1 PHOTO MAGEABLE COMPOSI TI ONS 4804344 -

<The present invention is directed to a negative-acting phot oi mageabl e

. conposition useful as a photoresist for manufacturing pri nt?@& ccp&__&
circuit boards. 5 Background of the Invention Thi s

invention is directed to a negative-acting phot oi mageabl e conpositi on which

S devel opabl e in al kal i ne aqueoys solutions. A variety of such

phot oi mageabl e conpositi ons are described. Essential conponents of

conpositions of the type to mhic-_‘ BIABRAE Kﬁﬂf”t'on is directed

are A) a binder polyner; B) photoporymnert z -€e enically 10

unsat urated conpound(s), and C) a photoinitiator chem cal system The

bi nder pol yner A) The prefeasinseniibn isidinettedipiadefative-aiting phiteimagegbla gpmpdsition

carboxylic acid funciio hat it is sal al kal i ne
aqueous solutlon‘ﬁﬁﬁf?ﬁﬂﬁﬁ V¥§%%HE?§mFﬁgmﬁﬁgp%?ﬁéﬁga f785c onposi t i on
devel opabl e I n al kal i ne aqueous sol utions. The

present invention |s d|re teo Lo a phot oi mageabl e conposition having

i nproved 15 3 broad processing latitude, e.g.,

processed over a broamﬁmwnqs directed toahagaﬁ&-acﬁngopmaﬂnxgem mmp@gjthawgeh is
and good vyi el d. Summary of the I nvent|on

negati ve-acti ng p#&‘tl@?ah’&g%%ﬂ@eé&%ﬁb%ﬂ“i“ﬁw c‘%ﬁ?ﬂefys‘géu‘i?)phﬁméwlea‘ffms‘gﬂ“

and about 70 Wt % ,Dase5beaN Hshddl cHBpdhbits 6f coposiions ofihe typé tPwHICIg B iptesititnder
pol ymers 20 having sufficient acid functionality to render the

phot oi mageabl e conyraten isdireeiedase 4pabinder polymer; B); inhotgpqlymsrFable, ¢ Basyippdenically
sol ution. Thg bi nger Rk YiRScindt), SRIE) 4 St AerdioN ¢steh. ATRE GRGH polymer A)

has sufficient acid functionality, generally carboxylic acid functionality, that it is soluble in
alkaline aqueous solution and thereby renders the photoimageable composition developable
in alkaline aqueous solutions.
The present invention is directed to a photoimageable composition having improved
15 adhesion and resolution, broad processing latitude, e.g., processed over a broad exposure

range, a broad developing range, and good yield.

Summary of the Invention
The negative-acting photoimageable composition comprises A) between about 30
and about 70 wt%, based on total weight of A) plus B), of a organic binder polymers
20 having sufficient acid functionality to render the photoimageable composition developable
- in alkaline aqueous solution. The binder polymers A) comprise between about 3 and about
65 wt% relative to total of A) plus B) a binder polymer A’) having a weight average
molecular weight between about 5000 and about 40,000 and a T, of between about 40 and
about 100°C, and between about 5 and about 67 wt% relative to total of A) plus B) of a
25 binder polymer A”) having a weight average molecular weight between about 41,000 and
about 200,000 and a T, of between about 40 and about 100°C. The photoimageable
composition further comprises B) between about 30 and about 60 wt%, based on total



65 W% relative to total of A) plus B) a binder polynmer A') having a weight

<aver age nol ecul ar wei ght between about 5000 and about 40,000 and a
T[err] of between about 40 and about 100[err]C, and between about 5
and about 67 Mt%relative to total of A) plus B) of a 25 bi nder pol yner

A") having a weight average nol ecul ar wei ght between about 41,000 and
about 200,000 and a T[err] of between ab&ut 40 and about 100[err]C The

phot oi mageabl e conposition further conprises B) between about 30
and about 60 wt %wagiﬁ%?]AS’Blqu 8), 3 « -ethylenical unsaturated conpBiugl! CImpdheRBYyS B),
of [err]-ethylenica

Iy unsaturate oun B(_:i‘?r’g)onent B)
conprises B') an ¢oswpeiseskal an isqcyzngte tﬁ@?‘i ng Pi"“[ IWMP@H‘PWIWHCUOMMY’

unsat ur at ed funct int t hﬁé N
Sbout 2t o about SHEEEYHm prpsent at ehleeiRout? lo G0 RARER nhial LR BN

B") O to about 5 ple9BhawkB )dtoabubb m&hgmdqyftom)wq&hagf@bplekﬁfw&erg&r] 5

et hyl eni cal | y uns I cent of the
[err]-ethyl e)rél cal ﬁ%n#ggfﬁ%g@%ﬂ%g&g?ﬁgsﬁarﬂﬁ %?P%fm g%ﬁggfﬁ%g
met hacryl at e f unce,pextglenicylly unsaturated ﬁiﬂnmmlmpﬁBf aiddiT Yeingtohethacrybatpiunetivgality.

bet ween about 0.5_.and about
plus B) of an org ?mp?sétéﬂ aqll%fﬁ égbe?‘?rég&?lag'rség abogtniéf nﬁg Jsdy total
t he phot oweiglitiofiAp plus By of anairgmus tardmnﬁi)—smnwfreyrmgcdb gememg systeot, the005

and about 3 w%rel ati.ve 10 . .to tofal .

t ri phenyphosphi neP WH“%?‘\&E@W"%‘BW HoEe ﬁﬂgghmﬁf'%upob}sm% bouthw relptiyse

'Itjg t ot a![ we ilg]t]t Ceoa‘o tdl vwlgghs?ﬂ) pnfjs B)optiiphatlypiogstiineand between about ﬁhﬁi dbeat 2 vlvt%
scription o rtain Preferre rein, unless

ot herwi se not ed, 'éfafl"ept@ﬁ?f@ﬁ‘feég&b%f’gng‘s%éng‘i‘wi’ﬁeﬁﬁlglé"é'ﬁ?ages Conponent

A) (the binder poI ynmers) and Conponent B) (the photoi mageabl e conpounds)

are herein 15 conS| dered to equal 100 wt % and ot her conponents, such
as the phot oi nitid¢taledd gy , : +

Herein, unless otherwise noted, all percentages are weight percentages. Component
A) (the binder polymers) and Component B) (the photoimageable compounds) are herein
15 considered to equal 100 wt%, and other components, such as the photoinitiator chemical
system C), plasticizer, etc. are calculated as parts relative to 100 parts of A) plus B).
Molecular weights of polymers and oligomers, unless otherwise stated, are weight average
molecular weights.
The invention is directed to photoimageable compositions which are developable in
20 alkaline aqueous solution and which therefore have binder polymer(s) with substantial acid
functionality. Herein, the binder polyn'ler component A) comprises a low molecular weight
polymer A’) and a high molecular weight binder A”), each having substantial acid
functionality and each having a glass transition temperature (T,) in the range of 40 to
100°C. The acid numbers of each polymer is at least about 80, preferably at least about
25 100 and more preferably about 150 or more, up to about 250. The acid functionality is
typically carboxylic acid functionality, but may also include, for example, sulfonic acid

functionality or pliosphoric acid functionality.



sys'tem C), plasticizer, etc. are calculated as parts relative to 100 parts

-of A plus B). Mol ecul ar wei ghts of polyners and oligoners, unless
ot herwi se stated, are wei ght average nol ecul ar wei ght s.

The invention is directed to phot oi mageabl e conpositions which are

devel opable in 20 al kal i ne aqueous s@ ution and which therefore have

bi nder polyner(s) with substantial acid functionality. Herein, the
bi nder pol yner conponent A) conprises a | ow nol ecul ar wei ght

pol ymer A') and a hig g Bneld&A” %d.@")”ﬂ-@@acﬁ'&mveﬁ%ﬂxmgoﬁdéﬁkﬁt anti al

acid functionalrty and each aV| ng a glass transition tenperature
(T[err]) in the r famagionad fnonomers and non-acid fmg@al mARomEEs. SomeIRRSEfic expmplatef

pol yner is at asilgﬁ,"i‘eb&&ﬁ fuﬁ&onﬂrrfofngﬂﬁjglaﬁé @é'%% tme%Q@Hhc 433d, maleid 284, 3R¢lariO" ©

preferably about The acid functionality is
typi cal |y car boxydeid; cmcmhcfamdcﬂ+acmlatmdoy2-mbth!lpwa§ne&ﬂf9mc eid| Zolydroxyethylageyighle,

30T S oo PRiak el heiol BNDRIG )0 RE ol REIGRPRAplA. o

m xture of acid Oneor moré um;tm agidh funcriona msonemeys chay be used itel foirm izt binden polymer.

nononers. Some specifi les o i |
mononers are acrylic 3 Fa‘“ HE‘F‘I‘%’HWWOEICQM b%rcrgé Z;%?%%i%ﬂéo&%g{ﬁ@%oml
acid, citraconic ﬁsﬂ&mﬁs@ﬁrayb@m d&cﬁﬁlﬁaﬁbs( l[fgrrexmaple andtliyd airglaecinekhyl

2- hydroxyethyl acryl ol yl

hydr r | _acryl ol
phosphate, 2- hydr@%bacﬁflﬁﬁd‘ygwy F‘S acg' SH%(%'Q ?g’%cg?xcryl%&nie{e‘g?xyr%l?yé of
such aci d fyncti ofahacHRe Tty BiYlale Sn-bPiChciytatd, Qtdmyl h&ybdcf;dﬂé pliexyhaetylate,
The acid functional nononers may be copol yner Itﬁ iy i d %;amct i onal
monomers, such asl.&pewspngdigh diggrylyte; N Nydipthylamings 38)?%!\?% e ﬁ%‘ﬁﬁj’f col
met hyl ne{ @%%p)(ﬁeﬁfo?dm&yﬂfeoﬁééalﬁétﬁméne%fyrcw &c@lat&l&wneﬂ@kw@&wl ate,

octyl acrylate, 2-'ethoxy et hyl net hacryl ate, t-butyl acrylate
n-butyl acryl ate, d@ﬁ@mwlhtehbi'yyd%!@w@?'éimﬁﬂ%Qy@d‘&’@WPéPfépme d‘acrylate glycerol

dxacrylate tripropylene glycol diacrylate, glycerol triacrylate,

15 2,2-di(p-hydroxyphenyl)-propane dimethacrylate, triethylene glycol diacrylate,
polybxyethy1-2-2-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,

20 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 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.

25 Examples of such polymers and photoimageable compositions using such polymers -
are found, in the following U.S. Patent Nos: 3,953,309, 4,003,877, 4,610,951, ahd
4,695,527 the teaching of each of which are incorporated herein by reference.



1,5;pentanediol di acryl ate, N, N-di et hyl am noethyl acrylate, ethylene glycol
di acryl at e, 1, 3-propanedi ol diacryl ate, decanethyl ene glyco
di acryl ate, decanet hyl ene gl ycol di met hacryl at e,
1, 4-cycl ohexanedi ol diacrylate, 2,2-dinmethylol propane diacrylate, glycerol
di acrylate, tripropylene glycol diacrylate, glycerol triacrylate, 15
2, 2-di (p- hydr oxyphenyl ) - pr opane dinethacr9|ate, triethyl ene glycol
di acryl ate, pol yoxyet hyl - 2- 2-di ( p- hydr oxyphenyl ) - propane
di et hacryl ate, trieth } - (] ' : .
pol yoxypropyl tri net hyl %#‘E%ﬁ’é’%g‘%gﬂtw éhg P??‘St e?@%&%&%&g&egﬁcﬂﬁ present Invention has
di met hacryl at e, batweighhaverage owleculanteeighi betyween about 5000 dabout 40,000 preferably
di ret hacryl ate, b i e 3= Dr i ol
di met hacryl at e, 1%‘%&{3‘%{’ lelatnlgtorolo 3t (p%b;éﬁt(r)rjé)t’ ag‘raI;;l aﬁﬁeq&%leweléhémg r&&@%ﬁr%& for
2,2, 4-trimet hyl - 1 g8s typerdofbimddr polymderyrbdwaver, yecimprovaathesémyand procesking time of the
trimethacrylate, 1:phenyl .. et hyl ene-1.2-di net.hacr t o s
pentaerythritdl t 8[‘&81‘”’@%%3‘8 FOTpQsgion o F%ﬁ\?feﬁiﬂ% &Ve‘ﬂ% 5fpree y%mb“%ble to the utilization
'([j ri rre';] hacr ?/l ate, bf bwsleculie Keizht lﬁhd&d bﬁlméﬂ | Bih&d r pdﬁderh’ﬁsbﬁﬂiﬁiﬁli&ﬁu xbire wri]thla

i met hacryl at e; ) styrene and. substituyfed styrene, such as, 2-nethy
styrene and vinyl h{gB?rd&ﬂ@% a'ew%deég?w_g{%v L. 2 °’§€‘ Crage ‘?}?lﬁ‘i}‘llaré’fﬂg&q ate
and vinyl nethacr pbidesh 4b8utf 10000 dad dHd6t 2005000 StefeRbl bBiweELiboutdd,000 and about
Exanpl es of such polx&grs and phot oi mageabl e conposi tions usi ng such

pol yners 420090 phich has 3 reladvelydow s hey» PECES “PB?‘EA? a’l\‘i)%h."u‘Sl,oQSﬁ‘S'@,
4,003, 877, 4,610, 9RfeculdMeight binder pofyr@9H~$ & hstd 16 chiasd thig Fregach of whi ch

are incorporated herein by reference.

4 Bi nder polynmer A') of the photoi rageabl e conpositions of
the present invention has a wei ght average nol ecul ar wei ght between
about 5000 and about 40,000 preferably bet ween about 10, 000 and
about 30, 000. These nol ecul ar weights are relatively | ow for this
type of binder polyner; .however, the inproved adhesi on and processing tine
of the 5 ° photoi mageabl e conposition of the present invention is largely
attributable to the utilization of | ow nol ecul ar wei ght bi nder

pol ymer. Binder polyner A') is used in adm xture with a



hi gher nol ecul ar wei ght binder polyner A"), i.e., a weight average

.nol ecul ar wei ght bet ween about 41, 000 and about 200, 000, preferably

bet ween about 60, 000 and about - 120, 000 which has a relatively | ow

Tlerr], i.e., between about 40 and about 100. Hi gher 10 nol ecul ar wei ght

bi nder polymer A") is used to enhance tenting strength.

5 The phot oi mageabl e, &&rylate functional, isocyanate

trimer B') which conprises a portion of, and in sone cases all of,

E 2r6r ]p hot opol yner i zabl g, ¢ GIPAAEALNBachfite fulGioE8cHhnate trimer B") WhicHEbAprises a
portion of, and in some cases all of, the photopolymerizable component B) has the general

formula:
R
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15 where R is -(CH,),-NH-COO-(CHY-CHY-0),,-CO-CX=CH,, where X is H or CH,, Y is
H, CH;, or C,H;, p is an integer from 1 to 36 and m is an integer from 1 to 14. Such
trimers are described in European Patent Application EP 0 738 927 A2,

While the use of low molecular weight binder polymer enhances adhesion and
processing time, the short chain polymers tend to reduce overall flexibility of the

20 photoixﬁageable composition. Poor flexibility can cause tented holes to fail and lines to
fracture during the many mechanical handling steps, defects which necessitate scrapping
printed circuit boards having such defeéts. The flexibility problem is addressed herein by
the use, in conjunction with low molecular weight binder polymers, of the acrylate-
functional isocyanate trimer B’) (also referred to herein as the “urethane oligomer™). To

25 this end, the molecular weight of the isocyanate trimer should be.at least about 1000 and
may be as high as about 5000. The relatively high molecular weight of the urethane
oligomer B*) compensates for the lower molecular weight of the binder polymer, producing
a photoimageable composition with flexibility comparable to those formulations using

higher molecular weight polymers.



15 where Ris -(CHerr])[err]-NHCOO (CHY-CHY-O) [err]-CO CX=CH err],
where X is Hor CHerr], Yis H CHerr], or Jerr]JHerr], pis an
integer froml1l to 36 and mis an integer from1l to 14. Such trimers
are described in European Patent Application EP 0 738 927 A2.

Wil e the use of | ow nol ecul ar wei ght binder pol ymer enhances adhesi on and
processing tine, the short chain pol ymersstend to reduce overall
flexibility of the 20 phot oi mageabl e conposition. Poor flexibility can

cause tented hol es t o 1ihaibhiaBdf plofspSlyhrizable comporehte®)! e aHol MOt NGt BB e
mechani cal handling steps, defects which necessitate scra

printed circuit behRtimagsahls ermpesiton @alpdatedrelativstortotal iyeight PF 8; &3%51 ER s

addr essed herein . : hdtt SRR okPSthdr PRvidd & 1},,9&/\(,&9;{1&99&’&
wei ght bi nder pol ?grlé?lg,a% “°{‘{?§Q‘g§§$’r§t e- B tf undé% idg};lal | socyanat e

trimer B') (al so pasticularis.f-ethylenie hpsateatiomdnelygding menefunefianalnempoynds gud 25
t hi d, th | ecyl s ' t ' . ot t
bbout 1000 agd . Souipolids BV pimelellt unSAIAAR Tyl Rimi R of hoBE fyorE S

mol ecul ar wei ght akl muié-funcednabmenomers will be ubedg Suritablephptopelymernigable ssmpannds he

| ower nol ecul ar weight .of the.bi. r ..naol 1 ' . “ 1
phot oi mageabl e coWﬁlg%’ tthoﬁ‘ie Wﬁtlﬂmggg)m iwﬁgﬁg%ér%tgdrj&%}’g&tsglﬁ%%?é iming binder
formul ati ons usi ngplymers, partichiiagiy the nowheid funetionalioghoungo| yner s.

6 The. hal.ance, of .phot | ynerizable ¢ ent. . . t
0 to about 5 wt% of th& maate polymﬁ‘f‘f’é:‘%'f ﬁ(ﬁ)@gee B‘foé“eésg’ g%’*&%.mg%%(a@éw‘gﬁ dé# %gdmg
relative to ifoot al phoeiisgieatid cotpoitiotscoijairis phétdinitiator chemical dygteinC aAtlIgasta parnefithe |,
di mer or short chai n_ql i goner, avit%g ﬁlhﬁl eni ¢ unsaturat.on, .

particul arly [er r ROBiMGatesf SYStCTR gt b5 Resqnh {AveRYPR SOTRSRSE 2 X5 /%

conpounds and 5 triph&@?ﬁé%ﬂiﬂé gpmt) Bfd ﬁ-?ﬁénhg%iﬁy kmvt'g)c "ThisScohibiraiérOB found to
unc

Typically, a m xture of nopno- i ona . . an tj-functional
nononers wil | be Rregige exsgliens photosperd oGP AsEAtYS Hppact {eRgienting strength or

i ncl ude, but are gQgfid,] NPGEE uied at bdiPeclRABGHTBI085 LRCILLAS IO HEativS toStdial HOAFPIELT
form ng bi nder P%ollymers, parti cul ar Ig/ t he non-acid functional
conpounds. 15 B) and TPPN is used at between about 0.005 and about 2 wt % relative to total of A) plus

B).

In addition to TPPN and NPG, other photoinitia;tor chemicals may be and typically are
included as part of the photoinitiator chemical system. Generally, the photoinitiator chemical
system in total comprises between about 0.1 and about 15 wt% based on total ﬁeight of A)
20 plus B). Other photoinitiator chemicals include, but are not limited to 9-phenylacridine,
aromatic ketones (benzophenone, N, N’ -tetramethyl-4, 4' -diaminobenzophenone [Michler’s
ketone], N,N'-tetraethyl-4,4'-diaminobenzophenone,4-methoxy-4'-
dimethylaminobenzophenone,
3,3'-dimethyl-4-methoxybenzophenone; p,p'-bis(dimethylamino)benzophenone,
25 p.p'-bis(diethylamino)-benzophenone, anthraquinone, 2-ethylanthraquinone, naphthaquinone,
phenanthraquinone, benzoins (benzoin, benzoinmethylether, benzoinethylether,
benzoinisopropylether, benzoin-n-butylether, benzoin-phenylether, methylbenzoin,

ethybenzoin, etc.), benzyl derivatives (dibenzyl, benzyldiphenyldisulfide,



To initiate polynerization of the nononers upon exposure to actinic
sradiation, the 10  photoi mageabl e conposition contai ns photoinitiator
chem cal system At |least a part of the phot oi niti ator chem cal
system of the present invention conpurise a m xture of

tri phenyl phosphi ne (TPPN) and n-phenyl gl ycine (NPG. This conbination is
found to produce excel |l ent photospeed w t hout negative inpact on
adhesion, tenting strength or stability. NPGis used at between

about 0.005 and am&:‘}ldlﬁlemgﬁ(%tﬁﬁhm)'é(@), B&ldhﬁ'&i&'ivaﬁ'f'eSQ-pfﬁhylﬁcnﬂﬁne, 1,7-Bs9and TPPN
Is used at between about 05 and about % relative to total of A

pl us B) . acridinyDheptane, etc.), mtpmgamsﬁﬁﬂorpglwwmn&@dnﬂmmwmn@ 24-

photoi ni tiator chgp, flﬁ'hﬁc bf4-aﬁ{1tlfymbﬁﬁh1b¥e Q-fis%pro ylthtoxanthdh@'ddéjfv‘d as part
of the photoinitiato em cal system GCenerally e phot oi ni tiator

cheni cal vthPMnen(hbdlalﬂon@mfwh@e@s bebuishlapetRonbepIa dd- about 15

chon aar s 1 nd ugotiefEyditopfiaotd, 28 imetoxyP) fiRniHostophchte, BAGIcfoR 4 21 Of
aromati c ketones ﬁlbwmtwhmoeq, efsl), eid.. Apdmhmﬂﬂowl addition to TPPN and NPG is

- di am nobenzophen bl er s about 0.5 wi%% relative 1o total of A} ot
N, N -tetraethyl - 9 Efl é:ﬂﬁhﬁ%t‘)%%%pt%%egﬁ% EB%S‘L abouR b relative to total of A) plus

di net hyl am nobenzBphﬂmrseuable 9-phenyl agridine lbimuixighgs| su¢h aethbsedgsseihedin b 8 oPatent
p, p' - bi s(di met hyl aQn
p, p' - bi s(di et hyl aﬁ?rlg?}-};@}?zg'g ﬁapggofglﬁ{cwgdﬁ‘foﬁ%?ﬁaé@d Borelg By, Tefenese A58 Fshie,

napht haqui nane, photommatalaenant hr aqui none, benzoi ns (benzoin,

benzoi nnet hyl et her, n10| eth Nzoi ni ropyl.et her,.

benzoi n- n- but yl et her b‘éﬁ? éﬁ%‘hﬁ/ﬁé‘ﬂl‘@?mrﬁg‘f’ﬂ?ﬁm fﬁll%ppresg% invention'include

et hybenzoin, etc.alop higoier G’xﬂfdhﬂb@édlma?at(ﬁéivh&ﬂﬂmht,o Sand zpdutl | @eeyased surofal de,

7 benzyl di rret hyl ket al éSI CI) I di pe gegl vat i VF

(9- phenyl acri di neweightpf #) plugB). Examples °%\°‘E?l¥ lﬂP %‘fﬁ%fﬂﬁlﬂ Wiage not limited to

t hi oxant hones (2- gfgh, %Hﬁd&%&ﬁ&t &P&@auy a,mtayénwhhﬁm&tdimesuce as%2,2"-bis(o-

di et hyl t hi oxant hone 4- di met hyl t hi oxant hone, | soprop% t hi oxant hone,

etc.), 15 chlorophenyl)-4,4',5,5' -tetraphenylbumldazole, 2, 2 -bls(o-chlo enyl)-4,4',5,5'"-tetrakis(m-
methoxyphenyl) 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.

20 In conjunction with the lophine dimer, it is preferred that the composition contain a

Leuco dye at between about 0.05 and about 2 wt% relative to A) plus B). The lophine
dimer and Leuco dye contribute to through-cure of the exposed photoimageable
composition. . Suitable Leuco dyes include bis-chlorimidazole, leuco malachite green, leuco
aniline, leuco methyl violet, etc.

25 As a preferred aspect of the invention, flexibility, is further improved through the

use of plasticizers. A preferred plasticizer is para-toluene sulfonamide.



acet ophenones (1, 1-di chl or oacet ophenone, p-t-butyl di chl or oacet ophenone,

2,2- 5 di et hoxyacet ophenone, 2, 2-di net hoxy- 2- phenyl acet ophenone,
2, 2-di chl oro- 4- phenoxyacet ophenone, etc.), etc.. A preferred
photoinitiator in addition to TPPN and NPG is 9- phenyl acri di ne,

used at between about 0.05 and about 0.5 %relative to total of A) plus
B). Also, suitable 9-phenyl acridine honpologues, such as -those described in
U. S. Patent No. 5,217,845, the teachings of which are incorporated’
herein by reference, a i It
is preferred that the Aﬁot ol m‘d%eld%t%g%oageﬁ%r%nﬁ%%r@Sg%tﬁg%fb%?zo?%gla%}cggg#ﬁve the

i nvention incl ude general formua | ophi ne dimer (imnidazole dinmer) at between
about 0.5 and about 10 d wei ght of A plus B).
Exanpl es of such |Oph|ﬂé¥é&£9ﬁ§ |nc€%de “But are not linited to

tri phenyl bi i m dazol es Resﬁéi«txvamxﬁozwhexﬁomoqmén&s argriflder oo & moayner GHcand ithea s
2,2'-bis(o- 15 borqptl'uioni/(g 4,4 5 5" -tetraphenyl bii m dazol e,

2,2 -bis(o- ch?oror? P agd t et r aki s(m met hoxyphenyl)
bllnldazole 2, 2" - bi s(R* 8aCHLEHITIEMIIOC-A-CH,-CH,H0C-cor -&¢henyl bi i m dazol e,
2,2" -

bi s( p- chl or opheny Specificexamples of;sujtabla Jibengoates include, bt are not limited to digropyleneglycol
2,2"-di-o-tolyl4, 411beﬁoﬁte dieth: lenc glychdlb@ﬁdimbblbpmmldﬂglMdlbemate and
2,2'-di-p-tolyl-4,4 I di phenyl bi i m dazole, etc..; these

can be used |nd|v@ﬂUﬁm¥WmhﬁwPaﬂbﬁFmﬁbre can be used in conbination. 20

I'n conjunctigyp with thpa4RpR PR lﬂlsE@risusb&aﬂlével%rdﬂ)&{vééiﬂhbbﬁtdtanﬁh&ow@(rm%l tion
contain a Leuco dye at between about 05 and aboﬁﬁ“&ﬁ %rej%atl ve

to A) plus B). Thaelptiysto tatal weight of A)plysdd), %fwaallzeaaeﬁ;ww@b%

through-cure of the eXp,%é{s m&@%&hﬁ ti ﬁmecﬁivéﬂﬁaﬂalnﬁuhé alh e
Leuco dyes include bis-ch or?m d gol e eu?:gomngr(ama?:nl te green eucor

ani l'ine, |euco matt}'mal moeﬁdete, a phatoimageable composition Jagera cigher fasm ?‘19@0‘8%’66‘@ of
the invention, %é#x@&skdo ¥)r eﬁ-}éﬁgbffarérrmfnpi( 84 i’ RYUPHliel #8a copper surfadtSst aOf

pl asticizers. A pr rre ICI Zer I's para-tol uéne sul fonam de.
8 15 copper-clad board The photoimageable composition layer is exposed to actinic radiation

through appropriate artwork. Exposure to actinic radiation polymerizes the monomer in
the light-exposed areas, resulting in a cross-linked structure that is resistant to developer.
Next, the composition is developed in dilute alkaline aqueous solution, such asa 1%
sodium carbonate solution. The alkali solution causes salt formation with the carboxylic
20 groups of the binder polymers, rendering them soluble and removable. After development,

an etchant may be used to remove copper from those areas where the resist was removed,
thereby forming a printed circuit. The remaining resist is then removed using an
appropriate stripper.

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



Al so useful are di benzoate pl asticizers. Useful dibenzoate plasticizers
.have the general formul a:

Cerr]Herr]-COO[Rl[err]-R-Cerr]Herr], where R =

- CHX- CHX- O where one or both Xs are Hor one X may be CHerr] and the 5
other H n =1 to 10, and R is -CHerr]-CH(CH err])-00C,
-CHerr]-CHerr]-00C, or -0OC. Specific exanples of suitable

di benzoates include, but are not limted to di propyl enegl ycol

di benzoate, diethylene glycol dibenzoate, pEdampleopyl eneglycol di benzoate,
and pol yet hyl ene gl ycol_ dibenzo Pl asticizer D),
if used, is used at | @B#@O@Fg%@?m d’ﬁ‘fmglglﬁﬁ?ilogﬂ'&ff’mmeﬂf%

relative to totalm of A pluswie typi Eaddivn at between about 2 and

about 6 w % BmderA’ Processp g of t hewphiudcolarggitBimiesronposi tion
is in a convepntiog rq@’nner In a 133889 t ypowdl, bind@eedure, a

phot oi rrageabl e co tLayer et ber forlpﬁ&olfd[ﬁl&@aﬂldd]igbﬂet
conposition or trg@s ShdS 2 | ay§§ 67 r om a pgtypolyrieiizableoligiéd €d to a

copper surface of l Lopper - cl ad board. The phot oi mageabl e

conposi tion | ayer p l&ﬁﬁd to actijgge radi Qhétgﬁblymenzablemémygh

appropriate fl(;tvxor no , L0 act| nic radiati'on polynmerizes the nonomer

in the |ighlsexn O%r eas, g@sul tingnj dhs@p&r 0Ss-1inked structure

that is resistant o5t d&é" 350 Next Co}opgctﬁggmﬁ{ogdl%rl s devel oped
e

in dilute al kalin I ut i on, such as sodi um car bonat e
solution. The alk lf ol o‘ causeso‘ﬁfil t *f orgpy FQIE? M th the carboxylic 20
e

groups of the bin F o B’F'gf_ , rend 9 the and renovabl e. After
devel oprent , 13 aliclle grees ant e%& used tPastrlc ve copper fromthose
SJ t01;orm ng a printed

areas where the r r?; 1"%5
circuit. The rema JLEIEt i s thegﬁgg‘em)ve qﬁll lerz appropriate

T*:

stri pper. riphe ylph“?‘ﬁ%e i nvent will deScribed in greater

_ vl glyci ; ot01m 1ator
getail by way, of §F§§gaﬁf g ample. o Anti-oxidizer

Modaflow® 0.10 Flow control agent
* Mw=20,000; T, = 95; Acid No. = 239.
**Mw= 80,000; T, = 90; Acid No. = 149.
The composition was prepared in 7:1 2-Butanone:2-Propanol at approximately 50%
25 solids. The solutions was céated onto biaxially oriented 80 gauge polyester film and dried
to approximately 1% or less retained solvent. The coated mixture was then laminated onto
mechanically scrubbed 1 oz./FR-4/1 oz. clad copper composite using a hot roll laminator at
110°C at 2 meters/minute and 3 bar pressure.
The laminated rﬁatcrial was then imaged on a UV printer through an appropriate
30 phototool with an adjusted exposure to obtain a copper step of 7 as measured with a
Stouffer® 21 step wedge (approximately 20 mJ/cm?). The exposed panels were then
developed in a 1% sodium carbonate monohydrate solution at 29°C using a conveyorized
spray developer at about 26 psi with residence time adjusted so that the break point
occurred at 40% to 50% of the chamber length (unless otherwise noted in the specific

35 example), followed by several spray rinses using tap water and the deionized water.



Exa-fr'rpl e A phot oi mageabl e i s prepared having the foll ow ng

.conponent s: Conponent W % Functi on

Bi nder A 12.49 . Low Mol ecul ar wei ght Binder*. 5

Bi nder A" 38. 89 Low T[err] binder** Ur et hane
acryl ate 15. 37 Phot opol yner iné_'%bl e ol i gomer Bis A

et hoxyl ate 13. 67 Phot opol y i zabl e ol i goner

di met hacryl ate Propyl ene oxi de, 10. 80

Phot opol yneri zabl e no rﬂeﬁﬁ{ﬁ.}% accomphsﬁm RGing'e RNaGpd dhld?lde/hydrochldﬂc(hbid%bfuﬁon at
et hyl ketone 0.05 absor ber Lophi ne di ne

Col or acti vat or / pASiGin qonypyerized etcher eqyipped vty ‘B‘Fﬁ‘ﬂ’ﬁ Wd}°é§les The emhﬁqe?ﬂ?ﬂi
crystal violet was hn stri Ppped of fHelifkgeli OJe%preaind etch hét@ dsis€inGl 396 Sodium

0. 05 Dye ar at ol uene sul f onam de Pl asti ci zer

9- phenyl acri di nehydroxide lutipn at 54°C in ppeRVeyORZed WHRPING umt equlppcd with mutiple spray
Tri phenyl phosphi n gg{ra %&@I erat or n- phenyl

gl yci ne 3 g%zms fOIBWQCEW%%mﬁ’ tulgat or o-phthalic acid

0. 06 Ant | - oxi di Precess responses fdmhhaﬁmwp%#rp Fited at various points tigoughout the above
Fl ow control agent MyS 0,000; T[err] = 95; Acid No. = 2309.
**Mn= 80, 000; T[ epﬂceduregokesﬂgaée %’. :_lf§9. The conposition

was prepared in 7:1 2-Butanone: 2-Propanol at approximately 50% 25

solids. The sol uti ons Teknessat ed onto biaxially oriented 80 gad§smpol yest er
filmand dried to approximately 1 % or |ess retained solvent. The
coated m xture was t hepPhotospeedat ed onto mechani cal | y scrubbed 1
0z./FR-4/1 oz. clad copper st@grposite using a hot roll | am nat or27atJ

110C at 2 neters/ mnute angTdy bar pressure. The l4@nwnat ed
material was then imaged ogta UV printer through an appropri at 6534

phot ot ool wiid an adj ustedsggxposure to obtain a copper step of 68 n@¥S

nmeasured with a Resist Stippifig [err] 21 step wedge (approxi natial3g sed)
mi/cnferr]). The expos@d¢ Rad®seCarSKELRN developed in a 1 % sodi um
car bonat e nonohydrate solution at 29C using a conveyori zed

Resolution (with equal line and space at 2x breakpoint) 30um

Adhesion (with 400 um space at 2x breakpoint) 25pm

20 Tent Strength at 20°C 4.5mm
. : 415'g.



spréy devel oper at about 26 psi with residence tine adjusted so that the

break point occurred at 40%to 50% of the chanber |ength (unless
otherwi se noted in the specific 35 exanpl e), followed by several .spray
rinses using tap water and the deionized water.
10 Et chi ng was acconplished using a 2N cupric
chl ori de/ hydrochloric acid solution at 11 48[ err]C in a conveyori zed
etcher equipped with nultiple spray nozzles. The etched board was
then stripped of W@t iskRiRd is:devel oped and etched photo resist in a 3%
sodi um hydroxi de solution at 54[err]C in a conveyorized stripping
unit equi pped with nutl-pl e Aspheigjmagsable CompeSNCOmBritiBied by a spray rinse of
tap water. Procesg) gaedan 9668 30 £d bOR 70%ABPbARI 6d Btal Wk GHlA)
various points throughout the above E_r ocedure. Results are shown
bel ow: . Thi cknesplus B), of a organic binder polymers having sufficient acid
gg[ (ranrJ rjmi10 4 Pg_?_E %Rﬁﬁgality to rénder said photoimageable cokipBsition developable
40 mJ ST- 8in alkaline aqueous solution,
55 m} 15 ST-9 . .
68 mi Resi st Strippin é&) comprising between about 3 and about 65 wt% relative to
34-39 sec. _ (3% NaOH 5@qtalrof AWTplug Bpa kigdarpplymeq A’) having a weight
Resolution (with equal Iine and Spa%sergée n%o)iecgfaF%le(iEﬁlb@Meen a?b%[nes’obb hd about

10 40,000 and a T, of between about 40 and about 100, and

between about 5 to about 67 wt% relative to total of A) plus
B) a binder polymer A”) having a weight average molecular
weight between about 41,000 and about 200,000 and a T, of
between about 40 and about 100,

15 B) between about 30 and about 60 wt%, based on total weight of A)
plus B), of «o,pB-ethylenically uﬁsaturated compounds, said
component B) comprising

B’) an isocyanate trimer having tri-c, B-ethyleniéally
unsaturated functionality, said trimer B’) being present at
20 between about 2 to about 30 wt% based on total weight of A)
plus B), and
B”) 0 to about 5 wt% based on total weight of A) plus B) of
other «,B-ethylenically unsaturated compounds, at least about
50 mole percent of the «,B-ethylenically unsaturated

25 functionality of B’ and B” being methacrylate functionality

and

_—
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Adhesi on (with 400 [-er.r] m space at 2x breakpoint) 25[err]m 20

Tent Strength at 20[err]C 4. 5mnm
415 g. _ What is clained is: A
phot oi mageabl e conposition conpri sing A)

bet ween about 30 and about 70 wt% based on total weight of A) .
plus B), of a organic binder polynmers hag¥2ng sufficient acid 5
functionality to render said phot oi mageabl e conposition devel opabl e

in al kal i ne aqueous sol ution, C)between about 0.5 and about 15 wt% based on total wefght of A)
conpri sing between about 3 and about 65 W% relative t
total of A) plus B) a binder pdtysR)ofanpreanic, ‘ﬁ@a%’“\%‘ﬂj‘r’ﬁ free-radical generating

aver age nol ecul ar wei ght betwe st&go%dﬁ%ﬁﬂ&cﬁ&@iws%mC)compnsmgbetween
40,000 and a T[err] of bet vveenedgbout 40 and about 100,

bet ween about 5 to about 67 wt %8bpe %5l%a‘t°6t31\3't/aTelaBY°tA)t°‘ﬁIWﬂght°fA)PIUSB)Of

B) a binder polymer A") havi ngtﬂl‘gﬁ hme%m&m@dwbesandaboutzwt%rexauveto
wei ght bet ween about 41, 000 and 5 00 000 and a T[err] of

bet ween about 40 and about 100, totalquhtOfA)PlusB)Ofn-phen)’glycme B) between
about 30 and about 60 wt % based on total weight of A)
plus B), of [err]-ethylenically unsaturated conpounds, said

2. The photoimageable compos}tion according to Claim 1 further comprising D)

between about 1 and about 10 wt% relative to weight of A) plus B) of plasticizer.

3. The photoimageable composition according to Claim 2 wherein said plasticizer

10 D) comprises paratoluensulfonamide.

4. The photoimageable composition according to Claim 1 wherein said free-radical
generating system C) further comprises 9-pheny! acridine at between about 0.05 and about
0.5 wt% relative to weight of A) plus B).

5. The photoimageable composition according to Claim 1 further com_prising E)
15 between about 0.5 and about 10 wt% of a lophine dimer based on total weight of A) plus
B) plus F) between about 0.5 and about 2.0 wt% of a Leuco dye based on total weight of
A) plus B).

6. The photoimageable composition according to Claim 1 wherein said binder
polymer A’) has a weight average molecular weight between about 10,000 and about
20 30,000.

0y



corrponent B) conprising B') an
isocyanate triner having tri -[err] ethylenically

unsaturated functionality, said trimer B') being present at 20

bet ween about 2 to about 30 w % based on total weight of A)

plus B), and . : B') O to about 5 wt %
based on total weight of A) plus B) of 13

other [err]-ethylenically unsaturated conmpounds, at |east about

50 mol e percent of the ['g{ ph ﬁﬁﬂléaﬁﬁ'cﬁﬁ?(gs}iloﬁ'l%}&ﬂgatﬁ)@ihu%gl wherein said binder

functionality of B and el ng nethacrylate functionalit

and polymer A™) hasa welght average molecular weight between about 60,000 and about
C) between about nd about 15 wt% based on total weight of A)

plus B) of an organic, radiation-sensitive free-radical generating
system said photoinitiator chem cal system C) conprising between

about .005 and about 3 wt% relative to total weight of A) plus B) of 5
tri phenyphosphi ne and between about .005 and about 2 wt%relative to
total weight of A) plus B) of n-phenylglycine. 2. The
phot oi mageabl e conposition according to Claim1 further conprising D)
bet ween about 1 and about 10 wt % relative to weight of A plus B) of

pl asti ci zer. 3. The phot oi mageabl e conposition according
to Caim2 wherein said plasticizer

_—

A



10 D) conprises paratol uensul f onam de. - 4. The

.phot oi mageabl e conposi tion according to d ai m 1 wherein said free-radical
generating system C) further conprises 9-phenyl acridine at between about
0. 05 and about 0.5 wt%relative to weight of A plus B)

5. The phot oi mageabl e conposition accord&?g to Claim1 further conprising
E) 15 bet ween about 0.5 and about 10 % of a | ophi ne diner based on
total weight of A) plus B) plus F) betvveen about 0.5 and about 2.0
wt % of a Leuco dye based on t ot apyos I ] :
6. The phot oi mageabl e conposi tion accordlng to Cla|n11 wherei n said bi nder
polymer A') has a wei ght average nol ecul ar wei %ht bet ween about 10, 000 and
about 20 30, 000. Abstract of the Disclosure 13

7. The phot oi mageabl e conposition according to Caim'1l wherein said binder

polymer A') has a weight average nol ecul ar wei ght between about 60, 000 and
about 120, 000. A negative acting photoimageable composition comprises

5 A) between about 30 and about 70 wt%, based on total weight of A) plus B), of a

organic binder polymers having sufficient acid functionality to render said °
photoimageable composition developable in alkaline aqueous solution,
A) comprising between about 3 and about 65 wt% relative to total of A) plus
B) a binder polymer A’) having a weight average molecular weight between
10 about 5000 and about 40,000 and a T, of between about 40 and about 100,
and
5 to 67 wt% relative to total of A) plus B) a binder polymer A™) having a
weight average molecular weight between about 41,000 and about 200,000
and a T, of between about 40 and about 100,
15 B) between about 30 and about 60 wt%, based on total weight of A) plus B), of
ccﬁ-ethylenically unsaturated compounds, said component B) comprising
B’) an isocyanate trimer having tri-«,B-ethylenically unsaturated
functionality, said trimer B’) being present at between about 2 to about 30
wt% based on total weight of A) plus B), and
20 B”) 0 to about 5 wt% based on total weight of A) plus B) of other «,f-
ethylenically unsaturated compounds, at least about 50 mole percent of the
o, B-ethylenically unsaturated functionality of B’ and B” being methacrylate
functionality and
C) between about 0.5 and about 15 wt%, based on total weight of A) plus B) of an
25 organic, radiation-sensitive free-radical generating system, said photoinitiator
chemical system C) 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) plué B) of n-phenylglycine.



