;e3e["+X&& (" (*6*T"+=BQ@25 Novenber 2002 PHOTO MAGEABLE CCNPCSITICN HAVI NG
| MPROVED FLEXI BI LI TY The present invention is directgg &Ovmn gg acting
phot oi mageabl e conpositions such as those used as ph eS| the art
of printed circuitry. The photoi mageabl e conposition contains, as a portion
of its photoi mageabl e conponent, a urethane biuret oligomer. Background of
the Invention This invention is directed to negative-acting m mmmmﬂmmmﬁle
conpositions which are devel opabl e in al kali ne aqueous solumm M‘

invention is particularly applicable to primary photoi magi ng resjsgks, but
is applicable, as well, to conpositions that are hardenable so as to form
sol der masks and the like. A variety pf such photoi mageabl I E (e S
are described. Essential conpositions of the type to which |mmmwmmww”mm
invention is directed are A) a binder polyner; B) photopol yneri.zahbe

a, (i-ethylenically unsaturated conmpound(s), and C) a photoinitiator

chem cal systen1 The blnder polyner A) has suff|C|ent aC|d functlonallty
general ly cé ABL IPEYSAT G AN :

in al kaline u |on ere der h ol mageabl e
corposi ti on 3‘@%?5%& 4o eIt S ﬁ} i 2oapasabl

phot opolsydtedsi tiesthised wﬁmeﬁ% irBthe art@f ﬁ’ﬁﬂl@ﬂ'&i’r&uﬁﬁdﬂ"ﬂé pt&i&ﬁﬁiagé&bw n
oligonmers, a substantial portion. of which have nultiple a, (i-ethylenic
unsat ur SPBECSilioR ESEHES i3 § POTtiAR QSIS PBPIRINIESRRIF COMBRCRR R VESHANE MULST | ncl udes
chem calygouhbch generate free radicals upon exposure to actinic radiation.
These freé radlcals propagate the polynerization of the a, (3-ethylenic
unsat ur Baekig:x i the Iofe E photopolynerlzeable conpounds B). Herein, the

phot oi ni ti at ened to include not che cal ounds
POt 1124 s T 0 dispouc G TPl e Hico Mlenls fortmStinh whHor o
the fr e@ebﬁdﬂt)mé ini dlicdlind gk RS kRS isZ Athe Qi edfiort Rparticulri®appli@Bleto Bﬂﬁﬁbﬂr at ed
moi eti es of the photopol yneri zeabl e 25 Novenber 2002 conpounds B).

Ci r cui t phowiniagiag msists, bakia epplisiahlenapreell, e eqrappsitinng shat are bavdaaable 89 #s¢@i try on
opp05|tab gﬁﬁmg%mkgg?ﬁﬁgr Wth holes becom ng larger on circuit boards,
hi gher tenting stren econing increasingly inportant; thus greater
flexibility of vatiay of smbehbiotmeguaplesbinpositonssare depatibeail Esbenpiabacdthositions

erX|b|I|ty al so confributes to an i,nprov r adhesi on which
al lows foiNPE i Whish R FrEfenf iy eRfqnys u?%?fg d\%aﬁa e&P@V val systens.
I'f the phglHLRBHzabIE oL ?le@ucaﬂ?%ﬁ@anﬁ%&%éﬁxﬁéﬁd@%ﬁ'@%%%n%f' cause

chi ppi ng of "the phot or &si's Subsequently, circuit I'ine defects. By
repl aci myemlqabsxstm bhe biodergrol yroerad) lph@uﬁflcreaamld ﬁmcmwbtyegsne(ralm(e

ethoxylat an | qeyanur

ur et hane a‘E)a 8?1? E%W@Pgalgggtp&t tF‘? F‘@gﬁlypo %rc}@%%hWF B % entafllrl]e ug cr’léuﬁ%? h and
f1 exi bi ldnd\thevelsy RB&&EE ithbhotiimRy eible @msﬁlbaueﬁléﬁwlehhambnd acfuysouyas
notlceabIY better, the fine |ine adhesion was not inproved and the oligoner

was shovielutionse The phgtapolymarizeablsrconpoundip) Bhpre monamar and/epshodledami ne | i ne
adhesi o he
oocysn Mg YSLo RNl Bt SRR PRST e RSBl PR
polyethdMymmnmhsLhacrylate and the isocyanurate trinmer of hexanethylene

di i socyanat e, ..as _descri for, ex e, i n European Patent I|c n EP
0 T3eela A nRE e el shenie! BRihehcliBereBaituheh ferdiE Bes Fdlds
product @foncexpeburetKamBragaabnaThesk e rddicald\propigatel tke pdlpieriasios bs teRnhances
t he performance of such conpositions over those nmade w th urethane

conmpoundd,PretBlgnis yngaterated seqigiigrafithe mhqtmyrmnm@béaﬁ%ﬂmnﬂéﬁg) dHeisHe thenat e.

Pr esent t. ot h
fine 11 nE AofBE S5k G EHPR R LR O, Mkl o BRRAUE R Ech Rehétal

ol i goner frearadidals; butatalysedoraensitizdreabich preoote ittenfrexf ratical ipititedpol ymer i zeabl e
conmponen .The uret hane biuret oli rs are.found to mni 48 t he

devel opePOl%'éﬁff?a%“dﬂcéh%'@hetFWﬁ?‘SW%mgWgenaﬁ?ﬂﬁs8{)&?’ PhRtoRPIYMSBEERe i ¢ has
been found that urethane biuret oligomers inprove the fine |line adhesion of
t he photoresist. Summary of the Invention The present invention is directed
to a negative-acting photoi mageabl e conposition



25 Novenber 2002 3 conprising A) between about 30 and about 80 wt% based
on total weight of A) plus B) of an organic pol erEI’Iéi qL d(ranL h

sufficient acid functionality to render the phot oi mageacl e corrpos ion
devel opabl e in al kali ne aqueous sol ution, B) between about 20 and about 70
wt % based on total weight of A plus B) of addi tion-pol yneri zeabl e,

non- gaseous a, p-ethyl enically unsatarated conpounds capable of form ng a
pol ymer by free-radical initiated chai n-propagati ng addition

pol yneri zation) and C) between about 0.1 and about 20 wt% rel ative to total
wei ght esfmpeund$ By B) of an organi c, radiation-sensitive free-radical
generating c abI |crad ation to initiate
chai n- pr opaggirf%nlggélaé%ykﬁ?@%pm oﬁna rhlail ﬁ“ "#hal?d? °3%‘*°t ?‘5‘}%‘“&’0?‘§/ﬂ%1%°59%ab| e
mat er i afaced of tA€berrdlamdith huldsfbebdi‘tﬁmg ﬂa&gﬂ{dxﬂdincuﬁ@ﬁ”ﬂﬁ@,ﬂﬁgheB)exﬁlﬁgﬁfrt@ﬂs1sb6t ween
about 1 and, about 70 wt % based on tot ght of /A) plus B) of a biuret
ur et h an\a;caml%wﬁ;eaﬁag,ly hx@p?rﬁa@t,gtgpﬁagraqteq xrx,lﬂpg of photoimageable comipositions is

R-CO- N t d
nave ¢ heaabed Apea AR Rled et 1 afirin @ SBS RERALIGLMERST, T2
6- 20, pallova-f20better cofpdtibilityeviti aitamated halysseraempvalisy ftemenkf tixnphoteresistel ect ed
f t he , g i Sti f - CHY- t he Y h

i 11 er oROTSTR BeRE PP BRI SHREHE ) U EURERECE M P Feseatl or Core,
-[O~G‘Q)b§ecﬁ;ehﬁy;c1&u@hﬁ@hﬁ‘);as_5 CO]- . and m xtures thereof; and Zis a

di val ent at cycl oal kyl, aromatic, or -alkylaromatic hydrocarbon noiety;
and C) a pho zznrml@qx@g ® PorEigB p panveptiqnabphiase raakdvenonamers (likesethaxylatedant t hat

S bl 8RB ML Sl A g P

phot oi rrag;ﬁ-abémemmsrmang stmgttc-mdttmxrblmg vedsrabkawed) Hdd W yaven |thcatghethe

conpoungs., However, .in the ex of .this patent pond| ng
conpounﬁgmbmwa%ﬁ?%ce bl btter @g?weim@ﬁﬁbqsm vm&a&mgec{ gPtser || nes
9-14, that shdwil & Bl SRLARAGEFURVEIGin &ﬁ’mgﬁlg5 or greater. 25_ Novenber
2002 4 Contrary to the teaching of 4,019,972, is found that inproved

flexibility lrspnorchl ﬁasbnle sdhesionand loser deve&wmsqtmnhascbeméemgtpﬁmtedsm@sm rate.

If mis not equal to at |east 6 ebrltt osi ti ons ere it
LTt 8 505 e Sifeofer 15i3EtnrRes FYhE plidubiar S R RY boRPRe gt Hlale god"hr
the A sti#aYodyaniie tﬁalaﬁoiq{exdﬂnédhszreﬂaaugd&yawe @ﬁlaes@hb@i?lf@rexﬁmbl%(;uﬂ e or may be
the sane or different within ar%gone group the A's are different

wi t hi n Euonsar Paient applicationER 0 ?%7nf*2AH%JWSE@aFe&hQS?Hf?e‘HJ%Wﬂ@é?%@ or
the dif i |
exampl cd T Eoof e preRE o R onblehdt, ARG LARRIBREIN S 2 Though

nmor e coephaxedtihe pkdotmange pbaah bompmiiiaatsi oysr those mhdowith nlrealhﬂne comheum:hoi ce of

Z is generally not considered e art | ar t|c t he sel.ection
Gener o B SRHARRG BBGE T ob ReRreel e thsPeastefy plesf ey paBpEis

precur seg ueli&h@.hhadd&mﬁéﬂ iRtprévenints®8 b find iRl AnEskeh Sbastpat s Herein,
unl ess otherw se noted, all percentages are weight percentages. Corrponent

A) (t he spamate. pol yrrer) and Conponent B) (the photoi mageabl e conpounds)

whi ch are her Cc i r ts

i ncl udi ng theﬁ éé%r%%%@ral{é g&t%ﬁ%&ﬁﬁg oeljlg?? art%:rd %ggte%%gl ogt?i?égqmﬁpbel ng based
on t ot alphemipglymerizeatle pdrmisorisit Bjrhﬁmd urethahd iorekt a)h@omerstawlfmmd phofiinizegeabl e

co 05|t 0 ich are eveI abl e ,in al kal.i ne agueo soI |on nd mhlch
Cher et orth® Aekelomet s fone Suffproying 1euderrper bRt of Higap o
conposi thaRSethyi Kidlet ¥lighhYés Anpobsile ik m@\wmuﬁpdfdhé pmﬁéﬂegaal ity,

typically an acid nunber of at |east about 80, preferably at |east about
100 and nore preferably about 150 or nore, up to about 250. The acid

.functi MM%)/ carboxylic acid functionality, but may al so
|nclude onic acid functionality or phosphoric acid
functi onal i t yTheBprashait invehtjorEis dirtaed pholaativgaaingphomimagiablecompbyipboal | y
have wei ght average nol ecul ar wei ghts between about 20,000 and about
200, 000, preferably at |east about 80,000. The polyners are typically
derived froma mxture of acid functional nononers and non-acid functional
nononmers. Sone specific exanples of suitable acid functional nononers are

acrylic acid, nethacrylic acid, nmalefic acid, fumaric acid, citraconic
aci d,




25 Novenber 2002 5 2-acryl am do- 2- net hyl propanesul foni ¢ aci d,

2- hydroxyet hyl acryl olyl phosphate, 2-hydroxypropyl r (o] te,

2- hydr oxy- al pha- acryl oyl phosphate, etc. One or noreggfmgﬁ%ﬁggc?ggg

functi onal nononers may be used to formthe binder polyner. The acid

functi onal nononers may be copol ynerized with non-acid functional nononers,
such as esters of acrylic acid andzmethacrylic acid, for exanple, methyl
acrylate, 2-ethyl hexyl acrylate, n-butyl acrylate, n-hexyl acrylate,

Toryl ot o s Rueabrposkenh A B W4 g P tok VL BF A RBE B oBE YL
di acr y1 aignicholfuslrR{dhdcR R ARg biibicACA Aeriordlitb saRicBtieGbioithaRleat e,

1, 3-propanedi ol” di acryl ate, decanethylene gly i acryl ate, decanet hyl ene
gl ycol eempasitiasrdeveliopablg imjalkglisie anusonas eadution,d)detwaenabout20zandiaheut 79| ol

j f L\ i Lt | di | at e,
D yoor oPlirbaked & a) WelhE b, BE BB B Brior bhPRERERE n G-k Ehas | 271y 2" ©
tr i et hy bcgﬁ:ethglleyirwllly disaawb«amnpmuyweremﬂfmaﬁag & polymizy by esy-pdtday | _) - propane
di met hacr, Igie, .triethyl ene glycol dinethacrylate, pol yoxgpr opyl tri et hyl ol
pr opane"’t‘ﬁ\{fft FRAinspropagating addition polyserigatinn, aad ¢y betveen oy, 0 d ad gbgut 30

di met haggay : j i at e ) col:

i 1ot gt 4 Sefve & GrabLERANGEA Polut BYEE AESIRKNE, diafoi Wy BlIGe fiekiflicy

t ri met hgeneydtimngechedica| gysteni asivatable byRctivictradiatiinab iuitinetchaiorpropegeting

pent aer L tols tri.met hacryl 1-phenyl gt hyl ene-1, 2-dinet hagryl ate,

pent aer é‘%cﬂ{l?? B?ly%f-‘ﬁlr?&oﬁﬁer @?E{O&'I’(ﬁ‘f‘?‘%ﬁeﬁ@f? g¥at pﬁh"éc?'id%wﬁb&m ate,

1, 5- penimiatiom) coftpsiink BY cytpiises baffbed abodlQaa ABSItTI0 viRADalAGIbal feight YT ene
and substituted styrene, such as 2-nethyl styrene and vinyl toluene and

vi nyl e8f &) plus ) ofia bivrgt yrpthangeligomes hayiag thegpnerabforrarlay| ate to provide the
desired acid nunber. The anobunt of the binder polyner A may vary over a

wi de range, } I A= n about 30 to about 80 w % of the
conposi tion %Qgte)gﬁgﬁig\%@'ﬁﬁgﬁpgg{)% plus B)) Exanpl es of such polyners
and phot oi nageabl e conpositions using such polyners are found, in the
f0||OMﬁ§ﬁpU' . Patent Nos: 3, 953,309, 4,003,877, 4,610,951, and 4, 695, 527
the tea FFQ'ESR%%{E oG Rrdifterent and haye,be geasralferaila: by ref erence. The
phot opol yneri zabl e conponent B) descri bed above havi ng phot opol yneri zabl e
poly a, (i -et hhdrff@-NIELalNI-GOrlod EOM-CYe€Hhet veen 5 and about 100 wt Yof
the urethane 25 wistemire6-200m2 03045 &t0-b1 | gomer, preferably between about
25 and t. .75, W % of i..e..  he 1 and abaut .70 w.% preferably

ot ween oA gerandtameyy deret oo greele ol A7 BB lfsisfife 15" 055

Synt hesi s of -HeXEReCHY dnedictes they¥nareethe lspny anrdifférantean; are estleoted domethe s
anal ogoygoilpconkisting TRBICH, &Cef;, ur et hane conpounds prepared with the

i socyanurate _ié_i({fgr) o_i_ HDI . The pol yi socyanate is reacted with an acryl ate-
or net hacryl até-treifhated al cohol at or near stoichionmetrically equival ent
| evel s. The rtO:GHag-COrdpound is a trifunctional urethane

acryl at e/ met haghyik@ted tiRhddofRAr Which is then used as part of B), the

addi ti on-pol yyreri zahl e, .non-ga us, B-.ethylenicall nsaturated co unds.
The bal ance ﬁ&‘ﬁ?ﬂgﬁﬁ@w@rﬁ@i‘% ea‘@m?ﬂﬁﬁéﬁiky%ﬁm?t?%}?yﬁr%é‘mwl Y out
95 wt % qphefanititbysybetmaeen about 25 and about 75 wt% of B), i.e., between

0 and about 69 Wt % preferably between about 5 and about 52 .5 wt% relative
to total of Apths fesmpla above,yiis imperans tha reaual atdeastp topbtainshe regpisits,

ol i goner (s 1 ! rpiciihar | - N c

dnsat ur g L . O Bl N L el v ng

a, ~3- et iphotniimageableadonipisitions teomainingrsivhilaryphdtapolymerizable coffppumds! Howexer,

m xt ure .of, mono-functi.,onal and nufti-functional nomer s, Wi | sed.

Sun t abi AR SO BTG 415 Bt T ST eRonP R OEouBR T o THAPRHSR R 1 o, ¢ he
nonomer %xbﬁ@i‘tl?%ﬁcﬁ&c’iﬁ@cﬂﬁmﬁ‘& liAdY =14, Rhatlitis WidaGvdtdpd6ts 0 iy #RSeS or greater.
particularly the non-acid functional conpounds. The total anount 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).
To initiate polynerization of the nononers upon exposure to actinic

radi ati on, the photoi nageabl e conposition contains a photoinitiator

chemi cal system GCenerally, the photoinitiator chem cal system conprises
bet ween about 0.1 and about 20 w % based on total weight of A) plus B).
Photoinitiator chemcals include, but are not limted to 9phenyl acri di ne,

n- phenyl glycine, aronmatic ketones (benzophenone, N, N -tetranethyl-4, 4
di am nobenzophenone [Mcnler's ketoneld,

N, N -tetraet hyl -4, 4" -di am nobenzophenone, 4net hoxy- 4' - di net hyl am nobenzophen
one, 3, 3'-dinethyl-4-net hoxybenzophenone,

. o o e N L L I




Addi tional ly, the photoi mageabl e conpositions may contain a w de variety of
addi tional conmponents as are known in the art, includgng,addidi oggh

pol ymers, such as those which m ght be used to effect a final hardened cure
of a sol der nask, dyes, color fornmers, stabilizers, flexibilizing agents,
fillers etc. Pr ocessi ng of the phot oi mageabl e corrposi tionisin a
conventional manner. In a typical pfocedure, a photoi nageabl e conposition

| ayer, either formed froma liquid corrposition or transferred as a | ayer

froma fil ied to cpp urface qf, a, copper-clad board. The
phot oi r‘r&ﬁé‘é gh'&?n‘ﬁ"}fgl“t& bk 9133933 it 53 é‘éﬂ“tpéo"éétﬂieﬁﬁbélt}’ idnefessA t hr ough
appropr kﬁ&m@uﬂ&&sWaﬁhes@iﬂ%ﬁHé pb&k s%&drdi‘é CIf'h@f!'n%E Eqifdl u%oalt YeABd, %?o%e bligeMoNOMEr

in the 25 Novenber 2002 8 fbght exposed areas, resultingin
Cross- Int@BIMnsuc&ume that is resistant to devel oper. Next, the

corrposition devel al kal.ine aqu outlo as al %
Soah um car bolaeee U SRER b pithettiopa ok Eise BinS i ERGGaE Rt e bl AT 't 1
the car boyWeithe Sinedrsdi@érehtia ahy O6tsligdaleY Rldule’ @ Mg HeNBe $ARorapifatbhee and
renmovabl e. After devel opment, an etchant nmay be used to renmove copper from

those arélin sves R aoupelfthe Ajgage d@fm@w%mw&v R group.ribe diffsranhdes
circuit,, | 1 an appropriate
stripper. -m%e I nve td|{Egrrll&lp(gergdo(?/rlt éeglf%gﬁpA Sewggﬂﬁgési&t han 75 m crons) resi st
si dewal | whi ¢inthegeacrakfonalilac bovepsimple exambles of Z ifdlade lexamethplensy | | now be
described in greater, detagil by way of s ifi,c Ies* 25 Novenber 2002
0" xam | SLe e sE TSI bE g DRl s PR e e caihon TRetS T ome.
Conponentso\Whitible - Tﬂeemmewls EndrR Iyt m&w&édfdoa;eq;aniauranb@ﬁwdl%e

met hyl nmet hacrylic acid 56.7 cid No. 15 ._.average nol ecul ar wei ght
80, 000) selectimtgengiaty éap@dmnmqelthemmme@lnkwawebe of guigable preeNr§gsB.opy| ene

gl ycol nethacrylate 12.2 4. U ethane oligoner (A, (B), (C, or (D** 16.7
5. p-toluene sul fonam de (pI astl Ci zer) 5.0 6. Triphenyl net hane dye 0.056 7.
9- pheny |4 8 irialng ed E6 inffdgeyponent s 1-4 cal cul ated as 100
W% remainin orrponents cal cuI at d relative to %@ onents | * *The

Ur et hane Qi insundess eHIcEYIse Bolgd: Ak perceRtagey arg Nishppercentage,. Compoyesnt N

N- (CHZ) @&)Qt%&f Qolymer) and Component B) (the photoimageable compounds) 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 developable in
alkaline aqueous solution and which therefore have substantial acid functionality. Such
photoimageable compositions typically have a binder A) having acid functionality, typically
an acid number of at least about 80, preferably at least about 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 phosphoric
acid functionality. Binder polymers for photoimageable compositions typically have weight
average molecular weights between about 20,000 and about 200,000, preferably at least about
80,000.

The polymers are typically derived from a mixture of acid functional monomers and
non-acid functional monomers. Some specific examples of suitable acid functional

monomers are acrylic acid, methacrylic acid, maleic acid, fumaric acid, citraconic acid,



\' / N(CH)6 (Conparative Exanple A and C) R R (CHz)6-N (CO NH (CH2) 6-R) 2
(Exanples B and D) R = -NH CO O (- CHX- CHZ- O-) 6- CO- C( G35 er'"Bghre X is H
or CH3; X = H (Exanples A and B); X = CH3 (Exanples C and D). Properties of
t he phot oi nageabl e conpositions are described in Table 1 bel ow 25
Novenber 2002 10 Table 1 Urethane O i gomer Et hoxyl at ed

I ri met hactyl at eEt hoxyl ar cdPr opoxyl and .t ri met hacr yl at ePr opoxyl at ed

trimet hacryl at eConponent (8)urethane of HDItrimet hacryl ete uret haneur et hane

(B) | Socy ariBRBNera BRI Tl 2 3o h Bl Corey AT st o

t(3
B 9(2) e ey ot Mo e ity e, CHEZT BNl =

Break poisnetnertid &instigndl monodesya{iche lémdi%fo‘na bipdst pelysk. poi nt Tent

St th(4 St 79252247268 5) Tent t h t,. St

3(2) ?2765,4%231 e§§§k}%‘é‘32‘2|d A ‘Fmer{af"ﬁ‘(%? xé‘%‘)l%{qgrbzeg ?‘n‘%géé@@gﬁlf‘é‘ﬁﬁet (6) Tent
St r engt h(rgnodier$isegh £(ederotrlorlitladiiIbdictitaSlliciapid] fog eXednifie, Htetﬁjil acrylate,

St ep403839347(2) Cross Eietch Res] stance(l O  at 2530- - Sl ep7 4x Break

Poi nt Cr os?sethvélt*@ﬁthlgt@amréwl es)rylateisieexxl a@@ﬁ@@?} ¥l metigpg IhdFiFRXSteFl}Yépl ng
Ti 7 4

PII %és% r?at;‘): | ner?égi}%ﬁétéisée&g%wm- - a(é)t&)eertlz?}tslrllTgt H%ﬁt%fl %%;gﬁﬁl ¥ l?iﬁttat i ng(9)

at 61 00. HBSperpixQdZi)'olchmderIﬁJMdleﬂy(@)lnmtm a&@laﬁscﬂﬁlwpgtﬂm dlﬁryllatee above

oo TR MR SRR Sl B L AR B ™ (O

( conpar atdntﬁ@ﬁhawra% flar ést&lcﬂreﬁﬁwhwr H&Gryﬂ’at@ Izrmhmqwmwopme HlacHaté @IRRFRd Wi th
6 of the Q%rlesent i nvention, i.e

-NH- CO- O wzteaqmrqpmecglmmerqutg gﬁ)f?eloi@ﬁc%@%anurate (E) and bi uret
F | at d of 6; (F
(g; mvlmgr '?@% i@ {mf}gﬁgﬁéﬁl‘?’ O)fllgﬁrhlz'd?m&@c (g%ewi}%% col cil%érpn fecad o (F) _

he resu are-su rrze Tabl e 2 bel ow,

it being m@qemlyaz 2edi(pphydrdxyphery ppopas dilethaoglatd; trietkten glyq@bor tenti ng
strength: 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 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.

The amount of the binder polymer A) may vary over a wide range, typically
comprising between about 30 to about 80 wt% of the composition based on total weight of A)
plus B).

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, and 4,695,527
the teaching of each of which are incorporated herein by reference.

The photopolymerizable component B) described above having photopolymerizable

poly a,f-ethylenic unsaturation comprises between 5 and about 100 wt%of the urethane



25 Novenber 2002 12 Table 2 Uret hane

A i gonrer Monoet hoxyl at edMbnoet hoxyl at edConponent (8)t p ngdhagkey! abee ur et hane
of trimethacryl ate urethane of HDI i socyanurate (E)HDI biuret
(F)Resolution(l) at Step 7(2) and41432x Break point(3)Resolution(1l) at Step
7(2) and30314x Break point(3)Resolution at Step 9(2) end60612x Break

poi nt Adhesion(1) at Step 7(2) and324%4x Break poi nt Adhseion(1l) at Step9(2)
and24242x Break pointTent Strength(4) at Step 7(2), __ _ dry(5)Tent
Strength(4) at Step 9(2%, 88 5 74dry(55).Tent Strength(4) at Ste

7(2)) __ byt qlgpmentpreferablydehyesn ahputdSand aboyt 78 aaXonNaB); sy-d?ecs\ygerrgmw

oL el TR S gl SRS

Time(7) at StSophed} of Bixaimpphiytepediisveyante{HDF) enpthaiy bidisa bligonmdsis analogous
Pl atingStr.i pping Ti 7)., et Step9(2)9062after Sn PlatingSn Underpl ating(9)
210 480 16 RSP IOa . UFIe A PR Presf6 0381 B8 GORHOENE TImse ONGPRBLF 2002
13 (1 JpoMistcyrimoRsQickatyitl ar icey18Sor h&AKrMhicABRinated ¥Rbhdl afGheand Spaces,
adhesion as lines with a 400 mcron spacing. (2) Stouffer 21 solid step (3)
Devel opistrichiemgicallynequixadend laymsc dhp msnltiag sompoyady ia e érifungtiongherethege st rengt h

wth a ' ' r n 6 I Ir

ni e arr B GTRUERaE P RG et ReReBetp B ERp PR B YIS " 16
hour s (Gx)onlgfgts&ms,da,mem}ﬂ@idamymmsdtmgjeumoﬁﬁghﬂcap water (7) |In seconds,
conveyori zed spray with 55C 3% sodi ym hydroxi de,sol ution (8) As 15% by
wei ght conpor?gﬁtbaé'ﬂc%%&h‘)&l’@ "Eerﬂzﬁ?(bLf?j?‘imW’lem %hé)?mp@é"leg‘log‘.&fi?hﬁ’!‘h% WHA’(E see
ALt ach"??éf i%%}f BtwEREAFOGRLS Sl dbbhits v&t&f%gmr.@meﬁ@enfﬂndtaﬁb&'69f»9t%ruI ation)
(9) MI 019 plat1 ng 1 ngress between photorési st and copper 1 nterface

af t er pl gtréefagpblypbetwedn abofit § amd abou0§2. Amtlontelasive pé trttalrof ) ptusMDniitypierglyad her ed

after Cr QS Ronset Cdilntaf o ihoft AalMitgoRle AR e 1 Eni® bindae IS P&ekidarty,

o,B-ethylenic unsaturation, including monofunctional compounds and compounds having
o,B-ethylenic unsaturation functionality 2 or greater. Typically, a mixture of mono-functional
and multi-functional monomers will be used. Suitable photopolymerizeable compounds
include, but are not limited to, the monomers recited above as suitable for forming binder
polymers, particularly the non-acid functional compounds. The total 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).

To initiate polymerization of the monomers upon exposure to actinic radiation, the
photoimageable composition contains a photoinitiator chemical system. Generally, the
photoinitiator chemical system comprises between about 0.1 and about 20 wt% based on total
weight of A) plus B). Photoinitiator chemicals include, but are not limited to 9-
phenylacridine, n-phenyl glycine, 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, p,p'-bis(diethylamino)-benzophenone, anthraquinone, 2-
ethylanthraquinone, naphthaquinone, phenanthraquinone, benzoins (benzoin,

benzoinmethylether, benzoinethylether, benzoinisopropylether, benzoin-n-butylether,



NOTE: At a Step 9 (optinmumcrosslinking) there is no degredation, or

I ncrease, of underplating as a result of higher al koxyldJcabewhem£conpari ng
A and E, or B and F. 25 Novenber 2002 14 CLAIMS 1. A negative-acting
phot oi mageabl e conposition conprising A between about 30 and about 80.w %
based on total weight of A) plus B) of a binder polyner having acid
functionality sufficient to render said photoi mageabl e conposition

devel opabl e in al kal i ne aqueous sol ution, B) between about 20 and about ?0

wt % based on t A). p nadd ol rizable,
non- gasgb SHE'E P ?‘Fnyé?tﬁéefl’ &ﬁfhé'gﬂ f‘ff)‘ﬂrr?g&i%ﬁ?%?t“éﬁt fn%%bvaté é%lggnzg formng a
hi gh polbeeyldiptedyléiculfideliveatyldifietyhtcad (Sl@ldi‘cplh@rﬁlﬂﬂélﬂér[\@tl%i@l i on
pol yneri zation, said conponent B conprising between about 1 and about ?0

W % bagdenyacridingl, 7oblS(R)anlriwl)Bypt@fe gtcyy thiopantbonss (2-ehlogthigxanthonaadsi ng t he

i 11 or o rRpEAs e SR Anhiabliofd, 2. ARy b Bof oy, =0T

Ap- O CO-idfrihythimbaathendnete. ﬁa&ﬁbphpnme@(Qﬁdlchlomdaetbphdmae A's are t he sane or
di fferent ndgﬁr? sel ec ed fr %?%r ou(?RElcony sting of: -[O CHY-CHY-]-
where t st chlprgace "é“ ACCLORICBINS: sel ected fromthe group
consi st '?ﬂ-dﬂﬁetﬁbx%d x%’lac%ﬁﬁeno‘nEQﬁ@lﬂ%)o?o-@-ﬂhenoxyﬁc&b;ﬂ@h@r)e?’eté‘)%] and

an

m xt ures t hereof is a divalent alkyl, cycloal Kk aromatic, or

al kyl ar oFhenigh, toy erfreeandiont gawdratoy trlMY@owhmmw i tnpé‘ti@i inghst em

photglmtlator chemical system as a catalyst.

The photoimageable composition may advantageously include one or more
plasticizers at between about 0.5 and about 10 wt% based on total weight of A) plus B).
Examples of suitable plasticizers include, but are not limited to, phthalate esters (e.g.,
dibutylphthalate, diheptylphthalate, dioctylphthalate, diallylphthalate), glycols (e.g.,
polyethylene-glycol, polypropyleneglycol), glycol esters (e.g., triethylene-glycoldiacetate,
tetraethyleneglycoldiacetate, dipropyleneglycol-dibenzoate), phosphate esters
(tricresylphosphate, tripheynlphosphate), amides (p-toluenesulfoneamide,
benzenesulfoneamide, N-n-butylacetoneamide), aliphatic dibasic acid esters (diisobutyl-
adipate, dioctyladipate, dimethylsebacate, dioctylazelate, dibutylmalate, triethylcitrate,
tributylcitrate, triethylacetylcitrate, tri-n-propylacetylcitrate, tri-n-butylacetylcitrate, butyl-
laurate, dioctyl-4,5-diepoxycyclohexane-1, 2-dicarboxylate, glycerinetriacetylesters.

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, color formers,
stabilizers, flexibilizing agents, fillers etc.

Processing of the photoimageable composition is in a conventional manner. In a
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 copper 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



25 Novenber 2002 15 2. The conposition according to Caim1 wherein said
uret hane biuret oligonmer conprises between about 5 ayl ghekbeb22duM % based
on total weight of A plus B).

.AH. A{?. A . AAe. A AUf e. Af. Ahf) . ALf. A>S. A&f 90. Ay. Ashy&. ASL. A95S6JRnh y

WJ! 5=V#g#i #} xsmhc”Y] ca] ca] ca] ca] c*a]eca] ca] ca] caU] cal] ca] ca] ca] ca] ca] ca] ca]
ca] ca] c™a] ca] ca] ca] ca] ca] ca] c*a] ca] c”a] cRa] cRa] ca

i #$, , b-/ J3A6R699???BBBBBBCC#DDDE

cal cal cA R I e Ry LR R AR AR AR AT RSN s ki
{ KKLLTLMMNsN(EﬁZium:\e:l@'EH@b]hllﬂtea] cal] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca

U] ca] cal] ca] cal] ca] calU] ca] caU] ca] caU].ca] caU] ca] cal a,]_ca cal ca
O%P. PRP piggous solution, such ds a 1% sodium carbonate solution. The alkali solution

]an] caj ca %%gﬁwm% &alggﬁoﬁg%?ﬂ”fcau ca caL)% fcé@?]ég cga} g/aﬂ:ga

XXAYhYYR&bibEZrd] rginjo RiRRy. L3 vilo piventy Wi etshant ojag be serboukhoed ewpeafraa)] ca] ca]

e el sl el gl s

, 10% & (r):mét\fétlfengerhoie{d%m J&\ap%&:pnat@\s{-np%eﬂ()% & ()-Gf @#L0%n\& ()- f
@#10%3&' ()- '"#10%\ & ()-!#10% y
The invention prov1des a fine lme (less than 75 mlcrons) resist sidewall which adheres

well to copper surfaces.

The invention will now be described in greater detail by way of specific examples.
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4. Urethane oligomer (A), (B), (C), or (D)** 16.7
5. p-toluene sulfonamide (plasticizer) 5.0
6. Triphenylmethane dye i 0.056
7. 9-phenylacridine (photoinitiator) 0.17
*Components 1-4 calculated as 100 wt%; remaining components calculated relative to components |-
4, **The Urethane Oligomers examples above are as follows:
0]
I
C
/ \
R- (CH,)¢- N N-(CH,)¢-R
0=C C=0
N/
N
|
(CH,) (Comparative Example A and C)
I
R

R-(CH,),-N-(CO-NH-(CH,),-R), (Examples B and D)
R = -NH-CO-O-(-CHX-CH,-0-),-CO-C(CH,)=CH,, where X is H or CH,;
X = H (Examples A and B); X = CH, (Examples C and D).

Properties of the photoimageable compositions are described in Table 1 below:
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Compounds E and F (comparative) were formulated having a single ethoxy unit, as
compared with 6 of the present invention,
i.e., (E), (F) R = -NH-CO-0O-CH,-CH,-0-CO-C(CH,)=CH, in the isocyanurate (E) and biuret
Formulations given above. That is (E) = (A) where m = 1 instead of 6; (F) = (B) where m = 1

instead of 6. The results are summarized in Table 2 below; it being noted that comparative

examples (E) and (F) exhibit poor tenting strength:
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Table 2

Urethane Oligomer Monoethoxylated Monoethoxylated
Component (8) trimethacrylate urethane of trimethacrylate urethane of

HDI isocyanurate (E) HDI biuret (F)
Resolution(1) at Step 7(2) and 4l 43
2x Break point(3)
Resolution(1) at Step 7(2) and 30 31
4x Break point(3)
Resolution at Step 9(2) and 60 61
2x Break point
Adhesion(1) at Step 7(2) and 32 45
4x Break point -
Adhseion(l) at Step9(2) and
2x Break point 2 2
Tent Strength(4) at Step 7(2),
dry(5)
Tent Strength(4) at Step 9(2), 88.5 74
dry(5) )
Tent Strength(4) at Step 7(2),
wet(6)
Tent Strength(4) at Step 9(2), 6 <20
wet(6)
Cross Hatch Resistance(10) at < <5
step7(2), 4x Break Point
Cross Hatch Resistance(10) at < <5
Step9(2), 2x Break Point
Stripping Time(7) at Step
Q)
Stripping Time(7) at Step9(2) - -
Stripping Time(7) at Step7(2) 64 43
after Sn Plating
Stripping Time(7) at Step9(2) 90 62
after Sn Plating
Sn Underplating(9) at
Step7(2) 048 067
Sn Underplating(9) at
Step9(2) 032 0.36




109R & ()-A%p- 109R & ()-A% 109R & () - A%OPOPRPVPWPAP_P' Pel - 4 100/a & ()- A%
1092 & ()-A% 109%R & ()-A%p- 1092 & ()-A% 109%R & () - A% #9%uber 2

& () - A% PaPPPPPPPdH, 4 1092 & ()-A%6 1092 & ()-A%6p 1092 & ()- 265 1092

& ()- A% 10% & ()- A% pPPPPPPPPfH, 4 1092 & ()-A%WAp 109 & ()- A% 1092

& ()-A% 10% & ()-A%p 109 & ()- AYPPPPPPQONN24 109 & ()- A% 1092 & ()- A%
109% & ()-A% 109 & ()-A%p 109 & ()3A%

(1) Minimum observed in microns, resolution as equal lines and spaces, adhesion as lines
with a 400 micron spacing.

(2) Stouffer 21 solid step

(3) Developing at 30°C in 1% sodium carbonate monohydrate

(4) Puncture strength with a 2 mm radius tipped probe through a tented 6 mm hole

(5) Hot air knife dried after developing and held at room temperature, 30% RH for 16 hours
(6) After 4 minute immersion in 20°C tap water

(7) In seconds, conveyorized spray with 55°C 3% sodium hydroxide solution

(8) As a 15% by weight component of 38 micron thick dry film photoresist formulation (see
Attachment #2 for chemical structure, Attachment #3 for trial formulation)

(9) Mils of plating ingress between photoresist and _copper interface afterplating up 1 mil of
tin, g
(10) Amount of photoresist remaining adhered after cross scoring with a multibladed knife at
1 mm spacing

NOTE: At a Step 9 (optimum crosslinking) there is no degredation, or increase, of
underplating as a result of higher alkoxylation when comparing A and E, or B and F.
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CLAIMS

1. A negative-acting photoimageable composition comprising

A) between about 30 and about 80 wt% based on total weight of A) plus B) of
a binder polymer having acid functionality sufficient to render said photoimageable
composition developable in alkaline aqueous solution,

B) between about 20 and about 70 wt% based on total weight of A) plus B) of
an addition-polymerizable, non-gaseous «,p-ethylenically unsaturated compound(s) capable
of forming a high polymer by free-radical initiated chain-propagating addition
polymeriza—tion, i ]

said component B comprising between about 1 and about 70 wt%, based on total of A) plus

B) of a urethane biuret oligomer having the- formula:

R-CO-NH-Z-N-(CO-NH-Z-NH-CO-R),

where the R’s are the same or different and have the general formula:

-Ap-[-CO-NH-Z-NH-CO-],-A,-0-CO-CY=CH,,
where m = 6-20, p = 0-20, s = 0-1;

AY

the A's are the same or different and are selected from the group consisting of:
-[O-CHY-CHY-]-, where the Ys are the same or different and are selected from the
group consisting of H, CHj3, or C;Hs,
-[0-(CH)3.4-]-,
-[-O-(CHy);5-CO-]-
and mixtures thereof; and

Z is a divalent alkyl, cycloalkyl, aromatic, or alkylaromatic hydrocarbon moiety; and C)
a photoinitiator system.
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