
EP0403170B1 Description The present invention is directed to compositions
which may be applied as a layer on a substrate, photo- imaged, developed
and cured to form a patterned, permanent layer, suitable as a solder mask
for a printed 5   circuit board or the like. Solder masks are patterned
films or layers which are designed to permanently overlie the printed
circuitry on a printed circuit board. Patterned open areas of a solder mask
selectively permit solder to adhere to metal of the printed board. The
solder mask also protects the circuitry against short-circuiting. Because
solder masks are designed to provide a permanent layer, hardness and
durability of the layer 10 are considered important features of a solder
mask composition. Generally, the solder mask is the outer layer of the
printed circuit board; thus, appearance is also importance. Photolmageable
compositions may be applied to a printed circuit board by a variety of
methods, such as screen printing, electrostatic spray coating, curtain
coating oras a layer or laminate of a dry film. It is therefore desirable
that a photoimageable composition be applicable to a printed circuit board
In a variety of application 15  methods. The present invention consists in
a photolmageable composition comprising (a) between 15 and 35 wt. percent
of a polymerizable acrylic monomer, (b) between 3 and 15 wt. percent of a
photosensitive, free radical-generating Initiator chemical system which in
the presence of actinic radiation initiates polymerization of acrylic
moieties, 20     (c) between 5 and 35 wt. percent epoxy-acrylate oligomer,
(d) between 20 and 80 wt. percent of an epoxy resin composition which Is
curable to harden said photo- imageable composition subsequent to exposure
to actinic radiation, (e) between 0.1 and 10 wt. percent of an acidic
curative for said epoxy resin, and (f) up to 15 wt. percent of a hydroxyl
group-reactive cross-linking agent, 25       said components (a)-(f) being
selected so that said components form a homogeneous solution in an organic
solvent which dries to a homogeneous composition which is soluble in
alkaline aqueous solution, whereby said photoimageable composition is
developable in aqueous or alkaline aqueous solution. The composition of the
present Invention may be applied as a layer to a printed circuit board by a
variety of methods, exposed to patterned actinic radiation to insolubilize
exposed portions of the layer, developed In 30  alkaline aqueous solution
to remove unexposed portions of the layer, and cured to harden the
remaining por- tions of the layer into a hard, permanent mask. The
photoimageable composition preferably comprises at least 2 wt.% of the
cross-linking agent (f). The photoimageable compositions according to the
present invention each contains at least the following components: (a)
acrylic monomers, (b) photoinitiator(s), (c) epoxy-acrylate oligomers, (d)
epoxy resins, and 35  (e) an acidic curative forthe epoxy resins. Generally
the photoimageable composition also includes (f) a cross- linking agent
such as a melamine-formaldehyde resin or a blocked multifunctional
isocyanate. These compo- nents (a)-(f) are selected to be mutually miscible
in an organic solvent so that when they are mixed together In an organic
solvent, these components form a dear homogeneous solution. Upon
evaporation of the organic solvent, components (a)-(f) are mutually
compatible so as to form a homogeneous dried composition. Herein, 40
unless otherwise stated, all percentages are by weight and are calculated
relative to the total weight of com- ponents (a)-(f). The amounts of any
additional ingredients, such as fillers, solvents, etc. are calculated
relative to the sum of the weights of (a)-(f). The homogeneous dried
composition of (a)-(f) Is soluble In alkaline aqueous solution, whereby the
photoimageable composition as a layer on a printed circuit board is
developable with alkaline aqueous solution. 45      The composition
according to the present invention includes an acrylic chemical system
bywhich the com- position is photopolymerized and an epoxy chemical system
which is curable to harden the composition after exposure and development.
The two chemical systems, however, are not exclusive of each other and
compo- nents of the two chemical systems are believed to Interact
chemically with each other. This is especially true when the composition
Includes a cross-linking agent (f). 50      The acrylic system includes the
acrylic monomers (a), the epoxy-acrylate oligomer (c) and the photoini-
tiator (b). The epoxy system includes the epoxy resin (d) and the acidic
curative (e) therefor. If a cross-linking agent (f) is used, it is
selective to be reactive with free hydroxyl groups of components of both
the acrylic and 



epoxy systems. The monomers are selected from a variety of esters of
acrylic acids, such as methyl acrylate, methyl me- 55  thacrylate, hydroxy
ethyl acrylate, butyl methacrylate, octyl acrylate, 2-ethoxy ethyl
methacrylate, t-butyl ac- rylate, 1,5-pentanediol diacrylate,
N,N-diethylaminoethyl acrylate, ethylene glycol diacrylate, 1,4-butanediol
diacrylate, diethylene glycol diacrylate, hexamethylene glycol diacrylate,
1,3-propanediol diacrylate, decam- ethylene glycol diacrylate,
decamethylene glycol dimethacrylate, 1 ,4-cyclohexanediol diacrylate,
2,2-dimethy- 2    EP0403170B1 lol propane diacrylate, glycerol diacrylate,
tripropylene glycol diacrylate, glycerol triacrylate, trimethylolpro- pane
triacrylate, pentaerythritol triacrylate, 2,2-di(p-hydroxy-phenyl)-propane
diacrylate, pentaerythritol tet- racrylate, 2,2-di(p-hydroxyphenyl)-propane
dimethacrylate, triethylene glycol diacrylate, polyoxyethyl-2-2-
di(p-hydroxyphenyl)-propane dimethacrylate, triethylene glycol
dimethacrylate, polyoxypropyltrimethylol pro- 5   pane triacrylate,
ethylene glycol dimethacrylate, butylene glycol dimethacrylate,
1,3-propanediol dimethacry- late, butylene glycol dimethacrylate,
1,3-propanediol dimethacrylate, 1,2,4-butanetriol trimethacrylate, 2,2,4-
trimethyl-1,3-pentanediol dimethacrylate, pentaerythritol trimethacrylate,
1-phenyl ethylene-1,2-dimethacry- late, pentaerythritol tetramethacrylate,
trimethylol propane trimethacrylate, 1,5-pentanediol dimethacrylate, and
1,4-benzenediol dimethacrylate. The acrylic monomers (a) comprise between
15 and 35 wt. percent of 10  components (a)-(f). Lower levels may be
insufficient to insolubilize the portions of the photoimageable com-
position layer that have been exposed to actinic radiation. Higher levels
of acrylic monomers may result in a solder mask which is too soft for many
applications. By epoxy-acrylate oligomer (c) is meant, herein, an oligomer
formed from an epoxy backbone which is reacted with acrylic acids so that
at least 90% of the epoxy groups are esterified with the acrylic acids.
Acrylic 15  acids, such as those used in the acrylic (ester) monomers
described above are suitable for this purpose. In reaction of the acrylic
groups with the epoxy groups of the epoxy oligomer, the acid molecules each
forms an ester bond with the oligomer background and a hydroxyl group is
formed on the vicinal carbon atom. Because substantially all of the epoxy
groups are reacted with acrylic acid moieties, the epoxy-acrylate oligomer
func- tions primarily as an acrylate, the acrylate moieties of the oligomer
polymerizing along with the acrylic mono- 20  mers during the
photoinitiated reaction which renders exposed portions of the
photolmageable composition layer insoluble to aqueous alkaline solution.
The substantial hydroxyl functionality provides the basis forcross- linking
with the cross-linking agent (f), if such a cross-linking agent (f) is
used. Preferred epoxy-acrylate oligomers are diacrylate (or methacrylate)
esters of bisphenol A type resins. These oligomers are developed to combine
good UV/EB cure response along with the chemical resistance and 25
durability of the epoxy resins. The epoxy-acrylate oligomers are derived
from bisphenol Aresins having afuno- tlonality of two so they also have a
functionality of two. The synthesis of polyfunctional acrylate resins and
otherunsaturated esters from the corresponding epoxy derivatives Is
described in the following U.S. patents: 3,256,226; 3,317,465; 3,345,401;
3,373,221; 3,377,406; 3,432,478; 3,548,030; 3,564,074; 3,634,542 and
3,637,618. 30      The epoxy-acrylate oligomer preferably comprises between
5 and 25wt. percent of the total weightof com- ponents (a)-(f), more
preferably between 12 and 18 wt. percent. Epoxy-acrylate oligomers used in
the photo- imageable composition preferably have molecular weights in the
range 500-2000. Also required in conjunction with the polymerizable
acrylate substance is a chemical initiator system which generates free
radicals in the presence of actinic radiation and thereby causes the
polymerization of the acrylic 35  substances. Polymerization of acrylic
monomers and acrylic moieties of the epoxy-acrylate oligomers into a
three-dimensional structure insolubilizes the photolmageable composition.
The choice of the photosensitive, free radical-generating initiator system
is not considered to be critical to the practice of the present invention,
and a wide variety of such compounds may be successfully utilized in the
practice of this invention. Examples of chemical photoinitiator systems
Include benzophenone, benzoin ether, benzil ketals and acetophenone and 40
its derivatives. Other suitable initiator systems are described, for
example, In U.S. Patent Nos. 3,469,982, 4,451,523 and 4,358,477, the
teachings of which are incorporated herein by reference. The amount of
photo- 



initiator employed may vary over a wide range, depending upon the
polymerizable acrylic substances, the par- ticular photoinitiator system
and the desired time of development. The photoinitiator chemical system
compris- es between 3 and 15 wt. percent of the total weight of components
(a)-(f). 45      The material which imparts the excellent hardness and
durability to the film or layer after development and final curing is the
epoxy resin or mixture of epoxy resins. The epoxy resin or resins comprise
between 20 and 80 percent by weight (preferably between 30 and 60 wt.
percent) of the total weight of components (a)- (f). At high temperatures
and/or in the presence of a catalyst, the epoxy groups of the resin
molecules open and react with other materials present. Primarily the epoxy
resin molecules react with the acidic curative (e); 50  however, to a
certain extent, the epoxy molecules react during final curing with the
cross-linking agent (f), and perhaps also with the photopolymerized acrylic
material and any remaining unpolymerized acrylate monomers or moieties.
Preferably the epoxy resin or mixture of resins is solid at about room
temperature. The photoim- ageable composition can be applied as a liquid
film to the substrate after dissolving the solid epoxy resin in the
solvent-based mixture first. 55      Awidevariety of epoxy resins are
suitableforuse in accordance with the present invention. Typically, epox-
ies of the Bisphenol A and Novalac type are used. Other suitable epoxy
resins are described, for example, in U.S. Patent No. 4,092,443, the
teachings of which are incorporated herein by reference. Cycloaliphatic
epox- ides, such as those sold under the trade names Cyanacure UVR-61 00
and UVR-6110 by Union Carbide, Dan- 3    -   EP 0 403 170 B1 bury, CT are
also useful. Epoxy resins used in accordance with the invention preferably
have epoxide equiv- alents of between 200 and 700. The photoimageable
composition according to this invention is intended to be hardened to form
a perma- nent photomask. Hardening is primarily attributed to the curing of
the epoxy resin. To promote sufficiently rapid 5   curing of the epoxy
resin, the photoimageable composition of the present invention employs an
acidic curative. Acidic cure catalysts include not only substances which
have free carboxyl groups, but also chemicals such as anhydrides, which may
produce free carboxyl groups. In fact, for many applications of the present
invention, an anhydride, e.g., an anhydride of a multifunctional carboxylic
acid is the preferred curative. Other useful cat- alysts are those having a
blocked carboxylic group, which becomes deblocked at a threshold
temperature. 10 Epoxy cure catalysts are used at levels of from 0.1 to 10
wt. percent of the total weight of components (a)-(f). Although
photoimageable compositions in accordance with the present invention do not
necessarily re- quire an additional cross-linking agent, a cross-linking
agent (f) is highly desirable. Across-linking agent is par- ticularly
useful in connecting the acrylate chemical system and the epoxy chemical
system in a single inter- connected network in the final solder mask layer.
Free hydroxyl groups, e.g., on the epoxy resins and the epoxy- 15 acrylate
oligomers, generally provide the basis for such cross-linking. The
cross-linking agent (f) is typically used at a level of at least 2 wt.
percent, 3-5 wt. percent being preferred. In a preferred embodiment of the
invention, the cross-linking agent is a melamine-formaldehyde resin. A
melamine-formaldehyde resin is particularly useful if the epoxy curative is
an anhydride. During initial appli- cation of the photoimageable
composition as a layer, it is believed thatthe melamine-formaldehyde resin
reacts 20 to some extent with the anhydride. This opens the anhydride,
providing carboxyl functionality for subsequent epoxy curing. This initial
reaction also has a surface drying effect. Melamine-formaldehyde resin acts
to cross- link through free hydroxyl groups. Preferred
melamine-formaldehyde resins have methylated melamine moi- eties. In
accordance with another aspect of the invention, a blocked, multifunctional
Isocyanate may be used as 25 the cross-linking agent. The blocked
isocyanate is selected to deblock generally at the cure temperature of the
epoxy resin. An example of a suitable blocked isocyanate is
[err]-caprolactam-blocked isophorone. If a blocked isocyanate is the
cross-linking agent and an anhydride is the curative, some preheating of
the photoimageable composition at a time prior to cure Is desirable. Such
preheating opens anhydride species, providing the acid functionality needed
to promote curing of the epoxy resin. so      The components of the
photoimageable composition are selected to be soluble in a common solvent
to 



form a single-phase liquid composition. The liquid photoimageable
composition may be applied to a substrate bya variety of application
methods, including screen printing, curtain coating, rollercoating and
extrusion coat- ing. Each application method has its own particularities,
and photolmageable compositions in accordance with this invention may be
formulated in accordance with the particular requirements of the particular
method of 35 application. Components (a)-(f) are selected such thata
homogeneous dried composition of these is soluble in alkaline aqueous
solution, whereby a layer of the photoimageable composition may be
developed in alkaline aqueous solution, e.g., 1% sodium carbonate. A
mixture of components (a)-(f) is typically too viscous to be easily applied
as a layer; accordingly, it is 40 generally the practice to dilute the
components (a)-(f) with an organic solvent. Typically, solvent is used at a
level of 10-60 wt. percent relative to components (a)-(f), but this will
vary depending upon the means of appli- cation. For screen printing,
solvent is generally used at 10-20%; for electrostatic spray coating, at
20-60%; for curtain coating generally at 40-50%; and for application as a
dry film typically about 50%. Suitable solvents include, but are not
limited to ethylene glycol monoethyl ether, ethylene glycol monopropyl
ether, ethylene gly- 45 col monobutyl ether, ethylene glycol 2-ethylhexyl
ether, ethylene glycol monohexyl ether, diethylene glycol monomethyl ether,
diethylene glycol monoethyl ether, diethylene glycol monopropyl ether,
diethylene glycol monobutyl ether, dipropylene glycol methyl ether,
propylene glycol monobutyl ether, propylene glycol monop- ropyl ether,
propylene glycol methyl ether, ethylene glycol monoethyl ether acetate,
ethylene glycol monobutyl ether acetate, diethylene glycol monoethyl ether
acetate, diethylene glycol monobutyl ether acetate, propylene 50  glycol
monomethyl ether acetate, ethylene glycol diacetate, [err] n=2,3,4,
2-ethylhexyl acetate, n-butyl acetate, isobutyl acetate, n-propyl acetate,
ethyl acetate, diacetone alcohol, dimethyl forma- mide, isophorone,
diisobutyl ketone, cyclohexanone, isobutyl isobutyrate, methyl n-amyl
ketone, amyl acetate, methyl amyl acetone, methyl isoamyl ketone,
2-nitropropane, methyl Isobutyl ketone, methyl n-propyl ketone, isopropyl
acetate, methyl ethyl ketone, tetrahydrofuran, acetone, methyl acetate,
N-methyl pyrolidone and [err]- 55 butyrolactone. In addition to the
components described above which are essential to a photoimageable
composition in accordance with the Invention, the photoimageable
composition may optionally contain additional components which are standard
in the art. The photoimageable composition may contain organic or Inorganic
fillers at levels 4    EP 0 403 170 B1 up to about 35 wt. percent relative
to the total weight of components (a)-(f). Some examples of fillers are
micro talc, ground polyethylene, clay, fumed silica and polyvinylidene
fluoride. Also, relatively small amounts of flow- control agents,
antioxidants, dyes, etc. may be added. Fillers may effect the final
appearance of the solder mask, e.g. provide a matte finish. 5      In
practice, a photoimageable composition is applied as a layer to a printed
circuit board (or to a support sheet in the case of a dry film). After
application. the layer is dried to remove organic solvent. During thin
drying, some reaction of components may occur, particularly between an
anhydride and a melamine-formaldehyde resin. After drying, the homogeneous
dried photoimageable layer is exposed to patterned actinic radiation and
then developed in alkaline aqueous developer in a conventional manner. It
is preferred at this time to effect a 10  UV cure to tie up any unreacted
acrylate; however, this step is optional. Subsequently, the layer is heat
cured, e.g., at [err] for at least one hour. Prior to heat cure, i.e.,
prior to activation of the epoxy chemical system, the layer of
photoimageable compositions remains strippable by common strippers, should
there be any need to remove the layer, e.g., for reworking. The ability to
be developed with aqueous or alkaline aqueous solutions Is considered to be
an important 15  advantage of the photoimageable composition of the present
invention. Eliminating the need for solvent-based developers eliminates the
cost of the solvents as well as health, environmental and recycling
problems. Al- though the films formed in accordance with the invention are
developable In aqueous solutions without any organic solvents, developers
may include some organic solvents, providing that the added organic solvent
does not solubilize the exposed portions of the film. 



20      The invention will now be described in greater detail by way of
specific examples. EXAMPLE 1 A composition was prepared as follows: 25 30
35 40 45 50 55 5    EP 0 403 170 B1 Component
% Wt. Tris(2-hydroxyethyl) isocyanurate triacrylate
18.7 5   Methylated melamine
3.4 Hetron  912  (epoxy methacrylate  resin)
6.2 Novacure 3701 (diacrylate ester of a bisphenol A epoxy  resin)
6.2 10    Epoxy  cresol  novolac  resin,  epoxy  eq. 235
23.8 Bisphenol A epoxy resin, epoxy eq. 575-685
23.3 5-(2,5-dioxotetrahydrofuryl)-3-methyl-3- cyclohexene-1,2-dicarboxylic
anhydride                                             8.6 15
2,2-dimethoxy-2-phenyl acetophenone
1.4 2-methyl-l-[4-(methylthio)phenyl]-2- (4-morpholinyl)-l-propanone
6.2 20 isopropylthioxanthone
2.3 100.0 PLUS Leveling Agents: 25           Modaflow
0.9 Byk  361,  306  (equal  portions)
0.8 Pigment (Penn Green)
1.0 Filler  (Cabosil  EH5,  fumed  silica)
1.5 Inhibitor (MEHQ)
0.1 Solvent (Amount and type appropriate to the method of application)
Solvent used: Ethyl-3-ethoxy propionate (EEP) 35 The photoimageable
composition was applied as a wet film via a curtain coating process. The
following coating conditions were used: 11.1 gm wet coating material per
square foot laminate was applied in order to achieve an approximate dry
film thickness of 51-56 [err] (2.0 to 2.2 mils) on laminate and 20-23 [err]
(0.8 to 0.9 mils) dry film thickness on the copper circuitry. Coating speed
was 80 to 90 meters per minute. The working 40 viscosity of the
photolmageable composition during coating was a Zahn Cup No. 5 reading of
22 seconds, [err]. This was equivalentto approximately 60 wt.
percentsolids. The photoimageable composition was dried at 900C for 15
minutes, and cooled to room temperature. The second side as then coated in
a manner identical to the first side. The second side was dried to a
tack-free surface at [err] for 30 minutes. Adiazo artworkwas placed
directly on the film, and the film was exposed to actinic radiation having
a UV energy exposure level of at least 45   350 m joules/[err] at the
working surface. Exposure time should be such that the exposed portion of
the coating 



remains Intact during the aqueous developing process. The film was
developed in a basic aqueous solution, i.e., 1% by weight sodium carbonate
monohydrate. The film was UV-cured by exposure to actinic radiation hav-
ing a UV energy exposure level of at least 2 joules/[err]. Heat curing was
at [err] for 1 hour. 50 EXAMPLE 2 A composition was prepared as follows: 55
6    EP 0 403 170 B1 Component
% Wt. Tris(2-hydroxyethyl)  isocyanurate  triacrylate
18.5 5   Methylated melanine
3.4 Hetron  912
6.1 Novacure  3701
6.1 10    Epoxy  cresol  novolac  resin,  epoxy  eq. 235
46.7 5-(2,5-dioxotetrahydrofuryl)-3-methyl-3- cyclohexene-1,2-dicarboxylic
anhydride                                            8.5 15
2,2-dimethoxy-2-phenyl  acetophenone
3.7 2-methyl-1-[4-(methylthio)phenyl]-2- (4-morpholinyl)-1-propanone
4.7 20    isopropylthioxanthone
2.2 99.9 PLUS Leveling Agents: Byk  361,  306  (equal portions)
0.8 25           Pigment  (Penn  Chips)
1.0 Filler  (precipitated  silica,  Syloid  72)
1.5 Inhibitor  (MEHQ)
0.1 Solvent (Amount and type appropriate 30                         to  the
method  of application) Solvent used: Ethyl-3-ethoxy propionate This
composition was processed as per Example 1. 35 EXAMPLE 3 Each of the
compositions of Examples 1 and 2 were processed as follows: The
photoimageable composition was applied as a wet film via an electrostatic
spray process. The follow- 40 ing coating conditions were used. The
photoimageable composition was diluted to a Zahn Cup No. 2 viscosity of 60
seconds using an appropriate solvent. The boards were coated by an
electrostatically charged solution conveyorized through the aerosol spray
at 5 feet (1.52 m) per minute. The photoimageable composition was charged
via the application of 70,000 volts. Both sides of the board were coated
before drying. Drying took place at [err] for 30 minutes. A diazo artwork
was placed directly on the tack-free film, and the film was ex- 45 posed
toactinic radiation having a UV energy exposure level of at least 350 m
joules/[err] at the working surface. Exposure time should be such that the
exposed portion of the coating remains intact during the aqueous de-
veloping process. The film was developed in a basic aqueous solution, I.e.,
1% by weight sodium carbonate monohydrate. The film was UV-cured by
exposure to actinic radiation having a UV energy exposure level of 2
joules/[err]. Heat curing was at [err] for 1 hour. EXAMPLE 4 Each of the
compositions of Examples 1 and 2 were processed as follows: The
photoimageable composition was applied as a wetfilm to a base sheet so as
to form a dry film. Awet 55 film of 0.15 mm (6 mil) thickness was applied
by draw down to a base sheet. The solvent evaporated from the film which
was covered with a polyester sheet The film was applied to the circuit
board by hot roll lamination. 



The diazo artwork was placed on the cover sheet during Imaging but before
developing the cover sheet was removed. The film was exposed to actinic
radiation having a UV energy exposure level of at least 350 m 7    EP 0 403
170 B1 joules/[err] at the working surface. Exposure time should be such
that the exposed portion of the coating re- mains intact during the aqueous
developing process. The film was developed in a basic aqueous solution,
i.e., 1% by weight sodium carbonate monohydrate. The film was UV-cured by
exposure to actinic radiation having a UV energy exposure level of 2
joules/[err]. Heat curing was at [err] for 1 hour. 5 EXAMPLE 5 A
composition was prepared as follows: 10 Component
Wt. Tris(2-hydroxyethyl)  isocyanurate  triacrylate
7.8 15    Pentaerythritol  Tetraacrylate
5.7 Epoxy  cresol novolac  resin,  epoxy  eq. 235
37.6 Novacure  3701
19.9 20    E-Caprolactam-blocked  isophorone (Diisocyanate based  adduct)
9.7 5-(2,5-dioxotetrahydrofuryl)-3-methyl-3- 25
cyclohexene-1,2-dicarboxylic anhydride
10.3 2,2-diomethoxy-2-phenyl  acetophenone
5.0 2-methyl-1-[4-(methylthio)phenol]-2- (4-morpholinyl)-1-propanone
2.8 30 isopropylthioxanthone
1.1 99.9 PLUS Leveling Agents: 35 Bubble Breaker
1.9 Byk 077
2.0 Byk  306
1.1 Pigment  (Penn Green)
1.2 40           Filler  (fumed  silica,  Cabosil EH5   )
3.5 Inhibitor  (MEHQ)
0.05 Solvent (Amount and type appropriate to the method of application) 45
Solvent used: Ethyl-3-ethoxy propionate, carbitol acetate (1:1). This
photoimageable composition was applied as a wet film via screen printing on
a printed circuit board. 50   The screen mesh was varied from 61 to 120
mesh polyester. The screened photoimageable composition was dried at [err]
for 30 minutes, providing a non-tacky film. A diazo artwork was placed
directly on the film, and the film was exposed to actinic radiation having
a UV energy exposure level of 350 m joules/[err]. The film was developed in
a basic aqueous solution, i.e., 1% by weight sodium carbonate monohydrate.
The film was UV- cured by exposure to actinic radiation having a UV
exposure level of 2 joules/[err]. Heat curing was at [err] 55  for 1 hour.
8  



EP 0 403 170 B1 EXAMPLES 6-8 The photoimageable composition described in
Example 5 was also applied to a printed circuit board as a wet film by
curtain coating, as a wet film by electrostatic spray, and as a dry film as
described in the above 5   examples. Several features of the photoimageable
composition in accordance with the present invention may now be more fully
appreciated. As a liquid, the composition allows the encapsulation of
complex circuit board de- signs. The composition is aqueous developable.
The composition Is quickly imaged, provides easy developing. The
development leaves the composition strippable (should this be desired)
until final cure. The composition 10  may be contact Imaged with no cover
sheet, giving better resolution than many traditional dry film solder mask
compositions. The composition demonstrated thermal and chemical resistance
coupled with low ionic contam- ination values and good thermal shock
resistance. The composition provides a solder mask with good appear- ance.
15 Claims 1. A photolmageable composition comprising (a) between 15 and 35
wt. percent of a polymerizable acrylic monomer, 20        (b) between 3 and
15 wt. percent of a photosensitive, free radical-generating initiator
chemical system which in the presence of actinic radiation initiates
polymerization of acrylic moieties, (c) between 5 and 35 wt. percent
epoxy-acrylate oligomer, (d) between 20 and 80 wt. percent of an epoxy
resin composition which is curable to harden said pho- toimageable
composition subsequent to exposure to actinic radiation, 25        (e)
between 0.1 and 10 wt. percent of an acidic curative for said epoxy resin,
and (f) up to 15 wt. percent of a hydroxyl group-reactive cross-linking
agent, said components (a)-(f) being selected so that said components form
a homogeneous solution in an organic solvent which dries to a homogeneous
composition which is soluble in alkaline aqueous sol- ution, whereby said
photoimageable composition is developable in aqueous or alkaline aqueous
solution. 30 2. A photoimageable composition according to claim 1 wherein
said curative (e) Is an acid or an anhydride. 3. A photoimageable
composition according to claim 1 wherein said curative (e) is a latent
catalyst having carboxyl groups and blocking moieties blocking said
carboxyl groups, said catalyst becoming unblocked 35      above a threshold
temperature, whereupon cure of said epoxy resin is promoted above said
threshold temperature. 4. A photoimageable composition according to any
preceding claim wherein said cross-linking agent (f) is a
melamine-formaldehyde resin. 5. A photoimageable composition according to
any one of claims 1 to 3 wherein said cross-linking agent (f) is a blocked
multifunctional isocyanate. 6. A photoimageable composition according to
any preceding claim which contains at least 2 wt.% of said cross-linking
agent (f). 45 7. Aphotoimageable composition according to any preceding
claim further comprising a dispersible organic or inorganic filler at a
level of up to 35 wt.% relative to the total weight of said components
(a)-(f). 8. Acombination comprising a substrate and a layer thereon of a
photoimageable composition according to 50      any preceding claim. 9. A
combination according to Claim 8 wherein said substrate is a printed
circuit board, said layer of photo- imageable composition being processable
to provide a solder mask. 10. A composition according to any one of Claims
1 to 7 further comprising an organic solvent at a level of between 10 and
60 wt. percent relative to the total weight of said components (a)-(f).   



EP 0 403 170 B1 EXAMPLES 6-8 The photoimageable composition described in
Example 5 was also applied to a printed circuit board as a wet film by
curtain coating, as a wet film by electrostatic spray, and as a dry film as
described in the above 5   examples. Several features of the photoimageable
composition in accordance with the present invention may now be more fully
appreciated. As a liquid, the composition allows the encapsulation of
complex circuit board de- signs. The composition is aqueous developable.
The composition is quickly imaged, provides easy developing. The
development leaves the composition strippable (should this be desired)
until final cure. The composition 10  may be contact imaged with no cover
sheet, giving better resolution than many traditional dry film solder mask
compositions. The composition demonstrated thermal and chemical resistance
coupled with low ionic contam- ination values and good thermal shock
resistance. The composition provides a solder mask with good appear- ance.
15 Claims 1. A photoimageable composition comprising (a) between 15 and 35
wt. percent of a polymerizable acrylic monomer, 20        (b) between 3 and
15 wt. percent of a photosensitive, free radical-generating initiator
chemical system which in the presence of actinic radiation initiates
polymerization of acrylic moieties, (c) between 5 and 35 wt. percent
epoxy-acrylate oligomer, (d) between 20 and 80 wt. percent of an epoxy
resin composition which is curable to harden said pho- toimageable
composition subsequent to exposure to actinic radiation, 25        (e)
between 0.1 and 10 wt. percent of an acidic curative for said epoxy resin,
and up to 15 wt. percent of a hydroxyl group-reactive cross-linking agent,
said components (a)-(f) being selected so that said components form a
homogeneous solution in an organic solvent which dries to a homogeneous
composition which is soluble in alkaline aqueous sol- ution, whereby said
photoimageable composition is developable in aqueous or alkaline aqueous
solution. 30 2. A photoimageable composition according to claim 1 wherein
said curative (e) is an acid or an anhydride. 3. A photoimageable
composition according to claim 1 wherein said curative (e) is a latent
catalyst having carboxyl groups and blocking moieties blocking said
carboxyl groups, said catalyst becoming unblocked 35      above a threshold
temperature, whereupon cure of said epoxy resin is promoted above said
threshold temperature. 4. A photoimageable composition according to any
preceding claim wherein said cross-linking agent (f) is a
melamine-formaldehyde resin. 5. A photoimageable composition according to
any one of claims 1 to 3 wherein said cross-linking agent (f) is a blocked
multifunctional isocyanate. 6. A photoimageable composition according to
any preceding claim which contains at least 2 wt.% of said cross-linking
agent (f). 45 7. A photoimageable composition according to any preceding
claim further comprising a dispersible organic or inorganic filler at a
level of up to 35 wt.% relative to the total weight of said components
(a)-(f). 8. A combination comprising a substrate and a layer thereon of a
photoimageable composition according to so      any preceding claim. 9. A
combination according to Claim 8 wherein said substrate is a printed
circuit board, said layer of photo- imageable composition being processable
to provide a solder mask. 10. A composition according to any one of Claims
1 to 7 further comprising an organic solvent at a level of between 10 and
60 wt. percent relative to the total weight of said components (a)-(f). 9



EP 0 403 170 B1 PatentansprOche 1. Uchtempfindliche
Bildaufzeichnungszusammensetzung, umnfassend a) zwischen 15 und 35 Gew.-%
sines polymerinlerbaren Acryimonomers, 5         b) zwichen 3 und 15 Gew.-%
eines lichtempfindlichen, frile Radikale erzeugenden chemischen In-
itiatorsystems, welches in Gegenwart von aktinischer Strahlung sine
Polymerisation von Acryiresten einleitet, c) zwischen 5 und 35 Gew.-%
Epoxyacryiatoligomer, d) zwischen 20 und 80 Gew.-% einer
Epoxyharzzusammensetzung, die hartbar ist, um nach Belichten 10        mit
aktinischer Strahlung die lichtempfindliche
Biidaufzeichnungszusammensetzung zu harten, e) zwlschen 0,1 und 10 Gew.-%
sines sauren Hilrtungsmitteis fOr das Epoxyharz und f) bin zu 15 Gew.-%
sines hydroxyigruppenreaktiven Vernetzungsmitteis, wobel diese Komponenten
a) bisf) derartausgewlhitsind, daBdie Komponenten sine homogene Losung in
einem organischen Losungsmittal bilden, welches zu einer homogenen
Zusammensetzung trocknet, 15      die in alikalisch-wi&rier Losung lslich
ist wobei die lichtempfindliche Biidaufzeichnungszusammenset- zung in
wagriger oder alikalisch-walriger Losung entwickielbar lot. 2.
Uchtempfindliche Bildaufzeichnungszusammensetzung nach Anspruch 1, worin
dans Hartungsmittel (e) sine Saure oder an Anhydrid ist. 20 3.
Uchtempfindliche Biidaufzeichnungszusammensetzung nach Anspruch 1, worin
das Hirtungamittel (e) sin latenter Katalysator mit Carboxylgruppen und
diese Carboxyigruppen blociderenden Blockierungsre- sten ibt, wobei der
Katalysator oberhalb einer Schwellentemperatur entblockiert wird, worauf
die Hartung des Epoxyharzes oberhalb dieser Schwellentemperatur geffrdert
wird. 4.  Lichtempfindliche Bildaufzelchnungszusammensetzung nach einem der
vorausgehenden Anspruche, worin das Vernetzungsmittel (f) sin
Melamin-Formnaldehydharz lbt. 5. Uchtempfliche
Blidaufzeichnungnzusammensetzung nach einem der Ansprulche I bis 3, worin
das Ver- netzungsmittel (1) sin blockiertes mehrfunktionelles Isocyanat
ist. 30 6.  Lichtempfindliche Bildaufzeichnungszusammensetzung nach sinem
dervorausgehenden Anspruche, die wenigetens 2 Gew.-% des Vernetzungsmittls
(f) enthalt. 7.  Lichtempfindliche Biidaufzeichnungszusammensetzung nach
sinem der vorausgehenden AnsprOche, 35      weiterhin mit einem
dispergierbaren organischen oder anorganinchen F(illstoff in einer Menge
bin zu 35 Gew.-%, bezogen auf das Gesamtgewicht der Komponenten (a) bin
(f). 8.  Kombination, die sin Substrat und darauf sine Schicht elner
lichtempfindiichen Bildaufzeichnungszusam- msnsetzung nach elnem der
vorausgehenden AnsprOche umrfat. 0.  Kombination nach Anspruch 8, bei der
das Substrat sine Platte fOr sine gedruckte Schaltung bt, wobei die Schicht
der lichtempfindlichen Bildaufzeichnungszusammensetzung verarbeitbar bt, um
sine Lot- maske zu liefern. 10. Zusammensetzung nach einem derAnspr~iche 1
bis 7, die weiterhin sin organinohes Losungsmittl in ei- ner Menge zwischen
10 und 60 Gew.-%, bezogen auf das Gesamtgewicht der Komponenten (a) bis
(f), umfalt. RevendlIcatlons 1. Composition photonensible pour
l'enregistrement d'images, comprenant: (a) entre 15 et 35 % en masse d'un
monomere acrylique polymerisable, (b) entre 3 et 15 % en masse d'un systeme
chimique amorceur g6n6rateur de radicaux libres photo- 55        sensible
qui, en pr6sence d'un rayonnement actinique, amorce la polymerisation des
portions acryli- ques, (c) entre 5 et 35 % en masse d'oligomere
6poxy-acrylate, (d) entre 20 et 80 % en masse d'une composition de r6sine
epoxy qui est durcissabie pour durcir ladite 10  



*C  L  r composition photosensible pour l'enreglstroment d'images A la
suite d'une exposition A un rayonne- ment actinique, (e) entre 0,1 et 10 %
en masse d'un agent de durcisement acide pour ladite rdsine 6poxy, et (f)
jusqu'A 15 % en masse d'un agent r6ticulant r~actif avec les groupes
hydroxyles, 5       lesdits constituants (a)-(f) 6tant choisis de maniere
que lesdits constituants forment une solution homo- gene dane un solvant
organique qui seche en une composition homogene qui eat soluble en solution
aqueuse alcaline, de sorta quo ladite composition photosensible pour
l'enregistrement d'images eat d6- veloppable en solution aquouse ou en
solution aquouse alcallne. 10  2. Composition photosensible pour
l'enregistrement d'images solon la revendication 1, dans laquelle ledit
agent de durcissement (e) eat un acide ou un anhydride. 3. Composition
photosensible pour l'enregistrement d'images solon la revendication 1, dans
laquelle ledit agent de durcissement (0) eat un catalyseurlatent ayant des
groupes carboxyles et des portions bloquan- 15      ta bloquant lesdits
groupes carboxyles, ledit catalyseur devenant non bloqu6 au-dessus d'une
tbmpe- rature seuil, apr~s quoi Is durclssement do ladite resine 6poxy est
favoris6 au-dessus de ladito temp6ra- ture seull. 4. Composition
photosensible pour l'enregistrement d'images solon 'une quelconque des
revendications 20      pr6cidentes, dans laquelle ledit agent reticulant
(f) eat une resine melamine-formaldehyde. 5. Composition photosensible pour
l'enregistrement d'images solon l'une quelconque des revendications I A 3,
dans laquelle ledit agent reticulant (f eat un isocyanate multifonctionnel
bloquo. 6. Composition photosensible pour l'enregistrement d'imagos solon
'uno quelconque des revendications 25      prcidentes, qui contiont au
moins 2 % en masse dudit agent reticulant (1). 7. Composition photosensible
pour l'enregistrement d'lmages solon 'une quelconque des revendications
prechdentes, comprenant en outre une charge organique ou inorganique
dispersible A un niveau de jus- qu'A 35 % en masse par rapport A la masse
totale deedits constituants (a)-(f). 30 8. Combinaison comprenant un
substrat et, sur celui-cl, une couche de composition photosensible pour
l'en- registrement d'images solon l'une quelconque des revendications
prec6dentes. 9. Combinalson solon la revendication 8, dons laquelle ledit
substrat eat une plaquette A circuit imprim6, 3       ladite couche de
composition photosensible pour l'enregistrement d'images pouvant etre
traitee pour for- mer un masque de soudure. 10. Composition solon l'une
quelconque des revendications 1 A 7, comprenanten outre un solvent
organique A un niveau compris entre 10 A 80 % en masse par rapport A la
masse totale desdits constituants (a)-(f). 40 45 50 55    


