1 PHOTO MAGEABLE COWVPCSI TI ON HAVI NG | MPROVED PHOTO NI TI ATO?q%%EI\O/I he
present invention is directed to negative-acting photoinageablmxggﬁ L
conpositions such as those used as photoresists in the art of priht@%
circuitry. The phot oi nageabl e conposition has a photoinitiator chem cal
system whi ch conprises a conbination of n-phenylglycine and

tri phenyl phosphi ne for high photospeed and ot her performance
characteristics. Background of the Invention This invention is directed to
negati ve-acti ng phot oi nageabl e conpositi ons which are devel opable in

al kal i ne aqueous sol utions. The invention is particularly applicable to
primary photoi maging resists, but is applicable, as well, to conpositions
that are hardenable so as to form sol der, nasks and the |like. A variety of
such phot oi mageabl e conpositions are dedcribed. Essenti al conposi tions of
the type to which the present invention is directed are A) a binder

pol yner; B) photopol ynerizable [err],[err]-ethylenically unsaturated

conpound(s), and C) a phot oi RHOTOIMAGH/BILEGOMPOSIEION The bi nder pol yner A)
has sufficient acid fungAdwmat IMPROVEDSRHOTOINIBIATOW BYSTBM d functionality,

that the binder polynmer is soluble in alkaline aqueous sol ution and thereby
renders the photoi nageabl e conpositi on devel opabl e i n al kal i ne aqueous

lutions. Th Bl e A - hort
sol uti ons. The P SBALYITEGE AL oEOmRRNANE LBl Al RAGTES Spdifidher Shor

chain oligoners, antial portion o ave
a, [ err] - et hyickas thosrasat us plictaedistsinttheoatdfi printed Eirenipphn ol photoimageableheni cal
system C) includes chem cal s, which generate free ragdicals uﬁg)o,n e%(posure to

actinic radfRpAsHionfgsa photoipitiator chegileal systepWhish comRTseTRSAMRINAOROf on of t he
n-phenylglycine and triphenylphosphine for high photospeed and other performance

characteristics.

Background of the Invention

. This invention is directed to negative-acting photoimageable compositions which are
developable in alkaline aqueous solutions_ . The invention is particularly applicable to primary
photoimaging resists, but is applicable, as well, to compositions that are hardenable so as to
form solder masks and the like.

A variety of such photoimageable compositions are described. Essential compositions
of the type to which the present invention is direc_ted are A) a binder polymer; B)
photopolymerizable o, -ethylenically unsaturated compound(s), and C) a photoinitiator
chemical system. The binder polymer A) has sufficient acid functionality, generally
carboxylic acid functionality, that the binder polymer is soluble in alkaline aqueous solution
and thereby renders the photoimageable composition developable in alkaline aqueous
solutions. The photopolymerizeable compound(s) B) are monomers and/or short chain
oligomers, a substantial portion of which have multiple «,f-ethylenic unsaturated
functionality.

The photoinitiator chemical system C) includes chemicals which generate free radicals

upon exposure to actinic radiation. These free radicals propagate the polymerization of the
k3
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2 [err],[err]-ethylenic unsaturated noieties of the photopol ynerizeabl e
conpounds B). Herein, the photoinitiator systemC) is deened to include not
only chem cal conpounds which generate free radicals, but catalysts or
sensitizers which pronote the free-radical initiated polynerization of the
[err],[err]-ethylenic unsaturated noieties of the photopol yneri zeabl e
conpounds B). It was found that when a sybstantial proportion-of the
[err],[err]-ethylenically unsaturated noieties of the photopol yneri zeabl e

conpounds B) .are nethacrylic noieties, i.e., at |east about 50 nple percent
of the [er r%»P[eéhyaquewwémddnmgeapﬁ&apwomwz@?wmﬁ@ds B). Herem, the

phot opol ynmegd SREROCYY oSl | wer e
achi eved V\hﬁerﬁ ﬁghgﬁot ol ni t?g%%%edstélgl? fé‘ﬁ?@%@‘ﬂﬂ% c’?#‘?%ﬁ@%% %&%Stg | ﬁe at
bet ween abofite radiods, dnticatddystrt or3ensitizens athichipramato the iee-tatial intateght of A) pl us

B). While this increase in.photospeed is,considered high desirabl e. other
per f or nancepoém%{'@r ?fgtp? g@-%yfleémgmgprgépyxoa%gg{tgapmﬂ}o%egmﬂq on of

tri phenyl ph&ﬁ@@hﬁ@,ml ncluding the long-termstability of the system which
reduced the useful l'ife of the product and minimzed its useful ness. Al so,

t hi 3 type of phdt W@%@h@w@mwidmmmmfﬁhﬁ cethylenicallsonnsatyratagdr t o
L ter. A .
Pont rast - bePielR S hiiosBlbiri R SoihSinae b Refifldlic MBI LB S16E7, ©

Thi s ser vesabone5(maletpeaht of thepo-ethglenit ahdatutged Meictef diephotopsipmetiablesi st
has been exposed. I n addition recent industry requirenment is to try to

i nspect a peasEounds Bl iot Srsisinghydighspholaspesds wergiachievsd “‘thﬁ'gﬁ’ﬁﬁb?tﬁ’c“g&t?r bef ore
any additio | Ace, | | osts
of mat er al AR EPEERAphAHGR0BHAE S vchitcR Sodyf B3 Aol SRR AR

Tri phenyl phoskeight ofik ples BY. kit thiy inshasoisphetdspetdin dentidecedi highlpdesiratde.or

formation, there reduci ng, contrast .and making . it re. difficult to
i nspect expYS¥Pe _”GF%@]%%‘?‘&%F@F”@'%?‘%??&%Wi@%QWEP ely affected by
triphenyl pheg yﬁﬁm!)l}ﬂﬁr%, ARG M 16MRet SbiBy of tHeQysthR whRRREduced the uldrint ed

circuit board bl'ank) and tenting strength over thiough-holes. Accordingly,
an i nvest i géfeiodthewseducinnd uminiedzaddtsfusefelnesssubst i t ut e conponent of the

Also, this type of photoimageable composition typically uses a color former to
produce an intense color after exposure. Such a color former produces a contrast between the
exposed and unexposed.portions of the photoresist. This serves the practical purpose of
letting the operator know the resist has been exposed. In addition a recent industry
requirement is to try to inspect a panel for obvious defects, such as dirt on the phototool,
before any additional processing takes place, so as to avoid the associated costs of material

. and time of further processing a defective item. Triphenylphosphine, while promoting
photospeed, tended to inhibit color formation, thereby reducing contrast and making it more
difficult to inspect exposed photoresist layers.

Other properties adversely affected by triphenylphosphine were adhesion (particularly
to the copper of a printed circuit board blank) and tenting strength over through-holes.

Accordingly, an investigation was conducted to find a substitute component of the
photoinitiator system which would provide high photospeed, yet avoid some of the

disadvanmées of triphenylphosphine.
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phot oi nitiator system which woul d provi de high photospeed, yet avoid sone
of the di sadvantages of triphenyl phosphine. 3 Anong materials tried as a
substitute for triphenyl phosphi ne was n-phenyl gl yci ne. N-phenyl gl yci ne al so
provi ded good phot ospeed. However, tent strengths were severely reduced and
fine line adhesion was very poor. Any reduction in fine |line adhesion and
tent strength is directly proportional to an increase in circuit board
defects. Summary of the Invention The pregent invention is directed to g

negati ve-acting ot oi mageabl osition c | ses, A) an or I C

Dol yirer o i ndor RSVE RGEEER RIS APURERIF (P HERTS PAMPRPe S PATERIEY fige
phot oi magea B) an
addi ti on- po%ﬁnleeﬁﬂggg%é mkgﬁggﬁsgéeo@b? ﬂe)@? %Ig‘?érde?g?ﬁgﬁgﬂ%aﬁﬁ édfjéngl turated
conpound( s) redugrdizhd fioé hmemduhmgm waspetyy/poer. :blyy tfed@aon adﬁmaineladhetswataadi tent

chai n- pr opagat i di,tion rization bout 50 nol e percent
of the [er r?“f‘f‘g&ﬁf i WP&% %g‘g?‘%w&te?sgﬁﬁ 8"F°u§)b° ﬁ% Serived from

met hacrylic acid functionality, and C)between about 0.1 and about 20 wmt %

based on total weight of A) plus B) of an organic, radiation-sensitive
free-radi cabUBABTQANINBVEMORA| cal system acti vat abI e by actinic radiation to

Initiate chain- st Ly
addi ti on- pol yneprlgegﬁgﬁ%h getng?ﬂgald1 gg?fptgc C,{ggg gﬁ%éﬁ%hﬁfopﬁ%%alﬁsg% osmont he
fr e/e ][adi Ca{r:]oxﬁ;ktlﬁ%h Aﬁ@h@mﬁmlﬁemnﬁa ﬁa&nmw?ﬁ%ﬁmbuorﬁﬁ%tamgagbut 3
% of triphen osphi ne hase t i ght o and bet ween
about 005p g‘&%&%ﬁp eXLOMPOSiHIR 4%"5‘%4’9% mg 1‘93?99?@“% éﬂz‘ﬁcﬁ" BSF vvel ght. of A)
I B '
plus B). Degi &&%A&fﬁ%ﬁkﬁ% A BhscbiRld B I@%&uﬁtttae% &) bighBleldt

unl ess ot herw se cent ages ht percentages nponent

A) (the bi nfiemingal polypmer barﬁée%hmbmﬂntedl@)tax@magﬂtmgaddmgembjrmermmnoahds( s))
whi ch are

least about 50 mole percent of the «,B-ethylenic unsaturation of B) being derived from
methacrylic acid functionality, and C)between about 0.1 and about 20 wt% based on total
weight of A) plus B) of an organic, radiation-sensitive free-radical generating chemical
systém activatable by actinic radiation to initiate chain-propagating addition polymerization
of the addition-polymerizeable material. In accordance with the invention, the free radical
chemical system C) comprises between about .005 and about 3 wt% of triphenylphosphine
based on total weight of A) plus B) and between about .005 and about 2 wt% of n-phenyl
glycine based on total weight of A) plus B).

etailed Description of Certain Preferred E iments

Herein, unless 0therwtse noted, all percentages are weight percentages. Component
A) (the binder polymer) and Component B) (the photoimageable compounds(s)) which are
herein considered to equal 100 wt%, and other components, including the components of the
photoinitiator chemical system, being based on total weight of A) plus B).

The invention is directed to photoimageable compositions which are devélopable in
alkaline aqueous solution and which therefore have substantial acid functionality. Such
photoimagéab[e compositions typically have a binder A} having acid functionality, typically

an acid mumber of at least about 80, preferably at least about 100 and more preferably about



herein considered to equal 100 wt % and ot her conponents, including the
conponents of the photoinitiator chem cal system being based on total

wei ght of A) plus B). The invention is directed to photoi nageabl e
conpositions which are devel opable in al kaline aqueous sol uti on and which
t herefore have substantial acid functionality. Such photoi mageabl e
conpositions typically have a binder A) having acid functionality,
typically an acid nunber of at |east abofit 80, preferably at | east about

100 and nor gso:@hE, Ay a@ﬁﬁ?%o The@cxgl?&hc%na typhRIl} GBIt a4p0. The acid
functionality is typical |y carboxylic acid uncflonallty but may al so

i ncl ude, f ofuncticamiityebut suslyfabsn iinslusle; for éxamplel sfahicayid funcitmdiphaphosphoiic

have. v ght XSS BHREPo Bt RGPl RAERTs Fosti Bt un il Bt ient
200, 000, prgfepigs Mofectlar Weights batheet at3 B0 add oI 00ND0 Sprafefablyydd Least abiut

derived froma mxture of acid functi onal nonomers and non-acid functi onal
mononers. S¥HE00specific exanpl es of suitable acid functional nononers are

acrylic acid, L. acid,
2-acryl am do- 2”‘;’,@{%}% %’#ecr)%%rgggﬂ?y n‘%r?egc?% q&’x{%ﬁj c?ﬁlye cln?n%llgﬁro% F&%&
phosphat e, fonyeikd ﬁmmitrnambno&mw I%bepbmmmmpleéeﬁmdimgmdiﬁmummb ryl oyl
phosphate, etc. One or m)re of such aci d functi gnal , moponers &Fe used to
form the biMeemesmpRewhc sHd methagryig ﬁ“d@l‘%‘ﬂ%ﬁ agidyfumaricaciy 9“‘13%0“&)%? syneri zed

th d and
et hacryl | o aeyHiiad S5R IRIRRELRon® HAE 2 RRBRY 1 AAOIIREL T Pate,
n-butyl acr %pdrexymeﬂ)da xqrjrlobpiroy;blmtee}hyr&bkwhlphmﬁchuﬂcylphoﬂphate,l*cyd r@neyorandrgy b
acryl ate, but

, |, | at e, oct acr t hyl net hacryl at e,
t-butyl acr g?‘é‘ °§° FOBeFASH B g? %&f’@ hﬁi? ‘V\‘i %‘F}?‘I a)r/n noet hyl Y
acryl ate, ethyl efiR QidraRitiofd Aoh¥melkeha %e%omﬁﬂéme&wﬁh néH-8Gd ¥ilndtshal

decanet hyl ene gl ycol diacryl ate, decanet hyl ene gl ycol
monomers, such as esters of acryhc acid and methacrylic acid, for example, methyl acrylate,

2~ethyl hexyl acrylate, n-butyl acrylate, n-hexyl acrylate, methyl methacrylate, hydroxy ethyl
acrylate, butyl methacrylate, octyl acrylate, 2-ethoxy ethyl methacrylate, t-butyl acryiéte,
1,5-pentanediol diacrylate, N,N-diethylaminoethyl acrylate, ethylene glycol diacrylate,
1,3-propanediol diacrylate, decamethylene glycol diacrylate, deéamethylene glycol
dimethag:_rylate, 1,4-cyclohexanediol diacrylate, 2,2-dimethylol propane diacrylate, glycerol
diacrylate, tripropylene glycol diacrylate, glycerol triacrylate,
2,2-di{p-hydroxyphenyl)-propanc dimethacrylate, triethylene glycol diacrylate,
polyoxyethyl-2-2-di(p-hydroxyphenyl}-propane dimethacrylate, triethylene glycol
dimethacrylate, polyoxypropyltrimethylol propane triacrylate, ethylene glycol dimethacrylate,
butylene glycol dimethacrylate, 1,3-propanediol dimethacrylate, butylene glycol
dimethacrylate, 1,3-propanediol dimethacrylate, 1,2,4-butanetriol trimethacrylate,

2,2 4-trimethyl-1,3-pentanediol dimethacrylate, pentaerythritol trimethacrylate, 1-phenyl
ethylene-1,2-dimethacrylate, pentaerythritol tetramethacrylate, trimethylol propane
trimethacrylate, 1,5-pentanediol dimethacrylate, and 1,4-benzenediol dimethacrylate; styrene
and substitdted 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.



di et hacryl ate, 1, 4-cycl ohexanedi ol diacrylate, 2,2-dinethylol propane

di acryl ate, glycerol diacrylate, tripropylene glycol diacrylate, glycerol
triacrylate, 2,2-di(p-hydroxyphenyl)-propanc di nmethacrylate, tricthylene
gl ycol diacrylate, polyoxyethyl-2-2-di(p-hydroxyphenyl)-propane

di met hacryl ate, triethylene glycol dinethacrylate, polyoxypropyltrlnethylo
propane triacrylate, ethylene glycol dinsthacrylate, butylene glycol

di methacryl ate, 1,3-propanediol dinethacrylate, butylene glycol

di mret hacryl at e, C I
trinmethacryl ate ﬁﬁgﬁ{b&&%ﬁr?% rf?fief 9 619@&}@ FP%QW \ie}% tr%;gca@? %ﬁ

pent aer yhr i ¢otdprisinighetweas abduw@to about|80 ew%l of dichepinpositich, taseti mﬂbtahweightadfek)
pentaerythritol tetramethacrylate, trinethylol propane trinethacrylate,

1, 5- pent aneRIFEB)-di met hacryl ate, and 1, 4-benzenedi ol di nethacrylate; styrene

and substituted @%}(@ﬁ@ 8f s@}.{ 5§1g?,§1_s%ngr§ﬁd% Fw{e%ﬁpmrg hﬁﬁé Sl;cglpg%ﬁrsand

vi nyl esters, S viny at e and hacrylate to provide the
desired aciaieﬁmnﬂanxhe foll&vinp &J. &IFalathmszﬂﬁit;B(lﬂ, $,003,8 0 ko PS5 1aandh9OXS3% over

a wide ran I si ng bet ut .30 to about 80 wt % of the
conposi ti o%ﬁgﬁéﬁnﬁ)ﬁ%iﬂ& %qo% YRITCEPOIA® b%refe’%?&‘?‘rpl es of such p%l yners
and phot oi mageabfig ph@@Rf)WmEh&Bﬁc BSthpthest @gicmgea SoRdier] GBELr short Eien
following U S. Patent 3, 953, 309, 4, 77, 4,610, 951 and 4, 695, 527
t he teachi n@hg@fneehwmaﬁthm@wsam@tme@w pibylenin upsaturatiosy ’éﬁlé‘émgThe
phot opol yner i ¢
chain oli go ?ﬁg 2;5 ﬁaﬁg%?@)cﬁh’ @x@?%ﬁ@}%X ﬁaeﬂg? J@Eaﬁﬂh&?ﬁm?ﬁonﬁﬁ&i

[err].[er r]o@&!&rﬁﬂypxcalr}@ﬁhub&&felo@ﬂmncb ﬁﬁﬂcu@ah@drmﬂ&iﬂm&bmabnwhomaﬂmmbds and
corrpounds haV| n gaerr err 6a@g/l eni c unsat ur aﬁ)l on functi naI ity 2 or
greater. TywedaPyijab OEQIMF@“ lagompqudtinriyit ufamn%!ﬁm*ﬁe ot i onal

MONomer s ‘M %ch?etr%x%ﬁﬂ%deéﬁ%é AR Eaui R RRAng TaldeZ Silfthés, (ARRAUAY fe'nBfilatide. but

are not lim
functional compounds. The amount of photopolymerizeable component B) is typically

between about 20 and about 70 wt% of the photoimageable composition based on total
weight of A) plus B).

The photoinitiator chemical system of the present invention is particularly effective
with respect to methacrylic acid and/or ester functionality. Hence, the invention is directed to
composit@ons in which at least about 50 mole percent of the «,(-ethylenic unsaturation of the
photopolymerizeable component B) comprises methacrylic functionality, acid or esterified.

To initiate polymerization of the monomers upon exposure to actinic radiation, the
photoimageable composition contains a photoinitiator chemical system. In accordance with
the invention, the photoinitiator chemical system comprises between about .005 and about 3
wi% of triphenylphosphene (TPPN) and between about .005 and about 2 wt% of
n-phenylglycine (NPG) base on total weight of A) plus B). Neither TPPN nor NPG were
found to be useful without the other in a photoimageable composition of the type to which the
present invention is directed and in accordance with present day standards for such systems.
However, the combination of TPPN and NPG in the amounts set forth herein produced
excellent phiotospeed while avoiding the defects of either material alone. Thus, higher

photospeeds were achieved without negative impact on adhesion, tenting strength or stability.



nononers recited above as suitable for form ng binder polyners,
particularly the non-acid functional conpounds. The anpbunt of

phot opol yneri zeabl e conponent B) is typically between about 20 and about 70
wt % of the phot oi mageabl e conposition based on total weight of A) plus B).
The photoinitiator chem cal systemof the present invention is particularly
effective with respect to nethacrylic acid and/or ester functionality.
Hence, the invention is directed to conpésitions in which at | east about 50
nol e percent of AR > 8 ' [ :

phot opol yneri zeégﬁgdlggﬂn%]oEﬂgﬁ{é%) cd%??g@éa@?hg%hﬁcgfé H?JJ nt}g[&? %ngﬁa%l fmaci d
or est eri fiisdudédmsipart of the phetoinjtiatyr clzeaticad systdm. t Generaipaheplotaipitintoeshposcale t o

actinic radiation, the ot 0i A bl e .conposi.;j on, contai ns, a otoinjtiator
PRy - T T AR s LR LA R (b

chem cal  sysiermiotimiihdLsheRflaRafduRDO bre HOPEmAET o AMhyIR it Qfomatic

tri phenyl phosphene (TPPN) and between about .005 and about 2 w % of

n- phenyl gl yketones (epzgphenese AN tgtramethid i4g Rt-digmingpengopheng)e [Mighlerfrdeetor®RN nor

NPG were f ef.ul. without the other i 0t. 0, TP | e

conposi ti oﬁ’q’%ﬁt{tﬁg‘%&tgg4‘%“%&6%@?{%%%?‘&%}% 746&3%95 g“ﬁ‘glu&’s?"i %@%{0@5 and in
accordance @j3t-injektes-anhetbixyb@bepdasmdsp,p'dis(ditethybysic@bahzoghena@iesr , t he

conbi nati on of TPPN and NPG in the anpunts set forth herein produced

excel | ent php'diKdisthalamipn)benzapkanans gnthisguigenee2-etylgnthiayinane, parhieayinogg, one.

Thus, high e 2 | ' | | t on adhesi on,

teﬁti ngI gt ?‘(gahr?gt 0 Igc?lg%?ep%@s@gﬁo@yﬁ%%%' otrlllglgg &%ﬁh&lﬁ% PG ot her |

pEot oi ni ti abenzoiniﬁqrrbp;é?thernbmzdim-neebe}lwl&th?{ heatdiggp&nﬁkthe;; Iny:dgr&beamimﬁrt ~of I t he
otolnitiator chemc S tem Genera . o . ot.Ql ni.t1 at or e a

Syst om comPRESEA ElDeh AR et e Qe ens S r IS Gee S rary et

of A Pl us @), QohoteriBiie b alilds30 Shech SRS 1T 4ifolabdfiny idhail €rcO |1 m L e

to 9-phenylacridi nhe, aromati c ket oneS (benzophenone, -tetramet hyl -4,
4' - di am ndobionahines Ghehl¢rvhipixhrthone, ketethybhioxanthone, 2,4-diethylthioxanthone,

2,4-dimethylthioxanthone, 2-isopropylthioxanthone, etc.), acetophenones (1,1-

dichloroacetophenone, p-t-butyldichloroacetophenone, 2,2-diethoxyacetophenone,
2,2-dimethoxy-2-phenylacetophenone, 2,2-dichloro-4-phenoxyacetophenone, etc.), etc..

It is preferred, though not required, that the photoinitiator chemical system of the
present in_vention include a lophine dimer (imidazole dimer) at between about 0.5 and about 6
wt% based on total weight of A) plus B). Examples of such lophine dimers include, but are
not limited to triphenylblimidazoles, especially 2,4,5-triphenylimidazole dimers such as 2,2'-
bis(o-chlorophenyl)-4,4',5,5"tetraphenylbiimidazole, 2,2"-bis(o-chlorophenyl)-4,4',5,5'-
tetrakis(m-methoxvphenyl) biimidazole, 2,2'-bis(p-carboxyphenyl)-4,4',5,5'
tetraphenylbiimidazole, 2,2'-bis(p-chlorophenyl)-4,4',5,5"tetrakis(p-
methoxyphenyl)biimidazole, 2,2'di-o-tolyl-4,4',5,5'-tetraphenylbiimidazole, 2,2'-di-p-tolyl-
4,4'-di-o-tolyl-5,5'-diphenylbiimidazole, etc..; these can be used individually or two or more

can be used in combination.



N, N -tetraethyl-4,4"'-di am nobenzophenone, 4- net hoxy- 4' - di et hyl am nobenzophe
nene, 3, 3'-di nethyl -4-nmet hoxybenzophenone,

p, p' - bi s(di met hyl am no) benzophenone, pp'-bi s(diethyl anm no)-benzophenone,

ant hr aqui none, 2-et hyl ant hraqui none, napht haqui none, phenanthraqU|none
benzoi ns (benzoi n, benzoi nnet hyl et her, benzoi net hyl et her, :

benzoi ni sopropyl et her, benzoi n-n-butyl et her, benzoi n- phenyl et her,

met hyl benzoi n, ethybenzoin, etc.), benzyl derivatives (di benzyl

benzyl di phenyl di sul fide, benzyl di net hyl ket al (SIC? etc.), acri di ne
derivatives (9- pHerBotimageable cCompopition S1ay AAYAN{aGPqNs )mré!pieaﬁeor BOEE )

t hi oxant hon

2, 4-di et hyl ?%?t%%%?’ﬁg%‘e%&?@ ?Qr[bﬁabp@thlfﬁgit l%a%%fnogh (gpAQIp%"ﬁ Ii)'(;xant hone,
etc.), acet Bﬁh@flémﬁ’%w(table]plaﬁb@&s chnﬂe Huo@b asdiieited to, phthalate esters (e.g.,

p-t-butyl dichl or pacet ophenone, | et hoxyacet

h ,
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e | pheny! bi PasIRicaiel Sinberiatespstel siides FEtatingtontiieadife i mer o such as
2,2 - bis( Ob&ﬂzt@sﬂm&%ﬁﬂdb M%ug%o@tonéaﬂh&la@%ﬂéﬂcmﬁaﬁb daid edters (dusobutyl-

2,2' -bi s(o-chl orophenyl - tetrakis(m net hoxvphenyl) biim dazole,

2, 2" -bi s(p- e@pmﬁméma)te,dmethmebacatex dipg diburyimelateoriethylcitrate,
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phot oi mageabl e cd¥ssed thoye campositings At te ewsnt ylwmf&ndxmcaé‘ﬁén%wdemp@r former
plasti ci zert% RoviBELNEER (R HehCexBoRE PhdtbRtibeablt BPDAASE AR BofBidiot 6 9Nt Of

A plus TPPN and NPG avoid the loss of contrast exhibited when TPPN is used without NPG. Color
formers are typically used at between about 0.1and about 1.0 w1% relative to total weight of
A) plus B). Examples of color formers include, but are not limited to, diphenylamine,
dibenzylaniline, triphenylamine, diethylaniline, diphenyl-p-phenylenediamine, p-toluidine, 4,
4'-biphenyldiamine, o-chloroaniline, etc., leuco cystral violet; leuco malachite green.

Additionally, the photoimageable compositions may contain a wide variety of
additional components as are known in the art, including additional polymers, such as those
which might be used to effect a final hardened cure of a solder mask, dyes, stabilizers,
flexibilizing agents, fillers ete,

Processing of the photoimageable composition is in a conventional manner. Ina
typical procedure, a photoimageable composition layer, either formed from a liquid
composition or transferred as a layer from a dry film, is applied to a copx.)er surface of a
copper-clad board. The photoimageable composition layer is exposed to actinic radiation

through appropriate artwork. Exposure to actinic radiation polymerizes the monomer in the



Exanpl es of suitable plasticizers include, but are not limted to,

phthal ate esters (e.g., dibutylphthalate, diheptylphthalate,

di octyl pht hal ate, diallylphthalate), glycols (e.g., polyethylene-glycol,

pol ypr opyl enegl ycol ), glycol esters (e.g., triethylene-glycoldiacetate,

tetraet hyl enegl ycol di acet ate, di propyl enegl ycol --di benzoate), pho.sphat e

esters (tricresyl phosphate, tripheynl phgsphate), am des

(p-tol uenesul fonean de, benzenesul f oneam de, N n-butyl acet oneam de)

al i phatic dibasic acid esters (diisobutyl- adipate, dioctyl adi pate,

di net hyl seb -%x FAbPsrbs! ﬁ@!xx@%l‘ﬁ’a cflsQURREIFBHL @R that fs'r@ﬁé%xltﬁideﬁélbﬁer Next,

tributylcitra trlethyiacety citrate, tri-n-propylacetylcitra

tri-n-butyl a@emmﬂuoan%@evblopgdmdﬂ@tgrate di octyl - 4, 5- di epoxycycl ohexane- 1,

2-di car boxyl cerinetriacet ey i ons of
%@ﬁgﬂ% syg%gg,l 14 sVnaCf/S %pdﬁl?‘m gag\ﬁon%% s%f!m@:?‘“fﬁe au?a?%glgwﬁ

t he present € a or fornmer contr ast

to the |ightcaaseserbmiiinolitpeeahbsyliopiass it bindehpolgmers] ra@denﬁg\thefn TPPN
and NPG avoid the | oss of contrast exhi bited when TPPN i s used w t hout NPG

Col or for rrer%vhaaleeaqdyﬁnm ley Ansedevalopmentyiiesichapiduay s usediqaeragis popaer drom oo
relative to 8k aageagﬁ{hg&&%g%ﬂgw ldiSovEd, uﬁg@ ﬁ%QFnﬁQA QFeult O TREfhaldid Ude

but are not am ne, I'ne, triphenylam ne,
di et hyl ani | i sesigt 1dtuahmydve@u@ﬁgemydp@mpdatamxpper p-t ol ui di ne, 4,

4' - bi phenyl di am n 0-chl orog e,.etc., leyco cystral viol e

mal achi te” green. dﬁ“fepﬁ?fhﬂ’rf’v e g (g [Pugro F@F%ﬂgwh’ﬁé/ @lff‘ﬁsal n
a wide vari efm Rf iktdpRBal conponents as are known in the art, including
addi ti onal po yné?gﬂéilguc as t hose which m ght be used to effect a final

hardened cure of Ehedwledtion willslow Whydescribed ttgréater detsil by wex pbipesific epmapdesnt s,
fillers etc. Processing of the photoi nageabl e conposition is in a
conventional manner. In a typical procedure, a photoi nageabl e conposition

| ayer, either formed froma liquid conposition or transferred as a | ayer
froma dry film is applied to a copper surface of a copper-clad board. The
phot oi mageabl e conposition |ayer is exposed to actinic radiation through
appropriate artwork. Exposure to actinic radiation polynerizes the nononer
in the



| i ght - exposed areas, resulting in a cross-linked structure that is
pesistant to devel oper. Next, the conposition is developed in dilute

al kal i ne aqueous sol ution, such as a .1% sodi um car bonate sol ution. The

al kali solution causes salt formation with the carboxylic groups of the
bi nder pol yners, rendering them soluble and renovable. After devel opnent,
an etchant may be used to renpve copper fromthose areas wheie the.resist
was renoved, thereby forming a printegl circuit. The remaining resist is
then renoved using an appropriate stripper. The invention provides a fine
line (less than 75 m cronsgompihttle Bxh@pMal ndhifiExagiprRres wel | to copper
surfaces. The invention will nhow be described in greater detail by way of
speci fi ¢ exanpl e base pholgimngeehls camponisiap wesformulatgd as foHeWExanpl e 3 A base

phot oi mageapl e ¢ ositio s for ed as | . Conponent
Wt % EofipfRiPOS! 1 DWAES T 21RO D chihibl itk PONER"

56. 4 Polabstrer backlsprde Pol ypseopoxy  Polymerbickbone 13.1
Pol yrer i zeapbigp mer nongnet hacryjsat e | socpapmemicable monomdd 16. 4
Pol yneri zeabl,g, étl&QHr‘Fafte pol yet hoxy, trimethacrylic oligomer Bis A
pol yet hoXy tcodvdnurate 142 16.470! yner Eﬁgﬁgﬁ&aﬁ%ﬁ erdi Met hacryl ate
| m dazole D rﬁglglethoxy?" 5 3.8 tornitiator
trimethacrylic
oligomer
Bis A, polyethoxy 13 14.2 Polymerizeable monomer
dimethacrylate
Imidazole Dimer 3.5 38 Photoinitiator
9-phenylacrydine 0.1 0.11 Photoinitiator
Leuco Crystal 04 0.44 Color Former
Violet
Malachite Green Dye 0.05 0.055 Background Dye .
Paratoluene 4.5 4.9 Plasticizer
Sulfonamide

*normalized based on polymer and polymerized monomers and oligomers totaling 100 wt%.
**23wt% methacrylic acid, 66wt% methylmethacrylate, 11 wit% butyl acrylate.

To the base formula was added NPG (Comparative Example 1), TPPN (Comparative
Example 2) and a combination of NPG and TPPN (Example 3). Test conditions are set forth

in the table below:



9- phenyl acr ydi ne 0.1 0.11 Photoinitiator Leuco Crystal
0.4 0.44 Col or Former Violet Mal achite Green Dye 0.05

0. 055 Background Dye Par at ol uene 4.5 4.9

Pl astici zer Sul fonam de *nornalized based on pol yner and pol yneri zed
nononers and oligoners totaling 100 wt % **23wm % net hacrylic acid, 66w %
nmet hyl net hacrylate, 1L w%0 butyl acrylate. To the base formul a was added
NPG ( Conpar ati ve Exanpl e 1) TPPN (Com]J rative Exanple 2) and a conbination

of NPG and—FPPN (E am{ € }. Fest—eondittens—arerset—Forth A—the—+abl e
bel ow. 10 Pedfdromammnce | Ex.1 OSEE || . @5.20830% Hod, Migud0| Performafoe. [3
M xt ure Per f oCiterice Cr if mephergylglycine | n- piphengl-gl y¢i.08% NPG #r | pheGyal -
.01 % NPG|+ Goal (NPGNPG) phlpiggehi ne .02 % TP 96 TPPN ( THPN)
Exposure 9. ( @PBN) 8.p >
.0 (St Ouf‘f‘ET—Z'l—Sl‘E'p_at— . Comtrast 25 25
% >388% (affter 18Smin. fit 408%u) Phot ospRed
Stability (5‘0“‘6“?!35*&“‘40 4.5 to 5.0 0to 1l 0tol1
(Stouffer 141 St ef¥Change lafter 5 dayl
Color Contrast 25% 25% 30 % >30%
(after 15 min. at 40 mJ) : _
Photospeed Stability Oto1l 451050 Otol 0tol
{Stouffer 41 Step .
Change after 5 days -
holding) :
Fine Line Adhesion 44 microns 40 microns 32 microns < 35 microns
Effect (4 times
developing)
Tenting Strength 440 grams 580 grams 660 grams > 600 grams

*wt percentages; for normalized weight percentages mulitiply by 1.094



hol di ng) Fi ne Line Adhesion 44 m crons 40 m crons 32

m crons < 35 mcrons Effect (4 tinmes devel oping) Tenting Strength
440- grans 580 grans 660 grans > 600 grans *wt
percentages; for nornmalized wei ght percentages nultiply by 1.094 Not es:

a) Stouffer 21 Step was recorded after exposure to a UV emtting source and-
devel oping in 1% sodi um car bonat e nonohydrate at 30 [err] for 40 seconds.

b) Col or contrast was neasured using a UV / VIS Spectrophotoneter conparing
the col or before exposure and Ten 15 minutes after exposure. Since the film
was phototrepj.c (color formng), the percentages in the chart represent a
gromh in color. c¢c) The stability was neasured by taking a resist |acquer
and testing the filmafter one day holding of the |acquer and then after

five days hQ% Rodir 211916 wils Qtbided afé:le_x?&sﬁﬂ VROV eREMAEHORd E8RIbNL indivf {Rfuant
days. A stable systemwould show |little or change after that period of
hol di ng. d) cabanate mopehydEtsatiloh U4l sseemdsur ed on an i maged pattern utilizing
| ine grouping a dimnishing size (from200 to 20 mcrons) with a fixed
spaci ng between the lines of 400 m crons. After exposing.,of th hot or esi st
using this pHeelEcantsavas BgRPER PR 2 e/ YiSrpectre F @omPAEng theolimef8ed, the

adhesi on of egiBird B lheh i1 NBMuRE Bitep bApBRHE Gideaths FiPwa phOtsSopid(cASHTESIiRY), thef t er
this processing, the lines are inspected and the snallest |ines remaining

are recor de@erediagesinthe ghirtirepsesent A GYHHN FYTs neasure of the flexibility of
the resist after exposure and developnent. In this test, the photoresist is

| ami nated on both sides of a 6 njllineter hole and {hen exposed to.. 40

mi | 1ij oul esShig saldiy v Bgasprgd E%%B%ﬁ ﬁﬁf‘i%?ﬂ‘ﬁbﬁ%&t“é“%‘h%‘ﬁ‘ﬂkf?‘ﬁ'? e g?y *‘3’8"@& ]
probe is thesqRf 2R aftdtifi0e 84yShdl€ing. Clhe Bobfferdn Step tves redordes omthe tvar differat diyae
point of ru tsltjaueggstémhgoutlc? sriltowlli%tlero?c %g%%gér tho?n Qelrgg gtl.’ holding,.

d) Fine line adhesion was measured on an imaged pattern utilizing line grouping a diminishing size

{from 200 to 20 microns) with a fixed spacing between the lines of 400 microns. After exposing of the
photoresist using this pattern and developing the lines 100% more than recommended, the adhesion of
smallest lines are stressed causing a foss in adhesion. After this processing, the lines are inspected and

the smallest lines remaining are recorded.

e) The tenting strength is a measure of the flexibility of the resist after exposure and development. In
this test, the photoresist is laminated on both sides of a 6 millimeter hole and then exposed to 40
millijoules and developed in 1% sodium carbonate monohydrate at 30 °C. A probe is then pressed
into the tented hole and the grams of force at the point of rupturing the tent is recorded. A higher

number would reflect a higher degree of flexibility.



nunber woul d reflect a higher degree of flexibility. What is Clainmed is:
1. A negative-acting photoi mageabl e conposition conprising A between about
30 and about 80 wt % based on total weight of A) plus B) of a binder polyner
having acid functionality sufficient to render said photoi mageabl e

conposi tion devel opabl e in al kal i ne aqueous sol ution, B) between about 20
and about 70 wt % based on total weight of A) plus B) of

addi ti on-pol yneri zabl e, non-gaseous [éBr],[err]-ethyl enﬂ' A AR
conmpound( %ca&abl g_gf formng a high polyner by free-r H"!!_,:l H, ﬂm,d
chai n- pr o‘g HYAGeaddi ti on pol ymeri zation, at |east about 50 nol e percent
of t L he [F_r ], ek El}gaﬁwlé&ig@%b@dé:h?gehﬁlé&imgfoﬁﬁ&gcdmiagg eE of B) being

met hacrylic noieties, an et ween abouy .1 and_ about % based
total weight of A)AppeEeeppboy 3%%%%??%%8%3&} O%W@H"@&g‘%égi‘gﬁﬁg g
phot oi ni t&nﬁﬁ?@&ﬁ&{ﬁ%ﬁ%&d’ﬁh&%ﬁ%@&ﬁ&n@% BRieVRR prakaseatfidnippstigbout 3

Ww%relative to to I ght plus B) of triphenyphosphi ne and between

abOlﬁlt . 0GBvelomblelinglkaline pauppusspltione to total wei ght of A) plus B) of

n- phenyl gl yci ne. 24,4, { 1] ol ' f npri si ng

bet ween about 0.1 %%%ﬁg%ggﬁggoén&g&%? §§’E}§Ig§%ﬁgftgr@m@%@g§s{‘é\gbrgﬁg§ gftsﬁll wei ght

of A) pl ueldiipo-pSlymerizablecnonepagross o,B-othylauicalydinsagurated Qnajomd(sw@nabﬂwf

,f gpglrl \?vlei ﬁ}?g%? 1'2 pglgﬁ,lé'r%y re%—ré’j‘d?cdal f%ﬁ&éﬁ cl?ai%r%i)égatix?g%dhmoﬁl3&9&8&%%@ bt based on
least about 50 mole percent of the o,-ethylenically unsaturated moieties of B) being methacrylic

moieties, and

C) between about 0.1 and about 20 wt% based on total weight of A) plus B) of a
photoinitiator chemical system, said photoinitiator chemical system comprising between about
.005 and about 3 wt% relative to total weight of A) plus B) of triphenyphosphine and between
about .005 and about 2 wt% relative to total weight of A) plus B) of n-phenylglycine.

2. The composition according to Claim | further comprising between about 0.1 and

about 1.0 wt% of a color former based on total weight of A) plus B).

3. . The composition according to Claim 1 further comprising between about 0.5 and

about 6 wt% of an imidazole dimer based on total weight of A) and B).



