.A`[%.A[%.An.AR.AL.A$0HK
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