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The present inwention is directed to photOresists,
such as those used for forming printed circuit boards and
more particularly to waterborne, llquld applled
photoresists.

Photoimageable compositiohs useful as resists for
forming printed circuits, printing plate, solder masks or
the like have been used for some timé*ﬂbw' The earliest

- photoresists were solvent-borne. and solvent-developable.
‘The development of aqueous—developable resists represented
an advance in reducing solvent emissions in the immediate
workplace and in the general environment. The continued
emphasrs in reducing organlc solvent both from the

: workplace and from the general environment has spurred the
search for waterborne photoresists which are formulated and
applied as aqueous liquids. |

- u.s. patent No. 5,045,435, the teachings of which
' are incorporated herein by reference, describes a
waterborne photoresist composition which is developable in
alkaline aqueous solution. The oomposition comprises a
multifunctional monomer, a photoinitiator and a latex -of
water-insoluble carboxylated acrylic copolymer. To
stabili?e the composition and to adjust the_viecosity, this
' patent teaches neutralizing the latex polymer to at least

25% with a base, such as ammonia, another amine, or sodium
hydroxide. '

To most falthfully reproduce the pattern of artwork
'w1th high resolution, contact printing with the artwork (or
phototool) laid in dlrect contact with the photoimageable
composition layer is usually required. Contact printing is
required to achleve_resolutlon of small (less_than'3 mil)
- circuit geometries. If contact printing is to be used,
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wat er bor ne phot oresi st. conpositi on whi ch +s2devel opable in alkallne aqueous
sol ution. The conposition conprises a nultifunctional mnoner, a
photoinitiator and a | atex of -water-insoluble carboxylated acrylic:

copol yner. To however, the surface of the photoimageable composition
| layer must be sufficiently non-tacky so as not to adhere to
the artwork. Transfer of even some photoimageable
composition may either permanently damage the:artwork or

_require extensive cleaning of the artwork.

It is a general object of the présent invention to
provide a waterborne photoimageable composition which when
applied as a layer has a surface which is sufficiently
non-tacky for artwork to be plaoed in'direct contact
therewith. ' '

 In accordance with the invention, a waterborne
photoimagéable composition comprises an aqueous composition
containing A) between about 30 and ébout 80 wt% of a latex
binder polymer having acid.functionality, e.g., carboxylic
acid functionality or sulfonic acid functionality, which
provides an acid number of between about 50 and about 250,
B) between about 15 and about 50 wts of alpha,beta-
ethylenicélly unsaturated monomer(s), C) between about 0.1
and about 25 wt$ of a photoinitiator or photoinitiator
chemical system which generates free radicals, D) between
about 1 and about 40 wt% of a neutralizing base and/or
polyether polYurethane associate thickener in amounts
sufficient to stabilize the photoimageable composition as
‘an aqueous emulsion and E), between about 0.1 and about
10.0 wt.% of a (poly)silokane or mixture of
(poly)siloxanes, thé'weight percentages being based on
total weight of components A-E. N

Latex binder poiymers useful in the photoimageable
-composition of the present invention are-typically prepared
by emulsion polymerization of alpha, beta-unsaturated
monomers, such as v1nyl, acrylate or styrene monomers .
Sufficient acid functional monomers are used to provide the

- .acid number of between about 50 and about 250, preferably
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: at least about 100. A typical emu1510n polymerization

procedure and some examples of suitable emulsions are found
in U.S. Patent No. 3,929,743, the teachings of which are
incorporated herein by reference. Suitable emulsions can

- also be obtained commerc:x.ally, e g., Neocryl@ CL-340 (40%
'sollds) available from ICI Resins U. S. and Acrysol I-2074
(46% solids) available from Rohm and Haas. '

Suitable acid functional monomers for use in
forming the acid functional binder polymer have the
formulae: '
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wherein R1 represents a. hydrogen atom or a methyl group, R2
represents (CHy)p wherein n is an lnteger of 1 to 6, R3
represents an alkylene group having 1 to 6 carbon atoms or
a phenylene group, and R%s are the Same or différent and
are selected from CHy and CHOH.

Some specific examplés of suitable acid functional monomers
are acrylic acid, methacrylic'acid, maleic acid, fumaric
acid, citraconic acid, 2-acrylamid6-2-methylpropanesulfonic
acid' 2-propenoic acid-2-methyl-2- sulfoéthyl ester, 2-
-hydroxyethyl acrylolyl phosphate, 2-hydroxypropyl acrylol
phosphate, 2- hydroxy-alpha-acryloyl phosphate, etc. One or
more of such acid functlonal monomers may be used to. form
the:binder polymer. The acid functional monomers may be
copolymerized with non-acid functional monomers, such as
esters of acrylic acids, for éxample,'methyl acrylate,
methyl methacrylate, hydroxy ethyl acrylate, butyl

'.methacrylate, octyl acrylate, 2-ethoxy ethyl methacrylate,
t-butyl acrylate, 1,5-pentanediol diacrylate,
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~ cenprises an aqueous composition. containing A) betwee cabout

80 wt% of a | atex binder polyner having acid function ‘ﬁﬁmﬁﬁm
carboxylic acid functionality or sulfonic acid funct|

provi des an aci d nunber of between about %$03and about 250, B) betmeen about

. 15 and about 50 w % of al pha, beta- ethylenically unsaturated nononer(s), C
between about 0.1 -and about 25 wt % of a photoinitiator or photoinitiator

N, N-diethylaminoethyl acrylate, ethylene glycol dlacrylate,

1,3-propanediol diacrylate, decamethylene glycol
diacrylate, decamethylene glycol dimethacrylate, 1,4-
cyclohexanediol diacrylate, 2,2-dimethylol propane
'diacrylate, glycerol diacrylate,_tripropylene glycol
diacrylate, glycerol triacrylate, 2,2-di(p-hydroxyphenyl)-
propane dimethaCrylate,_triethylene glyCOl diacrylate,
polyoxyethyl-2—2Fdi(p—hydroxypheuyl)-prOpane
dimethacrylate, triethylene glycol dimethacrylate,
polyoxypropyltrimethylol propane triacrylate, ethylene
glycol dimethacrylate, butylene glycol dimethacrylate,
1,3-propanediol dimethacrylate, butylene glycol
.dimethacrylate,'1,3-propahediol dimethacrylate, 1,2,4-

t'butanetriol trimethacrylate, 2,2,4-trimethy1-1,3-
pentanediol dimethacrylate, pentaerythritol
trimethacrylate, l-phenyl ethyleneel,2—dimethacrylate,
pentaerythritol tetramethacrylate, trimethylol propane

' trlmethacrylate, 1,5-pentanediol dlmethacrylate, and 1,4~
benzenediol dimethacrylate; styrene and substituted
styrene, such as 2-methyl styrene and vinyl toluene and
vinyl esters,ISuch as vinyl acrylate and vinyl methacrylate
to provide the desired acid number. |

To help ensure that the photoimageable composition
is contact imageable, i.e., drys to a tack-free state, the
glass transition tempereture (Tg) of the latex binder
polymer is preferably at least about 60°C as measured by
Differential ScanningICalorimetry (DSC) @ 20°min. The
polymers have a weight average molecular weight (Mw) of
between about 500 and about 200,000 as measured by gel
permeation chromatography (GPS) usxng a polystyrene
standard. '

To produce the image, thls negatlve actlng
phot01mageab1e composition contalns photopolymerlzeable
monomers, partlcularly alpha, beta-ethylenlcally unsaturated
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functional monomers. Useful monomers include those, listed
above, used to form the binder polymers. Particularly
suitable monomers include'mUltifunctioﬂel acrylic monomers,
such as tetraethylene glycol diacrylate (TEGDA),

- trlmethylol propane trlacrylate (TMPTA), butanediol
dimethacrylate (BDDMA) and pentaerythritol triacrylate
(PETA). The monomer fraction may include both water-soluble
and water-insoluble monomers; however, the monomer .
fraction should contain a sufficiently high proportion of
water-insoluble (having solubilities in water at 20°C below
about 0.3 g/100ml) monomers, e.g., above about 20 mole |
percent, so that the monomer fraction, as a whole, is
insoluble in water.

To initiate'pdlymerization of the monomers upon
expoeure to_actinic'radiation, the photoimageable
composition eontains an appropriate photoinitiator(e) or
photoinitiétor chemical system. Suitable photoinitiators
“include benzoin ethers, benzil ketals,'acetophenones,
benzophenones and related compounds with amines. Preferred
initiators are thioxanthones, e.g., Z-isopropyl
thioxanthones, particularly in conjunction with an amine.

In accordaﬁce with the invention, the waterborne
photormageable composrtlons include a poly(s1loxane)
selected from the group conSLStlng of cyclo
poly(dimethylsiloxanes), polyether_modlfled
poly(dimethylsiloxanes), poly(dimethylsiloxanes) and
mixtures thereof, cyclo poly(drmethylsrloxanes) and.:

. polyether modified poly(dimethylsiloxanes) being preferred.
In a partlcularly preferred aspect of the invention, the
poly(siloxane) fraction is a mixture of

. cycledimethylsiloxanee and polyether modified
dimethylsiloxanes at a weight ratio of between about 1:9
and about 9:1. An example of such a mixture is Dow Corning



nUnoners .such as vinyl, acrylate or styrene nononers. Suff|C|ent acid-
functlonal nononers are used to provide the acid number™® GmRawmmd 50
' and about 250, preferably -3- at |east about 100. A

:.polynerlzatlon procedure and sone exanpl es of SU|tabIe ound

in US. Patent No. 3,929,743, the teachings of which are |ncorporate
herein by reference. Suitable emulsions can? -

Q4-3667 which is an 80:20 mixture of polyether modified
poly(dimethylsiloxanes) and cyclo pdly(dimethylsiloxanes).
In addition to providihg a tack-free surface, it is
desirable that the material be water-soluble and not result
in cratering or other coating defects. It is believed that
rafter cdating and during drying, the poly(siloxanes) tend
to migrate to the surface to render the surface tack-free.

| " Poly(dimethylsiloxanes) useful in the invention
have the general formula (CH3)3 [Sl(Me)z—O]n-Sl(CH3)3 where
n is 0-4,000.

| Cyclo poly(dimethylsiloxanes) have the general
formula -[Si(Mey)-0],~ where n is 3 to 60.

Polyether Modified poly(dlmethylslloxanes) have the
general formula:

CH3 :CH3

Si 0

R! CH3 y

o

' (CH3)35i-0——Si— —Si(CH3)3

CH-R

where n = 0 to 1500, x = 1 to 2,000, y = 1 to 2000, R = H
‘or CH3, R’ = (CHp)g.5 and the groups subscripted x and y



aﬁso be obtained comercially, e.g., Neocryl CL-340 (40% soli 'Lable
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CH2=C CONH R2- O- P- OH

are in random order.

Molecular.weights of the pély(siioxanes) may vary
over a very broad range. Low moleculér poly(siloxanes) may
have weight average molecular weights in the 100-600 Mw

- range; high molecular'poly(siloxaneS) may havé weight
average molecular heights in the 2,000 to 500;000 Mw range.

The waterborne photoimageable compoéition
preferably includes a surfactant which is a fluoroaliphatic
oxyethylene adduct at a ievel’of between about 0.5 and
about 3.0 wt% based upon the combined weights of components
A)QE) aboﬁe. Such surfactants have the general formula:

CF3-(CF2)n—Y-Xm-Z;'where n =0 to 20, Y = SdzéN(Cl-Cloalkyl),
X = CHy-CHy-O or CH(CH3)CH»-O, m = 0 to 20, and
%2 = CHy-CHp-OH or CH(CH3)-CH,-OH.

Stabilization of the emulsion, including binder

polymer is required. Emulsion stabiliéatiqn and may be
acpomplished by at least partial neutralization with a
base, as is taught in above- referenced U.S. Patent No.
5,045,435.. Preferably, as is.taught in U.S. Patent
Application No. 08/199,037, of which this application is a.
_contlnuatlon-ln-part, stabilization of the emulsion and
viscosity adjustment are ‘achieved using a polyether
polyurethane associate thickener. 'Polyether polyurethane

- thickeners are polymers having at least two hydrophobic
segments which are the residues of hydrophobic isocyanates,
generally isdcyanates having isocyanate_functionality of 2
or higher, and at'ieast_one hydrophilic polyether segment
joining the hYdrophobic segménts by urethane linkages. The
block polymers which act as associate thickener may take a
variety of forms including ABA, (AB),, star polymers and
the like.- The poiyether segments are formed from.
poly(alkylene oxide) segments, formed from monomers such as
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propylene oxide and ethyleneloxide. To be sufficiently
hydrophilic,. generally it is necessary that at 1east_about'
'3 mole percent of the poly(alkylene oxide) segment(s) be
ethylene oxide residues. The hydrophobic portion of the
isocyanate residue is typically an alkyl, cycloalkyl or

aromatic moiety. Polyether polyurethane associate
thickeners and their function are described, for example by
A.J.M. Knoef, and H. Slingerland, "Urethane-Based Polymeric
Thickeners for Aqueoﬁs Coating Systems" JOCCA, Sépt. 1992,

pp 335-338; J.H. Bieleman et al. Polymers Paint Colour
Journal 1986, V.176(4169) pp. 450-460; and A.J. Whitton and
R.E. Van Doren Polymers Paint Colour Journal 1991,
V.181(4286) pp. 374-377. Particularly suitable polyether
.polyurethane assoc1ate thlckeners and their’ synthesis are
described in U.S. Patent No. 4,079,028 to Emmons et al.
the teachings of which are incorporated herein by
reference. Suitable~p61yether'polyurethané associate
thickeners are also described in U.S. Patents Nos.
4,426,485 to Hoy et al. and 4,743,698 to Ruffner et al.,
the teaching of each of which are incorporated'herein by
reference. Examples-of suitable commefcially available
associate thickenérs are DSX1514 (Henkel) and QR708 (Rohm
and Haas).

By using the polyether polYurethane associate
thickener, less neutralization of the binder polymer latex
is required. 1In some cases no neutrallzatlon is required.
In other cases, it is de51rable to neutrallze the binder up
to about 20% of the equivalent acid functlonallty of the
binder polymer Typically base will be added to neutralize
at least about 2% of the acid functlonallty of the binder
polymer. Neutralization may be done with ammonia; primary,
secondary, or tertiary amines; or hydroxides. Preferred
neutralizing bases are'hydréxy functional tertiary amines.

- The addition of associate thickener in place of at lease
some of the neutralizer allows for a Smoother more uniform



Some specific exanples of suitable acid functional nonGmers are acrylic
acid, methacrylic acid, maleic acid, fumaric acid, citracaRiSEecfiddsBeen Replaced

i 2--acryl ami do- 2- et hyl propanesul foni ¢ acid, 2-propenoic. '
. aci d- 2-nmet hyl - 2-sul foethyl ester, 2- hydroxyethyl acryloly Imim&ﬁlg m
2- hydroxypropyl acrylol phosphate, 2-hydroxy-al pha-acryl oy _ , etc.
One or nore of. such acid functional nononmer 40may be used to formthe binder
pol yner. The acid functional nonomers nay be copol ynerized with non-acid
functional nonomers, such as esters of acrylic acids, for exanple, nethyl -
~acryl ate, ”Eth¥ba€§haqcrih@tgmp?%@%ﬁxﬁoﬁkﬁﬁb 3eaYk e mikYmilzes potential

circuit board defects caused by_thin'spots or pin holes in

the coating. In addition, when applied by roller coating,
the photoimageable composition with associate thickener
produces a smoother coating at lower roller compression.
Low roller.compression results in extended life of the
 rubber rollers.

Reducing neutralizers improves chemical resistance
of the applied and dried photoimageable composition layer.
'When ammonia or amine use is reduced, odor is reduced.
- Associate thickeners reduce viscosity drift of the aqueous
photoimagéable composition. Even under high shear,
viscosity tends to remain stable. '

In addition to components A-E listed above, minor
amounts (generally less than about 10 wt% total based on
the weight of_A—E)'of conventional additives may be used,
including; antifoam agehts, antioxidants, dyés, adhesion
promoters, slip aids,'and other surface tension modifiers.

In a preferred method of preparing the waterborne
phdtbimageable composition of the present invention, those
components, such as initiators, antioxidants and dyes, most
compatible with a hYdrophobic phase are admixed with the
‘monomer fraction to produce a monomer base and those
components most cémpatible with an aqueous phase with the
latex polymer, such as antifbam, neutralizer surfactant and.
associate thickeher, are admixed to form a polymer mix.
The_hydrophobic phase and pOlymer_ﬁix are blended to form
an hydrophobic phaée-in-water emulsion. Subsequently, high
boiling solvents, surfactants, including slip aids, surface
tension modifiers, and adhesion promoters are added.

The final water-borne composition is generally
between about 20 and about 40 wt. percent solids. In the
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acryl ate, ethylene glycol diacrylate, 1,3-propanediol. di j

. decanet hyl ene” gl ycol diacrylate, decanethylene: glycol di ﬂ I

| cycl ohexanedi ol diacrylate, 2, 2-dinmethylol  propane diacryl¥
waterborne composition, the:binder_comprises'between about .
10 and about 30 wt%, monomers from about 3 to 20 wt$,

- diacrylate, trlpropylene egcoI : --11 -

initiator from about 0.3 to about 10 wt%, neutralizing base -

and/or thlckener from about 1. 5 to about 20 wt%, and
poly(siloxane(s)) at between about .02 and about 1 wt%. If
used, a fluoraliphatic 6xyethy1ene adduct surfactant will
typically be present at between about .06 and about 2 wt$%.

The composition may be coated by any of the coating
systems known in the art for coeting solvent-borne
photoimageable compositions, such as roll coating, dip
coating, spray'coating or curtain coating.

The compositions of the present invention are
applied in a conventional manner, either as liquid
compositions directly to a metal clad blank laminate or to
a polymeric support sheet to form a dry film. After
coating, the composition is dried to remove water and also

" to remove volatiles, such as ammonia or amine, water, etc.,
thereby renderihg-the solution polymer insoluble in acidic
or neutral aqueous medium. As the photoimageable
composition dries, the system coalesces into a contlnuous
film. Drying is preferably carried out at somewhat elevated
temperatures, both to hasten removal of the water, and to
drive off the ammonia or volatile amine. Preferably,
drying is carried out at a temperature of about 90°C.

In forming a dry film, a water—borne composition is

' applled to flexible support sheet, e.g., polyethylene

fterephthalate, and then dried to remove water and
volatiles. Subsequently, a protective sheet, e.g.,
polyethylene, is applied to the photoiﬁégeable composition
layer, and the dry film is rolled into reels. In drying
the photoimageéble composition layer, it is found desirable
in some cases to leéve a residual water content of between
about 1 and about 2 wt. %'(relatiye-to solids of the
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. glycol dinethacryl ate, polyoxypropyltrinethylol propane

. et'hyl ene glycol dinethacrylate, butylene glycol'dinethac

1,-3- propanedi ol di net hacryl ate, butyl ene gtytdl-di methacryl ate,

1, 3- propanedi ol dinmethacrylate, 1,2,4- butanetriol trinethacrylate,
2,2,4-trinmethyl -1, 3- pentanediol dinethacrylate, pentaerythritol

trinethacryl at %hdtd’i’iﬁ&éalﬂé‘%&ﬁl@oé:.@r&h nﬁfé‘ﬁf)" atkis residual water
P acts to allow the photoimageable composition layer to
conform to surface defects of a substrate, e.g., a copper-
clad board, when laminated thereto.

Processing'is in a conventional manner. In a
typical procedure, a photoimageable composition layer,
either formed from a liquid composition'or transferred as a
layer from a dry film, is applied to a copper surface of a
copper-~clad board. The photoimageable composition layer is

'exposed to actinic radiation through appropriate artwork.
Exposure to actihic'radiation polymerizes the monomer in
the-light-exposed areasL”resulting in a cross-linked
structﬁre that is resistant to developer. :Next, the
composition is developed in dilute alkaline aqueous
solution, such as a 1% sodium carbonate solution. The
alkali solution caoses salt formation with the carboxylic
groups of the binder polymers, rendering them solﬁble and
removable. After development, an etchant may be used-to_
‘remove copper from those areas where the resist was
removed, thereby forming a printed circuit. The'remaining
resist is then removed using an appropriate stripper.

Not only can waterborne primary imaging
photoresists be provided'in'acCOrdance with the invention,
‘but solder maskeforming_compositions can be provided as

~well. By solder mask is meant herein a hard, permanent
layer which meets at least the minimal requirements of the
abrasion resistance_tests as defined in IPC-SM784OB; Table
12, Summary of Criteria fOr'Qualification/Conformange
(Institute for'Intercoﬁnecting Circuits). To become hard
and permanent, it is generally necessary that the
photoimageable composition be curable after exposure,
development and proce531ng of the board e.g., by thermal
‘and/or UV curing. One way to provide a post-cure is to
provide binder polymer having free -OH groups in the



pent aerythritol tetranethacrylate, trimethylol propane | hacr Iate

1, 5- pent anedi ol di nethacryl ate, and 1, 4- benzenedi ol dlnethacrylate

styrene and substituted styrene, such as 2-nethyl styren'@' cthas Béén Hel ﬂaéég
and vinyl esters, such as vinyl acrylate and vinyl netha

the desired acid nunber. To hel p ensure that the phot0| tion
iks contact irmgeable, i.e., drys to a tack-fBee state, the glass tion
tenperature (Tg) of the latex binder polyner is preferably at | east about
60[err] C as measured by Differential Scanning Calorinetry (DSC) @ 20m n.

The ~ . backbone that may be cured, for example, by cross- llnklng

with aminoplast resins, such as melamlne/formaldehyde
‘resins and urea/formaldehyde resins. _Alternatlvely, the

- photoimageable composiﬁion may contain a compatible epoxy
resin and a curative for the epoxy resin. It 'is found that
water-borne photoimageable compOSLtlons in accordance with
the invention exhibit excellent shelf lives after
application to copper substrates and can remain on a
copper-clad board upwards of several days.

The invention will now be described in greater
detail by way of specific examples. '

Examples.1-4

Water-borne phctoimageable compositions were
formulated according to Table 1 bélcw. Amounts are in
grams. 2.3 grams of neutralizer represénts about 15 %
_neutralization; 4.5 grams of neutralizer represents about
30% neutralization. Performance data is according to Table
2 below. "Monomer base" in Table 1 is per Table 3; all
materials being mixed together, filtered and subsequently
added to the aqueous portion.'
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about-O.S g/100M ) nononers, e.g., above about 20 nnFé‘ﬁéTtenf——semLhaL%the
~mononer fraction, as a whole, is insoluble in water. Tisisiif iAtE

. pol ymeri zation of the mononers upon exposure to acti ni cjff Be R

. phot oi mageabl e conposition contains an appropriate photH, g ﬂ
photoi nitiator chem cal system Suitable photoinitiators imce 0|n
ethers, benzil ketals, acetophenones, benzoglgenones and rel at ed conpounds
with amines. Preferred initiators are thioxanthones, e.g., 2-isopropyl
t hi oxant hones, particularly in conjunction with an anineq '

R 0 0w a0, W
0 ~ © © 1 « O Y
i . . . 3 [ o .
E & o o o
T
o
F3]
«
> "
9 N 0
) 9. . o B 9 Py
o > & 8 9 & o 0
B - B - % £ E
2 ~ $ & &4 8 . & O
=] o - ° «+ 70 T ©-w u
= s = e (1} fhart = omd Q,
o o T X £ © 3 %
A ot @m 0o ¢ 5 2 0 g
s ) ~+~ w 3 B A4 0O
o 0 = ¥ 0 9 B o
O £ 0 & ¥ ¥ ¥ = u
a « ® 2 £ g © 2
g, = R o
o ’ [
ps )
~{
-
£
o
4
©
~{
>
3 :
g | =4 o [}
2 0 o -
o £ = 9]
=] 4 ord o
o E E o
- e 8 d o 0
0 f = ~ 0 ° ] F=4 ~t ]
< O - ®m © 9 o -3
< - 2 o 2~ w 8 o
& w O 5 < a 3 & - Q.
gz g o ) B ~ G M
B O > 8 U w @\ om S P ~
= o X 3 R OB £ © o-
o o _ H ® 0 O N —~
28 S5= = 3 MW o w £ £ Dy
D 9 5 ® B 0 )
= % o ¥ 4 0 m A @ T
;L' 2 3 « H o
& o L > g
s) [+ = -4
8 8 u
£ 3 +
Fet g O
K o ]
o

‘TMPTA



&ﬁirai

(seoeds TIW % pue Saujlyl TIW ¥ paurejzuod :umuumm JIomiae ayax: wuozv
paanseaw axam suado pue siaoys 3¥noaTD Jo asqunu Te303 9yl - muomuma uxajjed 3ITNOITD
(uotazezraswiAtod jJo @9abop aaYbTY B 93eOTPUT pTnom deis aaybTy e:d30N)

ﬁiﬁw
In a

h@ W
lexane) fraction:

nodi fi ed pol y(di-net hyl sil oxanes) being preferred.
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is a mxture of cycl odi net hyl sil oxanes and pol ygt her
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t he wat er bor ne phot oi nageab
conpositions include a poly(siloxane) selected fromthe group

cycl o pol y(di et hyl si | oxanes),

pol yet her
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IR accordance with the invention
di met hyl sil oxanes at a weight ratio of betmeen Hbout 1:9.

pol y(di net hyl si | oxanes) and m xtures thereof,

and pol yet her
particularly preferred aspect of the~



ahd abeut 9:1. An exanple of such a mixture is Dow corning——7—4-3667

which is an 80:20 m xture of polyether nodified pol y(d| rret hyI i oxq{g&%d and
cycl o pol y(di nethyl sil oxanes). In-addition to providi ngh

surface, it is desirable that the material be water-solu “\iﬂm sult :
in-cratering or other coating defects. It is believed th -

and ‘during drying, the poly(siloxanes)- tlesnd
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' Various poly(siloxanes) were tested in the base formula below using the processing conditions of Examples 1-4.
Results aré as per Table 4 below
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The vvat er bor ne -phot oi nageabl e conposition preferably inel ud ) t%gy&f,g ared

which is a. fluoroaliphatic oxyethyl ene adduct at a | eveI

0.5 and about 3.0 wt % based upon
above. Such -surfactants have the
Y =[err] X =7[err] or [err] m=

CH(CH3) - CH2-'OH. ‘Stabi li zation of

required. Emul sion stabilization
partial neutralization with @ e

31 n
0.33 0

TABLE 4 CONTINUED
0
0.11

9
0.22

< 1,000

Molecular
> 1,000

Weight

Formulation Name
Cyclodimethylsiloxane

t
t he conbi ned wei ghts of

general fornula: [err] wh
0 to 20, and Z= gH2- CH2- OH or
t he enul si gn, including binder

pol ymer is
and may begacconplished by at

| east

solubl
slight crate

0.22
soluble
very slight
none

0.11

soluble
very olight

none

0.33
soluble

none
no!

0.22
soluble
none
none

PERFORMANCE RESULTS

Solubility in Water
Tack to the Artwork
Conting Defects



bége,'as is taught in above- referenced U S. Patent No. 5, 045, 435.

~Preferably, as is taught in U S. Patent AppLicatTBﬁ‘ﬁb\~08Ligg_037 of
. Which this application is a continuation-in-part, ]ﬁ& |I|zat|oh\6f*fhe
Y ermul sion and viscosity adjustnent are achi eved u3| emll laced
pol yur et hane associ ate thi ckener. Pol yet her polyur rs are
pol ymers having at |east two hydrophobi c segnents esi dues of

~ hydrophobi ¢ i socyanates, generally isocyanates haVIﬂg |socya
functionality of 2 or higher, and at |east one hydrophilic polyether
segnent j oi ni ngadPeadpdr ophobi c segments by urethane |inkages. The

WATERBORNE PHOTORESISTS HAVING POLYSILOXANES

A waterborne photoimageable composition or
photoresist comprises a latex binder polymer having
sufficient carboxylic acid functionality to render it
developable in alkaline aqueous solution;‘a
photopolymerizeable monomer fraction, a photoinitiator

chemical system and a poly(sildxane(s)).
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WATERBORNE PHOTORESISTS HAVING POLYSILOXANES

The present invention is directed to photoresists,
such as those used for forming printed circuit boards and
more particularly to waterborne, liquid applied
photoresists.

Photoimageable compositions useful as resists for
forming printed circuits, printing plate, solder masks or
the like have been used for some time now. The earliest
photoresists were solvent-borne and solvent-developable.

- The development of aqueous-developable resists represented
an advance in reducing solvent emissions in the immediate
workplace énd in the general environment. The continued
emphasis in redug¢ing organic solvent both from the
workplace and from the general environment has spurred the

search for waterborne photoresists which are formulated and
applied as aqueoﬁs liquids.

U.S. patent No. 5)045,435, the teachings of which
are incorporated herein by reference, describes a
waterborne photoresist composition which is developable in
alkaline aqueous solution. The composition comprises a
multifunctional monomer, a photoinitiator and a latex of
water-insoluble carboxylated acrylic copolymer. To
stabilize the composition and to adjust the viscosity, this
patent teaches neutralizing the latex polymer to at least

25% with a base, such as ammonia, another amine, or sodium
hydroxide.

To most faithfully reproduce the pattern of artwork
with high resolution, contact printing with the artwork (or
phototoolj laid in direct contact with the photoimageable
composition layer is usually required. Contact printing is
required to achieve resolhtion of small (less than 3 mil)

circuit geometries. If contact printing is to. be used,
This is the replacement shst -
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»

et hyl ene oxi de residues. The hydrophobic portion of the isocyanate residue
is typically an al kyl, cycloal kyl or aromatic noiety. Polyether

pol yur et hane associ ate thickeners and their function are described, for
exanple by A J.M Knoef, and H Slingerland, "Urethane-Based Pol yneric

Thi ckeners for Aqueous Coating Systens" JOCCA, Sept. 1992, pp 335-338; J.H.
Bi el eman et al. Polyners Paint Colour Joufnal 1986, V.176(4169) pp.

450-460; and A.J. Wiitton and R E. Van Doren Pol ynmers Pai nt Col our Journal
1991, V.181(4286) pp. 374-377. Particularly suitable polyether polyurethane
associ at e t hhokewers &heé sheifaceypfhébesphpeéoimageable composition

layer must be sufficiently non-tacky so as not to adhere to
the artwork. Transfer of even some photoimageable
composition may either permanently damage the artwork or
require extensive cleaning of the artwork.

It is a general object of the present invention to
provide a waterborne photoimageable composition which when
applied as a layer has a surface which is sufficiently

non-tacky for artwork to be placed in direct contact
. therewith.

In accordance with the invention, a waterborne
photoimageable composition comprises an aqueous composition
containing A) between about 30 and about 80 wt% of a latex
binder polymer having acid functionality, e.g., carboxylic
acid functionality or sulfonic acid functionélity, which
provides an acid number of between about 50 and about 250,
B) between about 15 and about 50 wt$%$ of alpha,beta-
ethylenically unsaturated monomer(s), C) between about 0.1
and about 25 wt% of a photoinitiator or photoinitiator
chemical system which generates free radicals, D) between
about 1 and about 40 wt% of a neutralizing base and/or
polyether polyurethane associate thickener in amounts
sufficient to stabilize the photoimageable composition as
an aqueous emulsion and E), between about 0.1 and about
10.0 wt.% of a (poly)siloxane or mixture of

(poly)siloxanes, the weight percentages being based on
total weight of components A-E.

Latex binder polymers useful in the photoimageable
composition of the present invention are typically prepared
by emulsion polymerization of alpha, beta-unsaturated
monomers, such as vinyl, acrylate or styrene monomers.
Sufficient acid functional monomers are used to provide the
acid number of between about 50 and about 250, preferably

This is the replacement shmst
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described in U S. Patent No. 4,079,028 to Emmons et al., the teachings of
whi ch are incorporated herein by reference. Suitable polyether polyurethane
associ ate thickeners are also described in U S. Patents Nos. 4,426,485 to
Hoy et al. and 4,743,698 to Ruffner et al., the teaching of each of which
are incorporated herein by reference. Exagr’pl es of suitable comrercially

avai | abl e associ ate thickeners are DSX1512 (Henkel) and QR708 (Rohm and
Haas). By using the pol yether pol yurethane associ ate thickener, |ess

neutralization of the binder 80| ymer | atex . ) .
at least about 100. A typical emulsion polymerization

procedure and some examples of suitable emulsions are found
in U.S. Patent No. 3,929,743, the teachings of which are
incorporated herein by reference. Suitable emulsions can
also be obtained commercially, e.qg., NEOCrYl()(Hr34O (40%
solids) available from ICI Resins U.S. and AcrysolC)I-2D74
(46% solids) available from Rohm and Haas.

Suitable acid functional monomers for use in
forming the acid functional binder polymer have the
formulae:

rl

|

CH,=C-COOH

rl

|

CH,=C-C00-R2-00C-R3-COOH

rl F
CH,=C-C00-R2-0-P-OH

OH

rl ﬁ
CHo=C-CONH~-R2-0-P-OH

l

OH

This is the replacement sheet
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is required. In sonme cases no neutralization is required. In other cases,

it is desirable to neutralize the binder up to about 20% of the equival ent
acid functionality of the binder polynmer. Typically base will be added to
neutralize at |east about 2% of the acid functionality of the binder

pol ymer. Neutralization may be done with aﬂnnnia; primary, secondary, or
tertiary am nes; or hydroxides. Preferred heuUtralizing bases are hydroxy
functional tertiary am nes. The addition of associate thickener in place of
at | ease sone of the neutralizer aIIoQT for a snoother nore uniform

[ 0
CHy=C-C00-R2-0-S-0H

|

Rl 0
l |
CH5=C-CONH-R2-0-S-OH

I

rl

\

CH,=C-CONH-R%; _¢~COOH

wherein R} represents a hydrogen atom or a methyl group, R2
represents (CH,), wherein n is'qn integer of 1 to 6, R3
represents an alkylene group having 1 to 6 carbon atoms or

a phenylene group, and R%s are the same or different and
are selected from CH; and CHOH.

Some specific examples of suitable acid functional monomers
are acrylic acid, methacrylic acid, maleic acid, fumaric
acid, citraconic acid, 2-acrylamido-2-methyl§ropanesulfonic
acid, 2-propenoic acid-2-methyl-2-sulfoethyl ester, 2-
hydroxyethyl acrylolyl phosphate, 2-hydroxypropyl acrylol
phosphate, 2-hydroxy-alpha-acryloyl phosphate, etc. One or
more of such acid functional monomers may be used to form
the binder polymer. The acid functional monomers may be
copolymerized with non-acid functional monomers, such as
esters of acrylic acids, for example, methyl acrylate,
methyl methacrylate, hydroxy ethyl acrylate, butyl
methacrylate, octyl acrylate, 2-ethoxy ethyl methacrylate,
t-butyl acrylate, 1,5-pentanediol diacrylate,

This is the replacement shest
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- 10 - coating. The inproved coating quality mnimzes potential circuit
board defects caused by thin spots or pin holes in the coating. In

addi ti on, when applied by roller coating, the photoi mageabl e conposition
wi th associ ate thickener produces a snoother coating at |ower roller
conpression. Low roller conpression results in extended |ife of the rubber
roll ers. Reducing neutralizers inproves ¢hemnical resistance

N,N-diethylaminoethyl acrylate, ethylene glycol diacrylate,
1,3-propanediol diacrylate,.decamethylene glycol
diacrylate, decamethylene glycol dimethacrylate, 1,4-
cyclohexanediol diacrylate, 2,2-dimethylol propane
diacrylate, glycerol diacrylate, tripropylene glycol
diacrylate, glycerol triacrylate, 2,2-di(p-hydroxyphenyl)-
propane dimethacrylate, triethylene glycol diacrylate,
polyoxyethyl-2-2-di (p~-hydroxyphenyl)-propane
dimethacrylate, triéthylene glycol dimethacrylate,
polyoxypropyltrimethylol propane triacrylate, ethylene
glycol dimethacrylate, butylene glycol dimethacrylate,
1,3-propanediol dimethacrylate, butylene glycol
dimethacrylate, 1,3-propanediol dimethacrylate, 1,2,4-
butanetriol trimethacrylate, 2,2,4-trimethyl-1,3-
pentanediol dimethacrylate, pentaerythritol
trimethacrylate, l-phenyl ethylene-1l,2-dimethacrylate,
pentaerythritol tetramethacrylate, trimethylol propane
trimethacrylate, 1,5-pentanediol dimethacrylate, and 1,4-
benzénediol dimethacrylate; styrene and substituted
styrene, such as 2-methyl styrene and vinyl toluene and

vinyl esters, such as vinyl acrylate and vinyl methacrylate
to provide the desired acid number.

To help ensure that the photoimageable composition
is contact imageable, i.e., drys to a tack-free state, the
glass transition temperature (Tg) of the latex binder
polymer is preferably at least about 60°C as measured by
Differential Scanning Calorimetry (DSC) € 20°min. The
polymers have a weight aﬁerage molecular weight (Mw) of
between about 500 and about 200,000 as measured by gel

permeation chromatography (GPS) using a polystyrene
standard.

To produce the image, this negative-acting .
photoimageable composition contains photopolymerizeable
monomers, particularly alpha,hbeta-ethylenically unsaturated

This is the replacement shest
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of the applied and dried photoi mageabl e conposition |ayer. When anmoni a or
am ne use i s reduced, odor is reduced. Associate thickeners reduce

viscosity drift of the aqueous photoi mageabl e conposition. Even under high
shear, viscosity tends to remain stable. In addition to conponents A-E

listed above, m nor ampunts (generally |gss than about 10 wt%total based
on the weight of A-E) of conventional additives may be used, including;

anti foam agents, antioxidants, dyes, adhe5|on pronoters, slip aids, and

other surface tension nodifiers. In a preferred nmet hod of [ ri
wat er bor ne monomers, including a substgntlal portion of Ptfpa ing the

functional monomers. Useful monomers include those, listed
above, used to form the binder polymers. Particularly
suitable monomers include multifunctioﬂal acrylic monomers,
such as tetraethylene glycol diacrylate (TEGDA),
trimethylol propane triacrylate (TMPTA), butanediol
dimethacrylate (BDDMA) and pentaerythritol triacrylate
(PETA). The monomer fraction may include both water-soluble
and water—insoluble monomers; however, the monomer
fraction should contain a sufficiently high proportion of
water-insoluble (having solubilities in water at 20°C below
about 0.3 g/100ml) monomers, e.g., above about 20 mole

percent, so that the monomer fraction, as a whole, is
insoluble in water.

To initiate polymerization of the monomers upon
exposure to actinic radiation, the photoimageable
composition contains an appropriate photoinitiator(s) or
photoinitiator chemical system. Suitable photoinitiators
include benzoin ethers, benzil ketals, acetophenones,
bénzophenones and related compounds with amines. Preferred
initiators are thioxanthones, e.g.,jz-isopropyl

thioxanthones, particularly in conjunction with an amine.

In accordaﬂce with the invention, the waterborne
photoimageable compositions include a poly(siloxane)
selected from the group consisting of cyclo
poly(dimethylsiloxanes), polyether modified
poly(dimethylsiloxanes), poly(dimethylsiloxanes) and
mixtures thereof, cyclo poly(dimethylsiloxanes) and
polyether modified poly(dimethylsiloxanes) being preferred.
In a particularly preferred aspect of the invention, the
poly(siloxane) fraction is a mixture of
cyclodimethylsiloxanes and polyether modified
dimethylsiloxanes at a weight ratio of between about 1:9

and about 9:1. An example of such a mixture is Dow Corning

ina s ihe replacement Shst
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phot oi mageabl e conposition of the present invention, those conponents, such
as initiators, antioxidants and dyes, nost conpatible with a hydrophobic
phase are adm xed with the nononer fraction to produce a nononmer base and

t hose conponents nost conpatible with an aqueous phase with the | atex

pol ymer, such as antifoam neutralizer surfactant and associ ate thickener,
are adm xed to forma polyner mix. The hydrophobic phase and pol ymer nix
are bl ended to form an hydrophobi c phase-in-water enul sion. Subsequently,
hi gh boiling solvents, surfactants, including slip aids, surface tension
nmodi fiers, and-3éi6dsiwinigir drsntagy 80ar2® adoedre of polyether modified

poly(dimethylsiloxanes) and cyclo poly(dimethylsiloxanes).
In addition to providing'a tack-free surface, it is
desirable that the material be water-soluble and not result
in cratering or other coating defects. It is believed that
after coating and during drying, the poly(siloxanes) tend
to migrate to the surface-to render the surface tack-free.

Poly(dimethylsiloxanes) useful in the invention
have the general formula (CH3)3-[Si(Me)3-0],-Si(CH3)3 where
n is 0-4,000. :

Cyclo poly(dimethylsiloxanes) have the general
formula -[Si(Mey)-0],- where n is 3 to 60.

Polyether Modified poly(dimethylsiloxanes) have the
general formula:

CH3 CH3

(CH3)3Si-0——8i—0 Si——O0+4+—Si(CH3)3

l l

1‘1' I CHy | v

L - X

where n = 0 to 1500, x = 1 to 2,000, y = 1 to 2000, R = H
or CH3y, R’ = (CHy)g_g5 and the groups subscripted x and y
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The final water-borne conposition is generally between about 20 .and about
40 wt. percent solids. In the wat er borne conposition, the binder
.conpri ses between about 10 and about 30 w % nononers from about 3 to 20
w% initiator fromabout 0.3 to about 10 wt % neutralizing base and/ or

t hi ckener fromabout 1.5 to about 20 wt % and pol y(sil oxane(s)) at between

about .02 and about 1 W% If used, a flwa@aliphatic oxyethyl ene adduct
surfactant wil|l o

are in random order.

Molecular weights of the poly(siloxanes) may vary
over a very broad range. Low molecular poly(siloxanes) may
have weight average molecular weights in the 100-600 Mw
range; high molecular poly(siloxanes) may have weight
average molecular weights in the 2,000 to 500,000 Mw range.

The waterborne photoimageable composition
preferably includes a surfactant which is a fluoroaliphatic
oxyethylene adduct at a level of between about 0.5 and
about 3.0 wt% based upon the combined weights of components
A)-E) above. Such surfactants have the general formula:

CF3-(CFy)n-Y-Xu-%; where n = 0 to 20, Y = SO,-N(C;-Cjgalkyl),
X = CH9p~CH5-0 or CH(CH3)CH7-O, m = 0 to 20, and
z CH9-CH9-0H or CH(CH3)-CH4-OH.

Stabilization of the emulsion, including binder
polymer is required. Emulsion stabilization and may be
accomplished by at least partial neutralization with a
base; as is taught in above- referenced U.S. Patent No.
5,045,435. Preferably, as is taught in U.S. Patent
Application No. 08/199,037, of which this application is a
continuation-in-part, stabilization of the emulsion and
viscosity adjustment are achieved using a polyether
polyurethane associate thickener. Polyether polyurethane
“thickeners are polymers having at least two hydrophobic
segments which are the residues of hydrophobic isocyanates,
generally isocyanates having isocyanate functionality of 2
or higher, and at least one hydrophilic polyether segment
joining the hydrophobic segments by urethane linkages. The
block polymers which act as associate thickener may'take a
variety of forms including ABA, (AB),, star polymers and
the like. The polyether segments are formed from

poly(alkylene oxide) seygments, formed from monomers such as
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typically be present -at between about .06 and about 2 wt% The conposition
may be coated by any of the coating systenms known in the art for coating
sol vent - bor ne phot oi mageabl e conpositions, such as roll coating, dip
coating, spray coating or curtain coating. The conpositions of the present
I nvention are applied in a conventional manner, either as liquid
conpositions directly to a metal clad bl-afk 4 aminate or to a polyneric
‘support sheet to forma dry film After coating, the conposition is dried
to renove water and also to renove volatiles, such as anmoni a or am ne,

water, etc., propylene oxide and ethylene oxide. To be sufficiently

5 hydrophilic, generally it is necessary that at least about
3 mole percent of the. poly(alkylene oxide) segment(s) be
ethylene oxide residues. The hydrophobic portion of the
isocyanate residue is typically an alkyl, cycloalkyl or
aromatic moiety. Polyether polyurethane associate
thickeners and their function are described, for example by
A.J.M. Knoef, and H. Slingerland, "Urethane-Based Polymeric
Thickeners for Aqueous Coating Systems" JOCCA, Sept. 1992,
pp 335-338; J.H. Bieleman et al. Polymers Paint Colour '
Journal 1986, V.176(4169) pp. 450-460; and A.J. Whitton and
R.E. Van Doren Polymers Paint Colour Jdg;nal 1991,
V.181(4286) pp. 374-377. Particulafly suitable polyether
polyurethane associate thickeners and their synthesis are
described in U.S. Patent No. 4,079,028 to Emmons et al.,
the teachings of which are incorporated herein by
reference. Suitable polyether polyurethane associate
thickeners are also described in U.S. Patents Nos.
4,426,485 to Hoy et al. and 4,743,698 to Ruffner et al.,
the teaching of each of which are incorporated herein by
reference. Examples of suitable commercially available

associate thickeners are DSX1514 (Henkel) and QR708 (Rohm
and Haas).

By ﬁsing the polyether polyurethane associate
thickener, less neutralization of the binder polymer latex
is required. 1In some cases no neutralization is required.
In other cases, it is desirable to neutralize the binder up
to about 20% of the equivalent acid functionality of the
binder polymer. Typically base will be added to neutralize
at least about 2% of the acid functionality of the binder
polymer. Neutralization may be done with ammonia; primary,
secondary, or tertiary amines; or hydroxides. Preferred
neutralizing bases are hydroxy functional tertiary amines.
The addition of associate thickener in place of at lease

some of the neutralizer allows for a smoother more uniform
This is the replacement sheet
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‘t hereby rendering the solution polynmer insoluble in acidic or neutral
agqueous nedium As the photoi nageabl e conposition dries, the system

coal esces into a continuous film Drying is preferably carried out at
sonmewhat el evated tenperatures, -both to hasten renoval of the water, and to
drive off the ammonia or volatile amne. Preferably, drying is carried out
at a tenperature of about 90[err]C In foryggng a dry film a water-borne
‘conposition-is applied to flexible support sheet, e.g., polyethylene
terephthalate, and then dried to renove water and vol atiles. Subsequently,

a prOteCtlveégyﬁﬁdgftg%He improved coating quality minimizes potential
circuit board defects caused by thin spots or pin holes in
the coating. In addition, when applied by roller coating,
.the photbimageable composition with associate thickener
produces a smoother coating at lower roller compression.

Low roller compression results in extended life of the
rubber rollers.

Reducing neutralizers improves chemical resistance
of the applied and dried photoimageable composition layer.
When ammonia or amine use is reduced, odor is reduced.
Associate thickeners reduce viscosity drift of the aqueous
photoimageable composition. Even under high shear,
viscosity tends to remain stable.

In addition to components A-E listed above, minor
amounts (generally less than about 10 wt$ total based on
the weight of A-E) of conventional additives may be used,
including; antifoam agents, antioxidants, dyes, adhesion
promoters, slip aids, and other surface tension modifiers.

In a preferred method of preparing the waterborne
photoimageable composition of the present invention, those
components, such as initiators, antioxidants and dyes, most
compatible with a hydrophobic phase are admixed with the
monomer fraction to produce a monomer base and those
components most compatible with an aqueous phase with the
latex polymer, such as antifoam, neutralizer surfactant and
associate thickener, are admixed to form a polymer mix.

The hydrophobic phase and polymer mix are blended to form
an hydrophobic phase-in-water emulsion. Subsequently, high
boiling solvents, surfactants, including slip aids, surface
tension modifiers, and adhesion promoters are added.

. The final water-borne composition is generally
between about 20 and about 40 wt. percent solids. In the

This is the replacerment sheet
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pol yethyl ene, is applied to the photoi nageabl e conposition |ayer, and the
diy filmis rolled into reels. In drying the photoi mageabl e conposition
‘layer, it is found desirable in sone cases to | eave a residual water
content of between about 1 and about 2 wt. % (relative to solids of the

- 12 - photoi rageabl e conposition layer).. This residual water acts to
al  ow t he phot oi mageabl e conposition layer§o_

waterborne composition, the binder comprises between about
10 and about 30 wt%, monomers from about 3 to 20 wt%,
initiator from about 0.3 to about 10 wt%, neutralizing base
and/or thickener from about 1.5 to about 20 wt%, and
poly(siloxane(s)) at between about .02 and about 1 wt%. If
used, a fluoraliphatic oxyethylene adduct surfactant will
typically be present at between about .06 and about 2 wt%.

The composition may be coated by any of the coating
systems known in the art for coating solvent-borne
photoimageable compositions, such as roll coating, dié
coating, spray coating or curtain coating.

The compositions of the present invention are
applied in a conventional manner, either as liquid
compositions directly to a metal clad blank laminate or to
a polymeric support sheet to form a dry film. After
coating, the composition is dried to remove water and also
to remove volatiles, such as ammonia or amine, water, étc.,
thereby rendering the solution polymer insoluble in acidic
or neutral aqueous medium. As the photoimageable
composition dries, the system coalesces into a continuous
film. Drying is preferably carried out at somewhat elevated
temperatures, both to hasten removal of the water, and to
drive off the ammonia or volatile amine. Preferably,
drying is carried out at a temperature of about 90°C.

In forming a dry film, a water-borne composition is
applied to flexible support sheet, e.g., polyethylene
terephthalate, and then dried to remove water and
volatiles. Subsequently, a protective sheet, e.g.,
polyethylene, is applied to the photoimageable compoesition
layer, and the dry film is rolled into reels. In drying
the photoimageable composition layer, it is found desirable
in some cases to leave a residual water content of between

about 1 and about 2 wt. % (relative to solids of the
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conformto surface defects of a substrate, e.g., a copper- clad board, when
| am nated thereto. Processing is in a conventional nmanner. In a typical
.procedure, a photoi mageabl e conposition |ayer, either formed froma liquid
conposition or transferred as -a layer froma dry film is applied to a
copper surface of a copper-clad board. The photoi nageabl e conposition |ayer
1S exposed to actinic radiation through appgopriate artwork. Exposure to
-actinic radiation polynerizes the nononmer in the |ight-exposed areas,
resulting in a cross-linked structure that is resistant to devel oper. Next,

the photoimageable composition layer).- This residual water
acts to allow the photoimageable composition'layer to
conform to surface defects of a substrate, e.g., a copper-
clad board, when laminated thereto.

Processing is in a conventional manner. In a
typical procedure, a photoimageable composition layer,
either formed from a liquid composition or transferred as a
layer from a dry film, is applied to a copper surface of a
copper-clad board. The photoimageable composition layer is
exposed to actinic radiation through appropriate artwork.
Exposure to actinic radiation polymerizes the monomer in
the light-exposed areas, resulting in a cross-linked .
structure ‘that is resistant to developer. Next, the
composition is developed in dilute alkaline aqueous
solution, such as a 1% sodium carbonate solution. The
alkali solution causes salt formation with the carboxylic
groups of the binder polymers, rendering them soluble and
removable. After development, an etchant may be used to
remove copper from those areas where the resist was
removed, thereby forming a printed circuit. The remaining_
resist is then removed using an appropriate stripper.

Not only can waterborne primary imaging
photoresists be provided in accofdance with the invention,
but solder mask-forming compositions can be provided as
well. By solder mask is meant herein a hard, permanent
layer which meets at least the minimal requirements of the
abrasion resistance tests as defined in IPC-SM-840B, Table
12, Summary of Criteria for Qualification/Conformance
(Institute for Interconnecting Circuits). To become hard
and permanent, it is generally necessary that the
photoimageable composition be curable after exposure,
development and processing of the board, e.g., by thermal
and/or UV curing. One way to provide a post-cure is to

provide binder polymer having free -OH groups in the

This is the replacement shee!
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conposition is developed in dilute al kaline aqueous solution, such as a 1%
sodi um car bonate sol ution. The alkali solution causes salt formation with

t he carboxylic groups of the binder polymers, rendering them sol uble and
renovabl e. After devel opnent, -an etchant nmay be used to renove copper from
those areas where the resist was renoved, thereby formng a printed

circuit. The remaining resist is then renov&d using an appropriate

stripper. Not only can waterborne primary inmaging photoresists be provided
in accordance with the invention, but sol der mask-form ng conpositions can
-be provi ded asackbone that may be cured, for example, by cross-linking

with aminoplast resins, such as melamine/formaldehyde
resins and urea/formaldehyde resins. Alternatively, the
photoimageable composition may contain a compatible epoxy
resin and a curative for the epoxy resin. It is found that
water-borne photoimageable compositions in accordance with
the invention exhibit excellent shelf lives after
application to copper substrates and can remain on a
copper-clad board upwards of several days.

The invention will now be described in greater
detail by way of specific examples.

Examples 1-4

Water-borne photoimageable compositions were
formulated according to Table 1 below. Amounts are in
grams. 2.3 grams of neutralizer represents abouf 15 %
neutralization; 4.5 grams of neutralizer represents about
30% neutralization. Performance data is according to Table
2 below. "Monomer base" in Table 1 is per Table 3; all
materials being mixed together, filtered and subsequently
added to the aqueous portion.

This is the replacement sheet
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by cross-linking with

for exanpl e,
such as nel am ne/ for mal dehyde resins and

backbone that may be cured,
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found that water-borne photoi mageabl e conpositions in accordance with the
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copper-cl ad board upwards of several days. The invention will now be
described in greater detail by way of specific exanples. Exanptes 1-4
. Wat er - bor ne phot oi mageabl e conpositions were fornul ated according to Table
1 bel ew. Anmounts are in granms. 2.3 grans of neutralizer represents about 15
% neutralization; 4.5 grans of neutralizer represents about 30%
neutralization. Performance data is according,to Table 2 bel ow.
base"”, in Table 1 is per Table 3; al
filtered and subsequently
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added to the aqueous portion.
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C) between 0.1 and 25 wt % of a photoinitiator or photoinitiator chem cal
system whi ch generates free radicals; and D) between 1 and 40 wt % of a

. neutralizing base and/ or a pol yether pol yurethane associate thickener in an
anmount sufficient to stabilize an emul sion of said | atex binder polyner;
characterized in that said conposition further conppises: E) between 0.1
and 10 wt % of a m xture of cyclopoly (dinmethyksil oxanes) and pol yet her

- modi fied. poly(dinethylsiloxane) at a wei,ght fatio of between 1:9 and
' 9 o o ﬁ%g
b
o : &
g o3 '395
>
= 8 = ".Eiz'g
S o o ig
>
&
b=}
£
[o]
[3) . .
- - 2 g
4 838 38t
s
o £ o 2
€S o %55
£ 88
% V A
=2
g
8
+ 3 @5}
c:E 23 % §
zcg S = o %
2 ¢ 2 - £ &
= = o = ¢ P
: 2 g 2 2 3
e & £ 3 ¢F 0

This is the replacement shiet

05 JuL 19%



9:1, said weight percentages being based on total weight of conponents A-E
2. A phot oi rageabl e conposition in accordance with claim 1l wherein said
cycl opol y(di net hyl si | oxane) has a wei ght average nol ecul ar wei ght |ess than
1,000. 3. A photoi mageabl e conposition in accordance-w-th—etarm2 Wierein
sai d cycl opol y(di net hyl si | oxane) has a wei ght avera ht of
100 to 600. 4. A photoi mageabl e conposit< @2 accordi Eﬂl‘ﬁﬁﬂ“ﬁ rﬂm

cl ai mwherein the nodified pol y(dinethylsiloxane) h average

nol ecul ar wei ght of nore than 1000.
' CLAIMS:

1. A photdimageable composition that can be borne
in water comprising

A) between 30 and 80 wt% of a latex binder polymer
having carboxylic acid functionality which provides an acid
number of between 50 and 250;

B) between 15 and 50 wt% of a fraction of
alpha,beta-ethylenically unsaturated mbnomers;

C) between 0.1 and 25 wt% of a photoinitiator or
photoinitiator chemical system which generates free
radicals;

D) between 1 and 40 wt% of a neutralizing base
and/or a polyether polYuretpane associate thickener in an
amount sufficient to stabilize an emulsion of said latex
binder polymer; and

E) between 0.1 and 10 wt% of a poly(siloxane) or
mixture of (poly siloxanes) said weight percentages being
based on total weight of components A-E.

2. A photoimageable composition in accordance with
claim 1 wherein said poly (siloxane) is selected from
poly(dimethylsiloxane) and cyclopoly(dimethylsiloxane).

3. A photoimageable composition in accordance with
Claim 1 where said poly(siloxanes) are a mixture of

polyether modified poly(dimethylsiloxane) at a weight ratio
of between 1:9 and 9:1

4. A photoimageable composition acording to any
preceding claim dispersed in an aqueous medium.

S. A dry film comprising a polymeric support sheet
and a layer of a photoimageable composition according to
any one of claims 1 to 3 thereon.
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5. A phot oi mageabl e conposition according to claim 4 wherein the weight

average nol ecul ar wei ght of the nodified pol y(dinethylsiloxane) is from
2,000 to 500, 000. 6. A photoi nageabl e conmposition according to any

‘precedi ng claimwhich contains 20 to 40 wt.% solids. 7. A photoi mageabl e
conposition according to claim6 which comgs4 ses 10 to 30 wt.* of binder

pol ymer (A),

ABSTRACT

WATERBORNE PHOTORESISTS HAVING POLYSILOXANES

A waterborne photoimageable composition or
photoresist comprises a latex binder polymer having
sufficient carboxylic acid functionality to render it
developable in alkaline agqueous solution, a
photopolymerizeable monomer fraction, a photoinitiator

chemical system and a poly(siloxane(s)).
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43 to 20 w.% of unsaturated nmonomers <(B), 0.3 t0 lizf
*(C) 1.5 to 20 wt % of neutralizing base and/or g fb
. % of polysiloxanes (E), the percentages being ' Fi

corrp03| tion. 8. Ap WOsi tion adc@l di '\“tf ) "#“Whr#éﬁ/ i
additionally contai nmﬂlﬁmj“ﬂ m based on %ﬁ %‘tg(o Oﬁfﬁ)éil ' Bh pagsid ..

fluoroal i phatic oxyethylené alldutt ‘surfag®ant. {9 HFAFL £ i F BageONDT fos pageda.
pol ymeri c support sheet

ﬁE
) _)

—+

CLAIMS: . ..........

1. A water-borne photoimageable composition
comprising

A) between 30 and 80 wt% of a latex binder polymer
having carboxylic acid functionality which provides an acid
number of between 50 and 250;

B) between 15 and 50 wt% of a fraction of
alpha,beta-ethylenically unsaturated monomers;

C) between 0.1 and 25 wt% of a photocinitiator or
photoinitiator chemical system which generates free
radicals; and

D) between 1 and 40 wt% of a neutralizing base
and/or a polyether polyurethane associate thickener in an
amount sufficient to stabilize an emulsion of said latex
binder polymer; characterized in that said composition
further comprises: ) .

E) between 0.1 and 10 wt% of a mixture of cyclopoly
(dimethylsiloxanes) and polyether modified. -
poly(dimethylsiloxane)-at a weight ratio of between 1:9 and
9:1, said weight percentages being based on total weight of
components A-E. ) '

2. A photoimageable composition in accordance with
claim 1 wherein said cyclopoly(dimethylsiloxane) has a
weight average mqlecular weight less than 1,000.

3. A photoimageable composition in accordance with
claim 2 wherein said cyclopoly(dimethylsiloxane) has a
weight average molecular weight of 100 to 600.

4. A photoimageable composition according to any
preceding claim wherein the modified poly(dimethylsiloxane).

has a weight average molecular weight of more than 1000.

5. A photoimageable compbsition according to claim

This is the replacement sheet
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‘iand a layer of a photoi mageabl e conposition forned by applying to the sheet
a wat er - bor ne phot oi nageabl e conposition according to any precedi ng claim

e (MMM

- 25 -

4 wherein the weight average molecular weight of the'
modified poly(dimethylsiloxane) is from 2,000 to 500,000.

6. A photoimageable composition according to any
preceding claim which contains 20_to 40 wt.% solids.

7. A photoimageable composition according to claim
6 which comprises

10 to 30 wt.% of binder polymer (A),

3 to 20 wt.% of unsaturated monomers (B),

0.3 to 10 wt.$ of photoinitiator (C),

1.5 to 20 wt.% of neutralizing base and/cr
thickener (D) and ) '

0.02 to 1 wt.% of polysiloxanes (E), the
percentages being based on the total composition.

8. A phbtoimageable composition according to claim
7 which additionally contains 0.06 to 2 wt.%, based on the
total composition, of a fluorocaliphatic oxyethylene adduct
surfactant.

9. A dry film comprising a polymeric support sheet
and a layer of a photoimageable composition formed by-
applying to the sheet a water-borne photoimageable
composition according to any preceding claim.
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