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FLEXI BLE CI RCUI TS Background of the Invention Field of the Invention
*~o0o000l * The | entlon provi des a process for making flex its
conpri si né“”?&é’ step of etchl ng pol yner f| | ms by maski ngbg(%lr%fs%{rﬁig&t her eof
with W curable 100% g ph ng unmasked
portions thereof with reer xgueous e I I nked
photoresist is then renoved by m | d base soI ut i on. Descrl ption of the
Rel ated Art A typical step in Ene fabrjc n of electronic n
polymeric carrier 10 films is ?—@QM@%@W cqt pol yneric |Imubwmlwi|Mﬂ w
for subsequent connecti on througl‘ng]tae)flﬂfgqhsér@,@nto ot her dev

appl i cabl e, connection of frontside and backside circuitry. The'c8@lgctive
etching or nillingheiiavenEerproxidgs g grosessdoy Brideg feeble cireviecompsindethe be made

bet ween tfie &ﬁi ‘%ﬁy% S Gl By h@a\éﬁhgpomaﬁ%eﬁemtﬂm airaﬁnb@om' ymeric
filmfor which etc I's not deS|re nust be masked a protective 15
coating. Theadtitie kifiwid phetorssistand shissplingannmaskectportiang thmcémﬂltqqm@dm@a@dt of
photol i t hogr Qé’usvm% eﬁ?é sIRlieh h%FBQéLE élYe?l r%g%d't?mflébég%lhggn.and
patterned usi g normal lithograp Rre et Xposure an

devel opment. Sol vent processible, water-insoluble or water-insensitive
photoresists are ideal for masResegptipmofithe RelatedAsbquent et ching process is
aqueous based. So) ¥, | £Le. and
stripped using so‘%‘\)gp {al gtggg{tﬂg?ﬁ%?lhmoﬁltcg%% g{ﬁif ﬁé&éﬁgﬁygaggﬁg%gg%ﬂ%nd t hus
protect Hhy ﬁlmsas mjetehﬁmmgbthetm@miqfﬂmwcallbwfmaubédqaemlcbmmmgx thtarighng of
areas not pr cte& g%ﬁli‘ Sts. I giﬁ;/ent rocifrméle resists are

| ess desi r abt"& 0¥ Pﬂ?ﬁ?%f’w R1% 2RRliR %°“88 Sy and ' ¢ s
agueous proceskiitd arduetsy ST saleetivareadhirig @dnilliiy 1Hﬁmm1=y toatlo@elstrigabcessi bl e
resists are Stl’l %% %el ut e ba }5 The(rief o%f 3% have, not been used
as masks in f)‘?‘\?ﬁ E" e Rritiering.conduqtivrayssys. diesh Rogise of ol yer s.
U.S. Patent ﬂm%@nﬁm fmha-‘@ﬂ wHi615 etohifi@ (81108 désired nfust beahasked @it @lpydtedtie based
pol yrrers conprisin traal kyl anmoni,.um hydr.oxi de and acet Ic acid,

tartari claci 60atingo ‘b%a"r g prpGess caprs sptisfactordly geacwvith B¢ artofhe useful as
nmasks are pOﬁl‘x&tbthﬁoérﬁ‘ﬁiy&ﬂﬁreb&Qﬁ%&h—xﬁsehﬁﬂ%atcn% aHied a%&pd?féili{ehl%%% 18660

resists specifically mentioned are all solvent processible and coaled by
spi n- coat i ngnewsehlithgeraghic @eSlOdPaFeﬁ{‘POsmB?!!d doclapmest.oses the use of a
commer ci al - sol veng L RERzSisE vARRLARRB &t Ifichlifill AR B9 ikl Ut on
conprising a suita ase 1 n a nonaqueous sol vent

di met hyl sul fﬁorlnmmnw“&erem subseqNient CEhi!lZEpr@t's?s idiagudous based.hBolvene of sol vent
processi bhe BROLOMHESSLS aRMuCRRBEed MHdstigp@a THRE sdiNPfnd &f%in Wbt t © D€

et ched.

during such a process and thus protect any covered areas of the polymeric film while
allowing etching of areas not protected by resists. However, solvent processible
resists are less desirable from environmental and economic perspectives, and thus
aqueous processible resists are preferred.

25 However, aqueous processible resists are stripped using dilute bases.
Therefore, they have not been used as masks in processes involving aqueous base
chemical etching of polymers.

U.S. Patent 4,039,371 discloses a composition for etching polyimide based
polymers comprising a tetraalkyl ammonium hydroxide and acetic acid, tartaric acid

30 oroxalic acid. The resists disclosed to be useful as masks are positive resists; those
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U S. Patent No. 4,857, 143 discloses a process for etching a fully or
substantially fully cured polyimde | ayer which conprises contacting such

| ayer w t hwgQogfsagqueous sol ution at | east about 3 nol ar afcTaUussBssko
hydroxi de and at | east about 0.5 nolar of a netal carbonate, netal sulfate

or metal phosefad SecikitallysmeMRpbd dealilsylvehiprocesfsle bBEoafAEHid-Soatifed as the
etching mask for the polyimde film It has now been discovered that the

etching st ept?ﬁhyi%%&done with hot, concentrated, e.g., 35% potassium
hydroxi de, using @.@.rkx%;ﬂhg,@*fﬁdz&h{-saygeéme%séWeokﬁnaeiaa y{rvé gwc&smieoceSS' bl'e

photoresi st as a mask. _photoresist protects the masked area such that
et chi ng of t Inbotonlagintor ugd with asetching seluiien eompyisingarsuitalde basedn o t hout

significantl *oﬁm@dsr}g]vgﬁtbﬁq% ergiglg%hiyg\%}gﬁ]ge_phot oresist. This process avoids

use of a solvent processible resis e also elimnating processing
steps and t he needl.$.datenoPpe?,3¢He@KdischeShamsn of sofventprodassibletphotoresists

| nvention_pr ol des,coePi 00635, hot LENLNG 13 oflld v cured or substantially
fully cured polyneric R RS comnprises ‘contacting said polynmeric film

Wi th a concentr at &4S.[Fasst No. 4852 M3adisdaseea plocdss fonebding Dfullport 120C,

wherein portions of said polyneric filmar rotected with sk .
conprising a SEQS\WE‘GP%&"@( %%gg/é’f‘?#éa SWﬁlcgﬁBﬂpB?Fﬁtcﬂ?t@%‘l'@ts}lai ﬁgﬂraﬂ& or esi st
exhi bi ting swash@dus slhton? Iéa¥Eibbii Tim6lar 66 MetlNaidréNidd 4t FakihbogloyTer i ¢
filmduring the etchin The inventign further provides a process for

maki ng fl exi H’f“éafc‘?frad%ﬁ“ﬁ?amé?téi'ﬁet?lrf’@lfétﬁQbmSWal Bhasphalyy bfs specificalteric filmis

acconpl i shed dayjddbbHhad dbppa iPRdel @ ekdhfig&Rdsk forthdPolinklye Gihabl e 100% acti ve
l'iquid photoresist as an etching mask, conprising the 30 steps of -2 WO
00/ 67536 PCT/ US99Atiwe sowdpen disgovgred thpt dsictrhingsteprmaay b dopg withdwt.yneric film

b) exposing alnlenfska & P015% p&aggméﬂ;o& R0 LARE S bithslirkB® U NurfiO el NI ¢ 1 N
sai d exposed portions thereof, c) de e?opl ng sai photore3| st W a dilute
aqueous dldl utactive liquid progessiblecphofomesiptas smaskt dihapliotortsistprotectsghquoaskedns of

the polyneric fil i [ @Sl ith a
concentrat ed %%ssg%ﬁgéet&gﬁéﬁg E%iﬁ&gfﬁlﬁgr%ngéb%&? g’n%‘g%?eg Slrg{l?vil %‘fqng sai d

cr FSS! i nkegops[il_mﬂﬁqaaﬁy swel b oxlstelamipmingmhrplmtdrésiim ﬁhi’s(l;j)r(mesiialvoﬁtieuﬁcpfapus Easi C.
sol ution. e invention alsq.provides referre r oCess ein the
concent r at ad RGRGTSSRINE sy 3 b climimlog BGReinE ept R hE nefdds

stronger pot asppatmaskdr oxi de. As used herein the ternms "resist" and ,
"phot oresi st" are synonynous and i nterchangeable. Also, the terns "pattern”

and "imgg' are used interchange 1tl)I Lo saean. & t&e configuration which is
for med bsﬁ)t he exposure and devel %p‘%é%é‘?ﬁa—‘g’—ﬁ%ot oresist. Detailed
Description of thd&hkhwentioroproviies procsss foe stching alfellporsdtad subsiugtially on ar e
concerned with the etchin substanti.al ly fully.cured polyneric fil ns,
i ncl udi ng suchlly F‘Fﬁ‘gp‘§§m_ﬁ’g‘f 6{&’3"51“?’ RIPISES B tﬁfé‘f’ﬁg‘?‘é R%lyfn@P‘%S‘ APt e)
pol ycar bonat espncenttbted Bhstialh ttnpeRalny bffréi$0SC & about 120°C, wherein portions of

said polymeric film are protected with a mask comprising a UV-curable 100% active

25  liquid photoresist, the photoresist exhibiting substantially no swelling or delamination
from said polymeric film during the etching,.
The invention further provides a process for making flexible circuits wherein
the step of etching of a polymeric film is accomplished by dissolving portions thereof,
using a UV-curable 100% active liquid photoresist as an etching mask, comprising the

30 stepsof



20 preferred polyneric filmnms, including unnodified polyimdes as well as
nodi.-fi ed pol yi mi des such as pol yester imdes, polyimde-imde-esters,

pol yam de-im des, polysiloxane-im des, and other m xed i m cially
pref er r edM&9%7338| vi m de pol ynmer nade from the anhydri den}églﬁ@)!}?goégﬁ%l itic

acid and 4,4 dia 'no-(ii%[l).hen | efher represented by the general formula: OO
Il 11 CCN~\ RO clmippting gidppolofesist ofa malymersIHmeCTNS99/ 18660 wherein n

ranges from 150 tyy 65pr&ﬁﬁgidt@éabteaﬁdr%n(Eﬁslaid@é&@éﬁst,dﬁe&yaugﬁinﬁﬂgsﬁemany,
(DuPont), under the tradenane KaptonTM e.g., KaptonTMV, KaptonTM E and
Kapt onTM H, and #xBesedpaitioahiherepf.om Kaneka Chenical |Industries under the
trade name Api calfM  QLhgbpii® SHEpddHebivt it bMRL oLy iRl RHEESET S

i nclude those 5 acgai | abl e_%lr%m Pont under the trade name Pyrlaﬁénr%'f/l The
UV- cur ablS | i qui dmpgois@btaiiedt s useful in processes of the invention include
one or nore ethylgnic r ;QIF@ I I J cul ar
wei ght conpound, (@ne %&Jhﬁ%rlﬁé@ ioﬂﬂgg{o‘o y%eq?@zﬁggpé‘leﬁonaﬁ[g?égﬁgn écF(;ne or
more initiators. phGtorisisswithatconesnirated basepit a sdnhperatare oif fomp30°Ane 120°Cjor e a,
(3-unsaturated carboxyl . contaijhning.acrylates. or _methacryl ates. Exanpl es of
mononers used i n Yuch SHHRBITE B <P hﬁﬁélp(lﬁ‘ﬂ'@reélsﬁﬂgﬁ?‘épaé'f‘%;‘,”céfrét"ﬂm% aci d,

sorbi c acid, acr ydijluge Rfkshs baBit Baafinl.i ¢ acid, itaconic acid, propionic acid,
mal efic acid, fumaric acid and half esters and anhydri des of such acids,
and the 19 ke. SucHeripyratien alse providepp praferyed progssewhsreinithe eancenimtedt of from
10%to 60% 1528 td Qbifthe HBITRRSIC HiR'Es 3% BPsthoige bl }argledk i n such
phot or esi stsgﬁg&%t east one ag ition pol srreriozz_if)l%b%nlg@(%sglbox I-co%f ai ni ng
mononers. Typi cal Asnised hetein the terme &resist agd Enhetosesisyoarg ayropymaes apdy col

di acryl ates;. gl t ryactyl g - pf apand e ' t.e;

1, 2, 4- but ane n?elr%c‘ﬁée%lﬂr?ét lgoé%élta e; p%,wj? b%ngzgﬁ%i %{eqjéﬁg{[}r?r‘%{}%%é%bﬁ&? e; 20

1, 3- cycl ohexmeamithe tordigncatiph athich ip fmrnee by therexposurd arid-demeidpment of a

tetra-( rTE h) crél agtes; tetraet hyl ene gl ycol dinethacryl ate,

tri met hy[dl pPEPYR® het hacryl ate; triethyl ene glycol diacryl ate;

tetraethyl ene glycol diacrylate; 1,6-hexanediol diacrylate, 1,5 pentanedi ol
di met hacryl ate, and the bi s-Detail scriptivneof thef Inperitiont hyl ene gl ycol s,

pol ypropyl ene gl ygol s, bisp ol _enaq . copal r her eof havi ng

nol ecul ar 25 wei g csprg'fes?ersc?g&%é’éesf 0 'E; Flgrg%gﬁo ce’%gg‘r‘@h Q\geé%io?al |y
present in asubsmantiaily folly Euredpdpifetiofibis)inclidngfsnetefi asdis palyegtioe.gi, ni t i at or
useful with the liquid toresist is a one activataple hy actinic

radi ati on. ER&P?{?F}B&“F ﬁ??ﬂ@@?“‘é&op@”aﬁb%?ﬁﬁ@g palytpide s FeJsimifen i one, and
di met hoxy@he ptkerrd pbIieeo filds, ifdledihSinrbodi®édytlyimided as el as modified

bi s(di et hyl am no) henzophengne, 2-ethyl ant hroqui none, thi oxant hones, benzoin
al kyl et her sPalyimidesspeh a%@?%ﬂ-“@? inpides, pRlYpmide-gnideeststsopalyamide-inidessssed i n

U S. Patent PoysitbxafSinfid&; and other mixed imides. Especially preferred is a polyimide
polymer made from the anhydride of pyromellitic acid and 4,4 diamino-diphenyl ether

represented by the general formula:
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-4 WD 001 67536 PCT/ US99/ 18660 Useful etchants are concentrated bases

whi ch are water soluble including) but not linmted to, potassium hydroxide.

sodi um hydvoye/eissé and cesi um hydroxi de. Bases with | ow waPer/usss/ashéol i ty

such as |ithium hydroxi de, alum num hydroxi de, and cal ci um hydroxi de are

not useful i WhpreDGERHALS fidm U hEto 650eaviallable fomi Bk DaFont dedNerholre asdTeS
concentratjons. The useful concentration

saturated prior to reaching useful . A 0
of the etchaﬁ:Pm_Pé'M’é@“}\)/ﬁ"%“‘?‘%éﬁ?ﬁ’@éﬁwelg@t‘é‘bt1"0%’ KH@P%of,’I?‘Wé""t%ﬁckness of
the pol yeri gnd Kifibd® HRGng b0 athilafie R Kafieka dhembosPRdtlifled idek e 00! ! he

phot or esi st Typi cal useful concentrations range from25%to 60% by
wei ght, pr ef aambdApicAFBO8EYVctromEdily lamaitable foljide peafsrs imduderthosd nent, 10

pot assi um hydr 9xj de. hayi a_concentration of. from39%to 45%is used. In
an alter Eéti G‘éa‘éhﬁgm“ﬁ]éﬁﬁl‘?m%@qr tFﬁ?ﬂr“B’)?F%émﬁ'g used at a concentration of
from 25%to 60% byhdeivihirabld igui® pKdibresists LSdtuldh ptdiesses SRS mvehtidnhe present
invention is acconplished by contacting unnmasked areas of the polyneric

filmuwith thinclieeenesmeesthiyienically spsarirated. phetopolymesizable. ey swelasylatiepends
upon the typ%ve?ﬂ@c&rmo%&,%sé ophoimdfddnm?ﬁﬁn&&a% GhpEmeRarddo @gg!tnfo?é ly from

about 10 seconds to about 20 m nutes. €n the preferred etc
concent r at ed ii@Mprsi s used, the etching time for a 50 microneter (2 ml)

polyimde.filmisgfro bout 30. seconds, t 180 seconds. The etching
sol uti onqps gener gV‘f}&erzg or?;ls‘s&set ’8?1 tcuor% 5’“0 t%fnggﬁ#{‘gf?(?’% T?ﬁﬁaq?docai%&ﬁ (250F}.
20 The pr ocesgéntaihingrlstylagesfor enettiacs/laes; Bxiainpled of Modorners bsedtiludhnvent i on
conprises the step, of etching which may.be used.in,.conjunction with various
known pre- et eh?tﬁﬁmaﬁd‘?‘g‘ef@t%"@g@rﬁ ‘?‘l’b‘r ﬁ?"(’)%%‘ﬂ%ﬁ‘ §9&’ﬁ1@"§éﬁ&§ﬁ3‘§§’of such
procedur es MyetaBryYieatiadita6nid agid) REpibAt atidSmalRictacidy hidarRPBidiadahalgn. A

typi cal sequence of steps may be described as foll ows: 25 The UV-curable
phot or esi st s e8P ape arlyydrides of Auch asislerandjthgliken fSugh mepemers age tRicllyy a

pol yneri qsf i lypassiGeadittdodt 6PRARM 0% %094, 4528 oft URNEAI ehrhpdRitidat | Ng techni ques
and then cured under W light to forma protective mask for the exposed

pol yi ni de subst r afdso typipallyan¢lydedtip suchphetoresists is aileast ere agditionpol yneric film
| ayer of fro 1 ( B SRS Bypi il r |ayer

bei ng from 1%%%?%%?" 1%8&%ﬁ’frg<tﬁ6 The %u-@spfefmaftngnérlgés gfemfrégde by

vari ous net hatkiylenexir palyatkpileas glyedl didsuiaiesn glysenobiriaenylatis 113agrepandivi o copper
foil, coating.liqui | yh Il 10 L] i ickness
of the phot oRitefiictyE; 1o Teien o GRRRacl Bl 10penzBitald S mediColill

phot or esi2ét il13-¢tyckohexsnpdisbdiaaylateppdntasiydhritol ti- ahd wetai(meth)actylaés; or the |i ke,

through a -5 0/ 6,/536,. PCTNS99/ 1866 sk. crosslinki, e exposed
portions of ttﬁ@%%% ﬁlgfgl\?gn%%fmﬁ%e‘r 1g}e§tyﬁ;'rﬁgang %’Zﬁﬁl‘ﬁ%&&e@ggﬁly We 1 aninate
is then furt hptycopdiadreldte; rirdabylémeclydol disorgte; 1, PHexhmdiob diaeryise, tifen pl aced
into a bath of concentrated base gt a jenperature_of from5QC to |20C which
et ches tne pOFRRUI GImS B e TDRED A0 L P bRt Y el i  nked
resist. This palyprpoRas gKesls,disphéto asox9f arldtBpslyingis findredfMbving RIPRRGIa ayer . The
resi st isthen_strltp ed off . .
25  weights of from 100 to 750. Such monomers are typically present in an amount of
from 35% to 85%.
The free-radical photoinitiator useful with the liquid photoresist is a one
activatable by actinic radiation. Examples include aromatic ketones such as
benzophenone, and dimethoxyphenyl acetophenone, Michler’s ketone, 4,4’-
30  bis(diethylamino)benzophenone, 2-ethylanthroquinone, thioxanthones, benzoin alkyl
ethers and benzyl ketals. Useful photoinitiators are discussed in U.S. Patent No.

4,268,619.



both sides of the lamnate in a 2-5% solution of an al kal i ne netal
hydr oxi de at from 20C to 80C, preferably from20C to 60C. Subsequently, the

original thin copper layer is etched where exposed with a whi ch
does not %9%’?78335 polymeric film e.g., Penma-etchTM ava?Fg%%E@#r%om

El ectrochem cals,_.Ilng. .10 In an alte te process, the -cu | e, 100%
active |iquid pho?#@ﬁé‘?gts érreecop‘éei‘ﬁ[rﬁ{ia 8568%{]16&%35? fater fﬂalégfﬁfnc adlé)’l?ogl"r ate
havihn_g a p0|1¥dg¢iliﬂifégftd),|}iﬂi‘ta§§idﬁ @_&ﬂmﬁieﬁ?ﬂnﬁﬁ hiy?drdﬂdg,taa? aigsiﬁ?apatam]a_lgl Bagesat i ng

t echni ques. The substrate .consists, ol ymerjc filmlayer m croneters
to 125 mi cr oWih &V weisr sdubifitysueihgs lggﬁagbﬁr@yé%’ alﬁ*@?lwgnmrmﬂfsa ang 40

m croneters {AMigk -hydfoRidehed fit @sdfalinipPoce e oLk AnReticH hsIRE figigles to
ultraviolet 15 light or the like, through a suitable mask, crosslinking the
exposed p‘brtb@ﬁ@ebﬁt‘ﬂlﬁ@dtpégi@tf?a"hﬁ’é '~t§€f_ﬁ gancendipiens. s then et ched to obtain
circuitry, and pofjd Qaf 9&nc¥ﬂ?atﬁ?h£%ﬂ%{e‘t&1ah%gs GvHHﬁne‘%Eg&?@QLledﬁBn addi ti onal

| ayer of aqueous photoresist Is | am nated over t Irst resist on the
copper si de twreof thesthicknéss of the pdlyonseic éilpde be etched, as weltiasthe typesodir ce in

order to proje iG T4 : [ | de)
fromfurther &z%ﬁﬁ%’?gﬁi’ﬁlg%gé%m%gn' p’l&d}lﬁ%%{fﬁ% ?Péﬁ%?gﬁg}ﬁﬁ%%ﬁﬁrnn %%3 not
covered by t 66%byoesght prefdrabbsfrath 35%co t5h%n Ie bodkighlyi préfetrétbemiudiraeity at ed
base at tenmperature of. from 70C to 120C .and photoresjsts are then
stri pped?(?roﬁ&m“r’ln L‘Yﬁg’é‘dﬁ\f‘?"rlpgaa HineehE 1859f§0@3|5%3t|o§3% 'é):uﬁ"é# Slgta%ps may al so
be i ncl uded, al%d#fdlive embodikieAq sédiem hiylirdxide ided wed eonchitfaliog oo 59d foer t he
etching bath. Acid baths nay al so be used as a post-etching neutralization.
To create fi ﬁ?é’f?é{d"eﬁg ducts such as flexible circuits, interconnect bonding

tape for "TAB" (t2RSeteh® B BEhE BRIGERDY tHRERHSATentiBh & AREbBNisBEd Byi ts, and
the like, further layers may be_ added and processed, the copper plating may

be plated wi eontartinganaasked areanef the pplymetie, film b dbr coneenyigteddrsarichipbeedur es
and the hike accotfl fgekg e@&m{;@d&ﬁeﬂa%omg,ng ahl il ROnEX AP es are

meant to be illustrative and are not Inten tolimt the scope of the

i nventi on whetched anddx ppieste romabentyl Opgcands tacabanid) mingtes. Whepthe57536

PCT/ US99/ 186 . . 5Q. 11 ' ous
rosi sts, avaPlelars o Rk Ol UE TR Rhinkild £ B0 tbiolis B2 D

| am nat ed wi hiil)ipelyimide filrh hefrom abdg 30 se@nils wxabbiitd 88 seaohds. rHieetehingsi sti ng of
50 microns of KaptonT"' olyi m de on_.one.si copper t he other.
The | ami nat es%agg’l ﬁ@ﬁ“eéﬁlpofgé&gwel’ iﬂ"?rff&m %q%}ég?%%@f“’l lﬁgh(?qs@%ugh a

phot ot oobgon eachThé gRdcess df Makial Bpgiblewitchit acéSriingqo BRUSvenBbniEdmptised Sodi um
carbonate on both sjdes to obtalp desired. inmage of circuyitry. pper was

then plated & Sepelcbmgvhichypay,pe pied in copivnetion with yatiouskapwh grer¢iching ckness.
The copper s iaﬂ@p&@%tcﬁﬂlg?ﬁlﬁ:@dlﬁ'@ﬁtﬁﬁ shiencé 6%&1@{)&%%%@% vafed gured with
e

ultraviol et radiation. 1e polyimde side was then etchéd in a conveyorized
machi ne havi desired{aHherpasticwangpplicationnr ay bars with flat jet nozzles using

43%to 479% KOH at yTéCiclQedRfied 8stlORMY bd dblrifedislyiifns, Ther e was no
or t m

significant swellin e resist k- nor any stripping of the resist
from t he 260l yi m d&@he UiM-curable pliotatasists arsilaminatsd ohtotbothsiidis of aeubstrataen st ri pped

f t he | am,nat it h 3-49 . L: . .esj st
(1 om e |t AU S ahOA chobPufe, LR AL Bl BnAARSS S
ci rcui try wasnd ten cpred dndse d\blighette formep pirbiectiweimask forahgpeeposddepotyimidet h

e M el O el AT by T drbiied P verent

micrometers to 125 micrometers, with the copper layer being from 1 to 5 micrometers

30 thick. The substrate may be made by various methods such as adhesively bonding a
polyimide layer onto copper foil, coating liquid polyimide on copper foil or the like.
The thickness of the photoresist is from approximately 25 to 50 micrometers.
The photoresist is then exposed on both sides to ultraviolet light or the like, through a
-5-



20 photoresist coating process allows coating material to forma void free
continuous filmthat elimnates the possibility of polyimde divot defects.
Exanpl e 2 wo eméisierg was prepared by m xing 33.5 parts of aama;pmms&cryl ate,
avai l abl e commercially as Ebercryl TM 3701 with 7.0 parts of 1, 6-hexanedi ol

di met hacryl ahfask, %ﬁ)sﬁﬁxkﬁmgﬁﬁé Exposdd mmwk@tm"/@&hy& BéEd PO MEke éprEA and 3
parts of photoinitiatar, acureT™M 178 o. form a honpgeneous, sol utio

The nixture %ideof the fpnppate é’dg?fhf”&h?‘ﬁéatﬁ f?p‘%ﬁ’"%q thickagss. Tt“F @m’l‘ﬂt"elsé]i‘qncwt t hat
I s etched to5{,00dTh acwiwféoneatﬂaemawm%teaﬁ;serrﬁﬁte'o\f%omsmesté 196°CBwhilh Ckness

of from 25 mpcrorreters to mcroneters, and t coating Is then cured
under WV | i ghtchesshd mwmfahmmmerlmﬁlntmqigqurmmhe progslinked tesisneBiis f or t he

vas.then' ot CRB T eHRh bk 40 HARaCRRRDR SR, TRAGRLGY BB herarrc! T ol

PCT/ US99/ 1866&hl§ﬂcls bﬁthh laantinat® @ 4 25960 dtion o ah aliklinet rectal hyiderxidevan fromo
significant r S or n stripping of the resist
from the pol ?&fﬂl sg’rl?r )@%lyﬂ% ?ésérg%t&ﬂ 'é‘i"&le’stggﬁgg’f‘ﬂéhmé‘ﬂ’?eﬁped of f
Wi th 3- 4% KOpyE0k etbhéd Wh&ut:ﬁ:@s@dwﬁﬂ%eﬁh@tmwhsaoegﬁ&%aﬂuﬁ% heriat ed from
the copper ang pol yi m de surfaces. In another application, th| S coating is

appl i ed on t filmcegppRermaiethh™6 favailablediam Etecrpehemicals, gt i s prepared by an

addi ti ve grocess f at a
t hi ckness Hof fr om%%’%n&@a{(}ré{?%?% rt}fe U?%“Fﬁbéﬁge%ﬁgé ﬁgmgl%ﬁ %tg&afgur ed for
form a pr ot eddmiusedarsth bothtsidek ofa sitbesate having ppdlynericiBins sids and eoppbrat i s

oo b SREe P A P BP0l By S BBBBF L o

KOH bat h at Tder t2omibdméters tab2uhictorheters thitlewith m&%ppmeﬂbelﬁg fiomfizeant

swel I'i ng of the resi st 0 ri,ppin the 5|st fromthe

Ecc)jl_I y:c i d(jal ; uf P;{fg"mﬁ;is tg’ggt ;_Ehﬁli'f’t?%f'ﬁ%pl?gg’q%égj@‘; ?91 tgb‘gf?"tﬁthw th 3-4%
or s e [ile, BBSugh hRAitdBS sk, Gloeinkin expoded 5 6fthe N€

pol yi m de sur acer In a si I’%I |ar test 15 v(\)llthoutg theﬁbrotpgctol ve mask, the

f1exible ciréesstsThegoprerdawsy tﬁéﬁe’tﬁch?é\?‘e°\"6‘f‘§“6¥mﬁ(ﬁn9lpﬁ¥td’é‘s afthet defects on
the circuit $HEferiEXFEPthEs ckpbsdaO 2 iR 19feesﬁ£cﬁléo@phmo¥ésﬁgts%n5 parts of
an et hoxyl at ed epoxy "acryl ate, avail abl e conmerci al as Sartonmer TM SR- 348,
12 parts of aAsmiagies gvesihefrskresistpy the cappenside 3@6ﬁfﬁ§$1@ik94 by flaed epesure 19| TM
3701, 48.5 Palfatidh sau,fe@txp&a&hetﬁo@e&ap&@é&nmam& Qﬁdﬁon%dmﬁ%&ar ts of
photoinitiator IrgacureTM form a honbgeneous sol ution e mxture
was t hen 20oatsisld) from durthee etchippe Areas @bthepolymerie kil (en th¢ fibiside} it covesedet ched
to forma CII‘ ! i f from25
25 1 cr omet ey sl bt 6Bk il B AEaTR il a0 " 1) 27
i ght to for from 70?Cad 1207C, aidths bhasthfeslistsprecﬂxecsmppedmskbdtbs:déstmﬂexposed

pol yi m de sub tr%te %the copper side. The protected flex circuit was then
etched in a hcentrated KOH bath at 75C to 95C for about 3-6

m nutes. There wae)tke sieprihy 416AHE inSh¥aed, siitdh 28 kodkdify th€fiin In HHRSateR BEfoRRNY

stri ppi n% of the resist fromthe polyimde surface.
or after the etching bath. Acid baths may also be used as a post-etching

neutralization.

To create finished products such as flexible circuits, interconnect bonding tape
for "TAB" (tape automated bonding) processes, microflex circuits, and the like,
further layers may be added and processed, the copper plating may be plated with

30  gold, tin, or nickel for subsequent soldering procedures and the like according to
conventional means.

The following examples are meant to be illustrative and are not intended to

limit the scope of the invention which is expressed solely by the claims.
-6-



30 The resist on both sides was then stripped off with 3-4% KOH for 1-2

m nutes” at 60C. The resist cleanly delam nated fromthe copper and

pol yi m de r . _0_ WD 00/67536 PCTNS99/ 18660 Exanpl i ng was
pr epar ed b@a B@(-lg%; 37.5 parts of a rubber nodified epoxy a%@??@%

avai l abl e commercially as Ebercryl T™M %Q pled2- 5 parts of 1, 6- hexanedi ol

di net hacryl ate, 50 parts of a carboxyFa (-,IDJJ—clcryI ate nononer b-CEA, and 3
parts of 5 photoinitiator |rgacureTM BExdmiplé d f orm a honbgeneous sol uti on.

The m xture was then ,coated .onto the copper_side of flexihle circuit that
is etched to for mqﬁ °(!Weésu?%odaltcfoé’rtﬁmg?qlg‘%ﬁf f'eglé’gi' ?/vé”lﬁﬁf)g@g‘sbg#o"é“{‘ fckness
of from 25 nitlgd wediehRASRIsONTO4TH0; veredhmingted avith Kedrd Gatitlet Rdlsitéa AIBGBlecur ed

under WV lLight to forma cured, or crosslinked, protective nmask for the
exposed pél yisnhstratesapsistingtod 56 mieneas affKapigr¥H relyianiderpreonsy sidecandeaprer ex

circui t was %)H?ﬁb &tx&h%ﬁ;-?]a?niﬂaté%Eh%n%)z%%??%ﬁ%ﬁtfﬁﬁ&%l(%l%ﬁ{t ogth5C to 95C

for about 3-6 m nutes ere was no si i cant swe fesi st nask
nor any stri pbototpobbn edvh sideand tievelaped with 00H% aquedes solutfoned soditwa r esi st on

both sides was,then stripped, off wi,th 3-4% KC@H. far 1-2 mnutes at 60C. The
esist ol antPORTAAT Ao BHHER IR Eesks Hareeiata By Fope i Ripponed
Exanpl e 5 Af ®nahé d;]t@p&)%depj’f;tlﬁbalbeﬂ)aﬁzyto%itﬁimnérﬁl th&kms.orha?@pep@hd@ﬁﬁslyl ate, g
8.5 parts o , 6- hexanedj o i met hacryl ate, .48 5 rts..o acrylic acid,
and 5 pariis. dReBEd AP IR olErERe ard s st iR AR gBEneors

sol ution. TheoRjiiMideésRlcWas then@fche®ai £6brefdtizkd MaliRERAvirsd AR OB maddit exi bl e
circuit that is 20 etched to forma circuit pattern by subtractive process

. . A ) y
at a t hi cknes¥ith spravobarewithiflatishiazeles using 4390 ke 4 1% QR at75°6rta b Hefaroating i s
t hen cured u l ] t ;L i i ve mask
for the exporsbggﬁtggyyidrﬁqg%s'su efsn??vgltgo%H&fﬂgaéltg%%lgégﬁghhgéﬁgﬁ'ﬁo&%ﬁg%t ed flex
circuit was tsirippireg afitlediresist feord Bfopotyidhitiosudaeent r at ed KOH bath at 75C to 95C

for about,3-6 m nytes. . There was no si.anificant swelling. 25. Lhe resist
sk nor By st i ABEreiron fout Fled o G siieR 8l bR R IR The T sl s
on both si desK@HSoit "2 minfutes REED°C] fTheirésistsTswtifedadd dedimihatdd Fomithes at 60C.
The resist cleanly del amnated fromthe_copper and polyi m de surfaces. -9

WD 001 67536 \ARRPerjagd polyimigeisyriacessteantysoie FBBEY Yas fiegpiedueed bostchirg hing a
fully cured Qe aiiis baibet BldohiltiPeratiia REAICAHE HidLiiicds, BRI Ses

. ] . T .
contacting sard poly ilmwth a concentrated base at a tenperature of

ftom 50C to 120C fTiws i animpBoveseand anl dryt flmalamiriatedipsecesstheghuse diediquist t i ons  of
sai d pol yqperi i rotect i L SLd rable, 100%
netive 1 A Phoiooeolh Blfiof DRUER s AEnbhidtal iR R0 b SURGE UIHORY) O 3
swel I i ng or dimthatreditiinmesfthopossibildy pHpolyimidecdivotidefedtsr i ng sai d et chi ng.

Example 2
A coating was prepared by mixing 33.5 parts of an epoxy acrylate, available

commercially as Ebercryl™ 3701 with 7.0 parts of 1,6-hexanediol dimethacrylate,
25  55.3 parts of carboxylated acrylate monomer b-CEA and 3 parts of photoinitiator,
Irgacure™ 1700 to form a homogeneous solution.
The mixture was then coated onto the copper side of a flexible circuit that is
etched to form a circuit pattern by substractive process at a thickness of from 25
micrometers to 50 micrometers, and the coating is then cured under UV light to form
30 acured, or crosslinked, protective mask for the exposed polyimide substrate on the

copper side. The protected flex circuit was then etched in a 43% to 47% concentrated

-7-



2. A process for nmaking a flexible printed circuit according to claim1
wherein the step of etching of a polyneric filmis acconplished by )

di ssol vi ngwbdopmssi ons t hereof with concentrated aqueous PCIAISIYISEE0 a
UV-curabl e, 100% active |iquid photoresist as a nmask, conprising the steps
of a) | am natkO bathiat75ESioDS5°O fordB-6 intitdsl T hetebedsmatstpnifvant svadlling of thol yneri c
film b) exposin t |east a porti.,on of said resist, thereby curing said
exposed) 15 BG?SHtg'}‘?g( P‘Pf@r“@é?“,ppg‘)g ogtﬂ}f’l‘ffﬂ@} ff%l? g\"@ﬂ@"’mdelswgacﬁo%/yneri cgfi | m not
covered by the cumagrdsisosbothisides wachers sfippail FiiwhA S19a KGH o TRehatuse Of

from70C to 120C,_d) snipping said resist off said polyneric filmwith

di lute basi c 26}t il resist cw“gwéekéwaf@rf?%meﬁgpgprﬂgmlmr@dﬁw&@%_ circuit
wherei n ekchi ng 0fy ghofitbr BESIEAESH, thié Ed¥ink & @gﬁ&m the BSiheP¥ddbSSRdx1bIBY
portions thereof with concentrated aqueous base, usi na a UV-curable, 100%
active |iqui ¢irpibthetis prepared by an pdditiye proeqss with fizin coppes tlaghs Toe meferiabni nat i ng
said resi st i oS ; ric film
and a thin | SERoupPRahBKRDEL 83 HARRCRLI P iPklerdly BTV Cer 10 5
m cronet ers, chjeddonfosn agratective awsk, avhicly protests dfe pobjintidessbstatetthaieby
crosslinking said,expose kA . i REcuitry.atop said thin
copper | ayer ef‘%“&%g‘} &géﬂ%fé@é}%@sﬁ,ﬁ b%@%@gﬂésnogq}ﬁ%r qgoﬁge%qasé'ai d polyneric
fil mnot 16overed M[¥e pleectiveoflet tirdo@tdvad Ghanesdched ina 43% 2o 4% camdenzdted] base at a

t enperature rom 7 0 =10 WD 001 67536 PCT/ US99/ 1866(Q. e

st ?lp ppi ng saﬁ{noﬁé’g{pﬂ 9§f¢t059§|2§§?56’lb9%r§ Emf"\? Sm ‘Eeﬁvadi“f’ﬁ{gé“fl%égti S&""@B‘Iggjti on,
and ) et chi g feabdst sk ne0mp SrppST tiereg RN teipbythide Yurfdbe, A process f or
making a flexible circuit wherein etching of a%pplgmgrlc 5 filmis

acconpl i shed by d|T§§6qSWﬂ@b?§§P{dF%W§S ﬁ‘é?‘gBﬁ’ed\M £ Witk drfee KO fog d-2mmsitsss base
usi ng a crossk kOPCS OrHe'Yesid CRRAIG dethRhcadtdny thel goflitnlic RRPIR! 5h SimiRStedt MaSK,

corrprisi% t he stetgs of a) lamnating said réesist on a flexible substrate
i

whi ch conlSi stvéthept the prpjectivemasio theflsxible girquits Wate observedr beyg/lets off  copper

si de having oy?ﬂn@é%%%d&éct%ﬂfﬂejcﬂcﬂi?siaé? 40 mcroneters, b) exposing at

| east a portior of said resist, thereby crosslinking said exposed portions
thereof, c} etching said thick copper_layer_to obtain circuitry, thus i
exposi ng areas of said polymeric fil nEXample3 | aninating an additional |ayer

of phot oresi st ovqco'ga{,éiwgé)%}eﬁéred B Rlixing P45 E&%Qﬁaﬁé@x@?}lﬂ@? Egdgé? fﬁ@ﬁt@t e It (r)n

crosslink said resist 1h order to protect exposed areas O
from furt her availablegpmnesrciallyes Sagtoper ™ Bd4&l2 pantoisolepemraceylate] m not

covered t ; i i it B enperature
of 'From e (el agF Kkirertt 370, 483 3al S GfheRpRRgibnfid PIETL T
sol ution. 5. ntononerb<$3EARcpdB pangofinhotoimitiasér legagimeE™ 1700Mp dorgha 4 wherei n sai d
concentrated hbasoee ie% ss%l]u {:tned fromthe group consisting of potassium
hydr oxi de, sodi uﬁﬂhy'dsr ox1 08, and cesi um hydr oxi de.

The mixture was then coated onto the copper side of a flexible circuit that is

{

etched to form a circuit pattern by substractive process at a thickness of from 25

25  micrometers to 50 micrometers, and the coating is then cured under UV light to form
a cured, or crosslinked, protective mask for the exposed polyimide substrate on the
copper side. The protected flex circuit was then etched in a 43% to 47% concentrated
KOH bath at 75°C to 95°C for about 3-6 minutes. There was no significant swelling
of the resist mask nor any stripping of the resist from the polyimide surface.

30 The resist on both sides was then stripped off with 3-4% KOH for 1-2 minutes
at 60°C. The resist cleanly delaminated from the copper and polyimide surfaces.



6. A process according to claim5 wherein said concentrated base is a 25
m xture further conprising at | east one nenber selected fromthe group
consi sting of ea, sodium carbonate, potassium carbonate i

car bonat e, %PﬂﬁH Stures thereof. 7. A process according t 8¢ glsér’nﬁ ®wher ei n
said concentrated base is selected from pgt flssi um hydr oxi de and sodi um
hydr oxi de, said base having a 30 con 1 on of from25%to 60% by

weight. -11 WO QQb&inD3msBrebakddde/mikGfp(B 705 paitsiorf @ eatber moaifiediepekyt 0 any of

clainms 1-4 wherein said polynmeric filmi ected fromthe group

consi sti ng oRTHEkyPRIIERlE ,corﬁwwa?/@ahg?fé@’%f fégpﬁﬁﬁ{fr}lrﬁ'g@?{‘eéﬂd o
pol yesters. gimethaBfyPRESH paRE O £anishxly tcditrite flonbier B-CE A dhd BehneHPr i Si ng
a layer of S adhesive between said polyimde filmlayer and said copper

layer. 103 Aphntejpitiater lrgaaweli'igOf b fomy adromagenaens salutigther ei n sai d

phot oresi st _conprieiiite das il ot onth Bt GREEI oTa MR iRG: ROUNd
sel ected fromthe group consisting of cinnaiMc acid, crotonic acid, sorbic
aci d, acryl i etchaditd formea ¢isityiattern iy isubtractive process atd dickpessof fom25ci d,
mal efic acid,. r i n a i hefreof .
process accof .‘ﬁ‘g@‘{e rgq%?gpgﬁzrﬁﬁg%}égeq tﬁ%ﬁ%@ﬁ%@f@% ¥%P‘%‘ﬂegr%vég ﬁtrt? go S at
| east one al kgtredierorosglinkyd Ipkotbative nepsly Gyl thedexpomddipobyimydeasibstraie?on the arti cl e

de b f.elaims.1-4.. -1 VWO 7 J d K
o 218 S BOE s e BE BByt o ot Hon 0 ARG R0R0RES
clains 1 thrgaghbath WECEitH 950 for Gk 846 mhitlued. A& was né eighificast sheDimpt he

group consisting of potassium hydroxide, sodi um hydroxide, .and cesium
ydr oxi de, o8f e FrREtsL mAsk Aqr gny, StEBRBE A }dha_tr?%ﬁﬁ om the bl pistst, by wei ght .
5. A process accofgl Rgstdh BottpdilRsAvashiRertitiippea ok wight-29 K eteRr P2sRinkesa 10
m xture further conprising at | east one nenber selected fromthe group

consi sting oft @¥FeaThermsisteipanty delaminated Sromythe copper andRahvimide sugfaeqsym
carbonate, and m xtures thereof. 6. A process according to any of clains
1-3 further conprising a layer of adhggimee Petween said polyirnide film
| ayer and sai d copper layer. 15 7. A process according to any of clainms 1-3
wher ei n sai d phot dreeating wasqrenarasdy mixing 40nagts o5 epoxy agrydae: 1§ @bnt ai ni ng
conmpound sel gt I.nt@h (?I‘ﬁd'ré i :] j i crotonic
acid, sorbi cqgle a'{egg’m? IC %{é}? aﬁet hac%?‘fggﬁggﬁg?aa’%g 3%90f

photoinitiator Irgacure™ 1700 to form a homogeneous solution.

11. A

The mixture was then coated onto the copper side of a flexible circuit that is
20  etched to form a circuit pattern by subtractive process at a thickness of from 25
micrometers to 50 micrometers, and the coating is then cured under UV light to form
a cured, or crosslinked, protective mask for the exposed polyimide substrate on the
copper side. The protected flex circuit was then etched in a 43% to 47% concentrated
KOH bath at 75°C to 95°C for about 3-6 minutes. There was no significant swelling
25  of the resist mask nor any stripping of the resist from the polyimide surface.
The resist on both sides was then stripped off with 3-4% KOH for 1-2 minutes
at 60°C. The resist cleanly delaminated from the copper and polyimide surfaces.



itaconic acid, propionic acid, nmalefic acid, fumaric acid and half esters
and anhydrides thereof. 20 8. A process according to claim7 whérein said
resi st fiuybhekrss@npri ses at | east one al kyl ene or pol yal peirases/gssocol

di (nmeth)acrylate. 9. An article nade by the process of any of clainms 1-3.
-13 . AL. A9L. AVHat ASaindd iAS& . As. A& . A" . AL. 99. ASa. A'r. AS_F: f Q##145 #C

???~~2??7??~~??@0. u b

x| G wr | f a\ W ca] ca}.cal] & atcess] fereitlinga fid by] cueqdooasulespantipdnfudlajcoeedc a] ca] ca] cal ¢
g} sﬁlpﬁ? L{:\&}\]} gg%&%}ﬁéﬂ:@%%?kgﬁg%gﬁ}? %tg}lé]csg?lcp%@éﬁrgg ca' i'(t:}(!i ¢H G aé%i] cajc”alc

a] ca] ca] ca] cajsea £epajanat offram][508€ tal207E @r frd0 34 Keconds to 30 minutes,

| " a] Ca] o5 a] PRPEKEEAPE 5L B WEFHS SR AFGAOEYEd Vi Foagk LT
SVBSS. W0REEHurdble) 110030 dctiby RGO bidtbresikt 8di€ pharadesiad exhibailgGabsaitany aal cal cal ca
] ca] ca] ca] ca] cal] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! *K+++E, , , K- We-
. | CO0H111H225weiking BGB’?‘\,‘%‘}“YWQP@‘BW 8l dungsardftehing a] ca] ca] ca] ca] caj
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] caU] ca] ca] ca] ca] ca] ca] ca] cal r 777#8x
89:\:: 4, . . . . . .
; <Q<<P=Z===K>{ >>%'q??@@°@s@fﬁ/vw3 lfjlgfﬂe)le[ E:eg]cgg]“é%c]cggd]‘%ﬁ]c(l:aéﬂ]lca] cajcalc
a] ca] ca] ca] c aheminthé stepp of'et¢hing ofed palymerjciipciapewmpdibl] hyalisselvog] ca] ca] c”*a! PC
CC>DDEE . . . -
FTF FRGHTDH-RP PR P9ty cpeREr AR R PR & W ouiaPlen] 9%F 8% a) ca cal ca
] ca] ca] c”al tiqhid phetotesis] asa maskcangaising]thedtemlot a] ca] ca] c”a] ca] ca] ca] ca] ca! 3M
MMVIVE NI NN . . . . .. .
O PPPKQRQ Q@ QR RIASS@ it SARIRRISO D RPIPIFIRSIRE SPERIINAS & RPWAFES) ca] ca] ca
] ca] ca] ca] ca] ca] cfilngal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca! XX
YSYY) 224> Q1j]1]11[~"0____ . o L
10" x" ", apaabbBbc PcEEpPypRatlcasta pertip of s2id resiptthqreby cusing spid sxeoseq caU] ca] ca

] ca] ca] cafca] ca] cadfigdsihdesy] cal ca] ca] ca] ca] ca] ca] cal] cal] ca!l Pccccccecdddenee
Pf f Dggglhi hnh, apaabbbbcPc~yt oj e’ [\t/J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca
] ca] ca] ca] ca] ca] c8)] ca] delrhpatprsgf she rodyaerig flal nostevergdcy| thapuredassivt-y F109&. (

-133 10% () -y!ylRy&. ().-, .1 %, Lol nz . o LUk - . UJELOYR' ()- f
) ove ()- ySlOg/e)&' O %‘E F?B‘Sﬁpﬁté‘%%ﬁ%%ﬁ°%?fb%‘%@éj)Klg 1@3}«6@?’( J - y&10%&: ( § N ,
109%&' () -z! SL# 109A)T& (Striprbhgysaiddiesit) offsaid poligmérjc fillm with dilute basic solution.
dE2s109%&' () - SY110%&' ()-/ 10%& ()-F.yl0%& ()- ", 10%& ()-3+10%&' ()-x|bC
"910% & ()-FLZ10% & ()- 10 10, 10 "9<109&: () -, 109K ()-sl4f 109 ()-O O
dEb csilog/?z & ()-f 1% 8‘(‘)"“&5@‘8@?‘5‘% p &g‘b)%?@“%éd ctfe%‘g’}“’( sln,e?bﬁlﬁz‘)&i'ag 3 -0

20  polymeric film is accomplished by dissolving portions thereof with concentrated

aqueous base, using a UV-curable, 100% active liquid photoresist as a mask,
comprising the steps of
a) laminating said resist on a flexible substrate comprising a layer of
polymeric film and a thin layer of copper having a thickness of from 1
25 micrometer to 5 micrometers,
b) exposing at least a portion of said resist thereby crosslinking said
exposed portions,
. c) plating circuitry atop said thin copper layer to desired thickness,
d) etching portions of said polymeric film not covered by the crosslinked

30 resist with a concentrated base at a temperature of from 70°C to 120°C,
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D&AEbCy10% &' () --10% & ()-yZ10%& ()-!10%& ()-f10%& ()-fs10%& ()- &BIEbC
810928 () -y$10%2& () - #10%& () - 10%& ()-y
10%& ()-10%& ()-:idEbCy/ 10%& ()-y-10%& ()-f, 10%& ()-*'110% S) 10%
& ()-' 1002%¥000s 6. _ @QLO%& ()-I 1 10%&' () - mLO%& ()- 10z 10z &2%'952%{&?@

. 0, O O 0, 0 -
1'0:,/;"0(/ ()Z_Zi& I(i'r}g@iége %}%pl 10 %fgéld pgly]ﬁ%é% f(12n ql/f‘ lugg baswls?)l{lq%og) l
109& () - 10%& ( kndl O%& () 9 10%& () @9~ @ ,10%~~~& ()-y!

1096KX&' () -y

109XX&' () - y&YlO%@ () - Ftehing sajdhip popper layergdo optain gisyiti ! 9nL09&’ () - 10 10
101, 109%& ()-f,y8 10%& ()-5109%& ()-!

e bl T AR b s sesersn ot gg YRGB, () - 10

%&' ()-zsYS 10%‘:1(19 adcompiishell by dlSSMVlng}pbﬂtms:tl@rebﬁmh(c)m&fm@fﬂd aquebus base

Z&I(; 1]9 %f\/ig%%‘)“ 9 f&b}éorlﬁfd -g'l(l)rg/ l)OOJZD Q@‘vé %qun?photoresm as@r%siocl:\c/)lllg;{ﬁgs‘m . MLO%

10%& () - (10%me(s)te s@#G#K#L#M#N#Z#l #bCl | 1098 () - mLO%& ()- 10 10 107

10%& 510%& 109 Hit %l EpCl 10%& 109&' (
610%&(%) le%&(%) 10% (%‘at{“ﬁﬁ‘ﬁ Fa! P“agg@@g@PLW%%w ChfeﬂmtS(?faéM%%& ()-11

0%&' ()-!6" Y& 10%&of polghef&dilm aﬂﬂzél-ﬁ%(&a)(e} oV ¥ép qghﬂ&&é e thickness of from
109%& () %@0%& ()-LS$ 10%& ()-s" 10%& ()- 10%& ()-sl1l0%k ()-*X**K+++E, aBbCl 2
109& ( 12 to 40 micrometers,

100& () -/ 10%& 0%&: _We-uv7! &10
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910%& ()-!A3s 10%&1 ﬂbed é)@ssxﬁg).%ﬁd fesist, to crosslink said resist in order to protect
exposed areas of polymeric film from further etching,
e) etching portions of said polymeric film not covered by the crosslinked
resist with a concentrated base at a temperature of from 70°C to 120°C, and

20 f) stripping said resist with dilute basic solution.

5. A process according to any of claims 1 through 4 wherein said
concentrated base is selected from the group consisting of potassium hydroxide,

sodium hydroxide, and cesium hydroxide.

6. A process according to claim 5 wherein said concentrated base is a
25  mixture further comprising at least one member selected from the group consisting of
urea, sodium carbonate, potassium carbonate, calcium carbonate, and mixtures
thereof.

7. A process according to claim 5 wherein said concentrated base is
selected from potassium hydroxide and sodium hydroxide, said base having a
30 concentration of from 25% to 60% by weight.
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at least one alkylene or polyalkylene glycol di(meth)acrylate.

12.  Anarticle made by the process of any of claims 1-4.
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thereof.

6. A process according to any of claims 1-3 further comprising a layer of

adhesive between said polyimide film layer and said copper layer.

15 7. A process according to any of claims 1-3 wherein said photoresist
comprises an a, b-unsaturated carboxyl-containing compound selected from the group
consisting of cinnamic acid, crotonic acid, sorbic acid, acrylic acid, methacrylic acid,
itaconic acid, propionic acid, maleic acid, fumaric acid and half-esters and anhydrides
thereof.

20 8. A process according to claim 7 wherein said resist further comprises at

least one alkylene or polyalkylene glycol di(meth)acrylate.

9. An article made by the process of any of claims 1-3.
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