' 'e3eyOyLL(tP6T39% 1 METHOD FOR ELECTROLESS METALI SATI ON OF PCOLYMER
SUBSTRATE Technical Field 5 This invention relates to an inproved net hod
or activating and netallising polymer substrates, in particular aromatic
polynﬁmwmmmmmwm Background to the invention Substrates made of or

cont a c polymers are often used in the 10 construction of
certain etimebroni ¢ assenblies, such as nlcro-electronic packagi ng. A | arge
nunber of polynmers have been found to be sati sfactory for use as such

subﬁmm"mmuml n desMETHOD FOR ELECTROLESSMETALISATION Ui table in this

reg ecause of their excelTent thermal stabiTity and sol vent
resi st arpo«15 Aronmati c pol yngyp pPOIWMERSSUBSTRAVES, are extensively used
in mcroel ectroni c packaging applitcatrons such as tlexible (Flex) circuits,
rigid-flex circuits, printed circuit boards (PCB' s), nulti-layer flexible
circuits and al so as passivation |layers on silicon chips. However, these
aromati c pory&iisal®ielyhensel ves tend to have poor adhesion with netals
(such as copper, nickel and 20 goI d) vvhi ch are plated thereon. Accordingly,
it has tbee”Tﬁi%Ci‘ﬁ%éﬁﬁ t8la ﬁﬁ ﬁf%?r%‘d o1 Biclivdtin ”Hﬁ@vr'nB ||i

adhesi on bet ween suc metal s and t hese substrates. Sever met hods e
been adopt eﬂolymea)ﬁdbstratesmgmmculaoammatcmmiymsubstmtleemvmth poor
adhesi on. For exanple, an adhesive is often used to bond the netal |ayers
on these 25 polyner filns and, thereby, nmake netal -clad polyner filns.

Li t hography is generally used to pattern the nmetal |ayer. However, wth

t hese cl ad Batkground itesthi inveptidri t o achieve fine line circuitry because
etching of the netal |ayer |eads to undercuts (due to etching underneath

t he mask) iSubSteate'srmade ¢fi oe<oatainiah saronfeticnpolymerayane oftedsused e the

relatively thi at | east |15 mcrons due to.the fact that . 30 it needs to
have methanf Q:"éﬁr IP8n hCFG?'nseedﬁ?té‘?'H hé’ﬁﬁ?mﬁﬁes'ﬁﬁ“cc erdfor Bigrgglectronic

adhesi ve Usﬁé'c s Adbfdd ﬁt%bbﬁéf bOlyhiet§ hadk iddehBuRd tdber sutisfatoryFop0 it
wastes netal. Anot’her neans of atterrptl ng to i nprove adhesi on has been by
coating a |usgiad spohgubsiatesorPalyimiges:bave beep doyncthiaba paicutarosuitable

[ Tne ci rcui T s £S%erde gty FRERTSs of they SRpPAC hentiel ddy, a ReBlnecs "o

the netal f@sistaf¢®t her known nethod for attenpting to inprove adhesion is
the sputtering of a thin layer of chromumonto a polynmer surface. Athin

| ayer ofs coppsthatic pdipmersuliet eds OpsIQintities,C ire Mext®nsRERl -usBal Sn CATEBE

| ayer is then thickened using 10 electroplating. Al though this nmethod is
able to pr oGG@UO'F"iCn@aP'f%n@:lﬁ‘RﬁliC@F")“% tﬁﬂchhé‘suﬂ@X'B\e éF@th%ﬁCé'gﬁ,st”gb%ﬂ%Xe t he
el ectropl at t e t nsyum ng.
Al so, in al {:P(g*n%t ﬁﬂht%@g&ﬁ%%@@é ?@’j{(f]%gg ﬁagé(rpff mb%r%@'ﬁgséﬁra orsﬁg%éj

met al coat epagsivatioer Igyiersnars silicohi chips.. Hlbwveafﬂ'msedandmatmgpotylnmers by

mero-vias heeengset]\?esbteend to have poor adhesion with metals (such as copper, nickel and

20 gold) which are plated thereon. Accordingly, it has been necessary to develop
certain techniques for improving the adhesion between such metals and these
substrates. Several methods have been adopted in order to attempt to
overcome this problem with poor adhesion.

For example, an adhesive is often used to bond the metal layers on these
25 polymer films and, thereby, make metal-clad polymer films. Lithography is
generally used to pattern the metal layer. However, with these clad films it is
difficult to achieve fine line circuitry because etching of the metal layer leads to
undercuts (due to etching underneath the mask) in the circuit lines and also the
metal layer needs to be relatively thick (at least 15 microns) due to the fact that
30 it needs to have mechanical strength for separate handling. Furthermore the



*15 'pl ated separately. Another technique to nake netal -clad polyner filnms is
el ectrol ess plating. However, the polyner surface needs to be activated
(seeded) with a catalyst to initiate electroless plating. For instance, it
has been found that palladium (Pd) is the nost effective catalyst to
initiate electroless plating. 20 The present invention is directed towards
an i nproved nethod for activating a poly%er substrate for electrol ess
plating so as to achi eve good adhesi gn between the substrate and a
subsequent | §dagsive sigedqasises shficules dndasan/drdling gk migtasyias oflsesit Masiesli ng
to a first diment of this invention, there is provided a nethod of
activating and ietallising an aromatic polynmer filmincluding the steps of:
treating a §j C i i i 0 I QD; Y to
sai d irs: Anpier HEAREE SlerBid I Mol nBRRLGHAThAA, B0 coaliRg it

pol ymer - st apolyinsidd @atitd yeécursot ipolyamicaaeld) odto iameughered heetbl Fait (&g an

el ectrol ess Iatigﬂ b%hh conprising ions of a _desjired netal so as to,
deposit & I‘é&éqefo 1) afowedaby sring: niqwever, diperlips cipuidny i pneenagain

Preferably g i LiAR 4 I 1 hydr oxi de (NaOH) or,
nore 5 pref g‘r al‘{ﬂit,a a%gt?éggﬁﬁlﬂgﬁ?m%ﬁ%ﬁ%%t% R'?ér%gli fgm vely w de range of
concentrati j l i I ) ; eniiREr kC

ol ut1 on g B eL KEBWE et Yor defriio ol ifbrb 9 agRpgionis 18 plfigri of

sol uti on. Aatteindayervefl ghromiten kot @ malymer surfaesg. Bethaplayee df byppgrriatherny a

| ayer of the solution onto, the first surface of the film The surface (or
st f aces)  oRPatREeR i Toe ehimum Iever” s BeBen e i Menhufsed e

mai nt ai fied él%cﬁ@ﬁlfaﬁﬁé. WithBugRhiBeethod 98 HbleAD drefude ik lik %ir@ﬁi'ir‘y%?/@ﬁe“ e,
dependi ng upon the nolaity and tenperature of the basic solution (for
exanpl e frousd of @ photdrasist befare thelelpckaplating stephtha sputieting ratepsiae e) .

After imrersion (or_sptayin t.he basic solution is washed off, preferably
with de-i on?)é%%’% %?&E'ﬂ%p?%m'ﬁﬂ' of the 15 basic solution is typically

conduct ed af,, tenperatures of betyee tp.,60 |sius. | .n so cases,
after troa i thel i Dicativer MEVER dhe BUbOCSCarerp: e 1UgooRanS et

pol yner fil ppatedspolpad@iithliy diffieait.echleb ! Sfténdaming] thesAlistblvias fneed to be
protonation of the carboxylate ions fornmed on the surface. It is done by

i mrer si fy t platedsepayatalvat ed filmin an aqueous acid solution for a certain

period of tine (e.g. 2 to 20 mnutes). Later on it is washed with
de-i oni sed faether dgghnigugr ioe makes metal,cladt polymei flgsais electralessy piating: ed

that the a i i i | ihi.sed i LIM
o L ol o HEMYeR 66 o8k dlirlo U, BANATES 18t Wifia PRlal AR e
pol yner, suinitizde ejsatiplegsyplatyg.rRdriidstancé, RvVRas beepddbynd that palladibnl (RANS) |

alt hough PVP i S arigfi cul aqr%é% gref_e_r_red. ngi caH% t he abovenenti oned

pal | adi um p¥& Mepkeffegtive ¥stdpdnitiate elegiolepd platings 50 nm or nore
referably,_from?2 tq 10 nm_ The aqueo eedj n olution is typicall

Dol e o’ The HeseRtigventiog: s Hecri (abAris) an IMPravasheBnd e abing

sol ution. TRhSm Fsd taApI t n .
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After this, mis renmoved from
between the substrate and a subsequently applied metal coating.

Summary of the invention

25 According to a first embodiment of this invention, there is provided a method of

activating and metallising an aromatic polymer film including the steps of:
o treating a first surface of the film with a basic solution;

. applying to said first surface an aqueous seeding solution comprising

polymer-stabilised catalyst particles; and



"4 excess seeding solution is renoved, preferably by washing with de-ionised
wat er. The desired netals are typically selected fromthe group consisting
of nickel, copper and gold. Therefore, the electroless plating bath wll
contain ions of the 5 particular desired netal. After the |ayer of the
desired netal has been deposited onto the film the filmis preferably
washed with de-ionised water and then dr?ed. After deposition of the netal

| ayer, or after the subsequent washing and drying, the filmmy be heated
to further ?nproMaeigths filkatineam algrdraless Iagt%thmpmewnguaperof The

above met hod Ca”?@%he?ﬂﬂe aﬁ]%ogér:ls @'O(?%%snt%]f‘a(}/; S?)?F?ﬁuﬁwfef’é?%n% tifé]ﬁrsi bhl%

second surface o sur IS particularly pre erred
that the aromatiof gadiyimer filmis fornmed of polyimde (such as a KaptonTM
film. 15 It has been found that formng mcro-vias through (or

substanti al P;efei'atm,ume) badie sbiution ipaisolution @fmddy&mgwyﬁmldmmaomldu,t more i s

t I I d. Th be dri|l th th
PrT i usitg Dikeiehbin pRIAsHTS. dVoraxes GROFD: ng. A meeRlRaivide: 2hoe &f by
h | et h th
basi ¢ <ol u .E%*?F“;wawﬁe s s O Rl 31tin) () i 10 AM)T TRERERISutb 0 1 1

t hese treat mawyt be applied dediningersingt tilee nfiloT davaabatr of athie \baisid solution.
| t tht f f th th di
ol yrer ot ab|' P ek die o shifincday, be ArleHcly AREVTEe daveratt b e

filmas vel§olafoRdhto HHEETimk daraLs Df e FillR. MHY %Né@(or%dﬁdc@%b of tr@lfll'n’ilg the
metal | isation step, the desired nmetal is coated onto the surface of

filmasi®5 weidh igdonare) tethe astiveird showd henmaiﬁtamdvna@ntamwmmgba}smt hi s

Cypi cal 1y aPPENEE frs b Celtfine ARrBg Ry sepERgirs, ABeEc % By e i
separatel y femmrhtwero’:fsmeCﬁasidﬂeomuonL(fdrrexanlfmerchImontcpﬂstmmutesf&a/nm in
t he pol yner fil rior to chem cal treatnent of 30 the filmis particularly

advant ageoukO H:@sp YigetaiHeem {#BRSIRTR)-s Al dEUNRISIaM T sAraIfee).f pnbaﬁa@e
subsequent ' \M_ t'ﬁ%ﬁﬁg\é\b gtr&@rétﬁ?'vlhﬁﬂer egﬁisedt\ﬂﬁté”r“ C%Bphcarhow Gf tH\‘f ot ed

al so be coa e d nmeta connectin met a
| ayer s tH t basiopgoistidre is tydicallys cafdudied Failtyerrmeriatulres of between 20° to 60°

Celsius.

In some cases, after treating the polymer film with the basic solution (eg. KOH),
the polymer film is subsequently treated with an acidic solution for protonation
of the carboxylate ions formed on the surface. It is done by immersing the KOH

20 treated film in an aqueous acid solution for a certain period of time (e.g. 2 to 20
minutes). Later on it is washed with de-ionised water and is dried, usually with
flowing air.

It is preferred that the aqueous seeding solution contains polymer-stabilised
palladium particles. This stabilisation may be effected by a water-soluble

25 polymer, such as polyvinyl pyrrolidone (PVP) or polyvinyl alcohol (PVA),
although PVP is particularly preferred.

Typically the abovementioned palladium particles will have diameters of from 1

to 50 nm, or more preferably, from 2 to 10 nm.

The aqueous seeding solution is typically applied to the film by immersing the
30 film in a bath of the seeding solution. This immersing typically occurs for
between 2 and 60 seconds. After this, the film is removed from the bath and



In a preferred aspect of the invention, prior to treating the filmwth the
basic solution, the filmmay be coated with a photoresist. The desired
circuitry can 5 then be defined by using a mask on the photoresist. The
phot oresi st may then be devel oped so as to expose portions of the surface
of the filmcorresponding with the desirgd circuitry patterns. The exposed
filmsurface can then be treated and netallised as descri bed above thereby
enabling selective netallisation resulting in the formpti on of desired
circuitry p8Xeassngeefing olytiannis Temavedy arefgraply Jav washindawdhsdenenised a
phot or esi st apd subsequent masking, desired circuitry can be placed on the
pol ymer filmby selective nmetal plating. Brief desciption of the draw ngs A
preferred e r it rence
15 10, the alRaERTON 1RCtahs Brd BUSEAINReilhtod RO e, GHSTE,ifbutla ot Atk
illustrati ommﬁereandegdﬂdd Tm‘erafoi’e Mhetighertroessplaihg ibaitn gilt hﬁntbimlonpmshé e
surfaces of an ayonat] gger filmaccording to a preferred enbodi nent of
this |h¢%ntP%mmué¥&GFEe@ﬁ? n enlarged portion of a photograph showing a

olyimde f erie f nickel pads have

Pecordi ng_ t BNEFBeayRod B dasvecigiannas hecr dapased agte e firhahe SN s ged
hot ogr aph shown in Figure 2.

Igi gurg 1psCﬁi&a@a@%%ﬂﬂéﬁﬁﬂg@g%ﬁ&tﬁhg}tﬁgn re g] 1 e-si ded Fl e>g<’ circuit
25 manuf act

25 et ac i R ERIE P Hch O S8 SRR oo hisiyng,
t her e- t hr outiie. filirh engywbe dyeadesk tb ﬁmriemmpreee adhesibnt betwieehrtha filsn amekthe

subj ected to qgm cal treatnment with a strong basic solution, (such as
KoH), fH1 oW@ge ?y%fctl vation with the colloidal suspension of

| t | | adi ticles.  Th i dewal | val | ) 4
o Lo 111 e ADVE AR SRULPy SARRcn Fines Sae diStaatatd iofabEdimna.

activated féééadossdrf%é d;fltﬁgqmnl @r@&h@@@;ggl ess netal plating bath (such as
a el ectrol ess copper causing a |layer of netallic copper 5 to be

formed on 5tk aFtiHuiéifgﬁdﬁre??rfe@%élft %Jn'ahm SNl e f%)'rﬁ*\%dV!f’f J!oﬁw the

mcro-via 2. The mcant e treat’ed so as to app rcuitry
pat t er ni ng. (s‘D@haism Kaptard M $ijmh photore3| st 6 is applied having the desired
patterning. Alternatively, a non-patterned strip of photoresist materi al
may be tppl Itd!disttleetrhbusdrthabmmmnﬁmwias thrpughdor sulitantizdly tdeowugh) pinent

(eg, by use_of a. mgsk and etchin s so,.as to c desi r.ed
patterni ng Bi-tRIEr IR PG 3?‘3 bé g’é o partigyiady Ag reenﬁivw micro-

el ectrol yti clasloﬂn! B8 difle@hicughPdp mmhelfilmcwh%que tkrnbwh frietthedis 6f EReéron

t he copper The phot oresi st may then be renoved, for instance by

known etchi € @Yp@,omgncaiyr g Payet @bemmah eighingheThenfiln gvay henebe
etching so é‘&bjé&ep%‘m& trtegﬁnleﬁ?ée\&ltmr%{hggig "Bl AR é’n b &%cﬁr? Qgﬁjtlpﬁlt(é’\\n% e(r:]an

the circuitr n accordance wth ove | nve I on,
be pl atzo Memrtﬁeel alezie) e Duriigathese tnrewnbats hiae smllewmlsfocﬁrtm nﬁgrousaasgr@

erbodi ment ) AGHreeH SERL LSOt a0 %@E*hﬁrfhﬁi'@nr@e?wssseiﬁ%%ﬁ'ﬁé& 0
e oo o i st e
drying wit hfllm)nqu wedleds ainto thike siiewaills soft ttmmnc@awea wSimilatye during e
solution af f ot Wil Lp! he'aR0RS Whdth Ao B o AL Luridd of the film as
25 well as onto the sidewalls of the micro-vias. Accordingly, this method
eliminates a step in the present methods in which micro-vias are typically drilled
after patterning the circuitry and need to be plated separately from the rest of

the circuitry.

Formation of the micro-vias in the polymer film prior to chemical treatment of
30 the film is particularly advantageous. For instance, when both surfaces of the
polymer film have subsequently been coated with the desired metal, the micro-



drired. This causes the filmto be selectively seeded where the potassium 25
hydr oxi de sol uti on had been di spensed. The filmis then subjected to

el ectroless plating for a period of tine sufficient to cause a desired
anount of the netal to be deposited on the film This causes the netal to
be plated selectively only on the activated regions of the film As shown
in Figures 2 and 3, this ease of patterrﬁng netal, in the formof fine

circles 10 on a_ﬁol ynmer film 30 can be used in the formation of metal pads
in ball gri¥aswihalgmaes)cqaed yjisthe desineth matak dherebycannesting dhe anetal be

appl i ed Tn Lt ROLRLA Y bbb SRARRE I i BaYIATA. 1| con vaf er
I’hiOI'TE.tI (éyp(lj %/I'TEI’ Il I'Tf are | ely iuse ?S .pa Srva I on’ | ayers O{] sili (‘:on
Ci v cunt of ened are{efeRL ARt d e hudor) ol 48RP BAnE i, 3inHE basio

Accor di ngl ysolttidrs, theMiimt may b cvatéeswittn aaphetoresisty eThedesited @ircuitry can
el ectrolessly coating a surface of an aronmatic polynmer filmwith a desired

metal . Fhe WEDHRRdRNachPy Usingehmask o the eheisrasistei tha,photpredistimakdhond
M cro- Vi as é’dQG?lﬁEBH s%CééJ%Qg%gr?gﬁ)@fugﬁ%gbf@gt?sgﬁé‘é’éeef{?riétﬂn}h 58S Mg,

previ ously been case. enonstration pur
t hi ck Kapt owith vihectiesireda cirouitryr patidrnpol Yhei edgposede fifn surfageocar [then cbe

di anhydrid PVDA d 4-4. di am nodip | eth -di.-ani | ine, ODA
et esent cdT6SeH GERbPANISERy 5 1P SERDBHoARoUR  E1e/aPY FHaRling sselecite s
treated w tfhefalfisdfioRé80KinghAAS $&@t¥&%%é§%d Eﬁbﬂig?‘iia%h%‘pﬁ%e *im.

m nutes at roomtenperature. The attacks the imde group in polyimde
f or m nglOpot Aecardinghal withfthpoassistancedfda phodoresish ards swhsequenthmaskigol v

wi th de-ionjse D) . [ enpve,.e fer K n hen ried using
a conpr esse%‘g%%dé‘?'@w%ﬁ?" l?%?pgé%qﬂz%ﬂhqﬁ@iﬁlgg f'kggvo%l%tﬁﬁ%@ﬁﬁg"ﬂgkept in
contact with 0.2M hydrochloric acid (HCl) solution for 10 m nutes at room
tenperature and subsequently was washed with DI water and was dried. This

chem cal trgatyent fornme ollyarric acid on Kapton surface, introducing the
car boxyl i c g@?@%ﬁ?——gﬁw N OLENE le of how to prepare an agueous

suspensi on of | | adi um parti.cl stabilised b ol yvi nyl .y ol j done (PVP)
o be ol | cheBfretbpiBobBen o hevnigiuart fl Buuiti ksdheck it Fotape
50, 000,18l tfpomadeb hihgodadingdignehichom 10, 000 to about 500, 000) in DI

water. 30 Dissolve 150ng of PdC2 in 5.25m of HCl (~37% pure). Mx the PVP

and Pd Cl2 putd 1989 Sch@nidiRillustration VY el PBBtivatidgBhdOietallising the
hypophosphor ous acid (H302P), 50% pure, to the solution. Add DI water until

the total visrueepesite haudagas pPbani aromatict pelymeridilhaesardingyta acpretemadipt on
filmwas th I L0 eous 5 suspension of the pol yvinyl
oS e e AR

pyrrolidone coa I'um particles for 30 seconds, followed by

wns 't hon subiobts Z35can ShibrBbd| eor W Phofoli Ay ShoRfi X Hdietde i o o o
thin | acer whick-akedds oomipkel puis hdwval Isskrofori@dt autording to the method of this
invention.

Figure 3 is a further enlarged photograph of a portion of the coated polyimide
film shown in Figure 2,

Figure 1 schematically shows the formation of a double-sided Flex circuit
25 manufactured in accordance with a preferred embodiment of this invention.

As shown, a film of clean Kapton™ 1 has a micro-via 2 formed there-through.
The two opposed surfaces 3a, 3b of the film 1 is then subjected to chemical
treatment with a strong basic solution, (such as KOH), followed by activation
with the colloidal suspension of polymer-stabilised palladium particles. The



10 (ii) The procedure of exanple (i) was followed except that electroless

ni ckel plating bath was used to plate a thin layer (1-2~m of nickel at 80C
for about 15-30 minutes. It will be readily apparent to a skilled addressee
that many variations and nodifications to the present invention will be
possi bl e without departing from 15 the sgirit and scope thereof. In this
specification, except where the context Yequires otherw se, the words

"“conprise", "conprises" or "copprising” mean "include", "includes" or
"i ncl udi ng" §ldewgﬁée& $'3§YV9[|S)1419 h%ﬁ'%ﬁ&ﬁetsﬂ’@mﬁﬂﬁé’h{s%o‘PM'ﬁ'ca Heptssha
defined as ﬁ%"técﬁi ng certain features or conponents, it is to be
under st ood a ie 20 invention includes (at |east) these features or

conmponent s : ‘ t afal : ' nel ud
other T oat uf s SBivaBUTinic et b8 AR Ardiats RIS ITRARLEhEATE, o
Sobymer 111 mino i e U na ot ane it g g o ot Jsur {ace of the
filmwith athﬁa%qr%(‘@élr}%v 38@%“6 iiﬁﬁwﬁr{ﬁ’ the ide warls Af thE MISEAVIB2-1 he 111 m an
aqueous seedjn ol ution conprisin olyner-stabilised catal yst partjcles;
Ol ey T hg hi@d fitan Henche dtaalr s BF b kP h PRTSIIE: oFe. 10

of a desire I S [ I o] Ind t i I St
surface of g%‘?ﬂg\t/?i ﬁh?é) % pt'ltﬁ)é&%gftélﬁo% %f a}?bglbﬁ] ?L‘?§®Eerﬂg§na%ﬂ§t{)g%%t£@g§gijtion
i s a sol ut i Allemiatipelyas sioarpdttatned sttip ofphotoresiat nhaterialf may derapplied totiké m 2,
wherein after .t he ba {c s?l u&}i on 1 treatrre%t steF arz?yacidié solytion is
appl i ed to SYfALSs 1y thig, strip then undgraoes. HRYR(OpMeRf (fgn Py Wfrkd MaFedndi di ¢
sol uti ofp i SeRhARY $tbh9BoWs 1B/ tﬁé'd@sﬁé'@baﬁ_érrhﬂ%bﬂﬁé‘ A;Slﬁdt@re%i%i_tﬂ (HC) or
acetic acid. 5. The nmethod of any one of clains to 4, wherein the aqueous

seedi ng sol yhé Plate8MAi ARY PRNYIRIergbadibbtrI9tc PRtingdss! BsPRr ¢adeemetaAific 6-

The met hod of any one of Clainms 1 to 5, wherein the catalyst particles are
st abi | i sed @ijcuitrydtte besformpd endbeyoepper RyeThe et hod of clai m 6, wherein

t he wat er-sol ubl e polyner is polyvinyl pyrrolidone (PVP) or polyvinyl

al cohol (PVRhe photorasisteBhowdyothen diemremonads dom ingtanemtter keowmbletching ymer
Is PVP. 25 é%l £h§ ig::t hod of any one of clains 5 to 8, wherein the palladium
particles h (PS8 %iret ers of from1 to 50 nanoneters.

15  The layered film may then undergo further etching so as to remove the layer of
electrolessly plated copper between the circuitry 7.

In accordance with the above invention, polymer films can be plated with the
desired metal in regular patterned forms by using a micro-dispensing machine
without using any photoresist mask. In this embodiment, an aqueous solution
20 of potassium hycjiroxide is dispensed in the form of small droplets onto a clean
polymer film. After about 5 to 10 minutes, the polymer film is washed with de-
ionised water followed by drying with compressed air. The film is then treated
with the seeding solution after which it is washed with de-ionised water and
dried. This causes the film to be selectively seeded where the potassium
25 hydroxide solution had been dispensed. The film is then subjected to
electroless plating for a period of time sufficient to cause a desired amount of
the metal to be deposited on the film. This causes the metal to be plated
selectively only on the activated regions of the film. As shown in Figures 2 and
3, this ease of patterning metal, in the form of fine circles 10 on a polymer film,

30 can be used in the formation of metal pads in ball grid array (BGA) packages.



10. The nmethod of any one clains 1 to 9, wherein the desired netal is

sel ected fromthe group consisting of nickel, copper and gold. 10 11. The
nmet hod of claim 10, wherein the desired netal is nickel or copper. 12. The
nmet hod of any one of clainms 1 to 11, wherein the basic solution is applied
by imrersing the filmin a bath of the basic solution. 13. The net hod of
any one of claims 1 to 11, wherein the basic solution is 5 applied by

spraying a layer of the solution onto the first surface of said film 14.
The met hod BRe presentinventian samalsp benapriied tther redistributien of sonpacting

contact wt i i ; M| : I e hasi c
sol ution is&v&\ags] e?s(?)l?c&rﬁ%fé&%’?ﬁ%’hc to?ygﬁa&%f]glmas%‘rte ﬁl&@%@éﬁd{'ﬁéﬂ@%&?@héﬁ,
wher ei n t hdlagersasrusilis@edhipg. BY usingrthe preseitiimvertipn| theeconmegtingpddsion i n a
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Fim i s hodPBBuRstiTag BoeS el aRtneemkaientie tan fesnarauRishRgon B,
20. The nethpd of any one of clains 1 to 19, wherein prior to the step of
25 applying the basic solution, vias are forned, either substantially or
entirelyy through the film 21. The nethod of claim 20, wherein the vias
are formed using laser drilling techniques. 22. The nethod of any one of

clains 1 toggimpjdrerein prior to the step of 30 applying the basic
solution, p otoPesist material is applied to the filmand 11 said
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is formed of polYyi
polyamic acid. The film was washed thoroughly with de-ionised (DI)

water to remove excess of KOH and then was dried using a compressed

20 air flow. This alkali treated Kapton film was then kept in contact with
0.2M hydrochloric acid (HCI) solution for 10 minutes at room
temperature and subsequently was washed with DI water and was dried.
This chemical treatment formed polyamic acid on Kapton surface,
introducing the carboxylic acid groups.

25 An example of how to prepare an aqueous suspension of palladium
particles stabilised by polyvinyl pyrrolidone (PVP) is as follows:

Dissolve 150mg of PVP (weight averaged molecular weight =
50,000, although it could be anywhere from 10,000 to about
500,000) in DI water.

30 Dissolve 150mg of PdCl; in 5.25ml of HCI (~37% pure).
Mix the PVP and Pd Cl, solutions together.



'28." A nethod of activating and netallising an aromatic polyner film
substantially as herei nbefore described with reference to any one or 15
nore of the exanples and the drawi ngs. 29. A netal coated aromatic pol yner
filmmade according to the nethod of any one of clains 1 to 28.
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about 15-30 minutes.

It will be readily apparent to a skilled addressee that many variations and
modifications to the present invention will be possible without departing from
15  the spirit and scope thereof.

In this specification, except where the context requires otherwise, the words
“‘comprise”, “comprises” or “‘comprising” mean “include’, “includes” or
“including”, respectively. That is, when the invention is described or defined as
comprising certain features or components, it is to be understood that the
20 invention includes (at least) these features or components but may also (unless

the context indicates otherwise) include other features or components.
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2. The method of claim 1, wherein the basic solution is a solution of
potassium hydroxide.

3. The method of claim 1 or claim 2, wherein after the basic solution
15 treatment step, an acidic solution is applied to said first surface.
4, The method of claim 3 wherein the acidic solution is a solution of protic

acid such as hydrochloric acid (HCI) or acetic acid.

5. The method of any one of claims 1 to 4, wherein the aqueous seeding
solution comprises polymer-stabilised palladium particles.

20 6. The method of any one of claims 1 to 5, wherein the catalyst particles
are stabilised by a water-soluble polymer.

7. The method of claim 6, wherein the water-soluble polymer is polyvinyl
pyrrolidone (PVP) or polyvinyl alcohol (PVA).

8. The method of claim 7, wherein the water-soluble polymer is PVP.

25 9. The method of any one of claims 5 to 8, wherein the palladium particles
have diameters of from 1 to 50 nanometers.

10. The method of any one claims 1 to 9, wherein the desired metal is
selected from the group consisting of nickel, copper and gold.
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12. The method of any one of claims 1 to 11, wherein the basic solution is

applied by immersing the film in a bath of the basic solution.

13. The method of any one of claims 1 to 11, wherein the basic solution is
5 applied by spraying a layer of the solution onto the first surface of said
film.

14. The method of claim 12 or claim 13, wherein the film is maintained in
contact with the basic solution for 1 to 15 minutes after which the basic
solution is washed off.

10 15. The method of any one of claims 1 to 14, wherein the aqueous seeding
solution is applied by immersing the film in a bath of the seeding
solution.

16. The method of claim 15, wherein said immersion is for a period of from 5
to 60 seconds.

15 17. The method of any one of claims 1 to 16, wherein, after application of
the aqueous seeding solution, the film is washed with de-ionised water
to remove excess catalyst particles.

18. The method of any one of claims 1 to 17, wherein after the depositing of
the layer of the desired metal, the film is washed with de-ionised water
20 and dried.

19. The method of any one of claims 1 to 18, wherein after the depositing of
the layer of the desired metal, the film is heated to improve adhesion
between the film and the metal layer.

20. The method of any one of claims 1 to 19, wherein prior to the step of
25 applying the basic solution, vias are formed, either substantially or
entirely, through the film.

21. The method of claim 20, wherein the vias are formed using laser drilling
techniques.

22. The method of any one of claims 1 to 21, wherein prior to the step of
30 applying the basic solution, photoresist material is applied to the film and
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treatment at elevated temperature.

26. The method of claim 25, wherein the ozone treatment is conducted at
10 about 80°C for between 3 and 10 minutes.

27. The method of any one of claims 1 to 26, wherein the aromatic polymer
film is formed of polyimide.

28. A method of activating and metallising an aromatic polymer film
substantially as hereinbefore described with reference to any one or
15 more of the examples and the drawings.

29. A metal coated aromatic polymer film made according to the method of
any one of claims 1 to 28.



