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uVATERBORNE PHOTORESI STS HAVI NG BI NDERS NEUTRALI ZED W TH AM NO ACRYLATES he{
present invention is directed to photoresists, such as those used for
“torming printed circuit boards and nore particularly to waterborne
phot or esi sts. Phot oi mageabl e conposi tions useful as resists for formng
printed circuits, printing plates, solder sks or the |ike have been used
for some time now. The earliest photoresists Were sol vent-borne and

sol vent - devel opabl e. The devel opnent of aqueous-devel opabl e resists
represented an advance in reducing solvent em ssions in the i mediate

wor kpl ace and in the genervATERBORNE BHOTORESISTS tHANENG cBPRBERS in

reduci ng organic sol vent MM@& hﬁl% ég}(ﬁ@el&m.f@@ t he general

envi ronnment has spurred t CHISE ich are
. formul ated and applied as aqueous liquids. U S. patent No. 5,045,435, the
teachings of which are incorporated herein by reference, describes a

wat er bor ne phot or esi st corrp05| ti ogg‘\@/i%l%ohsfl%ﬁ\éﬁ: %ﬁa%lde éon@c:[@;féﬁsqggjeous

solution. The conp05|FP8n nono
phot0|n|t|atorswmhi&slth@seoﬁsedtéorlﬁenmnmgepnamb@&y¢axéﬂl§cP9FF€5 and

copol ymer . 1O sbAQ! b, lzé@gaf a'&ae&r?%ner opRgLoEbsibesyl scosity, this

patent teaches neut at ex po o at | east 25% with a base,
such as ammoni a, anot her am ne, ‘'or sodi um hydroxi de. I n photoi mageabl e

conposi tions, such as piRteinefbdbld).compdaitilono use s 8 resiwr®e for
ammoni a, prlnargfmlng printed circuits, printing plates, solder masks or
the like have been used for some time now. The earliest
photoresists were solvent-borne and solvent-developable.
The'deveibpment of aqueous-developable resists represented
an advance in reducing solvent emissions in the immediate
WOrkplace and in the general environment. The continued
'emphasis in reducing”ofganic 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 hereln by reference, describes a
waterborne photore51st 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 teaéhes neutralizing the latex polymer to at least
' 25% with a base, such as ammonia, another amine, or sodium

hydroxide.

In photoimageable compositions} such as described
iﬁ U.S. Patent No. 5,045,435, where ammonia, primary,
secondary or tertiary amines are used to neutralize the
carboxylic acid functionality of the binder, it is
attémpted to remove the amines during the.d:ying process.
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secondary or tertiary amnes are used to neutralize the carboxylic acid
functionality of the binder, it is attenpted to renove the am nes during
the drying process. -2- Any residual base creates trenmendous water
sensitivity. As a result, the drying wi ndow using these nmaterials is
narrow. In addition, the desired voIatiIité of .the am nes create potenti al
envi ronnment al concerns and conprom se thé& ffunmdanental reason for waterborne
coatings in the first place, i.e., non-hazardous, enission-free coatings.
Moreover, when "free amines" are used for the neutralizations, strong

" chel ate bondsAﬁgnrabiduhQrMHmbthrbh&esompemendphacUatﬁcs@Bﬂﬁ%}ﬁﬁ#tY- As

reactivity pr gﬁ'rgg‘éor g;ﬁ;‘(}:l%p:%&g% %Smﬁ%wa'&@’mﬁu%%%@%'ﬂérﬁtﬁﬁ is

retardation. nvention,” a wat erbor ne. t oi mpgeabl e

conposi ti on. coaproves Im é@dé@&@nooﬁﬁésﬁﬁﬁa¥e@oNP&Pﬁlﬂd R) et ﬁ 30
and about 80 WE&QE o't%‘i-)iall' RERIL reRimeiRta I @¢ne@ rds atidl cmmp:mmma‘e Hefteneen

about 40 and out 2 B) between about 15 and ab ut 50
al pha, bet a- et E#ne# F“@&I al Feesmy "‘??&ﬁ&%’éﬁr(’se} \)‘2G §arﬁlr¥08t
acrylates ( Dilh@bqw)x 'éS.E',d ridh-ﬂmﬂdnddu;sa mﬂsfmmtﬁmmquqﬁms;-al d bi nder

polymer A), C) between a o Ut f oinitiator or

phot.oi ni ti at of OFFEYEEFal “ §’t e 2%‘ ég%era ree rad% s, D) between

about 0.1 andnahdualiCattid%ns, aatmm@dtﬁlsdtﬁ @0319‘1561533&1'!) also form with
the copper surface, resulting in reactivity problems

developing residues and, subsequently, etch retardation.

In accordance with the invention, a waterborne
photoimageable compésition_comprises an aqueous composition
containing. A) between about 30 and about 80 wt% of a latex
binder polymer having an acid number of between about 40
and about 250 B) between about 15 and about 50 wt% of
alpha,beta-ethylenlcally unsaturated monomer(s), exclusive
of aminO'acryiates ( D) below) used to neutralize acid
functionality of said binder polymer A), C) between about
0.1 and about 25 wt$% of a photoinitiator or photoinitiator
chemical system which generates free radicals, D) between
about 0.1 and about 20 wt% of an aminoacrylate so as to
neutralize between about 1 and about 40 mole percent of
the acid functionality of the latex binder polymer; and E)
up to about 40 wt% of an additional neutralizing base
and/or polyether polyurethane associate thickener in
amounté sufficient to stabilize the photoimageable
composition as an aqueous emulsion, 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. Sufficient acid functional monomers are used to
provide the acid number of between about 40. and about 250,
preferably at least about 80. A typical emulsion



neutralize between about 1 and about 40 nole percent of the acid
functionality of the |atex binder polyner; and E) up to about 40 wt % of an
addi tional neutralizing base and/or pol yet her pol yurethane associ ate

t hi ckener in anmounts sufficient to stabilize the photoi nageabl e conposition

as an aqueous enul sion, the weight percentages being based on total weight
of conponents A-E. " Latex binder polyners useful in the photoi nrageabl e
conposition of the present invention are typically prepared by emul sion

pol yneri zati on of al pha, beta-unsaturated nononers. Sufficient. agi L
functional nopoinmerizetisn preqadiel@nchEoRS @ & bgé‘l"vﬁeag# about 40

and about 250 ¢ e éﬂbla)iéatfduﬁféﬁtirﬁbﬂls. 8Qteht Woi.cd, %90y B the - 3-
pol ymeri zati on procedur

) e and sqne exanples of .suitable e L oSy found
in U S PateniteRshingp ey phiq @I'Eeea‘g}r)ﬁ"rfé’?r@ft ithcerfeé'rne | i%r por%%%‘d
herein by reference. The remaining acid functionality of the binder polyner
may- be provi ded by nmoponers havin g agfe kRerbigeed [err]
[err] and [err] mhergﬁﬁ FSWanfggkéggdwggﬁFg??%g?gu p?f]kalggﬁenqé [err]
i's an al kyl engaiymem ey | Emexroided the fqRers haHag Hhe general *

. formulae:

CHo=CR}-CO0-R2-0-803H, CH,=CR!-CONH-R2-0-SO3H, CH,=CR1-
COOH, CHp=R1-CO0-R2-00C-R3-COOH, CH,=CR!-C00-R?-0-PO3H,,
CHy=CR!-CONH-R2-0-PO3H,, and CHy=CR-CO-NH-( R%)4-COOH,
wherein Rl is H or Me, R? is Cy1-Cg alkylene, R3 is an C;-Cg
alkylene or a phenylene group, the RYs are the same or
different and are selected from CH, and CHOH, and g = 1 to
6. ' _

Some specific examples of suitable acid functional
monomers are acrylic acid, methacrylic acid, maleic acid,
fumaric acid, citraconic acid, 2methylpropane sulfonic
acid, 2-propenoic acid, 2-methy;—2-su1foethy1 ester, 2-
hydfoxyéthyl acrylolyl phosphate, 2-hydroxypropyl acrylol
phosphate, 2hydroxyalpha-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, 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-242-di(p-hydroxyphenyl)-
propane dimethacrylate, triethylene glycol dimethacrylate,



aifferent and are selected fromJ[err] and CHOH, and q = 1 to 6. Sone
speci fic exanpl es of suitable acid functional nononers are acrylic acid,
et hacrylic acid, maleic acid, fumaric acid, citraconic acid,
2met hyl propane sul fonic acid, 2-propenoic acid, 2-nethyl-2-sulfoethyl
ester, 2- hydroxyethyl acrylolyl phosphate,  2-hydroxypropyl -acryl ol
phosphat e, 2hydroxyal pha-acryl oyl phosphafe?-étc. One or nore of such acid
functi onal nononers may be used to formthe binder polyner. The acid
_ functional nononmers may be copol ynerized with non-acid functional nononers,
such as est er spolyezrypropyatrimethyglodxprppenentrhgbryieayeat ethydeng
-met hacryl at e, y e, | 8 fethabHyiatey! ate,
2- et hoxy ethyI8¥g§ﬁgc?$#§¥é?e?§%é?§r ggg%?g?g?g??géxpentgnedio diaérylate,
ethyl ene gl ycol.draeppprasdiol, dimptbpanydnse  dPuty}raLedlyECInet hyl ene
glycol diacryldimetAgesyrhbyl ene3gpyephndiiBlihachethberylateqyal,@haanedi ol
di acryl ate, Ztg- dlnﬁth§h0| grog ne dhaﬁryl tg, g%%cerg Q|chxlate,
tripropyl ene gPYEBNeEFLRLyFELRE 8?968 BFCrr Padr §riremesny -1,
di (p- hydr oxyphpestanpdbpandisetchabaylaket epentaerghensodl ycol diacryl-ate,
oY Oxy eIy | ZEFiflbERABKIASLURNINKhLayR! QRADECALT | HaRTKeENRery It | Ne
gl ycol dinethacrylate,. -4- "pol oxygropy rimethyl ol propane”triacryl ate,
et hyl ene pentaerythritol tetramethacrylate, trimet ylol propane
trimethacrylete, ljs—penpanediol dimethacrylate, and 1,4-
benzenediol 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
pDifferential Scanning Calorimetry (DSC) € 20°C/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) using a polystyrene
standard.

At least about 1 mole percent of the acid
functionality of the binder poiymer is neutralized with an
~amino acrylate. Total neutralization of the binder polymer
is between about 1 and about 40 mole percent of the binder
polymer acid functionality. Preferably, all of the acid

functionality is by amino acrylates; however, the
neutralization may be accomplished with-a combination of
amino acrylate(s) and another base, such as ammonia or a
primery, secondary or tertiary amine. Amino acrylate
useful in the invention have the general formula:



gl ycol dinmethacryl ate, butylene glycol dinethacrylate, 1, 3-propanedi ol

di net hacryl ate, butylene glycol dinethacrylate, 1, 3-propanedi ol

di net hacryl ate, 1,2,4- butanetriol trinmethacrylate, 2,2,4-trinethyl-1, 3-
pent anedi ol di nethacryl ate, pentaerythritol trimethacrylate, 1-phenyl

et hyl ene- 1, 2-di net hacryl ate, pentaerythritol tetranethacrylate, trinethylo
propane trinethacrylate, 1,5-pentanediol difret hacrylate, and 1, 4-
benzenedi ol di nethacryl ate; styrene and substituted styrene, such as
2-nmethyl styrene and vinyl toluene and vinyl esters, such as vinyl acrylate
and vi nyl nethacrylatA-KeBpC@vCReCHQe,dwhEred acid nunber. To help ensure
Ll iNe Phot of Mgeabe CREROSkheER thelMbAGke! TRGCEMNE, o, @iftintnd ana
tack-free state, the §lass ®ransition tenperature t ex blnder
pol ymer is preferably at B@Esﬁed§G$?d6@F@mrF:aélﬁ§é§up€dbﬁ?nﬁmﬁgk

Scanni ng Cal orinmetry (DSG1¥aréd] nep-checysl ﬂ@&iﬁ md\eaghaneserage
nol ecul ar wei ght (Md) of hetween ab ut 00 ggg ut, 200, 000 ed by
gel perneation chronmat ogrBpRRYY %) Lus?‘hgajae‘ Ty %ﬁfe e %?gn%ﬁ #east

‘about 1 nol e percent of tﬁmphmhﬂlfmmociemgj|mqn@forrimbahhml-9@b§ﬁéﬁutgd
neutralized with an an1nqq§éﬁ%ﬁg% Total neutralization of the binder

pol ynmer 'i s between about but 40 nol e percent of the binder polyner
acid functionality. Preferably, all of the @€id functionality is by am no

acryl ates; however, the NQUiyideradin) mmob@h@qcmml insfpatotiiido A N-
conbi nation of

thiazino, Nethyleneimino, or N-propyleneimino.
O, S or N2, (or nothing when X is (CyuHop-0O)p)-
linear or branched C;-C;g alkanes, Cg-Cjo

B
X

cyclic or bicyclic alkanes, phenyl or C;-C4
alkyl-substituted phenyl, naphthyl or C;-C4
mono or di alkyl-substituted naphthyl, or
(CpuHom-0)p Wwhere m = 1-4 and n = 1-20.

R = H or C;-Cg alkyl.

Preferred amino acryiates are tertiary amino-
acrylates. Some suitable aminoacrylates include, but are
not limited to N,N-diethylaminoethyl acrylate, N,N-
dimethylaminoethyl methacrylate, N,N-diﬁethylaminopropyl
methacrylate, N,N-dimethylaminopropyl acrylate, and N,N-
dimethylaminoethyl acrylate.

'Unlike amines heretofore used to neutralize binder
polymer, the amino acrylate becomes a permanent part of the
resist and is not removed during drying. Water sensitivity
is avoided because the acrylate portion oflthe molecule
polymerizes with other monomers B), rendering the amino
acrylate molecules insoluble.

One surprising result of the use of amino acrylates
was élimination of developing residues and etch
retardation. Either the chelate bond strength has been
reduced with the amino acrylate(s) or the material in the



am no acryl ate(s) and anot her base, such as ammonia or a primary, secondary
or tertiary amne. Amno acrylate useful in the invention have the general
formul a: -5- Jerr] , where A = NZ2 where the Z's are the sane or
different and are selected fromH, l|inear or branched [err] al kanes, C6-C12
cyclic or bicyclic al kanes, phenyl or [err]_al kyl- substituted phenyl, or
napht hyl or [err] nono or di aIkyl-substlTLﬁed_naphthyI, or A=

N- pi peri di no, N—norpholino, N—picolino N- thiazino, Nethyleneimno, or

N- pr opyl enei m no. 0, S or (or nothing when X is [err].-X = linear or
br anched [err]umé*pmsed fesi#tcyslmcrars@ﬂw@tﬁ|nnatk@n©evebh9hvg or [err]

al kyl - SUbStltngf%Pﬁﬁﬁ napht hyl or [err] nono or di al kyl-substituted
napht hyl , or ere m= 1-4 and n = 1-20. R= Hor [err] alKkyl.
Preferred amino acrylates are tertiary am no- acrylates. Sonme suitable

am noacryl ates i ncl ud@n&%ﬁhamtdgeﬂamew@de dised lnf amimeet hyl

acrylate, NN, oL 0PLINL ) "PE" PYL e OB SESENEL Ce sl & FRENULBELARR" €RNE
is halved in several systems. The amino group appears to
be an efficient proton source during the photocure. Faster
exposure times mean more boards processed per hour. 1In
addition, faster photospeed may éllow for the removal of
relatively expensive photolnltlators, thereby reducing
overall cost.

Another benefit of amino acrylate use is
coatability. The amino acrylate has the effect in the
waterborne environment of reducing micelle size and
consequently reducing viscosity. Reducing viscosity means
that less water need be added; accordingly higher solids
levels, i.e., up to about 60 perceht solids, have been
achieved. As a generai fule, materials have better
coatability than materials with'lower solids. Also drying
times are reduced. In addition, materials with higher
solids allow for thicker coatings which minimize_pin holing
and other coating defects related to thickness.

Another unexpected benefit of amino acrylate use is
reduction of the tackiness of the dried resist surface.
Addition of acrylate monomers génerally has the opposite
effect, Because the phototool is in intimate contact with
the photoresist surface during éxposure,-the surface must
be tack-free or the phototool will be damaged.

'Another unexpected advantage is rapid stripping
time, stripping up to three times faster being achieved.

To produce the image, this negative-acting
photoimageable composition contains photopolymerizeable



met hacryl ate, N, N-di net hyl am nopropyl acrylate, and N, N di net hyl am noet hyl
acrylate. Unlike am nes heretofore used to neutralize binder polyner, the
am no acryl ate becones a permanent part of the resist and is not renoved
during drying. Water sensitivity is avoided because the acrylate portion of
the nol ecul e polynerizes with other nonomers B), rendering the am no

acryl ate nol ecul es insoluble. One surpristnf Tesult of the use of anino
acrylates was elimnation of devel opi ng residues and etch retardati on.
Ei t her the chelate bond strength has been reduced with the am no

acr %flhat 3( s) | ormdx{tﬁné@é teiﬁ aéddm%ine to dtxﬁe tmm@%eﬂylﬁs‘%zs )i Spalgtécpbanwe
in the devel op ution ot her van eved by use; 9 ﬁiﬂﬁ a
acryl at es(s) %ighﬁ; T Egﬁﬁipl?? %9?? f

sever al systeweubé%enf&ahoPQInn@na@bemmktiffmmctmpnﬁl|mmemmep$0toﬁsgéulce
hour 1 addi afoRdre BHCEIAFTRASLER LLEERI TRRR,ID faBalte  topRpERSSCA pet

hour. I n addition; faster e renoval of
relatively exmmnnemem¢iwm¢n$t|a?®¥§lct tyysuttaklagnenengrs ipsiude
Anot her benefig ﬁﬂé‘&é&é)['ﬁéfyh?é hén6REEADI bakN. adheceFhaengtenkat e
has the EffECtgi§Eol diacrylate (TEGDA), trimethylol propane triacrylate
(TMPTA)., butanediol dimethacrylate (BDDMA) and
. pentaerythritol triacrylate (PETA). The monomexr fraction
may include both water-soluble and water-insoluble
monomers; however, the monomer fractien should contain a
sufficiently high proportion of water-insoluble
monomers (having solubilities in water at 20°C below about
0.3 g/100ml), e.g., above about 20 mole percent, so that

the monomer fraction, as a hhole, 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,
benzophenohes and related compounds with amines. Preferred
initiators are thioxanthones, e.g., 2-isopropyl
thioxanthones, particularly in conjunction with an amine.

Preferably, the waterborne photoimageable
compositions include a poly(siloxane) selected from the
group consisting of cyclo poly(dimethylsiloxanes),
polyether modified poly(dimethylsilokanes),
poly(dimethylsiloxanes) and mixtures thereof, cyclo
poly(dimethylsiloxanes) and polyether modified
poly(dimethyléiloxanes) being preferred. The
poly(31loxane)(s) are used at a level of between about 0.1
and about 10 wt$% relative to components A)-D). Most
preferably, the poly(siloxane) fraction is a mixture of

cyclo poly(dimethylsiloxanes)'and polyether modified



wat er bor ne environnent of reducing nicelle size and consequently reducing
viscosity. Reducing viscosity neans that | ess water need be added;
accordingly higher solids levels, i.e., up to about 60 percent solids, have
been achieved. As a general rule, materials have better coatability than
materials with lower solids. Also drying tinges are reduced. |n addition,
materials with higher solids allow for thicKer coatings which mninze pin
holing and other coating defects related to thickness. Another unexpected
benefit of am no acrylate use is reduction of the tackiness of the dried
resi st surf ace poAgdidimethyfl sddropames Jrarto me we ighte raitiip iofs heteesip Ahawt
effect. Because tjhe Olg ¢S 1 R4 NLJ ' j PRe! St
TS W0, | el UlaliBIS G A W bt T

surface during™é e ‘surface e tack-free ort%ra hot qt ool
wi |l be damage@oxrtvisich@4-urdHsie sthdfhadiiardna 0320 mixtyrs 9 pﬂﬁg"?"i ,
stripping up taddified igBYy (Enetihyls NGaGYsY ehd tydlicoduce the i mage,

t hi.s negative-actl ng, photoi_mageabl e conpqsi tion_cont.ains
phot opol yner i z&?&iye(%’-me-t ylrﬂ)‘ﬁ'tﬂ??f’éeqh ag%ﬁ ip(?ﬁ‘yf((?’tlr?é&annels %%lfgllta% e(s),
particul arly alpieariide & atduit-iesldurfiacest Westiombien dinsr contattidi ng -a

substantial porti.on.Qf nulti-functional nmononers. Useful nononers include
those, listed éﬁﬁsg?gﬁ%bd to formthe binder polyners. Particularly
sui tabl e noneoners incl ude -

Useful poly(dimethylsiloxanes) have the general
formula (CH3)3~-[Si(Me)-0]n~Si(CH3)3 where n is 0-4,000.

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

‘Polyether Modified poly(dimethylsiloxanes) have the

general formula;

CH3 TH3
Si——O0+—Si(CH3)3

R’ CH3 v

©

(CH3)3Si-0——Si

R Ix
b -

where n = 0 to 1500, x = 1 to 2,000, y = 1 to 2000, R = H

or CHj _
R’ = (CH2)0_5 and the groups subscripted x and y are in



mul tifunctional acrylic nononmers, such as tetraethylene glycol diacrylate
(TEGDA), trimethylol propane triacrylate (TMPTA), butanedi ol dinethacrylate
¢BDDMA) and pentaerythritol triacrylate (PETA). The nononer fraction nmay

i ncl ude both wat er-sol ubl e and wat er-i nsol ubl e nononers; however, the
mononer fraction should contain a sufficiently high proportion of

wat er - i nsol ubl e mononers(having solubilitTesS Tn water at 20[err] bel ow
about 0.3 g/100m ), e.g., above about 20 nole percent, so that the nononer
‘fraction, as a whole, is-insoluble in water. To initiate polynerization of
t he nmononers upordempesder.to actinic radi ati on, the photoi nageabl e
conposition contains an appropriate photoinitiator(s) or photoinitiator
chem cal system Suitable photoinitiators include benzoin ethers, benzi
ketal s, acet ophenonesMOB&EIdfie WSS ton @ L &her P LIEBIIAFANIA ) M TR
Preferred initowdPrs v&eytBréx@ntinges, Eoy.moletcshr opyly(sidaaanke)emay

ticularly i t. i th I ne. _Preferabl
Phot of mgeabl ARERPEEIERbrav PR PRt LORRIeT rFLThRe) Lo b, LRbFERS) BE.
group consi stirangé; cybgb polec¢uiart byly(sbkaxasys) poaychave wedghted -
pol y(di met hyl Saﬁ%%gé%l&e&#ﬂ'asiggkélg XeRes) @hd ELx580580bNAkehnge.
cycl.o pol y(di met hyTsr | oxanés) and pol yether nodified -
pol y(di net hyl si | oxanes) being preferred. The pol y(sil oxane)(s) are used at

a level of between abage Qrak e Mdraft0 Hhotldita'§ead 1@ icsmgasiaggpnent s A) - D).
\bst preferablgfeéggagf§y£gé£8éggeg s&% ;éggnéswﬁighxigrg'giuoroaliphatic
oxyethylene adduct at a level of between about 0.5 and
about 3.0 wt$% based upon the combined weights of components

A)-D) above. Such surfactants have the general formula:

CF3-(CFy)n-Y-Xp-%2; where n = 0 to 20, Y = S05-N(C;-
Cjpalkyl), X = CHp-CHy-0 or CH(CH3)CHy-O, m = 0 to 20, and
Z = CHp-CHy-OH or CH(CH3)-CH,-OH.

Stabilization of the emulsion is provided, at
least, in part, by the neutralization of the acid
functional moieties of the binder polymer. As is taught in
U.S. Patent Application No. 08/199,037, of which this
application is a continuationéin-part, stabilization of the
emulsion and viscosity adjustment may be assisted using a
polyether polyurethane associate thickener. Polyether
polyurethane thickeners are polymers having at least two
hydrophobic segments which are the residues of hydrophobic
isocyanates, genefally 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) segments,
formed from monomers such as propylene oxide and ethylene
oxide. To be sufficiently hydrophilic, generally it is



byclo pol y(di met hyl si | oxanes) and pol yet her nodifi ed - 8-
pol y(di net hyl sil oxanes) at a weight ratio of between about 1:9 and about
9:1. An exanple of such a mxture is Dow Corning Q4- 3667 which is an 80: 20
m xture of -pol yether nodified poly(dinethylsiloxanes) and cycl o
pol y(di net hyl si I oxanes). The poly(siloxaqué hFIp to provide a tack-free

u

~ surface, desirable for contact printing. pol y(di net hyl si | oxanes)
have the general fornula [err] where n is 0-4,000. Cyclo

pol y(di net hyl si | oxanes) have the general formula [err] where_ n is 3 to 60.

Pol yet her Modirfecess spaty (thatetdty | bd six akant r\hmkm@eﬁ?@mm# oFliI a: [err]

[err] [err] ‘“ﬁ%l}@]ﬁflé& 150e X sodmddt Z PO ethyled® G Fesidhes.

[err] R=Jer n e groups subscripted x and y are in , .- 9:

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-Based1Polymeric 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 Polvmers Paint Colour Journal 1991, V.181(4286)
pp. 374-377. Particularly 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 teaehing of each of which
are incorperated herein by reference. Examples of suitable
comhercially available associate thickeners are DSX1514
(Henkel) and QR708 (Rohm and Haas). When used, associate
thickeners are used at levels of between about 1 and about
40 relative to the total weight of components A)-E) (the

associate thickener comprising all or part of component E).

By hsing the polyefher polyurethane aesociate
thickener, less neutralization of the binder polymer latex
is generally required.

In addition to the components 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
pfomoters, slip aids, and other surface tension mgdifiers.

In a preferred method of preparing the waterborne



random order. Ml ecul ar wei ghts of the poly(siloxanes) may vary over a very
broad range. Low nol ecul ar pol y(sil oxanes) nay have wei ght average

pol ecul ar weights in the 100-600 Mwv range; high nol ecul ar pol y(sil oxanes)
may have wei ght average nol ecul ar weights in the 2,000 to 500, 000 Mwv range.
The wat er bor ne phot oi mageabl e conposition preferably includes a surfactant
which is a fluoroaliphatic oxyethyl ene addddt “at a level of between about
0.5 and about 3.0 wt % based upon the conbi ned wei ghts of conponents A)-D)
above. Such surfactants have the general formula: [err]; where n = 0 to 20,
Y =b[ Ierr] [er lﬂh}p%ﬁﬁa[g@a{ﬂle)rcdnqrdditﬂnmdf ttanelz@xemuhtz inviesvsiony thosg
Stabilization of the enulsion is prav. at : 4 ’ e
neutral i zat i or?-og'lpqnﬁé’%fdi (f“fc[g'h&s’l &?é%l%g:%eﬁsl’esa ng:?%tsﬁg a.?\lt%éatrn dpo_ érfé\;'r s
taught in U. ScoRpagitbleppiiithata dyduephedirophese agle wdmixadwitdphdtheat i on
s a continuatioRudk Aot SPtid IARIduWe & rdibnibes Akl sHawwsi ty

adj ust nrent may be aSS|steé:u3|ng a palyet her pol yuret hane ,associ

t
t hi ckener. PolcpTmeRenid Wassh rampatiklis yerth 4% agneans PHARA r’(b"%-?ﬁa the st
two hydr ophobilg te80 Bliymet) Gudh @ad htifoaiie heat aldraeh chixtf a sty rands,

general ly isocyanat.es hgvi,ng i socyanate funct aldt ¢§> L ghgr, and
at east one RFRSHAES ?‘b‘éﬁﬂ% %egrﬁa%l’jetﬁ (rglcl%ngfci%éo‘%] r%}%’i)i C segments
by urethane | iTheadnsiroptolioghass \amst palymer aix aradlandad i ExBher
may take a Va@ﬁ“ﬁ&dﬁoﬂﬂﬁﬂ?ﬁ'ﬂﬂaéguiﬂlwater emulsion. Subsequently, high

boiling solvents, surfactants, including slip aids, surface
tension modifiers, and adhesion promoters are added.

. The final waterborne composition is generally
between about 20 and about 40 wt. percent solids. In the
waterborne composition, the binder polymér (exclusive of
amino acrylate(s)) comprises between about 10 and about 30
wt%, amino acrylates from about 0.05 to about 10 wt%, .
additional monomers from about 3 to 20 wt%, initiator from
about 0.3'to about 10 wt%.

Poly(siloxane(s)), when used, are typically used at
between about .02 and about 1 wt% of the emulsified
waterborne composition. If used, a fluoroaliphatic
oxyethylene adduct surfactant will typically be present at
between about .06 and about 2 wt% of the emulsified
waterborne composition. Associate thickeners typigally
comprise between about 0.5 and about 20 wt% of the
emulsified waterborne phqtoimageable composition.

The composition may be coated by any of the qqating
systems known in the art for coating solvent-borne
phofoimageable 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



ABA, [err] star polyners and the like. The pol yether segnents are forned
from pol y(al kyl ene oxi de) segnents, fornmed from nononers such as propyl ene
oxi de and ethyl ene oxide. To be sufficiently hydrophilic, generally it is
-. 10 - necessary that at |east about 3 nole percent of the poly(al kyl ene
oxi de) segnent(s) be ethyl ene oxide residues. The hydrophobic portion of
the i socyanate residue is typically an alkyl2 <€ycl oal kyl or aromatic

moi ety. Pol yet her pol yurethane associ ate thickeners and their function are
descri bed, for exanple by A.J.M Knoef, and H Slingerland, "Urethane-Based

Pol yneric Thic . f0 cwgg%gﬁ | lad @Xdhk SERMind 0820rpP
335-338; J.H ,_lél, e%%aé]l%r%éb\a . Po %%r%aﬁ?é%or?]bfr} Jour pal 93 orrRe

! 1986
V. 176(4169) p DISLFMESOLC SRPPOTE Sieet obP FRIR & ANt BHRen ggF?ﬁers Pai nt
Col our Jour nalcdf@ilng V- 418d (4o s PPios 78s ddiedatsd | cetove ywaterabhd also

pol yet her pol yuret hane asspciaje thickeners_and thelr es) e .
-described in G%.r%?%%tv‘f\g?tﬂi,%sig,% t?d° E?H%B?c:%l%térél 5’?@{‘%(9 %’égg fn‘gais:?of
whi ch are i ncotlpsretvpdrémderindythef sokbution polymeée pasgiuhde Bl §6LdiRane
associate thic ! I Ny L), R sabfed26, 485 to
Hoy et al. andggﬁg%gfgég ?%éﬁaggﬁgé&gﬁﬂél.%éi eetgggﬁéﬁgggfaeagh of whi ch
are i ncor por ateempes bt onydries, chhe . SYSEaP| €2 beSCef( IRFR BoRRBFLPUPHT

avail abl e assogj phe bhyLkgnes sppetelSipldarried 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 driéd to remove water and
volatiles. Subsequently, a protective sheet, e.g.,
polyethylene, is applied to the photoimageable composition
layer, and the dry film is rolled into reelsf 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
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 ox 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 a;twork.
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



~(Henkel ) and QR708 (Rohm and Haas). Wen used, associ ate thickeners are
used at |evels of between about 1 and about 40 relative to the total weight
of conponents A)-E) (the associate thickener conprising all or part of
conponent E). By using the polyether polyurethane associate thickener, .|ess
neutralization of the binder polynmer latex is generally required. In
addition to the conmponents |isted above, #ikbr=anounts (generally |ess 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, slig, 15’150 angh of heg surd %i@ﬂ%ﬁbdﬁ&itélﬁMtima pThéer r ed
met hod of preparl P e wat er bor ne eabl e LOP tég ifg
present inventddlk RREEPHITRMILE & 'ﬁ g%”?%f’t?‘ét%’r% %I oxﬂa s

]Eiyest n‘os'; corges du;k& &:wtﬂﬂeabm&nm@bymemaseerex‘mbnRMﬂ\tAﬁ@hubzg Eﬁﬂomar
raction to produce .a mono e p&0ABadi bbe
with an aqueoReHNAR epaé%ééf%'%&?réef &guc as anﬁoam neutral i zer
sur f act ant amiemnleemppehlﬁk@methoaﬁeaéﬁ%$X€%e¥% e Fash8FyR? nix. The

hydr ophobi ¢ p ‘f’é@ rrfesnﬁiﬁ b!a epeeRté@ éprdued. hyvhepbeinatning
phase-in-water enu

uentl , h boi | i ol vent égactants
‘including sliprestst %%r?%@% F%HQY%ﬂ Hﬁﬂ? |%?sapaﬁgp ﬁé ﬁrbignnters are
added. The final waterborne conposition is generally
Not only can waterborne primary imaging

photoresists be provided in accordance 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 beard, 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
backbone 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.



bet ween about 20 and about 40 wt. percent solids. In the waterborne
conposition, the binder polyner (exclusive of amno acrylate(s)) conprises
. between about 10 and about 30 wt % anmi no acrylates from about 0.05 to about
10 wt % additional nmononers fromabout 3 to 20 w% initiator from about
0.3 to about 10 wt % Pol y(sil oxane(s)), when used, are typically used at
bet ween about .02 and about 1 wt % of the endfsified water borne conposi tion.
| f -used, a fluoroaliphatic oxyethyl ene adduct surfactant will typically be
present at between about .06 and about 2 wt % of the enulsified waterborne
conposi tion. Associate thickeners typically conprise between about 0.5 and
about 20 wt % of the enul sified waterborne photoi mrageabl e conposition. The
conposition nmay be coated by any of the coating systens known in the art
for coating sol vent-borne photoi nageabl e conpositions, such as rol
coating, dip coating, spray coating or g*&hghg goating. The conpositions of
the present invention are applied in a conventional manner, either as
l'iquid - 12 - conpositions directly to a netal clad blank |lam nate or to
a polyneric support sheet to forma dry film After coating, the _
compost 1 g‘r’”a'nfngf' ﬁgtg a}{egf“zg&fné“’aéﬁétéfﬁaé‘éasﬁé oy e Yon 4L es: such as
formulated according to Table 1 below. 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, Table 4 is
processing conditions for preparing a printed circuit
board. Formulatidns 1 and 4 are in accordance with the
invention; formulations 2 and 3 are comparative.



t hereby rendering the solution polyner insoluble in acidic or neutral
aqueous nedium As the photoi nageabl e conposition dries, the system

¢oal esces into a continuous film Drying is preferably carried out at
sonewhat el evated tenperatures, both to hasten renoval of the water, and to
drive off the ammonia or volatile am ne. Preferably, drying is carried out
at a tenperature of about 90[err]. In formng a dry film a water-borne
conposition is applied to-flexible suppor{ sheet, e.g., polyethylene
terephthalate, and then dried to renove water and vol atil es. Subsequently,
a protective sheet, e.g., polyethylene, is applied to the photoi nageabl e
conposition layer, and the dry filmis rolled into reels. In drying the
phot oi mageabl e conposition layer, it is found desirable in some cases to

| eave a residual water content of between .about 1 and about 2 w. %
(relative to solids pf thephotgi mgeable gonpoQ tgon hayer). This residual
wat er acts to al] ow_he h(g oi nggeagl e gPnEosstipng aygs to conformto
surface def ect sapf substrate, “e.g., awoppem- clad board, whew | g nated
thereto. Processing is in a conventional manner. In a typical procedure, a
phot oi mageabl e- conposition | ayer, eit hero formed froma liquid c&‘r'pousi tion

or transferred as ad ayes fgoma dr filn o snappl ced tw a copp& rface
of a copper-cl agd bogld. Zhes phogoi mageald e co8pasi ti on $ayer i s ®expPsed to
actinic radi ati’nh t i ough appropriate artwork® Exposure to actimic ©

radi ati on pol ynerizes the nononer in the |ight-exposed areas, r SSuldi ng in
a cross-1|inked ° L hoB
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structure that is resistant to devel oper. Next, the conposition is
- devel oped in,dilute al kaline aqueous -13- solution, such as a 1% sodi um
¢arbonate solution. The alkali solution causes salt formation with the
carboxylic groups of the binder polyners, rendering them sol uble and
renovabl e. After devel opnent, an etchant may be used to renove copper from
t hose areas where the resist was renoved, thereby forning a printed
circuit. The remaining resist is then rekBvad using an appropriate
stripper. Not only can waterborne primary inmagi ng photoresists be provided
~in accordance with the invention, but solder mask- form ng conpositions can
be provided as well. By solder mask is neant herein a hard, permanent | ayer
whi ch neets at |east the mnimal requirenments of the abrasion resistance
tests as defined in | PCSM 840B, Table 12, Sunmary of Criteria for
Qual i fication/ Conformance (Institute for Interconnecting Circuits). To
becone hard and permanent, it is generally necessary that the :
phot oi mageabl e conposition be curable after exposure, devel opment and
processing of the board, e.g., by thermal and/or UV curing. One way to.
provide a post-cure is to provide binder polynmer having free -OH groups in

t he backbone that may be cured, fqg exanple, b cggs%tlinking wth
am nopl ast resins, such as mglaniqg/fongaldehy E 2
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resins and urea/formal dehyde resins. Alternatively, the photoi mageabl e
conposi tion nay contain a conpatible epoxy resin and a curative for the
époxy resin. It is found that water-borne photoi nageabl e conpositions in
accordance with the invention exhibit excellent shelf lives after
application to copper substrates and can remain on a copper-clad board
upwar ds of several days. The invention will now be described in greater
detail by way of specific exanples. < 3714 - Exanple 1 Waterborne

phot oi mageabl e conpositions were fornul ated according to Table 1 bel ow.
Performance data is according to Table 2 bel ow. "Mnoner base" in-Table 1
is per Table 3; all materials being m xed together, filtered and
subsequent |y added to the aqueous portion. Table 4 is processing conditions
for preparing a printe ggrcuit board. Formulations 1 and 4 are in

accordance with the invmli one folgruBat@ ogs & and3 are conparative. -
15 - [err] 2 . . .
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- 16 - [err] - 17 - [err] - 18 - PROCESSI NG CONDI TI ONS Coati ng -
Burkle (single sided) Roller Coater, 22 threads per inch Substrate - Copper
€l ad Exposure - HWVORC, nodel 301 B, diazo art work Devel opnent - 1%

sodi um car bonat e nonohydrate, 85[err], 2x breakpoint Etching - 3 nornma

. cupric chloride, 140[err], 1.3 x mininmumetch Stripping - 3% sodi um
hydr oxi de, 130[ err] PERFORMANCE EXPLANATILON@/iscosity - neasured on a
Brookfield visconeter initially and after -one week at 70[err] Emul sion
Stability - Stability was rated based on the overall uniformty of the

' acquer m Xt UTghoCESSING CONDITIONS

" Coating - Burkle (single sided) Roller Coater, 22 threads
per inch
Substrate -~ Copper Clad o
Exposure - HMW ORC, model 301 B, diazo art work
Development - 1% sodium carbonate monohydrate, 85° F, 2x
.breakpoint
Etching - 3 normal cupric chloride, 140° F, 1.3 x minimum
etch : ’
Stripping - 3% sodium hydroxide, 130° F

PERFORMANCE EXPLANATION

Viscosity - measured on a Brookfield viscometer initially
and after one week at 70° F
Emulsion Stability - Stability was rated based on the
overall uniformity of the lacquer mixture
Alkaline Resistance - the resistance was measured after
alkaline etch at pH 9.2 '
Coating Defects - the number of coating voids (thin spots)
were counted after roller coating
Coating Uniformity - the uniformity was observed
immediately after coating _
Photospeed - using a Stouffer 21 step to measure the last
remaining step (each step varies by 1/2)

(Note: a higher step would indicate a higher
degree of polymerization) |
Staining - observation of the level staining on the copper
surface after development



Al kal i ne Resistance - the resistance was neasured after al kaline etch at pH
9.2 Coating Defects - the nunber of coating voids (thin spots) were counted
after roller coating Coating Uniformity - the uniformity was observed '
i mmedi ately after coating Photospeed - using a Stouffer 21 step to neasure
the last remaining step (each step varies by 1/2) (Note: a higher step
woul d i ndicate a higher degree of polyneriLzgyion) Staining - observation of
.the level staining on the copper surface after devel opnent: - 19 -

CLAI MS: 1. A photoi mageabl e conposition capabl e of being borne as an

enul sion in a us medi um conprising A) between 30 and 80 w % of a

| at-ex bi nder B%ﬁg#@thaving an aci d nunber of between 40 and 250, B)

bet ween 15 and 50 wt % of al pha, bet a- ethylenically unsat ur at ed nononer(s),

excl usive of anino acnyl atge $hothoil @1%?0\9{( % g? tg;}_t C%ékb&e# at or

or photoinitiator chem cal s stem ener ree r ween
0.1 and 20 mx@P%ﬁ“%ﬂa%n?ﬂo%BV§¥é?%(§? ap aque°us medlum COmPrlSlng

A) between 30 and 80 wt$ of a latex binder polymer
having an acid number of between 40 and 250,

B) between 15 and 50 wt% of alpha,beta-
ethylenically unsaturated monomet(s), exclusive of amino
acrylates, a
| C) between 0.1 and 25 wt% of a photoinitiator or
photoinitiator chemical system which generates free
radicals, . | _

D) between 0.1 and 20 wt% of an aminoacrylate(s) so
as to neutralize between 1 and 40 mole percent of the acid
functionality of the latex binder polymer; and

E) up to 40 wt% of an additional neutralizing base
and/or polyether polyurethane associate thickener in
amounts in conjunction with said aminoacrylate(s)
sufficient to stabilize the photoimageable composition as
an agueous emuls;on,

the weight percentages being based on total welght
of components A-E.

2. A photoimageable composition according to claim
1 wherein (E) comprises a polyether polyurethane associate
thickener at between 1 and 40 wt% based on total weight of
components. A-E.

3. A photoimageable composition accdrding to claim
1 or claim 2 as an emulsion in an aqueous medium.

4. A phot01mageable compOSthon according to claim
l or claim 2 as a layer on a support sheet, said layer and
said support sheet comprLSLng a dry film.

* [+ L M S *
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.as to neutralize between 1 and 40 nol e percent of the acid functionality of
fhe latex binder polynmer; and E) up to 40 wt % of an additional neutralizing
base and/ or pol yether pol yurethane associate thickener in amounts in
conjunction with said am noacryl ate(s) sufficient to stabilize the

phot oi mrageabl e conposition as an aqueoy? emul sion, the weight percentages
bei ng based on total weight of conponen % A-E. 2. A photoi mageabl e
conposition according to.claim1 wherein (E) conprises a pol yet her

pol yur et hane associ ate thickener at between 1 and 40 wt % based on tot al

wei ght of congg#gggggﬁ-E. 3. A phot oi nageabl e conposition according to
cllaim1 or cl an enmul sion in an aqueous nedium 4. A photoi nageabl e
conposition according to claiml1l or claim2 as a |ayer on a support sheet,

said layer and said support SWEPERBORWE i PHOTORESISTS i HAVING BINDERS
NEUTRALIZED WITH AMINQO ACRYLATES

A waterborne photoimageable composition or
photoresist comprises a latex binder polymer having acid
functionality to render it developable in alkaline aqueous
solution, which acid functionality is neutralized to at
least about 1 mole perceht with an amino acrylate, a
photopolymerizeable monomer fraction, and a photoinitiator
chemical system.



