, €3eVz$S. 6&Tz=D, 1 2 1 MAR 2002 PHOTO MAGEABLE COVPOSI TI ON HAVI NG
| MPROVED FLEXI BI LI TY, ADHESI ON AND STRI PPI NG CHARACTERI STI CS The present
invention is directed to negative-acting photoi mageable conpositions _such

as those used as 5 photoresists. The phot oi mageabl e conposi t%o‘nmeiﬂﬂl
9- phenyl acr"lmmuwmﬂmwmmgrml ogue thereof as the photoinitiat®r, and the
phot oi mageab nis plasticized wth a di benzoate pl astici zer.
Background of thwodorventi on 10 This invention is directed to

negati ve-acti ng phot oi nageabl e conposi tj ons which are devel opable in

al kal i ne aquﬁmmmﬂmulnmlmms The invention is particularly applicable to
primary phot sts, but is applicable, as well, to conponents of
conposi tions thatae hardenable so as to 15 form sol der nasks and the
like. A variety of such photoi mageabl e conpositions are descri bed.

Essential conpositions o pe.to present inyention is
directed are A) a bi nde E °. ga .).'&.‘ O _4-_"9 .‘."- € ﬂ _'- | enically
unsat ur at ed conpoundt&y =2g-aHa Sy E-phot 6T At at or—t et ta em The

bi nder pol yner A) halse suiebest entveacioh fisndirentald ty, ngrnevatdqtiagr boxylic
acid functional ihto¥_ it%apaeta tlgec bi rg)%gg. ol yme ;ss t%l%llebLllsedi n_al kal i ne aqueous
sol ution and tl‘?ereBy r%n&ers e Long phot oi rragea%l e ecor‘awl‘f’)osi tion
devel opabl & i n phlokakreésiestaquethes phokuinagrabld heonphel oioageabl £-tenpbunds) B)
are monomer s and o Short Chalh QLEJAIELS. & stbsLantdal; bordl on gf uhi ch
are have multipl & -2 13-Ft Ryl &M CoRs BT TeRF e fURC PIRHAM Yo F MRS 7S t he
fgﬁpt oi ni ti at or pBprobmagrablleastmersdk fon fisc ahéspigrizedwioth théilpdraxicakai ti at or
O is 9-phenyl al%r'kg'é&eeror a honol ogue thereof. Sunmary of the Invention In
accordance witH the present invention a 10 negative-acting photoi nageabl e
conposition conprises A) an organic polyneric binder having sufficient acid
functionality to render the photoi nageabl e conposition devel opable in
al kal i ne aqueous sol ution, B) an addition-polynerizabl e, nongaseous
et hyl enical |y (Basa 3 bhpainvegskiompabl e of 15 formi ng a pol yner by
free radiggl Initiabgel Ghokhe PLORRORLLNGAMOL IO ROLYIRG LAl i on, and ©) an
organic, radiation-sensitive free-radical generating system activatabl e by
actini c radi at ichetpdnagdahilat eongrsiinipropdidahi anp develommaplpolymaikiazane on of
the addition-p Lzabl e . erial,, . 20 f - i e t system
herein conpri S?Jr%‘ggg%hio%ﬁ%lac%i diT%Iee %)I]é%gltﬁg?m{% Sgggter erc%?, ng%%%?gg
di benzoat e pl adtd eirieary photoimaging resists, but is applicable, as well,

to components of compositions that are hardenable so as to
15 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 directed are A) a binder polymer; B)
photopolymerizable o,B-ethylenically unsaturated compound(s),

20 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



Detai | ed Description of Certain Preferred Enbodi ments Herein, unless
otherwi se noted, all percentages are 25 wei ght percent ages. Corrponent A
(the bi nder pol yrrer), Conmponent B) (the photoi mageabl e conmpounds(s)) and
Conmponent C) (the photoinitiator chem cal systenm) are herein qnﬁéﬂeﬁ[ﬁﬂ 2
1 MAR 2002 3 to equal 100 wt% and ot her conmponents, incl udi rg

di benzoate pl asticizer, are calculated2as parts relative to 100 parts of A)
plus B) plus C. The invention is directed to photoi mageabl e conpositions 5
whi ch are devel opabl e in al kali ne aqueous sol ution and whi ch therefore have
substanti al acpibtdifeiénad cbypositabn piabpRERARhea CRMPGS] h@itsist ypi cal |y
have a bi nder g havi ng acid functionality, typical I%/)ean aci d nunber of at

| east about 80%CYHEPBP ablYeaPhPeRitrRIsAbR Cf%o%ﬂﬂ)‘sﬁo FrePerAL? about 10

150 or nore, Upnd/@rabRett 25Q:inTdE Rekes f unetbonaldiby psrdivpi S8l ch
carboxylic acid functionality, but Y al so include, for exanple, sulfonic
aci d functionali y33F %WHSr‘?‘CB'é(’fPH R UPBRE LSS %frﬁ’&éf"’ngg‘ﬁ?’n”ers f or
phot oi mageabl en&¥TROSEhé mtbym&l&ltby davervet gidasaverage i mmeaaul ar wei ghts
15 between about 20, 000 and about 2Q0, 000, preferably at |east about

80, 000. The pofSARErE & t*teyﬁﬁea‘twtdét FFo?npi‘eﬁiyit&tﬁrédbf‘ea%‘? )
functional noneseSgasdeiseodci d functi onal nonomers. Sone specific
exanpl es of suitable acid functional nononers are 20 acrylic acid,

met hacrylic acid, malefic acid, fumaric acid, citraconic acid,

2-acryl am do- 23.mis Jinc acid, 1 2- hydroxyet hyl acryl ol yl

: sphate, 2- hydro pro acryl ol hate dr.oxy- al pha- acryl oyl

gﬂ sphate, etc. §¥‘ d@ ngf %ift}'ht 8|§rﬁ‘sﬁﬁftt’rrbvr%’1 “18®rfoners may be used to
formthe 25 binseatipel yoeing Ehet@ﬂﬂa@eﬁblmtdoﬁ@déltrﬂblﬁowﬁﬁmy he an

copol yneri zed w th .non-acid. fune ono S,. such as esters acrylic
aci ds, for exaRpidicnke eré5r€ givta’tgtt)?lﬁﬁe%ﬁn%aé? drgetio (?Lf K/AR 2002
4 n- butyI aCI‘yt@.t)&,ndﬂrhebfg/|ph@€b§/ﬂ1&i§eabl€'e¢cmp|osmeiditﬁ(dbyém;&,blbydm oxy et hyl

| at but yl t.h | t | at th th h | ot
?C[:)ﬁt §I eacr;I )alt?emaf acr : %eal o‘l”yl(f é%%%ﬂdwl}e@n&%}é%l e ?l?taﬁgg‘t ﬁlfl?%lry at e,

acryl ate, ethygyassougl ytmlrleﬁudaaty ydrataeurél;e:a- propanedisbl cad:aaaeydnat e,

decanet hy ne col dla | & ecanet Iene | ycal dinet hacr |.at e,
1,4-cyclo exangé J1ngd| a%oﬁnat egyzéj di rreJt lI fuplr%{:ﬁgn% alnéc?rrot) atlnal ycer ol
d| acryl ate, tragtiopyhepelygiepdeht tbracrpiatle, angbyga&n@l, tri acr yI ate, 2,2-di
(p- hydr oxphenyl ropane  di et hacryl. at trieth Iene di.a h | at e,
pol yoxyet hyl - %dl(f(%(lg g%?solflv eE e) r%?bc%ngeaera H‘l’ae ene

gl ycol di net habyydcaile,lcpmqptaxypnot;wlmlitmdﬁyzhelmmz@pagetmg addytl:mne

et hyl ene gl ycol fdinethacryl ate but n th at e,

1, 3- pr opanedi o?o%mn%l ggry at th 5 c{ﬁ?y %’ﬁgﬁ%% % aclragl’a

1, 3- pr opadfedi ofrekmedhask ysteateeatith s¥sbem etwe‘tennod:ontprmﬁemm@cpybaﬁe

%, 3, 4-trimnet hchJuﬁ %eg}ai‘%kn%ho&w%gg&éé/ | 2l pPePBBLYI et Ol

t+i met hacryl ate, n’heny et hyl ene-1 i met hacryl ate, pentaerythritol

t et ranet hacryl attestltcmzmat hyI ol 20 propane trimet hacryl ate, 1, 5-pentanedi ol
di met hacryl at ep. &l s E A VK and substituted
styrene, such as 'y yrene an- VI ny 0 uene and vinyl esters, such
as vinyl acryl ate dsge¥nnynlesshaehrervise 15k 01 Hererhentrasisr adeaci d
nunber. 25 The,aimunhefedilfyeldl NASSIRALYEB) ALnBBY:inGREYpOMRIerd, W de range,
typically conpri SI ng bet ween about 30 to about 80 w % of t'he conposition
based on t ot al CaErIentoR) Afths gioB)insggably compoynds (AR FyhFogponent

C} (the photoinitiator chemical system) are herein considered




Exanpl es of such pol yners and phot oi mageabl e conpositions using such

pol yners 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 5 reference. The photopol yneri zabl e conponent B) i flyMARal00f a
nmononer, dinmer or short chain oligoner having ethylenic unsaturation,
particularly, a,(3-ethylenic unsaturation, including nonofunctional
conmpounds and conpounds having ,r 10 §,~3-ethylenic uneat urati on
functionality 2 or greater. Typically, a m xture of nono-functional and

nul ti-functionab &gananess wd,| ahe disrd. cidnabt e, nhetepoly weki zabl e
conpounds inclyde, but are not |imted to, the nononers recited above as

e
suitable for f8rRTHRPABENBEISTIGEgRRr 2repeatqudared 13F PRECA FaiaRiveit®
functional comounsistsThe AMpuat ©f pphast@pol yneri zabl e conponent B) is
typically between about 19 and about 69 w % of the photoi mageabl e

conposi tion based ot SERF MERght Hreafed|irs PRyt piMGgeehle Fompastt ians

pol yneri zag i onwhick heeMEESRIpSbUP O QXRIBIHE adledud @6luidn hadi@tign, the
phot oi mageabl e_conpositjion contains a photoinitiataor chem cal system In
accordance wi t FREHEE I RVBATS SHPSEMRE SRR Gt hitungEiRnadfisn calucdystemis, or
contai ns a si gphbtLidigeBb 0P Wohbosi tifonsar Friaeny| b di BEndMRPURL avi ng

t he fornul a: 2.4.{%%? 2002 6 , 4 where RL and_ R are the same or different
and are sel ect B3¢ riOMCHYTROYEY, BYBAFRLILE s Aridibar kot 2tadgpst gheut
substituted acgb; grefardbRy aitelbher 2:@Bet oroodiuhd afciet pasteaaysshaat ed from
fgygrogen,l al o ggs alkgl, substjtuted al kyl, acyl, and substituted acyl;
antd 5 R5, a T ZPESt P $EnBPBHT PPt erBiTt 2GH ELSABEEA L F r om

hydr ogen],c Pal Oglﬁquamlykyﬁl\;,;ddbeEiidﬂdﬁ‘ﬂiuﬁ&ﬂﬁ)&nalﬁﬁ%J ,busubﬁ); iatlgbedn@mdeﬁand
groups o or all: -V re Rl an are as, descri bed above. Suc
conpounds ar eng?agcer’fatg‘@a?’ f%‘ﬁf(??é?rpﬁcég %nciilg?ag}ﬁyerﬂr OSPRPTEC AR 45 t he
teachi ngs of whindtiamalitgor panaéedbenerd) Fyrrgiaicanageadicom an

avai lability standpaint, unsubstjtyted 9-phenyl acridine is the currently
preferred phot SPHRET At 8PS 'iﬁpltcﬁig’é,ti‘aggpﬁee t é‘é?ﬁ‘a(ﬁené“’?%c‘{ll‘?é Vet |y

pref erredid ni t batwserdf nbsua J,aobi oad asbandpoi, odbo, BelseesvBbayt 16485 wt % 15
and about 2 mkggoggq%erggly bet ween about 0.1 and about 0.5 wt % of the

phot oi mageabl e conposrploh (based on total weight of A) plus B) plus O is
9- phenyl acri di ne dmheaphbymdegaee ofypiibel Denretal-ed cironl a wetcui-erdh abave.

2 1 MAR 20d2 §H§ck\:ti%%%0i nitiators.are usedin the present inveption
because they tend to produta kgt Fo8s3rih A aehE T e RO M iEver S°Because of
t he hi gh crosssbesif ide ngatples, of hauiphbl i arbge Abvhet icmap osdidmers afxoN

devel opne be brittle. Photoresi sts are.becamng required. to tent
ever |ar gg&r th%gﬁglhl-c{lgf%%' imﬁéﬁ)l?i:ﬁ}f%cf 8?%%:’uim[a186%racfsfg’t gu%rﬂc?ha‘éh%’

brittl eness i scatsaqmiiti sait, deteryimntido Therehpleropphesol frageabt &,
coppositions ig_ I | invention ar | asticized to. inprove
flexibility, agdﬁf&g”‘g’ggﬁ& %‘.C%UIW% Sg?o‘i’%\a&ef hat kRt SFEEtS i zers in
conj uncti on wi phostiwtegho? diydroikat o¥rhadescyldyddpadphatpr osticde phetai nageabl e
conposi tions wyth, gaod, £, exiiby lfh%é/uiofn%ﬂ_em%]ﬂo@%ré% @M, S0¢ (3 %{:ﬁrﬁ“é}%

D benzoate plasticizers in accordance with the invention have e general
formul a: 3% CobBr&BIOPolRpen-R - C6H5 , where

The acid functional monomers may be copolymerized with
non-acid functional monomers, such as esters of acrylic acids,

for example, methyl acrylate, 2-ethyl hexyl acrylate,



= -CHzZ-CH2-O and/or -CH (CH,) -CHZ-O; n=11to0 10, and R is
- CHX- CHX- OOC- where both Xs are H or one Xis Hand the other is CH3 or
-0OC-. Specific exanples of suitable di benzoates include, but are not 20
limted-to di propyl eneglycol dibenzoate, diethylene glycol di tﬁenz R%ﬂ ?
pol ypr opyl enegl ycol di benzoate, and pol yet hyl ene gl ycol di benzoate. g
di benzoate plasticizer D) is used at |gvels of between about 1 and about 8
w%relative to total weight of A) plus B) plus C, typically at between
about 2 and 25 about 6 W% 2 1 MAR 2002 s Additionally, the
phot oi mageabl e ¢ S ?ﬂg a de e i onal
conponents as ar e 0\%15 tehexal%ﬁqwl hgfﬁl VMr?g gd%l[}{ll F(‘)%%?c ﬁg%'rs such as
those which ni Bhdrde eSkydl tagreléext batyl methharviated ec,ltsel ekralawd . der nask,
5 dyes, stabllhzefifel LEN Pt ALOL B98N S.ndebl | BLS18EC, FI0pERRL,Bh the
phot oi mageabl e conposition is I n conventi o ner typica
procedure, a phbroiviageab¥al é@ﬁ’p‘@sllmleﬂeﬂa@}-elacrblétttmretmlrmé gtywmla |iquid
conposi tion or gt ransterred A3,8,1 1feom.a.dry 4 il 40 a
copper 10 surface of a coppe? 8? %’qggar lﬁ |{:5 ot &C%taggybﬁ%plg OSI tion
| ayer is exposéelaqwlaéfﬁv@@mdhﬂq@ngﬂm@u@hmaﬁm@wﬁﬁa@e artwork. Exposure
to actinic radyaliQpIBAbyIRIiEeSaldley TRPODY, oL8ikdihy1by M dpRased areas,
resulting in a cross-|inked structuré I's resistant t evel oper. 15
Next, the conp8iieivdmtes MFG})@HW&W% Erapkenyleacagikasds sol ution,
such as a 1% Sggééwlﬁﬂéb%@c%réi’lwla@??l;@ 3l kaki @th&f%h@ﬁyfﬁs sal t
.Lfo}*matlon with the carboxyllc roups o he binder polymers, rendering them

ol ubl e aktl r eRboRMISe dingthacryéaes ofreAEhY kanecgtyrRMt dﬁa?riﬂe‘ltesed to renove
copper 20 from} e®h§8S: m@&(?p-t%rﬁﬁ%ﬁénmspf%\éeglméé?’x%'&:?pYaJé)rm ng a
printed circui he remaining resist is then renoved using an propriate
stripper. The Fﬁ%’%trhﬂléﬁepﬁh(ﬂ edirethageylitfe PP&%"M&HYWWéhb resi st
si dewal I whi ch es&kh@{ee&w&yltaeecomgneﬁw;ﬁrc%& aldetriiceprdiel,i sueghdhat the

di benzoat e pl astl ci zer contri butes | ow overal | dgll ass transition
tenperature (THYED tdiaréebll*ﬁtﬂrdlﬁﬁgea“bpepémlﬂ methacrhade  Tg al | ows for

better flow at bh@ﬂé’i@t b@ﬁc@lméll@agéﬁﬁryqaeéOrlfY@T-bQBpérfédﬁbﬂ copper surface.
Thi's property MAR 2002 9 particularly inportant on copper surfaces

with nicks or séi”é?‘iﬂ?é%l’l%%'a&sé é‘?ﬂ’fﬁb‘&%ﬂ?loﬁé”lmﬁfff‘?%yél?%nzoat epl astici zer

conforms bettep,:0 arSHetdere.1, B0penRUObLSiiNesHAEANRAr €A IS 1N contact
with the surface. This results in5nore potential for chem cal bonding to

t he copper surP‘é‘%@%ﬁ&hfh‘é‘?]eft&l@et‘i@ﬁ?ﬁ’&@%ﬂ' ddRBENvh §5¥pereiled. Because

t hedi benzoat e phAstHageEc£ANAAE 2L AAGBES AL tirAhec ANe-vhackpanamet i1
exposed acryl i C nononer system _the i ncI usi on of thedi benzoate plasticizer

results if° Ies?r‘a?/?é?ealtlr”é‘ﬁrrtiaiﬂ{é{éét%'f Y 2-REOR R SES D S EFBACTYHAE  r &fliced
shri nkgge prodmceﬁbér&s&eaidéps%getmi&yq&ﬁperéu@h@herﬁ&i &Ebsm@ftkace

contri utlngtot el nproved adhes| o nim zi rin I

parti cul ar | yi miGYTSHR GHER 2 i Boh SRYFenE ARl Hrs CPRESTh P fal BBecause
of the resulti egréitgh shexeds szlnfj‘n.O&frylllaBK slensiihyl ebhachPsdicesybpri si ng

di scovery was the 1%? ve i.nst ré Q@Fg? Because t he di benzoate

pl astici zer prBUOEF F8f SFLdites o Pping of the resist fromthe
copper sueface wasemaeatnednti bebehaw:mdétrf fad:bpletr AFarayexap| erert hewsdeewal |
of the photoresists contai njd{] t he diben oaterg %Stl C %r showe(g%OI &8s
attack in an aFRAPSn&YRASRYIUSOBPEHTIG &S5RI 0ACER PO E

al kal i ne- basedost theppiongost itin based tmﬂltbemlzoaughbas@ds)syismsama slus pped up
to 20% faster. ')I'hl s islikely related to the ester functionality in the
backbone andt h& way it orients the polynerized matrix of the

phot or esi st 25conposi tion. The invention will now be described in greater
detail byway of specific exanples. 2 1 MAR 2002 A base formulation is
prepared having the following 5 10 15 20



conponents: Di benzoate Patent Exanples Master Batch (w thout Plasticizer)
Tabl € "A" 1 ngredi ent Wi ght Chemi cal TypeAcrylic Polynmer40.0 gransPol yner
Backbone(23% net hacrylic acid, 66%ret hyl nmet hacryl at e,
11 %ut yl acryl at e) Et hoxyl at ed24. 0 gransMononer Tri net hyl al pr opanz'Ly‘Aﬁ% 2@42
| at ePhenoxy Pol yet hoxy10. 0 gransMononer nonoacryl ate9 phenyacri €i he,;™0.
granslniti atorBenzotriazol e0. 05 gransAdhesi on
Pr onot er Car boxybenzot ri axol 0. 05 grams?dhesi on PronmoterNitrated Azo Dye. 075
gransBackground Dye( Furon Navy) Met hyl Fi ydrvqui none. 015
granmsAnt i oxi dant Tr i pheRyks "Bt RARe Ld§mA45 MAFBRBaCKH RHP DEL exphlue
680) 11 To the base fornula in Table A were added 't he additional
i ngredi ents selUs{pF tHNPEHMART 23TFLORRB) el1B the| &R LoMLRInY »& .uPeseRler e
prepared in 7: ¥o2: BUtxROBEs 2-Fepagel, al sappsaXi AR ol ¥9509%pelhkds. The
solutions were coated onto 5 biaxially oriented 80 gauge polyester film and
dried to approXPpeltildy cfosperh 0€s¥hidh arRetnEFPPERESS TigEeEDAMed M xt ur es
were then éam paegsat. 0 nechanically scrubbed 1 oz./FR-4/1 oz. clad copper
conposite using a hot roll |amnator at 110C at 2 neters/mnute and 3 bar
pressure. 10 The | atih&PeHCRRLYELF AFakigs ORI aBed 0 YRISR Y At er t hr ough
an appr opr i at e nBhehaH 00k nik tdl @RoREl] sl Ao EARRASYN BadiBgOBE Ry Terd cCOPPEr St ep
of 7 as neasured with a Stouffer 21 step wedge _(approximately 20 ml/ cn®).
The exposed paHBPF3tYiAtdopheRRFdFEL ¥ P‘nﬂae':%%l%%ﬁ HRSESFB¥YN®% nonohydr at e
solution at 15;i28CudaiSHgNGoRoSHIEEYRL] ZRFAPSRAEY aHEVEIRRANABIhaReY! 26 psSi
Y h residence tine adjusted so that the break _point occurred at 40%to 50%
of the chifrber % Brgfthy  CHAF e RS AGHRBF S & "R HPAIATY he EpEEFITSE -exanpl e)
fol l oned by sewgpataBf,ay hieee USimGhd-andwilnal adh et defidczedanat er .
20 Etching was acconplished using a 2N cupric¢ chloride/ hydrochloric_acid
sol ution at 488°PANYFTHveydt i‘?&g°et%ﬁéﬁbga£*}?§88°meﬁflﬁ%ﬂ? FIoBPEPRE
nozzl es. The etigbedddodndsaremdtt Demitsd kppethedhohdifedsTRgethedavelopad and
et ched photo resi st in _a 3% sodi um hydroxide sol ution at i4C in a 25
conveyorized stPippPify foni tOBY G PLY A Pﬁlmﬁﬁﬁ'pP%ﬂs’pﬁ"‘jﬁr ¥zZ2%s fol | oned
by a spraysri ngenoici@Funat 86nalPeoaeSsHdees prms asolt dfhe exanpl es are cited
at various points thr]g’l#%hout t he above prs)cedure., l2 jB MAR 2002 12
Processi ng r es@PPECRI R EROGRC 15 “EBPURHY 3! 6 bt RABT BB PN PRSP 10
Pl astici zer Takhha alsut 5910t452@ha5pNacemaderiler compis iafioracdsdd shed
pl asti ci zer vvert%tggdvtvaedlgthg EP%)edpllggt&) Ibll%tse , In Table "A
To initiate polymerization of the monomers upon exposure
20 to actinic radiation, the photoimageable composition contains
a photoinitiator chemical system. In accordance with the
! invention, the photoinitiator chemical system is, or contains
a significant proportion of, a 9-phenylacridine compound

having the formula:



L:grcdicntl nme | inuSrdewal | Cross |i.u:hlentStep:ldlie, rnn'.|lvhesnv:Idhc:
m~Swne: h>1' rwe' 1. No Additi onSever elO %850 grans52 secondsto Exhibit "A"80
~attackl ntact2. fh-~r. sphenGan attack100

/5D03.t(,lyc.nltO, rintact Rram-sccnndsDr heni orute3. Diethylenev@ry MAR 2002

sl ight1009651037d ycol 60 ~attackl ntact granssecondsDi benzoate4. Prapylcrreno
attackt 00" / 550334 ycol 55 wi nt act gr amssgcondsBi benzoat e5 Et hyl eneno
attack1009%5030d ycol 55 ~I nt act granssecondsDi benzoat e6. Di ~nt pl ye;

uaght | 00%5046(r | ycnl ". O sarl rckl ntact grama~seconds~l ~n. ~mel h~ | 1 t hcr
hcniu.t:c7. Diacetonesl | ght to50 0/638065,9\ m de?O

anoder at el nt act gr am;secondsat tacks8. par‘ gne, ' .rsla65 "ot.tu

grans60sul fonam de"r. 1:. au. nkl r pact seconds 21 I\/AR 202 13 Di benzoate

Pat ent Exanpl es I\/aster Batch (wi thowt } "Pl asticizes) Table "C
10 15 20 I ngredi ent Wi ght Cheni cal Tyebic) B mer 40. 0 gr ansPol yner
Backbone(23% net hacrylic acid) 66%ret h ethacryl ate, 11%

butyl acryl ate) ~t hoxyl : i ~d24 t1 granmsMononerTritrietltyl ol propane
friacryl.ttcPhenoxy Pol yethoxylo.O

gr ams Mononer nonbacs W atna~enaet thaaahe&:%fgémAdrkmsi:@rselected from

Pr onot er Car box ri e Ag]Pg 1Pr rbhittatedidzq,Dyo. 0?5
granBBackgrounﬁQ’l 7%/9%% Fﬁgcg!}s%g %ﬁgis %S’o(qu%%gn% Big‘ltteg ecgf‘zqq

gr ansAnt i oxi darf®®r¥ prenyhe rﬁéﬁ‘ﬁé’ﬁed{fyfer%a’gqf arpn FBALKGAotAT BXFECFTex0bl Ue
680) To the MaglaeégdBal cdikol, Fabsw cGt s exyaddas i ngiaesivent suckl dc9d; idnqgt he

st two qu sgf le D elow Pr Si Wwas as |l es 1-8.
E ults are shovvn ot éoa]lgu?r%est =770t Qfag fgf%f)erg: wore % icﬁﬁgxcfa%o 14
Conbi nat i on wi tdpPiEery| hadegensi n@lkYéblseleUtufefbagleAl perllngrubdF s el bw
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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 sclder mask,
5 dyes, stabilizers, flexibilizing agents, fillers etc.
Processing of the photoimageable composition is in a
conventional manner. In a typical procedure, a photoimageable
compogition layer, either formed from a liquid composition or
transferred as a layer from a dry film, is applied to a copper
(ﬁ) 10 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 light-exposed areas, resulting
in a cross-linked structure that is resistant to developer.

15 Next, the composition is developed in dilute alkaline aqueous
golution, such as a 1% sodium carbonate solution. The alkali
gsolution caugses salt formation with the carboxylic groups of
the binder polymers, rendering them soluble and removable.
After development, an etchant may be used to remove copper

20 from those areas where the resist was removed, thereby forming
a printed circuit. The reﬁaining resist is then removed using

(\ an appropriate stripper.
The invention provides a fine line (less than 75 microns)
resist sidewall which adheres well to copper surfaces. It is

25 believed that the dibenzoate plasticizer contributes a low
overall glass transition temperature (T,) to the photoimageable
composition. The lower T, allows for better flow at lamination

and better conformation to the copper surface. This property
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dibenzoate plasticizer cannot incorporate into the backbone of
the exposed acrylic monomer system, the inclusion of the
dibenzoate plasticizer results in less overall shrinkage of
’/) 10 the composition. This reduced shrinkage produces less stress
on the copper/photoresist interface, contributing to the
improved adhesion. Minimiiing shrinkage is particularly
important when using 9-phenyl acridine as the initiator
because of the resgulting high level of cross-link density.

15 The most surprising discovery was the improvement in
stripping. Because the dibenzoate plasticizer produced better
adhesion, stripping of the resist from the copper surface was
expected to be more difficult. For example, the sidewall of
the photoresists containing the dibenzoate plasticizer showed

20 legs attack in an alkaline-based developing solution.

However, in the alkaline-based stripping solution, the

/ﬂ) dibenzoate-based systems stripped up to 20% faster. This is
likely related to the ester functionality in the backbone and
the way it orients the polymerized matrix of the photoresist

25 composition.

The invention will now be described in greater detail by

way of specific examples.
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A base formulation is prepared having the following

components :
Dibenzoate Patent Examples
5 Master Batch (without Plasticizer)
Table “A”
Ingredient Weight Chemical Type
Acrylic Polymer 40.0 grams Polymer Backbone
(j (23% methacrylic acid, 66%
) 10 methylmethacrylate, 11% butyl
acrylate)
Ethoxylated 24.0 grams Monomer
Trimethylolpropane Triacrylate
Phenoxy Polyethoxy 10.0 grams Monomer
15 monoacrylate

9-phenyacridine , 0.2 grams Initiator
Benzotriazole 0.05 grams Adhesion Promoter
Carboxybenzotriazole 0.05 grams Adhesion Promoter

Nitrated Azo Dye .075 grams Background Dye
20 (Furon Navy)
Methyl Hydroquinone 0135 grams Antioxidant
. Triphenyl methane Dye .045 grams Background Dye
() (Flexoblue 680)
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To the base formula in Table A were added the additional
ingredients set forth in Column 1 of Table B below.

All mixtures were prepared in 7:1 2-Butanone:2-Propanol
at approximately 50% solids. The solutions were coated onto
biaxially oriented 80 gauge polyester film and dried to
approximately 1% or less retained solvent. The coated
mixtures were 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 material was then imaged on a UV printer
through an appropriate phototool with an adjusted exposure to
obtain a copper step of 7 as measured with a Stouffer® 21 gtep
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 example), followed by several spray rinses using
tap water and the deionized water.

Etching was accomplished using a 2N cupric
chloride/hydrochloric acid solution at 48°C in a conveyorized
etcher equipped with multiple spray nozzles. The etched
boards were then stripped of the imaged, developed and etched
photo regist in a 3% sodium hydroxide solution at 54°C in a
conveyorized stripping unit equipped with multiple spray
nozzles followed by a spray rinse of tap water.

Process responses for the examples are cited at various

points throughout the above procedure.
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5 Ethylene no attack 100% 550 30
Glycol S5u Intact grams seconds
Dibenzoate
20 6. Diprophene ught 100% 450 46
Glycol 0 u atlack Intact grams seconds
MMonomethy
} ther henzoate
7. Diacetone slight to 50 % 380 65
25 Acrylamide 70 u moderate Intact grams seconds
attack
8. para toluene afeht 65 % 14U grams 60

sulfonamide Tdu utrick Lr tact seconds
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Example 11 and comparative examples 9, 10 and 12

Dibenzoate Patent Examples
Master Batch (without Initiator or Plasticizer)

Table “C”
5 Ingredient Weight Chemical Type
Acrylic Polymer 40.0 grams Polymer Backbone
(23% methacrylic acid, 66%
methylmethacrylate, 11% butyl
acrylate)
10 Ethoxylated 24.0 grams Motiomer
. Trimethylolpropane [riacrylate
Y
‘ Phenoxy Polyethoxy 10.0 grams Menomer
monoacrylate
Benzotriazale 0.05 grams Adhesion Promoter
15 Carboxybenzotriazole 0.05 grams Adhesion Promoter
Nitrated Azo Dye 075 grams. Background Dye
(Furon Navy) ‘
Methyl Hydroquinone .015 grams Antioxidant
Triphenyl methane Dye .045 grams Background Dye
20 (Flexoblue 680)

To the Master Batch of Table C were added ingredients listed in the first two columns

of Table D below. Processing was as per Examples 1-8. Results are shown in Columns 3-7
of Table D below.
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Combination with Pheny! Acridine
Table “D”

Note: All ingredients below added to ingredients in Table “C”

Initiator Plasticizer | FineTine | Sidewall Cross 'ent Strip
5 Tvpe Type Adhesion' | Adhesion® | Flach Strength* | Time?
Acthesion?
9. 0.5 grams 4.0 grams Moderate 100 % 500 51
isopropyl T0u attack Intact grams seconds
thioxanthone | dipropylene
and glycol
( ) 10 1.5 grams dibenzoate
4 dimethylamino
benzoate
10.0.5 grams | 4.0 prams R0 Moderate &0 % 440 50
isopropy! Lo severe Intact grams secands
15 thioxanthone Diacetone attack
and acrylamide
1.5 grams
dimethylamino
benzoate
20 11.0.2 4.0 grams S0 u no attack 100 % 500 34
grams Intact grams seconds
phenyl dipropylene
acridine glycol ’
dibenzoate
12.02 4.0 grams 70 i slight 50 "% 380 65
25 grams attack Intact grams seconds
phenyl Diacetone
acridine acrvlamide

Note 1 - Fine line adhesion measured after development. It is the smallest line left adhering with a 400 micron
space. The exposure was to a Stouffer 21 copper step 7 at a breakpoint in the developing chamber of 25%.
30 Developing solution was 1% Na,CO, at 30 °C.



a10% & () - / KGOAAA( A) A* A+Au] ?bU4/ al0% & ()- al0% & ()- al0d% & ()-

a10% & ()-/ KGO al0% & () - +A, A- A. A=A>ADAX\ <bU4/ al0% & ()- al0% & ()-
al0% & ()-/ KGO al0% & ()- al0% & () - DAl AVAPAQAYA AoS3bU4/ al O\SWR- 2002
al0% & () -/ KGO al0% & ()- al0% & ()- al0% & ()- _Af AmAt Al A} AACBD

al0% & ()-/ KGO al0% & ()- al0% & ()- al0% & ()- al0% & ()- AAAAAAAL DbU4/
a10% / KGO al10% & ()-% al0% & ()- al0% & ()- al0% & ()-

al0% & () - AAAAAAAOSDHUA/ al0% / KGO al0%® ()- alo% & ()-( al0% & ()-(
al0% & ()-( al0% & ()-( al0% & ()- AAAAAAAL TAbU4/ al0% & () -
Note 2 - The degree of resist attack was observed after developing the photoresist in 1% Na,CO, at 30 °C. The

exposure was to a Stouffer 21 copper step 7 at a breakpoint in the developing chamber of 25%.

Note 3 - Using a “razor blade like” tool, the developed photoresist is multiple cut in one direction than 90 ° to
the previous cuts. This test measure brittleness and adhesion. The recording percentage is the percent of resist

5 left intact after all the blade cuts (100% = Best). The exposure was to a Stouffer 21 copper step 7 at a
breakpoint in the developing chamber of 25%. Developing solution was 1% Na,CO, at 30 °C.

Note 4 - A 0.25 inch hole laminated on both sides with the photoresist. The resist is then exposed and
developed (The exposure was to a Stouffer 21 copper step 7 at a breakpoint in the developing chamber of 25%.
~y Developing solution was 1% Na,CO, at 30 °C). ‘The flexibility of the resist over this “tented” holes is then
10 measured on a force gauge by pressing of the resist with a rounded probe. The force needed to break the tent is

recorded in grams,

Note 5 -The resist is exposed to a Stouffer 21 copper step 7 at a breakpoint in the developing chamber of 25%
with a developing solution of 1% Na,CO, at 30 °C. The resist is then etched in cupric chloride at 130 °F. After
etching, the photoresist is stripped in 3% NaOH at 130 °F and the time is recorded in seconds.
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i C 10%#& ()

10

15

20

25

30

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

between about 19 and about 69 wt% based on total weight of A)
plus B) plus C) of an addition-polymerizable, non-gaseous
ethylenically unsaturated compound (s) capable of forming a high
polymer by free-radical initiated chain-propagating addition
polymerization,

a photoinitiator chemical system comprising between about 0.05
and about 2 wt% relative to total weight of A) plus B) plus C) of 9-
phenyl acridine or a homologue thereof, and

between about 1 and about 8 wt% calculated relative to total

weight of A) plus B) plus C) of a dibenzoate plasticizer.

A photoimageable composition acccrding to Claim 1 wherein said
9-pheny! acridine or homologue is present at between about 0 1

and about 0.5 wt% calculated relative to total weight of A) plus B)
plus C)

A photoimageable composition according to Claim 1 or 2, wherein
said dibenzoate plasticizer is present at between about 2 and

about 6 wt% calculated relative to total weight of A) plus B) plus
C)
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