'1 LHQUID PHOTO MAGEABLE RESI ST This invention relates to I|q i d

phot oi frageabl e resi sts conpositions. Mre particularly, thIS | ﬁoeg)
reLates to |iquid photoi nageabl e resi sts conpositions having u y
print and acid etching applications used to produce printed CIFCUIt boar ds
in the. electronics industry. Liquid photopolynerizable conpositions can be
used in the manufacture of printed circuit boards as photoresists. In
typi cal use, a |liquid photopolynerizable conposition is applied to a
copper-cl ad substrate through any neans commonly used in the art, including
roll coating, curtain coating, screen coating or spin coating. The materi al
subsequentially dried and the dried material exposed in certain areas to
actinic radiation that preferentially cures the material. The cured
"material is then washed with a devel oping solution to renove unexposed

material fromthe copper surface. The exgosed copper surface can then be
renmoved in etching solutions |eaving the protected area under the cured
phot opol yner i % cwmmoIMiIcrFABLE Reensthe el ectrical circuit. Typically
phot opol yneri zabl e conpositions intended as photoresists are preferably
designed to keep

This invention relates to liquid phé)toimageable resists compositions. More
particularly, this invention relates to liquid photoimageable resists compositions having
utility in print and acid etching applications used to produce printed circuit boards in the .
electronics industry.

Liquid photopolymerizable compositidns_can be used in the manufacture of printed
circuit boards as photoresists. In typical use, a liquid photopolymerizable composition is
applied to a copper-clad substrate through any means commonly used in the art, including
roll coating, c1;rtain coating, screen coating or spin coating. The material subsequéntially
dried and the c:ln'ed material exposed in certain areas to actinic radiation that preferentially
cures the material. The cured material is then washed with 5 developing solutitg.g to

remove unexposed material from the copper surface. The exposed copper sugface can

then be removed in etching solutions leaving the protected area under the cured

photopolymerizable composition to form the electrical circuit. Typically
photopolymerizable compositions intended as photoresists are preferably designed to keep

exposure time and development time to a minimum.



exposufe time and devel opment time to a minimm -2- Liquid resist
technol ogy is not new. However, recently there has been increased denmand
for ethods to reduce the cost of manufacturing printed circuits through

| ower- materials cost and higher yields. In the past, liquid resist

t echhol ogy was displaced by dry film photoresist due dry-film photoresist's
relatively high yields, ease of processing and increased productivity.
However, recent devel opnents in dual-sided roller coating and clean room
techpol ogy has potentially elimnated problens previously experienced with
the use of liquid resists. Liquid-applied resists (in contrast to dry-film
application) suffer from many processing problens. These probl ens include

| ow phot osensitivity due to exposure to atnospheric oxygen, poor bl ocking
characteristics, abiual resisttechmekgyionotmew. dfovpeves detentlyitheré hisbeen sncseased | f

in overcom ng the reduction in photosensitivity due to exposure to
demand for methods to reduce the cost of manufacturing printed circuits through lower
materials éost and higher yields. In the past, liquid resist technology was displaced by dry
film photoresist due dry-film photoresist's relatively high yields, ease of processing and
increased productivity. However, recent developments in dual-sided roller coating and
clean room technology has po;entially eliminated problems previously experienced with
the use of liquid resists. |

.Liquid-applied resists (in contrast to dry-film application) suffer from many

processing problems. These problems include lé>w photosensitivity due to exposure to
atmospheric oxygen, poor blocking characteristics, and slow processing when compared
to dry film resists. If in overcoming the reduction in photosensitivity due to exposure to
atmospheric oﬁygen, large quantities of inefficient photoinitiators, such as benzophenone,
aré used other deficiencies in the resists may arise. At high levels, benzophenone acts as a
plasticizer to the resist which thereby may affect the physical properfies of the applied
resist. One effect of increased levels of benzophenone in a resist is an increase in the
material's tendency to block. Typically when a resiét is used in a commercial setting,

substrates are coated with resist and dried. It may be necessary for these substrates to be

stacked and stored for a period of time prior to their exposure to actinic radiation. If these



atmospheric oxygen, large quantities of ineffi ci ent photoinitiators, such
as-benzophenone, are used other deficiencies in the resi sts may arise. At

hi gh | evel s, benzophenone—acts as a pl asticizer to tffes st .which t hereby
may- af f ect t he nmgﬁegﬁ{aspéeaﬁ gcees of the applied r¢ \"

I ncreased | evel s id einaresist is an f{

material's tendenyg ﬂmj ypi cal ly when a resi st TS—tsetmg _L '
comrerci al setting, es are coateg with resist and dr|ed It may be

necessary for these substrates to be stacked and stored for a period of
tinme prior to their exposure to actinic radiation. If these substrates
are stacked in such a manner so that areas of a panel coated with resist
are in contact with coated areas_ of an adjacent panel and if these
material s exhsuhstrates peeyecked in wcmadmanelaiq thatareasefifcpanel goptedrwigk resishanerinr
and-transfer material fromone panel to another thereby causing circuit
def ects and yicentdct witls esatedraredscoffanradjacent pdnel tand ifttheseinmateridls &thitika temdency to
properties, the previous resists disclose the use of bloom ng agents and

8;{‘ SE ) ?]9'3 : ﬁ\ig\/?ﬁ)g%r | aﬁn@k%éy%ttm foghitiet atEirstériiRatelidl Hbnt 67d Fdnel to another
thereby causing circuit defects and yield losses in the ﬁnal. product. To gain antnblockmg
properties, the previous resists disclose the use of blooming agents and other additives
whi;:h migrate to the surfgcé of the dried resist detackifying the material.

Also since benzophenone is a relatively volatile material, resists containing
relatively large amounts of benzophenone may, upon drying, exhibit a great degree of
variability in their photospeed performance. This variability makes it difficult for one to
predict the amount of exposure req_uired to cure the resist.

. One object of this inve_ntion is to provide a liquid-applied resist which exhibits a
good balance of photesensitiyity and overall phys:ical properties. Another object of this
invention is provision of a liquid-applied resist which exhibits a reduced tendency for
blocking compared to other liquid-applied resist formulations.

This invention relates to liquid photoimagable resists and provides a material with
a sufficient photospeed to be of commercial utility and to be relatively resistant to

bloc_king.



Al so “si nce benzophenone is a relatively volatile material, resists
cont ai_ni ng . rel ﬁsﬁl Iarge anounts of benzophenone may, upon dry| ng,
' 5 =

exhibit a gr eat as %ﬁlllty in their phot JSREST-D
vakiability nak ' for one to predict the

required to cure e object of the inve C

| i qui d-applied resist which exhibits a good bal ance of photosen5|t|V|ty and
overal | physical properties. Another object of this invention is provision
of a liquid-applied resist which exhi br s a reduced tendency for bl ocking
conpared to other liquid-applied resist fornulations. This invention
relates to |iquid photoinmagabl e resists and provides a material with a
sufficient photospeed to be of commercial utility and to be relatively

resi stant to bl ocFheliquidphatoinapgatile resist of the instdnd dtiventidn afmpirises a bindet aon,
there is provided a negative resist material conprising: a) a bi nder
conpri si Ny amppifBionAfheohRy, 4 ﬁmnhmm@ RRY'R sSI9ER! Dptidaall), tiCligtid C Pol yrer s
and nethacrylic polyners; b) . mononer having fromtwo to four ethylenic
doubl e bonds;

photoimageable resist additionally comprises leveling agents, a thermal inhibitors, dyes and
the like.

The binder useful in accordance with this invention is prepared from one or more
film-forming, vinyl type monomers and one or more alpha, beta ethylenically unsaturated
carboxyl group containing monomers having 3-15 carbon atoms, which makes the binder
soluble in aqueous media. Examples of usefui vinyl type monomers are alkyl and

hydroxyalkyl acrylates and méthacrylates having 3-15 carbon atoms, styrene, and alkyl
| subsfituted styrenes. Examples of useful carboxyl group-containing monomers are
cinnamic acid, crotonic acid, sorbic acid, acrylic acid, methacrylic acid, itaconic acid,
propionic acid, maleic écid, fumaric acid, and haif esters and anhydrides of these acids.
The binder has an acid number of about 80 or greater, preferably about 80 to about 160,
more preferably about 120 to about 150. One binder of the invention céir;prises an acryiic
- polymer, more particularly methacrylic acid, methyl methacrylate and ethyl acrylate at a
weight ratio of 22.2/64.6/13.2., weight average molecular weight 45,000, acid number

130-150. Other useful binders will be apparent to those skilled in the art.



t) ‘a photo initiator; and d) a solvent conprising a conpound sel ected
from the group consisting of 2- methoxybutanol, propylene glycol butyl

et her, ethylene glycol ethyl ether acetate, propylene glycol propyl ether,
proopyl ene glycol tertiary butyl ether, ethylene glycol ethyl ether,

di propyl ene glycol nethyl ether, and propyl ene glycol nethyl ether acetate,;
This is the replacenent sheet 3a wherein the photoinitiator is present
in an anount of greater than 10% by meig@g of the material wthout the
solvent and wherein the binder has a Tg of 110[err]C or greater. According
to a second enbodi ment of the invention there is provided a process for
produci ng a negative resist imge on a surface conprising the steps of: a)

coating a resist material gnto a conductor clad | am nate surface wherein
the resist nateri éﬁ‘heclmqgf pEthe instant invention has a T, of about 110°C or greater, preferably a

T, of about 110°C to about 120°C. It is also preferable that the binder is present in the
resist at a dry concentration of about 50% or greater, preferably about 50 to about 70%,
more preferably about 55 to about 65% by weight.

The multifunctional monomer that finds application in the subject invention is
nongaseous, contains at least 2, preferably 2 to 4, more preferably 2 to 3 ethylenic double
bonds. Having at least 2 ethylenic double bonds makes the monomer polyﬁxncﬁoﬁal, ie,
capa_bl'e of cross-linked polymerization. Suitable monomers inplude alkylene or .
polyalkylene glycol diacrylates. Monomers containing vinylidene groups conjugated with
ester linkages are particularly suitable. Illustrative examples include, but are not limited
to, efhy!ene diacrylate; éiiethylgne glycol diacrylate; glycerql diacrylate; glycerol h
triacrylate; l,3-propane:diol dimethacrylate; 1,2,4-butanetriol trimethacrylate; 1,4~
benzenediol dimethacrylate; l,4-cycloheianediol diacrylate; pentaerythritol tri- and
tetramethacrylate; pentaerythritol tfi_- and tetraacrylate; tetraethylene glycol
dimethacrylate; trimethylolpropane trimethacrylate; triethylene glycol diacrylate;
tetraethylene glycol diacrylété; pentaerythritol triacryla;ce; trimethylol propane triacrylate;
pentaerythritol tetraacrylate; 1,3-propanediol diacrylate; 1,5-penmneaiol dimethacrylate;

and the bis-acrylates and bis-methacrylates of polyethylene glycdls, polypropylene glycols,



i) ‘a binder conprising a polyner selected fromthe group consisting of
acrylic polymers and methacrylic polyners; ii) a nononmer having fromtwo to
fow ethylenics double bonds; iii) a photoinitiator; and iv) a sol vent
cohprising a.conpound sel ected fromthe group consisting of 2-
met-hoxybut anol , propyl ene glycol butyl ether, ethylene glycol ethyl ether
acetate, propylene glycol propyl ether, propylene glycol tertiary butyl

et her, ethylene glycol ethyl ether, dipfopylene glycol nethyl ether and
praopyl ene glycol nethyl ether acetate;” Wherein the photoinitiator is
present in an anmount of greater than 10% by wei ght of the material w thout
t he sol vent and wherein the binder has a Tg of 110[err]C or greater b)
heating the resist material to renpve substantiallgoall of the solvent from

the resist randeppelymess theseof of mploculativesight from about Y00 tophout 580 (nusber y

adherent filminmgew se to actinic radiation to forman image; and d)

devel opi ng tdverage). €A exagleof Dmaltifier@tibhal tnonodfies is dth@m@tated bisphenol A
dimethacrylate. Other useful polymerizable monomers w%ll be apparent fo those skilled in
the art.

Photoinitiators useful in accordance with this invention comprises those
photoinitators which are relatively efficient when compared to the efficiency of
benzophenone as a photoinitiator in liquid resist systems. Also, photoinitiators useful in
accordance with this invention exhibit relatively slow evapqration rates when cbmpared to
the evaporation rate of benzophenone in liquid resist systems. The term "photoinitiator" is
inclusive of those compounds which function as photoinitiators as well as those
compounds which function as photosensitizers. The photoinitiator may be any
combination of materials selected from the group consisting of aromatic ketones, e.g.,
4,4'-bis(dimethylamino)benzophenone, 4,4'-bis(diethylamind)benzophenone, 4
methoxy-4'-dimethylaminobenzophenone, 4,4'-dimethoxybenzophenone,
4-dimethylaminobenzophenone, 4-dimethylaminoacetophenone, benzil, anthraquinone,
2-t-butylanthraquinon§, 2-methylanthraquinone, phenylanthraguinone, xanthone,
thioxanthone, 2-chlorothioxanthone, 2,4-diethylthioxanthone, fluorenone, acridone,

- 2,4,5-triarylimidazoledimers, e.g., a 2-(o-chlorophenyl)-4,5-diphenylimidazole dimer, a



“4 - *According to the invention there is provi ded a negative resist
nmaterial conprising a binder, a multifunctional nmononer, a photoinitiator
and-a sol vent, wherein the photoinitiator is present in an anmount of
greater than 10@6by wei ght of the material w thout the sol vent and wherein
the binder has Tg of 110[err]C or greater. According to another aspect of
the invention there is provided a process for producing a negative resist

i mage on a surface conprising the steps7af: a) coating a resist
material onto a conductor clad |am nate surface wherein the resist nmaterial
conprises a binder, a nmultifunctional nonomer, a photoinitiator and a

sol vent ;. and wherein the photoinitiator is present in an anmount of greater

Lhan 10% b1yl Bibd 5 AR aL Al bIANRRRARR R A1 1, L 1 e
remove subst a-r%tolﬂ%lolrg-p érlyl)g S-ctilgﬁeniﬁnu\ﬁgzole dimer, a
2-(o-methoxy-phenyl)4,S-diphenylimidazole dimer, and a
2-(p-methoxyphenyl)4,S-diphenylimidazole dimer; preferably Selected from the gl;oup
consisting of isopropyl thioxanthone, ethyl dimethylaminobenzoate,
dimethoxyphenylacetophenone and 2,2"-bis(o-chlorophenyl)-4,5,4',5"-tetraphenyl-1,2"-
biimidazole.
*In the instant liquid photoimageable resist, the photoinitiator is present in an
amount greater than about 10%, preferably in an amount from greater than 10% to aboui
17% by weight, more preferably in an amount from greater than 10% to about 11% by
! weight, more preferably about 11% by weight of the material without the solvent.

The soivent useful in accdrdance with this invet;tion comprises solvents which
exhibi;t relatively high flash points, about 16°C to about 93°C (60-200°F), preferably
about 38°C to about 49°C (100-120°F), relatively low vapor pressures, about .65 to
about 5 Torr at 20°C, perferably about 3.5 to about 4.0 Torr at 20°C and are rela‘tivély
low in toxicity, those solvents having a TLV greater than about 50. The solvent may be

- selected from the group consisting of 2-methoxybutanol, propylene glycol but)_'l ether,

ethylene glycol ethyl ether acetate, propylene glycol propyl ether, proyplyene glycol



from'the resist material to forma dry adherent film c) exposi ng the
dry adherent filminmgew se to actinic radiation to forman image; and d)
devel oping the latent inage to a negative resist image. The binder in the
pref erred enbodi ment of this invention is prepared fromone or nore
filmformng , vinyl type nononers and one or nore al pha, beta

et hyl eni cal |l y unsaturated carboxyl group containing nononers having 3-15
carbon atonms, which nakes the binder seBuble in agueous medi a. Exanples of
useful vinyl type nononers are al kyl and hydroxyal kyl acryl ates and

met hacryl ates havi ng 3-15 carbon atonms, styrene, and al kyl substituted
styrenes. Exanpl es of useful carboxyl group- containing nononers are

[t aconi ¢ aci el BRGTufel lfiend BRPARARE ofher, 458 MGl yy T RARRL RS 70, C
S?Sa?QPyd”Sfm 1 B0 Sasesrolvs ot aon reiarsd e Ghyiees Bye bpsadiotiengo0 o

about 150. In another enbodi ment of the invention a binder conprises an
acrylic pol yPreferablythe galvent comprises propyleae g;Mcobmg&lyblgthcrelcbﬁ}te met hac ryl ate
and ethyl acrylate at a weight ratio of 22.2/64.6/13. 2.

The liquid photoimageable resist of the instant invention may optionally comprise a
thermal polymerization inhibitor useful in preventing thermal polymerization during
application, drying and storage. Examples of useful thermal polymerization inhibitors are
p-methoxyphenol, hydroquinone, alkyl and al;yl-substituted hydroquinones and quinones,
tertbutyl catechol, pyrogallol, copper resinate, B-nanhthol, 2,6-di-tert-butyl-p-cresol, 2,2'-
methylene-bis(4-ethyl-6-t-butylphenol), p-tolylquinone, chloranil, aryl phosphites, and aryl
alkyl phosphites. Other useful thermal polymerization inhibitors will be apparent to those

skilled in the art. "
The liquid photohagéble resist of the instant invention ay optionally cbmprise a
flow modifier. An example of. flow modiﬁer or Ievglling agent comprises a copolymer of
ethyl acrylate and cjrclohexyl acrylate commercially known as Modaflow (Modaflow,
available from Mons;mto, St. Louis, MO). Other ﬂow modifiers, such as the Fluorad
Series, are useful in providing substantially defect free coatings. (Fluorad, available from

3M, Minneapolis, MN). Determination of the necessary amounts of these addi;ives in the

ihstant liquid photoimageable resist formulation would be apparent to those skilled in the



‘Wwei ght average nol ecul ar wei ght 45,000, acid nunber 130-150. O her useful
binders wi |l be apparent to those skilled in the art. The bi nder of the
i nstant invention has a [err] of about 110[err]C or greater, preferably a
[érr] of about 110 C to about 120[err]C. It is also preferable that the
binder is present in the resist at a dry concentration of about 50% or
greater, preferably about 50 to about 70% nore preferably about 55 to
about 65% by wei ght. The nul ti functi onal® nonomer that finds application in
t he subject invention is nongaseous, contains at |east 2, preferably 2 to
4, ‘more preferably 2 to 3 ethylenic double bonds. Having at |east 2

et hyl enic doubl e bonds nakes the nononer pol yfunctional, i.e., capable of

cr oss- | i-nkedapoThedlowzmbdifiers canl bé akddeat lavelRrof051 % 16 B 1096 peferydbN® 526 1.0% dry
pol yal kyl ene gl ycol diacrylates. Mnoners containing vinylidene groups

conj ugat ed \Awe!?hg)st er linkages are particularly suitable. Illustrative
exanpl es” i nclude,” but are not limted to, ethylene diacrylate; diethylene

glyco l_ diacrylate The Ili i rp%kto%%ﬁéaﬁe%s%t of ltI}fs? Ex{rgxgtion optionally includes additives well

known in the art of photopolymerizable cdmpoéitions, such as leuco (i.e., printout) dyes,

5 background dyes, adhesion promoters, and antioxidants as disclosed in U.S. Patent Nos.
4,297,435, and 4,268,610. Other optional additives will be apparent to those skilled in the
art. While desirable, the optional additives é.re not necessary to the instant invention.

- Generally, in the process of producing a negative resist image on a surface, the
liquid photoimagable resists may be applied via a roller coater, a screen coater, a curtain
coater or a spin coater, other application means known in the art. Typically, the surface is
a copper surface on a copper clad substrate. Subsequently, the substrate is heated to
remove the solvent from the liduid photoimagable resists. In the instant process,

| preferably substrate is heated above about 93°C (about 200°F), preferably about 93 °C to
about 107°C (about 200°F to about 225°F) to remove substantially all of the solvent from
the resist material to form a dr& adherent film. Thickness of the dry adherént film is
typically about 0.3 mils or greater, preferably about 0.3 to about (0.7) mils.
Subsequently, the dry adﬁerent film is exposed to actihic radiation through a

negative to create a latent image of phbtopolymerized material, and developed in a known



triacrylate; 1, 3-propanediol dinethacrylate; 1,2,4-butanetriol

tTimet hacryl ate; 1,4- benzenedi ol dinethacrylate; 1,4-cyclohexanediol

di acryl ate; pentaerythritol tri- and tetramethacryl ate; pentaerythritol
tri- and tetraacrylate; tetraethylene glycol dinethacrylate;
tri-met hyl ol propane trinethacrylate; triethylene glycol diacrylate;
tetraet hyl ene glycol diacrylate; pentl®erythritol triacrylate; tringthylol
propane triacrylate; pentaerythritol tetraacrylate; 1, 3-propanedi ol
diacrylate; 1,5-pentanediol dinethacrylate; and the bis-acrylates and

bi s-met hacryl ates of pol yethyl ene gl ycols, polypropyl ene glycols, - 6-

and copol y@@gueﬁ &%ﬁ%g%lufigﬁ gtfwnﬂ{ve‘fﬁé %n trx?%@@&ﬁ@ho&@& &emqugﬁxpﬁ'ég ?e 4

(nunber -average). Anexanp a multi _ oner Is e )
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wth this tihgt\ll g\%&igﬁoagle%(;nk?\i)iwi%ioéers]sig,ee.g.,,by plating or etching procedures, while the
photoresist protects the covered surface. The photopolymerized material can be
ultimately removed from the substrate by washing with known stripping solution;.l
Generally, the amount. of actinic radiation used to polymerize the composition
varies from about 35 to about 150 mJ/cm?, with precise amounts determinable by those
skilled in the art based on the specific composition used. US-A-4,293,635 and US-A-
4,268,610 disclose examples of photoimaging techniques and equipment, including -
| radiation sources, exposure intensity and duration, developing and stripping solutions and
. techniques, and laminated board compositions.j
The copper clad substrate is any known copper/dielectric laminate used in circuit
board manufacture, such as a copper clad board.éf fiberglass reinforced epoxy resin.
Other useful dielectrics will be apparent to those skilled in the art.
The aqueous developing solutions used in accordance with this fnvention have, by
weight, about 0.5-10% alkaline agénts, prefet_'ably about 0.5-1%, and the latent imaged

board is washed in the solution for a time sufficient to remove the unpolymerized

composition. Useful alkaline agents are alkali metal hydroxides, e.g., lithium, sodium and



“phot Gi nitators which are relatively efficient when conpared to the
efficiency, of benzophenone as a photoinitiator in liquid resist systens.
Al so, photoinitiators useful in accordance with this invention exhibit
relatively slow evaporation rates when conpared to the evaporation rate of
benzophenone in liquid resist systens., The term"photoinitiator" is

i ncl usi ve of those conpounds whi ch function as photoinitiators as well as
t hose conpounds whi ch function as photosensitizers. The photoinitiator may
be._any conbination of materials selected fromthe group consisting of
aromatic ketones, e.g., 4,4 -bis(dinethylanm no)benzophenone, .

4, 4" - bi s( dpasassipnehydroyide thebase measting alk mw(MtS-QfMﬁéEhwﬂarﬁ&othDphenone,
4, 4" - di met hoxybenzophenone, 4-di net hyl am nobenzophenone,

4- di met hy| ciboacaidtidaetorate, ahdalkali mebhphdsphatesardepyrépliosphites. aTtevikgigi none,
2- met hyl ant hr aqui none, phenyl ant hr aqui none, xant hone, thi oxant hone,

2- chl or ot hj xae4 b"ﬁf%‘#é’?‘é ﬁ{e*ehjég;lﬁb@é 3BLABHGr thle!sBREBA N ¥igh ﬁ&%&lﬂé’ Sprayed

2,4,5-triarylimdazolediT - g. _
2-_(o-chl oré)l{a&%%h‘)d-ﬁ, 5-di phenyl i m dazol e dinmer, a

In general, the stripping solutions useful in rex;mving the photopolymerized
material in accordance with the instant invention are heated alkaline aqueous solutions, for
example, solutions containing the same alkaline Agents as the developing solutions, but
having a higher alkaline conceﬁtration, i.e., generally, by weight, from about 1%-10%,
preferably. from about 1%-3%. Generally, the stripping solution is heated to a temperature
of about 45°C.-65°C., preferably about 50°C.-55°C. Washing the substrate to remove

) the photopolymerized material is by methods well known to those skilled in the art, such
as spraying the substrate with the heated stripping solution or, preferably, agitating the
substrate in a heated bath of the stripping solution.. Amongst the advantages of the instant
liquid photoimagable resist is the material's ability to develop relatively cleanly with
substantially no residue. This results in a process with relaﬁvely fast etch rates,

particularly in cupric chloride etchants.



7 -72-(o0-chl orophenyl) -4, 5-di (m net hoxyphenyl )i m dazol e diner, a
2-(o-fluoro-phenyl) 4, 5-di phenyl i m dazol e diner, a

2-40- net hoxy- phenyl ) 4, 5- di phenyl i m dazol e diner, and a _

2.(-p- met hoxyphenyl ) 4, 5-di phenyl i m dazol e dinmer; preferably sel ected from
the group consisting of isopropyl thiq ant hone, et hyl

di met hyl am nobenzoat e, di net hoxyphenyl*4Cet ophenone and

2,2 -bis(o-chlorophenyl)-4,5,4",5"-tetraphenyl-1,2"- biimdazole. In the
instant |iquid photoimageable resist, the photoinitiator is present in an
amount greater than about 10% preferably.in an amount from greater than
10%t o about 17FheyTafithgrhinderyvas detesrnined using DifferantialSoanning Calogmetryer t han
10%to about 11% by wei ght, nore preferably about 11% by wei ght of the

naterial  W(DSQ)! Thed'gseds\recdrded 42he alid-pBint USteWtankifioR aELEAARSR ofi th this
I nvention conprises solvents which exhibit relatively high flash points,

about 16C type ' preferably about 38[err]C to about
49[err] C (fgo%f’té’?‘?‘%m@%ﬁ%*@%w vapor pressures, -about .05 to
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~of the liquid-applied photoresist compositions and the process for producing a negative
resist images using the liquid-applied photoresist compositions of the present invention.
These examples are for illustfative purposes only, and it must be acknowledged that minor
variations and changes can be made without materially aﬂ'ecﬁng_the spirit and scope of the

invention as recited in the claims that follow.

Examples 1-4
Liquid resist in aiccordan,ce with the instant invention were prepared by combiﬂing
. the ingredients in the ar;xounts listed in Table 1 in a glass jar, mechanically stirred at 500
rpm at 20-25°C until a homogeneous liquid resist composition was obtained.
The composition was applied on copper clad laminate or panel using either a roller
(available from Black Brothers, Mendota, IL) or spin coater (available from Headway

Research Inc., Garland, TX). The resist was applied to have a minimum dry thickness of
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< lTowin toxicity, those sol vents having a TLV greater than about 50. The
sol vent may be selected fromthe group consisting of 2-nethoxybutanol,
propyl ene-glycol butyl ether, ethylene glycol ethyl ether acetate,
propylene gl ycol propyl ether, proypl yene gl ycol -8 - tertiary butyl
‘ether, ethylene glycol ethyl ether, and dipropyl ene glycol nethyl ether.
Propylene gl ycol based solvents are pref®+red over ethylene glycol based
solvents. Preferably, the solvent conprises propylene glycol nethyl ether
acetate. The liquid photoi mageabl e resist of the instant invention nmay
~optionally conprise a thernal pol ymeri zati on inhibitor useful in preventing

Lsef -t her nOT " A RNBiEA BRARToHANIWiOERS bRl g flfee RIS e
al kyl and aryl -suybstj tuted roqw s and qui nones tertbutyl catechol ,
pyrogal | ol , B‘Bﬁ@?g’r%g?w&t‘as @’PFP'ﬁ’ﬁgﬁFhol 2,6-di-tert-butyl-p-cresol,

2,2- net hyI ene- bi 5&4 et hyl - 6-t-butyl phenol ), p-tolylquinone, chloranil,
aryI ‘phosphi t es, Zhe ceated panel was dried in a vented ‘Blue M oven at 93-107°C (200-225°F) at

a rate to provide a residence time within the oven so that the residual solvent in the

~ coating is reduced to less than 1 wt%. The coated panels were vertically stacked and
allowed to remain in contact with one another for 72 hours under ambient atmospheric
conditions to provide sufficient time for the coated panels to block with ene another. The
coated plates were observe& during this time to determine if there was any discernable
blocki-ng between the plates during storage.

* The coated panels are then exposed at 100-150 mJ/cm? in a conventional exposure
unit (Mimir 9224, available from Mimir Instruments, Incorporated, Santa Clara, CA) with
a minimum lamp intensity of 8 mW/cm? and_having a wavelength of maximum intensity at
300-400 nm. The photospeed of the resists Qere determined using a Stouffer 41 Step.
The panels were developed in 1.0% sodium carbonate monohydrate at 32°C (90°F) with a
breakpoint of 50%. The developed panels were then etched in cupric chloride then
stripped in 3% potassium hydroxide at 54°C (130°F). Etched panels were finally
inspected for defects, |

The results of thfs te;ting_ are found in Table 1.



*al kyl phosphites. Qther useful thermal polymerization inhibitors will be
apparent to those skilled in the art. The liquid photoi nageabl e resi st of
the instant invention may optionally conprise a flow nodifier. An exanple
of._flow nodifier or levelling agent conprises a copolymer of ethyl acrylate
and cycl ohexyl acrylate cormerm ally_ Hwown as Modafl ow (Modafl ow, avail abl e
from Monsanto, St. Louis, O her ow nodi fiers, such as the Fluorad
Series, are useful in provi d| ng substantially defect free coatings.

(FI uorad avail able from3M M nneapol is, M. Determ nat| on of the
necessary AEBLRLE—0LlRas0—addiLi1a SN _L0e

resist forjrul ati on woul d be apparent ,i_ bfose Skl Iled |n t he 9 art
flowm)difers can be used at |evels d@ %toSO%preferranyOSt
1.0%dry werght) The Trquid photormegeabre resrst _of thrs rnventron
opt i onal | ylincludes additives well Formulation, parts
“ Ingredient Example 1 | Example 2 | Example 3 | Example 4
ll Acrylic polymer* 25.45 24.46 24.42 25.34
n SR480 12.01 : 12.35 11.71 11.82 "
“ BHT 0.02 0.02 0.02 ' 0.02 “
ITX 0.56 1.03 1.16 0.89 “
EDB 1.54 2.82 317 169 |
DMPAP ' 1.54 2.82 3.17 1.69
BCIM _ 0.10 0.10 0.10 0.30
Modaflow 0.62 0.33 0.33 0.32
C.I Solvent Red 49 0.063 0.066 0.064 0.063
C.1. Basic Blue 3 0.082 0.085 0.084 0.082
C.1. Basic Green 0.022 0.025 . 0.022
Propylene glycol methyl ether 57.99 55.89 . 57.77 .
acetate '
Performance Properties
[ Coatability + + + + “
“ Antiblocking + - - +
Photospeed, 150 m¥/em? $S2 556 586 ss8
—
Key to Ingredients:

m methacrylic acid, methyl methacrylate and ethyl acrylate at a weight ratio of 22.2/64.6/13.2.,
weight average molecular weight 45000, acid number 130-150

BHT butylated hydroxy toluene

Modaflow Monsanto, St. Louis, MO

SR480  cthoxylated bisphenol A dimethacrylate, Sartomer Co, Exton, PA.

ITX - isopropyl thioxanthone

EDB ethyl dimethylaminobenzoate, Fim Chemical, Pascagoula, MS

DMPAP dimethoxyphenyl acetophenone, First Chemical, Pascagoula, MS

BCIM  2,2-bis{o-chiorophenyl)-4,5,4',5"tetraphenyl-1,2'-biimidazole, Esprit, Rockland, MA



‘known in the art of photopol ynerizable conpositions, such as leuco (i.e.,
printout) dyes, 5 background dyes, adhesion pronoters, and antioxi dants
as—di scloséd in U S. Patent Nos. 4,297,435, and 4, 268,610. O her optional
additives will be apparent to those skilled in the art. Wile desirable,
the optional additives are not necessgry to the instant invention.
CGeneral ly, in the process of producihg’ a negative resist inmage on a
surface, the liquid photoimgable resists may be applied via a roller
coater, a screen coater, a curtain coater or a spin coater, other
appllcatlon means known in the art. Typically, the surface is a copper
surface_on a cotpwill bel apgreciatesk bythese sRilled émjtherart that ¢cHanges.douldrbet readestortbet ed
to renove the solvent fromthe liquid phot oi magabl e resists. In the instant

process, pegbgdiaiehts desitived absve withvue SmahObioad hventidiinteptQfereof.
[err]F), preferably about 93 C to about 10/[err] C (about 200[err]F to

Tl PR MR A
TR TR LN e

through a negative to create a |atent image of photopolynerlzed .material,
and devel opessentrinventinnamdefined by the appended claims.



“.10-~ aqueous devel opi ng solution to remove the unpol yrmeri zed conp05|t|on

fromthe copper surface. The portions of the surface ng v "““"'l
;m&sggaw § BEEN

phet opol yneri zed material are then nodifiable by kno
plzating or etching procedures, while the photoresist plfot ectﬁﬁﬂ”@%vgg

surface. The photopol ynerized material edf-be ultimatefy Tenoved 1rom the
-substrate by washing wth known stripping solutions. CGenerally, the arount
of actinic radiation used to polynerize the conposition varies from about
35 _to about 150 mJ/cnR, with precise anounts determ nable by those skilled
inthe art based on the speci fic conmposition-used. US A-4,293, 635 and US-A-
4,268,610 discl ose exanpl es of photoi magi ng technlques and equi pnent,

i ncl udi ng radi ati on sources, exposure intensitThi
and stripping solutions and techni ques, and Iam

laceay e| opi ng
np03|t|ons
The copper cl ad substra&frfs-aﬁ“KﬁﬁﬁﬁLEEbper/d| ate used in

(rzlelr(r:nch:)'; ngaregoxmrjfeglc;urT“\‘i\l“““lm“m“mrer cl ad board of f| ber gl ass

1. A resist materiai comprising:
a) binder,
b) a multifunctional monomer,
c) a photoinitiatpr, and
d) asolvent;
wherein the photoinitator is present in an amount of greater than about 10% by weight of

the material without the solvent.

2. The resist material of claim 1 wherein the photoinitiator is present in an

amount from greater than 10% to about 17% by weight.



*Clher useful dielectrics will be apparent to those skllled inthe art. The
aqueous devel opi ng sol utions used in accordance with [ ST ERO e,
by-wei ght, about 0.5-10% al kal i ne agents, preferably & SHIEET HAS BERN he
| atent imaged board is washed in the solution for a tfrre s REBLAGER to
renove the unp ition. Useful alkaline agents" & Rar
met al hydr oxi dim,mmmnﬂﬂmm sodi~drh-and pot assi um hydr oxi de, the
base reacting al'kafi het'l Ssalts of weak acids, e.g., sodium carbonate and
bi carbonate, and al kali metal phosphates and pyrophosphates. The circuit
board can be subnerged in the devel oping solution or the solution is high
pressure sprayed.on tTie resistrmaterdial of elaim & lwhetdie tiset phiopginitigtos & presennin ansef ul -
in removing the photopol ynerized nmaterial in accordance with the instant

i nvention aarnﬁ)ﬂ?ﬁbﬁldgréitgﬁhhﬁ‘?o‘ﬁ%%&ft lqgtw eight. for exanple, solutions

contai ni ng the sane al kal 1 ne agents as e devel opi ng sol utions, but having

a higher alkaline concentration, i.e., generally, by weight, from about
1% 10%
4, The resist material of claim 1, wherein the binder has a T, of about 110°C
or greater.
5. The resist material of claim 4, wherein the binder has a T, of about 110°C
to about 120°C.
6. The resist material of claim 1, wherein the solvent comprises propylene
glycol methyl ether acetate. _
i
7. The resist material of claim 6, wherein the binder is present in an amount of

greater than about 60% by weight of the r;laterial without the solvent.

8. A process for producing a negative resist image on a surface comprising
the steps of:
il ﬁiilﬁellelnli{leﬁilm




“preferably fromabout 1% 3% Generally, the stripping solution is heated to
a tenperature of about 45[err]C -65[err]C., preferably § ,

5QfFerr] C. -55[ err} C—\Vashi-ng—the substrate to renove thepmsms BEEN
le_ar tREBLAGERs.

mat-eri al is by nethods nown to those skilled int ]
sprayi ng thﬁmm H l\ﬁ“mrhe heat eg stripping solution or; prereranty,
agitating t el heated b %h of the stripping solution. Anpbngst
t he advantages of the instant |iquid photoinagable resist is the materials
abjlity to develop relatively cleanly with substantially no residue. This
results in a process with relatively fast etch rates, particularly in
cupric chloride et chand)s coatinga resist mategial Dyt conducter stadlaminatedurfaceni ned
using Differential Scanning Calorinmetry (DSC). The Tg was-recorded as the
m d- poi nt of the tranetdiPthedbsist nsatérial arhprises; 10 C/ minute under a nitrogen
at'nosphere. The foll owi ng exanples are provided to better disclose and
teach the preparation ) binder, :

if) a multifinctional monomer,
iii) a photoinitiator, and
iv) a solvent;
wherein the phétoinitator is present in an amount of greater than about
10% by weight of the material withdut the solvent,
b) heatiﬁg the resist material to remove substantially all of the solvent
from the resist material to form a dry adherent film,
¢) exposing the dry adherent film imagewise to actinic rédiation to form
an imagé,

d) developing the latent image to a negative resist image.

9. The process for producing a negative resist image of claim 8, wherein the

resist material is applied by a roller coater, screen coater, spin coater or a curtain coater.

This Sheet Has Been Replace
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of the liquid-applied photoresist conpositions and the process for
producing a negative resist inmages using the |iquid-applied photoresist
conpositions of the present invention. These exanples are for ifTustrative
pur poses only, and it nust be acknow ed d t hat

changes can be nade without materiall y fect| ngn““"“{m“mm l'ﬁope of
the invention as recited in the clains that foll ow* Exampl es - i qui d
resist in accordance with the instant Lﬂﬂﬁ@t i on were prepared by comnbi ni ng
the ingredients in the amunts Ilsted In Table I in a glass jar,

mechani calil y atnégraﬁde eés@%tgr;am Asing5[ err] Cuntil a hormgeneous l'iquid
resi st conposition was obtai ned. Tﬁe conposition was applied on copper clad
| anmi nate @) panbindersicomprisingea polymér eeledted didnbthe grompndahasﬂxngBrocﬁt aveylc
Mendota, IL) or spin coater (available from Headway Research Inc., Garl and,
TX). The pebimers apdmgthartydie polymerse a mini mum dry thi ckness of - 13 -

b) a monomer having from two to four ethylenic double bonds;

c) a photo initiator; and

d) a solvent comprising- a compound selected from the group consisting of 2-
methoxybutanol, propylene glycol butyl ether, ethylene glycol ethyl ether acetate,
propylene glycol propyl ether, propylene glycol tertiary butyl ether, ethylene glycol ethyl
ether, diprqpylene glycol methyl ether, and propylénc glycol methyl ether acetate;
wherein the photoinitiator is present in an amount of greater than 10% by weight of the
material without the solvent and wherein the binder has a Tg of 110°C or greater.

2.  The resist material of claim 1 wherein the photoinitiator is present in an amount
from greater than 10% to about 17% by weiéht.

3.  The resist material of claim 2 wherein the photoinitiator is present in an amount
from greater than 10% to about 11 % by weight.

4.  The resist material of claim 1 wherein the photoinitiator is present in an amount of
about 11% by weight.

5.  The resist material of any one of claims 1 to 4 wherein the binder has a Tg of
120°C or greater.

6. The resist méterial of any one of claims 1 to 5 wherein the material further
comprises photosensitizer, a Ievelling agent, a thermal inhibitor and a dye.

7. A resist material of any one _of claims 1 to 6 wherein the solvent comprises
propylene glycol methyl ether acetate.

8.  The resist material of any oﬁe of claims 1 to 7 wherein the binder comprises an
acrylic polymer.

9.  The resist material of claim 8 wherein the binder is present in an amount of greater

than about 60% by weight of the material without respect to the solvent.
This isl the replacement sheet
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0.3 mls and exhibited excellent coatability w tthrmo observable—eeating

def ects such as dewetting, fisheyes, dishdowns or ' The coated
panel was dried in a vented Bl ue M oven at 93- 10jgﬂ El], M(ﬂl ﬁmtrr]F) at
arate to provide a residence tinme wthjn the ov gatyt osi dual

solvent in the coating is reduced to less than 1 wt% The coated panels
were vertically stacked and allowed to remain in contact with one anot her
for 72 hot®s Anplecesarfor pradueingesmpative resin dihigeoors a tsarfaccovomprising thec steps
time for the coated panels to block with one another. The coated pl ates
were obsepflied during this tinme to deternmine if there was any di scernable
bl ocki ng between the plates during storage. The coated panels are then
exposed a®) 1000atiDg iesist Mmatqrial onto @ sandusior iad lamipase gurdacenwherein therresispa,
available fromMmr. Instrunments, Incorporated, Santa Clara, CA) with a
mi ni mum | SRFTRLEURRINS: of 8 mWcn2 and having a wavel ength of maxi mum

ntensity, o B0 4Bl pohRsRIS ROURGE b Boh B SR BT
o ont oA Bl el SOLer ) i 1 2 Preakeotnt of 5% The
pot assi um hydgpxi gendHomes atidg Srof twéid fiae e RBIcE dWRBIE bbhdd! | Y
iii) a photoinitiator; and
iv) a solvent comprising a compound selected from the group consisting of 2-
methoxybutanol, propylene glycol butyl ether, ethylene glycol ethyl ether acetate,
propylene glycol propyl ether, bfopylene glycol tertiary butyl ether, ethylene glycol ethyl
ether, dipropylene glycol methyl ether and propylene glycol methyl ether acetate;
wherein the photoinitiator is present in an amount of greater than 10% by weight of the
material without the solvent and wherein the binder has a Tg of 110°C or greater
b) heating the resist material to remove substantially all of the solvent from the resist
material to form a dry adherent film
c) exposing the dry adherent film imagewise to actinic radiation to form an image;
and |
d) ldeveloping the latest image to a negative resist image.
11. The process for producing a negative resist image of claim 10 wherein the resist
material is applied by a roller coater.
12. The process for prqducing a negative resist image of claim 10 wherein the resist
material is applied by a screen coater.
13. The process for producing a negative resist image of claim 10 wherein the resist
material is applied by a spin coater.
14. The process for producing a negative resist image of claim 10 wherein the resist

material is applied by a curtain coating.

opus 03 W -



Tt o st e s o o e T

Exanpl e 2 Exanpl e 3 Exam ple 4 Acrylic polyner' *

25. 45 24. 46 ' 24.42 18 25. 34 SR480

12. 01 12. 35 11.71 11. 82 BHT

0. 02 0. 02 . 0.02 0.02 ITX

0. 56 15. The progess for producingla negative resist image ®f @@y Eme of claims 10 to 14
1.54

1. 54 wherein ﬂie gésist material is gle%t;d above about 93]ng &@?&OWF) to remove
0.10 substantialgf aJ.[P of the solvent frgmltge resist material to f(())'rr?ﬁoa dry adherent film.

16. The process for producing a negative resist imagé of any one of claims 10 to 15
wherein the resist material is heated to from 93°C to 107°C to remove substantially all of

the solvent from the resist material to form a dry adherent film.

This is the replacement sheqt

.
%8 03 JuL 1097



.. Mbdaf | ow . 0.62 0.33 0.33

0.32 ‘C.L Solvent Red 49 <+ 0.063 0. 066
0.064 0.063 C.L Basic BI ue 3 ' 0. 082
0. 085 0. 084 - 0.082 C.L Basic Geen
0. 022 0. 025 0. 022 -4- 0. 022 Propyl ene gl ycol
met hyl et her 57.99 55. 89 55. 75 57.77
acet at e Perf or mafceofdinger the dnvebtion tierd istprovided a negative resist material +
+ +
+ Phot ospeeg pilg%xg rrﬂ‘?mcrlre[réa njmltlfunétl&ﬁi bfnBks %gphotolmtlator and agglvent,
SS6 wherein §gsphatginitigtqr i peasert ingn amonnt of gregtexnthan |0V by, wieight gEthey |

met hacryl aingatéridl vatHbat tRGoWedt £ndivhéreitEthe BindeRhisoTy ef 1@@6@%&3 2.
wei ght aver age rml ecu ar wei 5554500&”1’@%' d ngﬂn%ﬁ'r@ m\%'a %utyl at ed
hydr oxy t ol ueno Fal P &?Pﬁ?@ﬁs Iphenol
A di met hac pydumcmg aSncgamwe resido imége ama s@face comprising -the steps of:

a) coating a resist material onto a conductor clad laminate surface
wherein the resist material comprises a binder, a multifunctional monomer, a
photoinitiator and a solvent;

and wherein the photoinitiator is present in an amount of greater than 10% by
weight of the material without solvent and wherein the binder has a Tg of 110°C or
greater;

b) heating the resist material to remove substantially all of the solvent .
from the resist material to form a dry adherent film;

C) exposing the dry adherent film imagewise to actinic radiation to form
an image; and ‘ ' '

d) developing the latent image to a negative resist image.

The binder in the preferred embodiment of this invention is prepared from one
or more film-forming , vinyl type monomers and one or more alpha, beta ethylenically
unsaturated carboxyl group containing monomers having 3-15 carbon atoms, which
makes the binder soluble in aqueous media. Examples of useful vinyl type monomers
are alkyl and hydroxyalkyl acrylates and methacrylates having 3-15 carbon atoms,
styrene, and alkyl substituted styrenes. Examples of useful carboxyl group-containing
monomers are cinnamic acid, crotonic acid, sorbic acid, acrylic acid, methacrylic acid,
itaconic acid, propionic acid, maleic acid, fomaric acid, and half esters and anhydrides
of these acids. The binder has an acid number of about 80 or greater, preferably about
80 to about 160, more preferably about 120 to about 150. In another embodiment of
the invention a binder comprises an acrylic polymer, more particularly methacrylic
acid, methyl methacrylate and ethyl acrylate at a weight ratio of 22.2/64.6/13.2.,

. weight average molecular weight 45,000, acid number 130-150. Other useful binders
will be apparent to those skilled in the art.

This is the replacement sheet -
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1 TX _ isopropyl thioxanthane EDB et hyl di net hyl am nobenzoate, First

Chem cal, Pascagoul a. Ms DVPAP di net hoxyphenyl W,__Fi’r_sr_
“Chenmi cal , Pascagoul a, M5 BCIM

2,2--bi s(o- chl orophenyl ) 4,5, 4' ,5' -teraphenyl, 2' - mmm
Rockl and, MA - 15 - It will be apprecitéted by tmg ““ he art
t hat changes could be made to the enbodi nents descr aboVe Wi thout

departing fCpAIM® broad inventive concept thereof. It is understood,
therefore, that this invention is not limted to the particul ar enbodi nents
di scl osed, but it is intended to cover nodifications within the spirit and .
scope of the presknt i nkarpative @sistabteriaiccamyprising: appended cl ai ns.

a) a binder;

b) a multifunctional monomer;
c) a photoinitiator; and

d) a solvent

wherein the photoinitiator is present in an amount of greater than 10% by
weight of the material without the solvent and wherein the binder has a Tg of 110°C or

greater. o .

2. The resist material of claim 1 wherein the photoinitiator is present in
an amount from greater than 10% to about 17% by weight.

3. The resist material of claim 1 wherein the photoinitiator is present in
an amount from greater than 10% to about 11% by weight.

4. The resist material of claim 1 wherein the photoinitiator is present in
an amount of about 11% by weight.

5. The resist material of claim 1, wherein the binder has a Tg of 110°C
or greater. i | |

6. The resist material of claim 5, wherein the binder has a Tg of 120°C
or greater. _

7. The resist material of claim 1, wherein the material further comprises
photosensitizer, a leveling agent, a thermal inhibitor and a dye.

8. - The resist material of claim 1, wherein the solvent comprises
propylene glycol methyl ether acetate.

9. The resist material of claim 1, wherein the binder comprises an acrylic
polymer. _

10. The resist material of claim 9, wherein the binder is present in an
amount of greater than 60% by weight of the material without respect to the solvent.

11. = A process for producing a negative resist image on a surface
comprising the steps of:

a) coating a resist material onto a conductor clad laminate surface

wherein the resist material comprises:
i)  abinder;
_ i.i)' a multifunctional monomer;
iif) a photoinitiator; and
iv) a solvent;

- This Sheet Has Been Reilaced n ﬁh“t
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- ;CLAINS: 1. A negative resist material conprising: a) a binder; b)

~-a,mul tifunctional nononer; c) a photoinitiator; and d) a sol vent
wherei n the photoinitiator is present in an arm m‘y“&ﬁn 10% by
wei ght of the material w thout the solvent and “j “mtm has a Tg
of 110[err]C greater. 2. The resist-hhterial of ¢l & m'l fhefein the

photoinitiator is present in an anpunt fromgreater than 10%to about 17%
by wei ght. 3. whetein ks Mtohmmmelpmséntqhanrmbunhef atet ﬂﬁnamstb nltiator

Ther oot ot AP or IR Bterial VSR hRF RO GS bﬁ%%#’é? T3t 330:¢ ﬁ’f .
anount of #eARker.11% by wei ght. 5. The resist material of claiml,
wherein the bindgy has 1@,y BE rdsifllRbtbrial to remove substantially all of the solvent

from the resist material to form a dry adherent film;

_ c) exposing the dry adherent film imagewise to actinic radiation to form
an image; and

d) developing the latent image to a negative resist image.

12. The process for producing a negative resist image of claim 11,

wherein the resist material is applied by a roller coater.

13. The process for producing a negative resist image of claim 11,
wherein the resist material is applied by a screen coater.

14. The prbcess for producing a negative resist image of claim 11,
wherein the resist material is applied by a spin coater.

15. The procéss for producing a negative resist image of claim 11,
wherein the resist material is applied curtain coating. .
' 16. The process for producing a negative resist image of clalm 11,
wherein the resist material is heated above about 93°C (about 200°F) to remove
substantially all of the solvent from the resist material to form a dry adherent film.

17. The process for producing a negative resist image of claim 11,
wherein the resist material is heated to from 93°C to 107°C to remove substantially all
of the solvent from the resist material to form a dry adherent film.

R
heet Has Been Replaced
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. or greater. 6. The resist material of claim5, wherein the binder has a
"% Tg of 120[err] or greater. 7. ‘The:resist material of claim1l, wherein
" the material further conprises phbtosensitizer, a |leveling agent, a thernal
i nhi bitor and a dye. 8. - The resist material of claim1, wherein the
" solvent conprises propylene glycol nethyl ether acetate. 9. The resi st
pmaterial of claim11, wherein the binder conprises an acrylic polynmer. 10.
.~ The resist material of claim9, wherein the binder is present in an anount
of greater than 60% by weight of the material w thout respect to the

sol vent. 11. A process for produciify-a negative resist image on a
surface conprising the steps of: a) coating a resist material onto a
conductor clad |lam nate surface wherein the resist material conprises: i)
a binder; :

LI PHOTOIMAGEABLE RESIST
Abstract of the Disclosure

A liquid applied photoresist composition is disclosed which exhibits a favorable
balance of photospeed and overall physical properties. The photoresist composition
includes a binder, a multifunctional moriomer, a pl{'otoinitiator, and a solvent. The
photoinitiator is present in the photoresist in an amount of greater than about 10% by
weight of the photoresist without solvent. The photoresist when applied is relatively
resistant to blocking when applied to a substrate.

A process for producing a negative resist image on a surface using the photoresis_t

is also disclosed.

This-is (e teplacement sheet 3 23
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r;-—-.-;- REPLACEMLNT & x.«..aL'-J f
iT) ~a multifunctional nonomer; iii) a phot oihill Resot ~‘andff‘v’3 &"%5%@
V\/nerel n the photoinitiator is present in an apdlifE=of{s)gr saties- Mhah 102
weight of the material wthout solvent and wheri2inatvhefdinder’ has: a-Tef of.
110C or greater. b) heating the resist majdli/dst:be r enqoys: substagwdal |y
all of the solvent fromthe resist materfal t
exposing the dry adherent filminmagew se to a tbﬁ‘l‘ﬁ HRIRAE RO L4

| mage;  and,fdrates ard S¥ckQP I SichHEmbAled i thiBREs Sst— T

12. The process for producing a negative resi Stpl mage of cl ali rrlltl
wherei n t hentaRfwith cBBlelakdds of n adjatr Pahdl add iPiHed mERARR exhibit a tendency to

block, adjacent panels may stick together and transfer material from one panel to another
thereby causing circuit defects and yield losses in the final product. To gain antiblocking
properties, the previous resists disclose the use of blooming'agents and other additives
which migrate to the surface of the dried resist detackifying the material.

Also since bénzophenone is a relatively volatile material, resists containing
relatively large amounts of benzophenone may, upon drying, exhibit a great degree of
variability in their photospeed performance. This variability makes it difficult for one to
predict the amount of exposure required to cure the resist.

One object of the invention is to provide a liquid-applied resist which exhibits a
good balance of photosensitivity and overall physical properties. A:nother object of this
invention is provision of a liquid-applied resist which exhibits a reduced tendency for
blocking compared to other liquid-applied resist formulations. |

This invention relates to liquid photoimagable resists and provides a material with a
sufficient photospeed to be of commercial utility and to be relatively resistant to
blocking. |

According to a first exhbodiment of the invention, there is provided a negative

N resist material comprising: _
a) a binder comprising a polymer selected from the group consisting of acrylic
polymers and methacrylic polymers;
b) .. a monomer having from two to four ethylenic double bonds;
¢) aphoto initiator; and
d) a solvent comprising a compound selected from the group consisting of 2-
methoxybutanol, propylene glycol butyl ether, ethylene glycol ethyl ether acetate,
propylene glycol propy! ether, propylene glycol tertiary butyl ether, ethylene glycol ethyl
ether, dipropylene glycol methyl ether, and propylene glycol methyl ether acetate;

This is thg replacement shaet
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13. The process for producing a negative resist inmage of claim1l,
whereipn the resist material is applied by a screen coater. 14. The
process for producing a negative resist imge of claim1ll, wherein the
resist material is applied by a spin coajer. 15. . The process for
produci ng a negative resist image of clafm 11, wherein the resist materi al
Is applied curtain coating. 16. The process for producing a negative
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Has Been Reforueing a negative resist image on a surface comprising the steps of:
a) coating a resist material onto a conductor clad laminate surface wherein the resist
material comprises:
i)  a binder comprising a polymer selected from the group consisting of acrylic
polymers and methacrylic polymers;
ii) a monomer having from two to four ethylenics double bonds;
iii) a photoinitiator; and
iv) a solvent comprising a compound selected from the group consisting of 2-
methoxybutanol, propylene glycol butyli ether, ethylene glycol ethyl ether acetate,
prop&lene glycol propyl ether, propylene glycol tertiary butyl ether, ethylene glycol efhyl
etheri, dipropylene glycol methyl ether and propylene glycol methyl ether acetate;
wherein the photoinitiafor is present in an amount of greater than 10% by weight of the
material without the solvent and wherein the binder has a Tg of 110°C or greater
b)  heating the resist material to remove substantially all of the solvent from the resist
material to form a dry adherent film
‘\,/ c) exposing the dry adherent film imagewise to actinic radiation to form an image;
and

d) developing the latest image to a negative resist image.
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18 15.% The process.for producing a negative resist inmage of any one of
clains 10 to 14 wherein the resist material is heated above about 93[err]C
(about 200[err]F) to renpbve substantially all of the solvent fromthe
resicst material to forma dry adherent film 16. The process for producing
a negative resist imge of any one of claims 10 to 15 wherein the resist
material is heated to from93[err]Cto 107[err]C to renove substantially
all of the solvent fromthe resist natﬁgial to forma dry adherent film

Th

LIQUID PHOTOIMAGEABLE RESIST
Abstract of the Disclosure

A liquid applied photoresist composition is disclosed which exhibits a favorable
balance .of photospeed and overall physical propertiés. The photoresist composition
includes a binder, a multifunctional monomer, a pho;oinitiator, and a solvent. The
photoinitiator is present in the photoresist in an amount of greéter tlhan about 10% by
weight of the photoresist without solvent. The photoresist when a;.)plied is relatively
| resistant to blocking when appliedtoa substrate. |

A process for producing a negative resist image on a surface using the photoresi;t

is also disclosed.
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