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WA}ERBORNEJPHOTORESISTS HAVI NG NON- | ONI C FLUOROCARBON_SLRFACTANTS The :
present invention is directed to photoresists, suc s RBPASCER SHERTS SG
fofm ng printed circuit boards and nor.e particul ar !ﬂﬁ Da@cniygioar t;ﬁgéuat,mlnltawggd
appl i ed phot oresists. Photoi nageabl e conpositions (iFeflsin(gs rq,igé;t_ggm%paged "'; """
forming printed circuits, printing plate, solder hhkﬁﬁﬁmg&be;kg$ﬁnh aged
been- used for sone tine now. The earliest phohoresggt ﬂ@ae sekggp .b %é """""
and” sol vent - devel opabl e. The devel opnent of aqueo S
represented an advance in reducing sol vent em ssi ofs—+
wor kpl ace and in the general envir Th ontinu d e S
reduci ng organi c.solvent both from a&@ﬁyﬁligﬁ QHﬁsﬁESﬁng%SIS@hera|
envi ronment has spurred the sear chNON-IONIEC FOU0ROCARBONE SURFAQOMANTS ar e
fornmul ated and applied as aqueous liquids. U S. patent No._ 5, 045,435, the
teachi ngs of which are incorporated herein by reference, describes a .
wat er bor ne phot or esi st &h@@tesmmm&mmmmimmdntalﬁ!hd:tnEeaiqaesus
solution. The c Shkl e Is £ 14N l

8{en hB @ﬂo%%”ﬂ%bﬁ ¥o% ?UEgﬁgﬁcgEgﬂQ%Pa g%ggt H%ards and

photoinitiator and a | atex of water-insolu
copol yner. To stﬁBFﬁlEérFHE“ééﬁﬂES¢PlUﬁtﬁﬁéoFGeadﬂaﬁplﬁhépﬁ1§@€%|ty, thls
pat ent t eaches nphbtokksiisgst he | at ex polyner to at | east

Photoimageable compositions useful as resists for
forming printed circuits, printing piate, 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¥developabie resists represented .
an advance in reducing solvent emissions in the immediate
workplace and in the general environment. The continued
emphasis in reducing organic 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 composition comprises a
multifunctional monomer, a photbinitiator and a latex of
water-insoluble carboxylated acrylic copolymer. To
stabilize the composition and to adjust the viscosity, this
patent teaches neutralizing the ;atéx_polymer to at least
25% with a base, such as ammonia, another amine, or sodium
hydroxide. ' | |

A liquid, such as a waterborne photoresist liquid
will only wet and spread over a surface if the forces of
attraction between the liquid and the substrate'afe greater
than the cohesive forces within the liquid. . Accordingly,
the surface energy of the liquid must be at or below the
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] .
25% wi th a base, such as ammoni a, anot her am ne, or-sodi um hydroxi de. A
liquid, such as a waterborne photoresist liquid will only wet and spread
over a surface if the forces of attraction between the liquid and the
substrate are greater than the cohesive forces within the |iquid.
Accordingly, the surface energy of the liquid nust be at or bel ow the
-2- surface energy of the substrate. Thus, to g£qQat a copper substrate
havi ng a surface energy of 35 dynes/cm the surface energy of water, which
‘has a surface energy of 72 dynes/cm nust be dropped This may be '

acconpl1shed with the aid of a su urfactant sur fact ant
material wth boffitH ey é#d tﬁ}ﬁj o@“ﬁ o K73 nta& a‘ﬁ?gp%ﬁn
be divided into tslmrbfsa:nm;e)maahﬂtg cmlstmmsaaaénéngy afiri®rdynes fenpnelse and

fl uorochem cal s, d gQﬁi £ t bj t f
t he nol ecul e. The%ﬁ: %c?p gb ooi{] ed’ t‘%ﬂg:mqlcﬁ %1?‘%9%% é&%\ﬁﬁ 69“79
be ani onic, cati dmr@sdrcmomm de nimnﬂﬂb- Alﬂpls ey @m@@cth@tmth
hydrocar bon surf the AP dP'a Sshh & Wirard t§ 0 A fftded £l & _

sui tabl e surfactants 1 n waterbqrne phot ol nagea '

. material with both hydroph1 lc and hydrophobic properties.
Surfactants can be divided into three major chemical.
classes: hydrodérbons,,silicones, and fluorochemicals,
these designations referring to the hydrophobic portion of
the molecule. The hydrophobe is attached to a hydrophlllc

group which can be anlonlc, catlonic or nonlonlc in nature.

T Applicants have found neither hydrocarbon
surfactants nor silicon surfactants to be particularly
suitable surfactants in waterborne photo;mageable
compositions. Although all types of surfactants are found
to sufficiently lower surface energy, it is found that
hydrocarbon and silicone éurfactants encounter problems
"respect to dewetting of the copper substrate. Dewetting
produces voids which result in an unsuitable coating. |
Furthermore, if the photoimageable'composition is intended
as a piating resist, silicone from a siiicone-based '
surfactant can leach into the plating solution creating
potential bath failure. Of the major classes of
surfactants, hydrocarbon based surfactants are found to be
the least effective in reducing the surfacé_tension_of the
liquid and do not produce defect coatings. Furthermore,
hydrocarbon based surfactants contribute to the overall
volatile organié components (VOCs) in the coating, which 1is
contrary to the purpose of producing waterborne coatings.

Above-referenced U.S. Patent No. 5,045,435 gives
examples wherein fluorocarbon-baéed surfactants are used in
waterborne photoimageable cbmpositions,_i.e., those sold
under the trademark FLUORAD FC-431 and FC-120. Applicants
have found that neither of these performs well. FC-120,
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conpositions. Although all types of surfactants are found to sufficiently

| ower surface energy, it is found that hydrocarbon and silicone surfactants
encount.er problens respect to dewetting of the copper substrate. Dewetting
produces voids which result in an unsuitable coating. Furthernore, if the
phot oi mageabl e conposition is intended as a plating resist, silicone froma
silicone-based surfactant can | each into the glating solution creating
potential bath failure. O the nmmjor classes of surfactants, hydrocarbon
based surfactants are found to be the | east effective in redUC|ng t he
surface«tension of the liquid and do not produce defect coatin

Furthernore, hydvB&&hoaA B§§@61§urW&&Faﬁ9§féﬁﬁﬁptgﬂteb96 pﬁ@dg%@pamncreased

volatile ]g)rgamd CfeampAgent gcw@@stsl RohRgoagat,i Batr Wei €bund eonbealesso tham
pur pose of producin t er bor n .referenc

5, 045, 435 gi ves ﬁ%éﬂﬁggg ﬁﬂngPﬁ fH ungéaPAg §é8a§ﬁrP§gt§ﬁP§¥59é%% é“{s
wat er bor ne photoreggedhbsscoﬁpmhetconygnmrat;onhdeveiold under the
trademark FLUORAD FC-431 and FC 120. Applicants have found that neither of

t hese perfornms well. FC 120, which is anionic, wets sufficiently,  but
produces increased foam Hy.i¥@ sanexahpbiert of tihe iRresent %Ev%t+%§st°
t han : provide a surfactant for waterborne photoimageable

compositions which lowers the surface tension sufficiently
for coating on a substrate, such as a copper substrates,
does not dewet, and does not cause foaming.

In accordance with thé 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 functionality, 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 photgimageablé coﬁposition as
an aqueous emulsion and E), between about 0.3 and about 10
wt.% of a surfactant which is a fluoroaliphatic oxyethylene
adduct, 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
at_least about 100. A tjpical emulsion polymerization .
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suitable in that it does not elimnate all coating defects, regardless of
the conventration level. It is a general object of the present invention to -
provide a surfactant for waterborne photoi nageabl e conp03|t|ons whi ch

| owers the surface tension sufficiently for coating on a substrate, such as
a copper substrates, does not dewet, and does not cause foaming. In
accordance with the invention, a materborne-pﬂor0|nageable conposition
conpri ses an aqueous conposition cont ai ning A) between about 30 and about .
80 wt % of a | atex binder polyner having acid functionality, e.g.,

Carb0§y4lc aCIddbya@bua&athu %bm&ubgﬁﬂmaeécbﬁ Euﬂ%hbaaahmmaLsndmsﬂare fouﬂé
provi des an aci nu r en ou
15 and about 50 M‘/Hbg ? "%V\%g g‘tﬁlﬁg ?(qéal %‘ él"é‘tggd r?gr‘l"t(%\‘vn%%(sa)

- bet ween about 0. 1nandpaluamed25amf¥nobyarglf@tr@n¢etl §m¢a®rlqomamqn8amn
cheni cal 5y5t6”1&@Fﬁhbgengéﬁﬁédf%%@ﬂ@%@x iﬁ§? E%ngtW%%% chJEEb el

40 wt % of a neutralizing base and dr et hané “associ
t hi ckener in annﬁﬁﬁéd§dfﬁN@#éﬁPlﬁbf§P@bl I; Regfaspofoi #RGe A F134

as an aqueous enyhgioBodRdsly) avldhwpAR FeoMi ROhd AR mﬁlst 10 wt.%of a -
surfactant which'is a fluoroaliphatic oxyethyl ene adduct, the wei ght

percent ages being based on total weight of conponents A—E Lat ex bi nder
pol ymers useful in the mheitabhgeabi® functional monomers for use in

forming the acid functional binder polymer have the
formulae:

Rl

. CHy=C-COOH

Rl

CHo=C-C00-R2-00C-R3-COOH

rl

[

CH»=C-C00-R?-0-P-OH

I
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conposition of the present invention are typically prepared by enul sion

pol yneri zati on of al pha, beta-unsaturated nononers, such as vinyl, acrylate
or. styrene nononers. Sufficient acid functional nmononers are used to '
provi de the acid nunber of between about 50 and about 250, preferably at

| east about 100. A typical emul sion polynerization -4- procedure and
some exanpl es of suitable enulsions are found-ig 4. S.. Patent No. 3,929, 743,
the teachings of which are incorporated herein by reference. Suitable

enul sions can al so be obtained coomercially, e.g., Neocryl [err] CL-340
(40% sodids) available fromIC Respnhs U S anch‘crysoI [err] 1-2074 (46%
solids) available from Rohm and Haas. Suitable acid functional nononers for
use in formng the acid functional binder polyner have the fornul ae:

(err]  [err] wherein [err] T opipReriouA-HOLE06RE atom o a methyl group,

[err] represents (CH2)n wherein n“is an integer of 1 to 6, R3

OH
rl 0
CH2=C-COO-R2-O.-S-.OH |
o}
ri 0o
CH»=C~CONH-R2-0-S-OH
0
rL
CH,=C-CONH-R%, _.-coon
wherein R! represents a hydrdgen atom or a methyl group, R2
reprgsents (CHy)p wherein n is an integer of 1 to 6, R3
represents an alkylene group having 1 to 6 carbon atoms or

a phenylene group, and the Ris are the same'or different
and are selected from CHy and CHOH. |

Some specific examples of suitable acid functional monomers.

are acrylic acid, methacrylic acid, maleic acid, fumaric
‘acid, citraconic acid, Z-acrylamido—2-methylpropanesulfbhic
acid, 2-hydroxyethyl acrylolyl phosphate, 2-hydroxypropyl
acrylol phosphate, 2-hydroxy¥alpha-acryloy1 phosphate, etc.
One or more of such acid functional monomers may be used to
form the binder polymer. The acid functional monomers may
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represents an al kyl ene group having 1 to 6 carbon atons or a phenyl ene
.group, and the [err] are the same or different and are selected from[err] .
~and [err]. Some specific exanples of suitable acid functional nononers are
acrylic acid, methacrylic acid, naleic acid, fumaric acid, citraeonic acid,
2-acryl am do- 2- met hyl pr opanesul foni ¢ acid, 2-hydroxyethyl acrylolyl
phosphat e, 2-hydroxypropyl acrylol phosphate, g2..hydroxy-al pha-acryl oyl
phosphate, etc. One or nore of such acid functional nonomers may be used to
form the binder polynmer. The.acid functional nononers may -6- be
copol yneri zed with non- ﬁCId fun tlong nononer.s, such as esters of a%V¥|IC

acids, for exanpP®, CABPAYRCEiZGAVALth BORyACHE: FUBFELONEL APPSR Set
facrylate butyl estésasrgpfateryddtyhcadsyl foe, e&ampmexymethyﬂ aetriydarte at e,

P ) b RS, i s, ST st

;acrylate et hylene g acryl ate;
"decanet hyl ene glm%bhaqrxéayeatectuécaﬁﬁwﬁpmene2gayngyde#bwﬂameﬁmansyigte,

cycl ohexanedi ol di-aﬁﬁyhaaeryia%edl tiesh}slealtaaéaﬁzamedﬂheﬁwh%e uglecer ol
~diacrylate, tripro col |acr ate cerol triacrylate
2, 2-di (p- hydrox héﬁéy?amgngethy late), gt ylene glycol diacrylate,"-

¢+ 3-propanediol diacrylate, decamethylene glycol
dlacrylate, decamethylene glycol dimethacrylate, 1,4-
cyclohexanediol diacfylate, 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, triethylene glycol dimethacrylate,
polyoxypropyltrimethylol propane triacrylate, ethylene
glycol dimethacrylate, butylene glycol dimethaérylate,
l,3-propanediol'dimethacrylate, butylene glycol _
dimethacrylate, 1, 3-propanedlol dimethacrylate, 1,2,4-
butanetriol trimethacrylate, 2,2,4-trimethyl-1,3-
pentanediol dimethacrylate, pentaerythritol
trimethacrylate, l-phenyl ethylené-l 2-dimethacrylate,
pentaerythritol tetramethacrylate, trlmethylol propane
trimethacrylate, 1,5-pentanediol 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. |

So that the photoimageable composition is contact
imageable, i.e., drys to a tack-free state, the glass
transition temperature (Tq) 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 average molecular weight (Mw) of between about 500
and about'2b0,000 as measured by gel permeation |
chromatography (GPS) using a polystyrene standard.
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propane dinethacrylate, triethylene glycol diacrylate,

pol yoxyet hyl - 2- 2-di ( p- hydr oxyphenyl ) - propane di net hacryl ate, triethyl ene
gl ycol dinethacrylate, polyoxypropyltrimethylol propane triacrylate,

et hyl ene gl ycol dinethacrylate, butylene glycol dinethacrylate,

1, 3- propanedi ol di net hacryl ate, butyl ene glycol dinethacryl ate,

1, 3- propanedi ol di nethacryl ate, 1,2,4- butanefr+ol trinethacryl ate,
2,2,4-trinethyl -1, 3- pentanedi.ol dinethacrylate, pent aerythritol
trimethacryl ate, 1-phenyl ethylene-1, 2-dinethacrylate, pentaerythritol
tetramet hacryl ate, trinethyl ol propane trinethacrylate 1, 5- pentanediol
di et hacryl ate, and 1,4, benzenedi ol di nethacr Iate t.yrene

substituted styrene, sudl® FFosuqa e dMagere 1V %d vi nyl
esters, such as '6W61ﬁ@édéﬁlé 86M MsﬂvioﬂEébﬁﬁayhetphbﬁopomyméELtbable

d d d So_t hat b |
mgeabl o, |- o MRHSRSTEs BEEER cvﬁf@%’ixt ATRRE pEe bR} philpy Ty, BbdEhrated

t enper at ur e (1@Dmmﬂomémslainxlbdndgrapstbaﬁantsabrgéetaonyoﬁtmhé&sr about
[err] as masur%&aﬁgﬁéffﬁaabﬁ% §Ca”ﬂ‘s@@u?aﬁ{?ﬁ?ﬂsg:éy%ﬁ%@hée&hbseThhsted

pol ymers have a weig aver age ecul ar wel bet ween Eg
and about 200(Mﬁb%&ennﬁgﬁﬁe§°b§oﬁﬁltEErhﬁa@¢§npehYﬂﬁﬁ§ogrBﬁﬁﬁlF FL¥si ng

a pol ystyrene st@pfes¥le monomers include multifunctional acrylic monomers,
such as tetraethylene glycol diacrylate (TEGDA){
trimethylol propane'triaciylate (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_pr0portion of
water-insoluble (having solubilities in wéter at 20°C below
about 0.3 g/100ml) monomers, e.g., above about 20 mole
percent, so that the monomer fractlon, as a whole, is
insoluble in water.

To initiate polymerization of the monomers upon
exposure to actinic radiation, the photoimageable
composition contains an'appropriate photbinitiator(s) or
photoinitiator chemical system. Suitable photoinitiators
include benzoin ethers, benzil ketals, acetophenones,
benzophenones and related compounds with amines. Preferred
initiators are thioxanthones, e.g., 2-isopropyl '
thioxanthones, particularly in conjunction with an amine.

In accordance with the invention, the waterborne
photoimageable composition in accordance with the invention
includes a surfactant which is a fluoroaliphatic
oxyethylene adduct. Such surfactants have the general

formula: '

CF3-(CFy)-Y-Xy-2; where n = 0 to 20, Y = S05-N(C; -
Cloalkyl),
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To produce the inmage, this negative-acting photoi mnageabl e conposition
_contai ns photopol yneri zeabl e nononers, particularly '
al pha, bet a- et hyl eni cal | y unsaturated nononers, including a substanti al
portion of multi- functional nononmers. Useful nononers include those,

| i sted above, used to formthe binder polyners. Particularly suitable
mononers include multifunctional acrylic nonogetss, such as tetraethyl ene
gl ycol diacrylate (TEGA), trinmethylol propane triacrylate (TMPTA),

but anedi ol di nethacrylate (BDDMA) and pentaerythritol triacrylate (PETA).

The nmonorer fragfio ncl u ol ble nsol ubl e
nmononers; howev Rﬂggﬁghbﬁé g? §§{$%§?§ﬁ% ?ﬂ rgonta?l&Sj *@ él%lently hi gh
proportion of Wk ¥ -CHiseCHp+CH (¢t VCH(CEy) tBHp+@Hes in mater at [err] bel ow

about 0.3 g/100nm ) nononers, e.g.,above about 20 nole percent, so that the
nonomer fraction, as a whole, is |nsoluble in water.

itjate. ., .-
pol yneri zati on of the n§ﬁ@ﬁéﬂ§z@§dﬁneﬁﬁb§@ﬁbqm&%%ﬁﬂpnlé 4ﬁﬁ Pinder
phot oi mageabl e bt | DO £OGE BEEG . ANEREDE DOA | et &bPDDE et Dohi ahdr hay be
Cthers. benzi| ARETES h%i%%éwén%ﬁ'e 1825€ Begheal hefifalsapbrbl s 8a08" 0
with am nes. Prdlasepgdas 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
thickenere_are polymers having a£ 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 hydrophobie 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 euch as
propylene oxide and ethylene oxide. To be sufficiently '
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 2olymeric
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 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.,
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initiators are thioxanthones, e.g., 2-isopropyl thioxanthones, particularly
in conjunction with an amne. In accordance with the invention, the '
~wat er bor ne phot oi mageabl e conmposition in accordance with the invention

i ncludes a surfactant which is a fluoroaliphatic oxyethylene adduct. Such
surfactants have the general fornula: [err] -8- [err] Stabilization of

t he enu] sion, including binder polyner is reqgirLed. Enulsion stabilization
and. may be acconplished by at |east 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 licatign ... 08/ 199, 037 _of Lch this plication
is a continuatidﬁh?hgﬁﬁ }ng?aBELVQE?POﬂrﬁfl?ﬁ%rgﬂﬁ?gggnnﬁﬁalgiggosity

adj ust rent are acdfevencesi Sgidapbeypodbegetherypokytrethaneoasabeiahbieckener.
Pol yet her pol yurgt han hj C ers. ar BLS. I RO t :

hydr aphobi c segﬁ@%%§k§%%5% %?% %gggrgggggégg%flﬂsgfg'hg%F%ﬁ?§o§§§gates,
general |y i socyaha426, 4859 bg Hoycetnale andcéi 3431699 to Ruffner et al.,

the teaching of each of which are incorporated herein by

reference. Examples of suitabie commercially available-

associate thickeners 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 neutralization_is'required.
In other cases, it is desirable to neutralize the binder up
to about_ZO% 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 thickenet in place of at lease
some of the neutralizer allows for a smoother more uniform
coating. The improved coating quality minimizes potential
circuit board defecté 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
photoimageable composition. Even under high sheaf;
viscosity tends to remain stable. -
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or higher, and at |east one hydrophilic polyether segnment joining the

hydr ophobi ¢ segnents by urethane |inkages. The bl ock polyners which act as
associ ate thickener may take a variety of forms including ABA, (AB)n, star
pol ymers and the like. The polyether segnents are fornmed from pol y(al kyl ene
oxi de) segnents, formed from nononmers such as propyl ene oxi de and et hyl ene
oxi de. .To be sufficiently hydrophilic, genefajgpy.it is necessary that at

| east about 3 nole percent of the poly(al kyl-ene oxide) segnent(s) be

et hyl ene oxi de residues. The hydrophobic portion of the |socyanate resi due

Is typically an al kyl, cl Qal. kyl or aromatic noiety. Polyether :
pol yur et hane associ at e ? i aa %?“aﬁ& FH@PPnPBﬁét#Gﬁ A8 tegs &, HaGor

exanpl e by A J. lmoief (gﬁnhialfyi | etvech "B&wﬁhananaaamkﬁlﬂuaféaCon
Thi ckeners for e t pcqg, t. 199 5- 338.
J.H Bielemn et%(i]l Q}%‘(ﬂqp"‘arns\dr %urerholtﬁr}%\e)ro %6“‘(/9!17‘@%&3% ui%d'

450-460; and A JDOWMdmﬂﬂfzﬂﬂtﬂiqam\kgsnxﬁfnantﬁquﬁanﬁkurdyib;omdheouonal
1991, V.181(428@krchidbted® Fip PﬁdéCLH:{TH'd/th%’ds&ets’é\g%é@'&’éﬁéfén%dﬂffé?é“e
S | .

associ ate t hi ckeners and their syntheS|s are din US. Patent
4,079,028 to Emmons et al. t he teachi ngs of which are incorporated °
herei n by _ 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 ﬁith'an aqueous phase with the
latex polymer, such as antifoam, neutralizer surfacﬁant'and
associate thickener, are admixed to form a polymer mix.

The hydrophobic phase and polymer mix are blended to form
an hydrophobic phase-in-wéter 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
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
flgoroaliphatic oxyethylene adduct Surfactént between
about .06 and about 2 wts. | |

The composition may be coated by any of the coating
systems known in the art for coating solvent-borne
photoimageable compositibns, 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
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ref erence. Suitable polyether polyurethane associate thickeners afe al so

. described in US. Patents Nos. 4,426,485 to Hoy et al. and 4,743,698 to

Ruf fner et al., the teaching of each of which are incorporated herein by
reference. Exanples of suitable commercially avail abl e associ ate 't hickeners
are DSX1514 (Henkel) and QR708 (Rohm and Haas). By using the polyether

pol yur et hane associ ate thickener, |ess neutralization of the binder polyner
latex is required. In sone cases no neutralization is required. In other
cases, it is desirable to neutralize the binder up to about 20% of the

equi valent acid functionality of the binder polyner. Typically ewll be
added to neutrald R2okMeEhGt SupPREt 2sheet ke oy ?u‘ﬁ&i &h rtng?the-

bi nder pol ymer. JMukird] zehé OBoiys DELERNEs Wit he@ BB Nt GMOPE| watyr and also

econdary, or tertiary am nes;. or hydroxjdes. Pref d | zi b

;re hydrgxy fLnuﬁ?LﬁﬁﬁbY%rY?§§§lgﬁ§Xe§gé hggaﬁﬂ%$?§%r§¥ gggéé?a?ékggfcggﬁzf
in place of at |tdeseelspneendetirgnthéerablutionl polgméorinsehublmeinngeddic
unifor”‘coalirm*oﬂiﬁ%%ﬁ@%gvgguggﬁéiHgdﬂﬂﬁ[it%s”iﬂé”%ﬁ@ﬁo?ﬂ&&&&b&b circuit.

board defects caus y thin®spots or pin holes in the coating. In_.
addition, when mgmpesibionofiriesecobhengyster graiesrageipte BoRPBSIRHOHRS

Wi th aSSQCiate'tfﬂfﬁﬁwﬁiyﬁﬁQdHBeﬁréféﬂaﬁl?eéaﬁﬁﬁé&nguﬁtatOBemeWhhbeélevated
conpression. Low roller conpression resulis in extereg khfe of the
: temperatures, both to hasten removal o e 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
terephthalhte, and then dried to remove water and
volatiles. Subsequently, a protective sheet, e.g.,
'pblyethylene, is appliéd to the photoimageable composition
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
‘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 laminatéd thereto.

Processing is in a conﬁentional manner. In a
typical procedure, a photoimageable compqsition layer, _
either formed from a liquid composition or.trahsferred as a
. layer from a dry'film, is applied to a copper surface of a
. copper-clad board. The photoimageable-composit;on layer is
exposed to actinic radiation thrdugh 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 alkaling aqueous .
solution, such as a 1% sodium carbonate solution. The . .
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rubber rollers. Reducing neutralizers inproves chem cal resistance of the
;applied and dried photoi mageabl e conposition |ayer. Wen amonia or am ne
use i s reduced, odor is reduced. Associate thickeners reduce viscosity
drift of the aqueous photoi nageabl e conposition. Even under high shear,
viscosity tends to renmain stable. - 10 - In addition to conponents A-E
| i sted above, m nor anounts- (generally Iess_tpfn_about'lo wt % total based
on the weight of A-E) of conventional additives may. be used, including;
antifoam agents, antioxidants, dyes, adhesion pronoters, slip aids, and
other surface tension nodifiers. In a preferred nethod of preparing the
wat er bor ne phot dlkjeaielebigpfanses osalheformakien | wikht the, 'cgﬁgggylic

conponents, suchy@fupd)ids 2K Sbiddéi Oyd pné Bs ANEeRYES] ngPeheM08BRUbDECaNl! D
a hydr ophobi ¢ phase argkgdnbééd Wi {h fe nononer fraction to péoduce a
monomer base andFSMEPIRNPIERE FRETLoDMPRE AR $FERARE BV eBEsUPRdsEe

with the | atex primows coppdr abramtthose) areas rdheZer tiselr f88iadt wasd

associ ate thick e Lxed to forma pol r mXx. . Jhe hydrophobic.
phase and pol yng&{rﬁv;( eag%‘%%’édé?’gn*’bqn? BOLNEES Jlieult? MHRECRURRIR1ing
resist is then removed using an appropriate stripper. -

Not only can waterborneé 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,'pérmanent
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/cbnformance
(Institute for Interconnecting-Ciréuits); 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
‘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 éontain a compatible epoxy
resin and a curative for the epoxy fesin, 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.

This Sheet Has Been Replaced




an hydrophobi ¢ phase-in-water enul sion. Subsequently, high boiling

sol vents, surfactants, including slip aids, surface tension nodifiers, and
ladhesi on pronoters are added. The fi nal wat er - bor ne conposition is
generally bet ween about 20 and about 40 w. -percent solids. In the

wat er borne conposition, the binder conprises between about 10 and about 30 .
wt % nononmers fromabout 3 to 20 ww% initiatd3 from about 0.3 to about 10
wt % neutralizing base and/or thickener fromabout 1.5 to about 20 vt % and
fluoroaliphatic oxyethyl ene adduct surfactant between about .06 and about 2
wt % The conposition may be coated by any of the coating systens known in
the art for coating sol vent-borne photoi mageabl e conpositions, such as rol
coating, dip coating, spray coating or curtain coating. The conpositions of
the present invention are applied in a conventional manner, either as

| iquid conpositions directly to a netal Iad f 4aninate or to - 11 -
a polyneric support sheet to forma dry coating, the
conposition is dried to renove water and also to renove vol atiles, such as

amoni a or ami ne, materfwfﬁéiéborne'photoimageable compositions were
formulated according to.Table 1 below. Amounts are in
grams. 2.3 grams of neutralizer_represehts 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, filtgfed and subsequently
~added to the aqueous portion.
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tﬁereby rendering the solution polyner insoluble in acidic or neutral
aqueous nedium As the photoi nageabl e conposition dries,
coal esces into a continuous film Drying is preferably carried out at

somewhat el evated tenperatures, both to hasten renoval of the water, and to
drive off the ammonia or volatile am ne.

at a tenperature of about [err].

conposition is applied to flexible support %#eet,

t erepht hal at e,

a protective sheet, e.g.,

conposi tion |ayer,

| eave a residua
(relative to solids of
water acts to allow th

or transferred as a | ayer e
of a ‘copper-clad board. The photoi nageabl e

INGREDIENT .

FORMULATION

£

J

Preferably,

the system

In formng a dry film a water-borne
pol yet hyl ene

it

e.g.,

and then dried to renpve water and vol atil es.
pol yet hyl ene,

Subsequent |y,

is applied to the photoi nageabl e

In drying the
is found desirable in sonme cgases to

ph@t oPragedbl e COm@
surface defects of a substTate, e.g., a copper- clad board, when ®ani nated

thereto. Processing is in a cgnvengjonah,nqgheg. L & tﬁpicau.prdEedure, a
phot oi mageabl e conpQqsi teonl ayer,

100.0

100.0

polymer

Neocryl CL-340 (40% solids)

o

Q
*
o

tertiary amine

DMAMP-80 (Angus)

neutralizer

e thergfagnmed fgonfta |4 quideco
@roma dry film &s app™ e® to a copper gsurface:
conposition layer is

Q
Ad
o

Q
>
o

primary amine

AMP~95 (hngul)

neutralizer

o

-]

4.5

assocliative thickener

DSX-1514 (Henkel)

100.0

100.0

primary solvent

Deionized Water

o

(o]

o
L]
. vd

antifoam

‘BYK-033 (BYK/Chemie)

o
~N

20.5

see Table #3 =

. Monomer Base

0.4

0.45

slip aid

Q4-3667 (Dow Corning)

gurface tension

and the dry filmis rolled into reels.
phot oi mageabl e conposition | ayer,

-

-

o
>
-4

Fluorad FC170-C (3M)

modifier

conf

<

(12 ]
.
<

coalescing solvent

Texanol (Eastman)
340 is a styrene/acrylic polymer having an

acid number of about 160.

Neocryl CL-

iloxanes and cyclod

dified dimethyls

Q4-3667 (Dow) is.an 80:20 mixture of polyether mo

wat er content of between about 1 and about 2 wt.2%

heeph@t oi m&geabl® Snfdsiti 0 18

er).
siTi oR Iéyeryto

F-4 .
ngosi tion

drying is carried out

+ Thi$ resi dual
Sonfa®m to

i
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eiposed to actinic radiation through appropriate artwork. Exposure to
~actinic radiation polynerizes the nononer

resulting.in a cross-linked structure that

the conposition is devel oped in dilute al kaline aqueous sol ution,
1% sodi um car bonat e sol uti on.

formation with the carboxylic groups of the binder

sol ubl € and renovabl e. :
copper fromthose areas where the resist. was renoved, thereby formng a

printed circuit.
stripper.

in accordance with the invention,
be provided as well. By gol der Jgmask is neang herei n§a f&a

whi ch nmeets at | east

beconme hard and permanent, it is gene§a|§y _‘§~e

FORMULATION

Lhegm @i

3

2.3

0.0

0.0

DMAMP-80

0.0

o.o

0.0

AMP-95 (Angus)

The

2.3

9.0

4.5

DSX-1514 (Henkel)

PERFORMANCE RESULTS

--12- al kali

(4]

5000 cps

3500 cps

viscosity (initial)

2900 cps .

" viscosity (1 week holding)

After devel opnent,

™~

2700 cps

5000 cps

3500 cps

pol yners,

ungary O&f
Qual i fication/ Conformance (Institute $or®l nser 8onneft

slight fishy sl

none

none

- Odorx

c&ssary t
[ ]

fair to good

very good

good

Emulsion Stability

slight stain

Substrate Staining

no stain

no stain

r@e pernanefit

r equi r-errengs of th§ algadl orfiredi sgange
tests-as defined in I'®C SM 840B, Tablg 18, Y

in the |ight-exposed areas,
is resistant to devel oper.

Next ,
such as a
sol ution causes salt

renderi ng them
ah 1 chant nmay be used to renove

The remainihg resist is then renoved using an appropriate
Not only can waterborne primary inmaging photoresists be provided
but sol deg mask- form ng cogpositions can

fayer
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phot oi mageabl e conposition be curable after exposure, devel opnent and
processi ng of the board, e.g., by thermal and/or UV curing. One way to
provi de a post-cure is to provide binder polynmer having free -OH groups in
t he "backbone that may be cured, for exanple, by cross-linking with

am nopl ast resins, such as nelanlne/fornaldehyde resins and

ur eal/ f or-mal dehyde resins. Alternatively, q% phot oi mageabl e conposi tion
may contain a conpatible epoxy resin and a curative for the epoxy resin. It
is found that wat er-borne phot oi mageabl e conpositions in accordance with
the invéntion exhibit excellent shelf lives after application to copper
substrates and can renmgin on a copper-clad board upwards of several days.
The invention will now#edflescribed in greater detail by way of specific
exanpl es. -13- Exanpleg 1-4 Vhter-ﬂbrng p@btoﬂnaqpabhe d@npositions were
formul ated according tgeTapl e 1epel ow. s Angunt ane in gaans- 2.3 grans of
neutral i zer represents gbgut 15 /6neutrallzat|on 4% grans of neutralizer
represents about 30%nédtralization. Perfornance.data is according to Table
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2 bel ow. "Mnoner base" in Table 1 is per Table 3; all materials being

, m xed together, filtered and subsequently added to the aqueous portion.
[err] [err] [err] 17 PROCESSI NG CONDI TIONS Coating - Burkle
(single sided) Roller Coater, 22 threads per inch Substrate - Copper C ad
Exposure - HWV ORC, nodel 301 B, diazo artwork Devel opnent - 1% sodi um
carbonat e nonohydrate, [err] F, 2x - 17 -

PROCESSING CONDITIONS

Coatlng - Burkle (single smded) Roller Coater, 22 threads
per inch .

Substrate - Copper Clad

Exposure - HMW ORC, model 301 B, diazo artwork
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 |
Odor - the odor was observed after coating and before
drying
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'
Developing Time - twice the amount of time required to
remove the unexposed resist’ '
Photospeed - using a Stouffer 21 step to measure the last
remaining step (each step varies by V2) _
(Note:a higher step would lndlcate a higher degree of
- polymerization)
Circuit Pattern Defects - the total number of c1rcu1t
shorts and opens were measured
(Note:the artwork pattern contained 4 mil lines and 4 mil-

spaces)
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br eakpoi nt Etching - 3 normal cupric chloride, [err], 1.3 x mininmmetch
Stripping - 3% sodi um hydroxide, [err] F PERFORMANCE EXPLANATI ON Vi scosity
- .neasured on a Brookfield visconeter initially and after one week at [err]
F Odor - the odor was observed after coating and before drying Emul si on
Stability - Stability was rated based on the _overall uniformty of the

| acquer m xture Al kal i B Resi stance - the redi®stance was measured after

al kalinne etch at pH 9.2, Coating Defects - the nunber of coating voids (thin
spots,) were counted afgeg roller coating Coating Uniformity - the
uniformty was observe sigmediately after coating Developing Tine - tw ce
“the anount of tine requwrad to renpve the unexposed resi st Photospeed -

using a Stouffer 21 st o measure the |ast remai ning step (each step
varies by [err]) (Note:fh hj gher giep=ywese=tne

_ ate a hi gher degree of
~polynmerization) Gircuit§Raftern Ppefegt e tptal nunber of circuit
"~ shorts and opens were rieasured H
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(Note:the artwork pattern contained 4 ml lines and 4 m| spaces) - 18-
[err] [err] -20- CLAIMS: 1. A photoi mageabl e conposition that can be
i bqrne in water, conprising A between 30 and :80 w % of a |atex binder

pol ynmer having carboxylic acid functionality which provides an acid nunber
of between 50 and 250; B) between 15 and 50 wt % of a fraction of

al pha, bet a- ethylenlgally unsat ur at ed nonormet%;-C) between 0.1 and 25 wt % of
a photoinitiator oruphot0|n|t|ator chem cal systen1mh|ch generates free

Foaming and coa
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radi cal.s; D) between 1 and 40 wt % of a neutralizing base and/or
pol yur et hane associ ate thickener

emdl sion of said | atex binder polyner; and, E) between 0.5 and 3*0 *
surfactant which is a fluoroaliphatic oxyethyl ene adduct having the
formula: [err] where n= 0 to 20, Y = [err] [err] X =T[err] or [err] m=20

to 20, and Z = CH2-CH2-OH or [err] said wei ghRopercentages bei ng based on
total weight of conponents A-E. 2. A photoi mageabl e conposition according
to claim1 dispersed in an aqueous nedium 3. A dry filmconprising a

pol ymeric suppor t and a layer of the photoi mageabl e conposition
according to claé%ggﬂgﬁereon :

1. A photoimageable.cohposition that can be borne
in water, comprising

A) between 3 and 80 wt% of a latex blnder 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 photoinitiator or
photoinitiator chemical system which generates free
radicals; .

. 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; and, ' |

E) between 0.5 and 3.0 wt% of a surfactant which is
a fluoroaliphatic oxyethylene adduct having the formula:
CF3-(CFy)-Y-X,~%; where n = 0 to 20, Y = SO,-N(C;-
Cigalkyl), X = CH3-CHy-O or CH(CH3)CH3-0, m = 0 to 20,
and Z = CH,-CHy-OH or CH(CH3)-CH,-OH, said weight
percentages being'based on total weight of components A-E.

2. A photoimageable_composition according to claim
1 dispersed in an aqueous medium.

3. A dry film comprising a polymeric support sheet
and a layer of the photoimageable composition according to
claim 1 thereon.
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