1 30/11/2004 METHOD FOR ELECTROLESS METALI SATI ON OF POLYMER SUBSTRATE
Technical Field 5 This invention relates to an inproved nethod for
activating and netallising polyner substrates, in particular aronmatic

pol ymer substrates. Background to the invention Substrates nmade of or
containing aromatic polyners are often used in the 10 const r3@til(2004f
certain electronic assenblies, such as mcro-el ectronic packaging. A large
nunber of polynmers -ha r use as such
substrates. Polyi ni deﬁﬁiﬁ@bmc ELtE%ﬁQEESSSW@d*&F’%”w table in this
regard, partly because of they tablllty and sol vent
resi stance. 15 Aronatic pol yrr*Fﬁbgi?ﬂEgéﬁvagT Eé\, , are extensively used
in mcro- electronic packaging applications such as flexible (Flex)
circuits, rigid-flex «circuits, printed circuit boards (PCB s), nulti-Ilayer
flexible ciicgits!ggq!also as passivation layers on silicon chips.

However , c polyners by thenselves tend to have poor adhesion
with netal suc S CO ni ckel and 20 gol d) which are plated thereon.
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wi t h poor adhesion. For exarrpl e, an adhe5|ve is often used to bond the
netal |ayers on these 25 polymer filns and, thereby, make netal -cl ad

pol ymer fi Igﬁ dﬁ%&&pgﬁ%h%vérﬁ,&pneral |y used to pattern the netal |ayer.

However, w is difficult to achleveflnellne

circuitry t I
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it needs to h ve rrechiml cal strenfgtr] f or [) hanéj Eg Furt hernore the
pac aging arge number of polymers ave een foun satisfactory for

use as such substrates. Polyimides have been found to be particularly suitable

in this regard, partly because of their excellent thermal stability and solvent
resistance.

15  Aromatic polymers, such as polyimides, are extensively used in micro-
electronic packaging applications such as flexible (Flex) circuits, rigid-flex
circuits, printed circuit boards (PCB’s), multi-layer flexible circuits and also as
passivation layers on silicon chips. However, these aromatic polymers by
themselves tend 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



2 30/ 11/ 2004 adhesive used causes difficulties in laser drilling of
mcro-vias. Also it wastes netal. Another neans of attenpting to inprove
adhesi on has been by coating a liquid polyimde (or its precursor polyamc
acid) onto a roughened netal foil (eg 5 copper foil), followed by curing.
However, fine line circuitry is once agdin difficult to achid/e1/2804g to
the thickness of the netal foil. Another known nethod for attenpting to

i nprove adhefiesive asédeaases HifiduliesOin ladef Atiingadfamicd-vidd MBI i wadtes a

pol ymer surface. A thin |ayer of copper is then sputtered onto the
chroni um | dp&fal. This copper layer is then thickened using 10

el ectroplating. Although this nethod is able to produce fine line circuitry
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pre-treating a first surface of the filmwth sic solution; "follow ng

t he pre-trepedsivesanshtimagonguming. o said first surface an aqueous seeding
sol ution conprising polymner-stabilised catal yst
Also, in all of the above methods, the drilling of micro-vias through the metal

coated polymer film is difficult. Also, after drilling, the micro-vias need to be
15 plated separately.

Another technique to make metal-clad polymer films is electroless plating.
However, the polymer surface needs to be activated (seeded) with a catalyst to
initiate electroless plating. For instance, it has been found that palladium (Pd) is
the most effective catalyst to initiate electroless plating.

20 The present invention is directed towards an improved method for activating a
polymer substrate for electroless plating so as to achieve good adhesion
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:
. pre-treating a first surface of the film with a basic solution;

. following the pre-treatment step, applying to said first surface an
aqueous seeding solution comprising polymer-stabilised catalyst

30 particles; and



30 particles; and 3 30/11/2004 then imersing the filmin an el ectrol ess
pl ati ng bath conprising ions of a desired netal so as to deposit a |ayer
of said netal onto the first surface of said film Preferably the basic
solution is a solution of sodium hydroxide (NaCH) or, nore 5 preferably,
pot assi um hydroxide (KOH). A relatively3w de range of concent3(i/2004i s
suitable for this solution (eg. 0.2 to 2M. The basic solution nay be

applied by . mrertﬁemgntrmsuﬁgltnernnnanta@téue@ﬁrolbbgpImmg%a&ﬁld&ﬂpmm ions of
Al ternatively, the basic solution nay be ap Kgra ying a layer of the

sol ution onto tedesied melal seeasftot qsmmlaWeofs@a metabpntoy theadiest) of
the film 10 whi r to be activated should be maintained in
contact with th%hgﬂaé?g)?%g@lfﬂh on for a certain period of tine, depending
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pal | adi um pROHI sdletorviat robravienticrarir€). s AREr iri@rdion (or spraying), the basic
solution is washed off, preferably with de-ionised water. Application of the
15  basic solution is typically conducted at temperatures 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



to 50 nm or nore preferably, from2 to 10 nm The aqueous seedi ng sol ution
is typically applied to the filmby imrersing the 30 filmin a bath of the
seeding solution. This imersing typically occurs for between 2 and 60
seconds. After this, the filmis removed fromthe bath and 4 30/11/2004
excess seeding solution is renoved, preferably by washi ng wi t30/t82004i sed
wat er. The desired netals are typically selected fromthe group consisting

of nickel, exceppaiecdiny golution Tisereehoves, rIrbferaIbI?be Ashing viith de-idaisbd Wi | |
contain ions of the 5 particular desired netal. After the |layer of the

desired met¥dt€has been deposited onto the film the filmis preferably
washed with_de-ionised water and then dried. After deposition of the netal
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second sur frarticwlér ddwiredd metalor bot h surfaces. Is particularly preferred
that the aromatic polynmer filmis fornmed of polyimde (such as a KaptonTM

film. 15 IAftdrathe epn dfahedebined nictalmaxobeere depositd dritoabig il othe film is
substantially through) the film, prior to applying the basic solution is
parti cul ar |Rfefsrablywashedmwith derionised Waterandtheprigd; | | ed t hrough or into
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si mul t @eounktal eyeh t he surface of the film During the seeding step, the
pol ymer stabilised catalyst particles are adsorbed onto the surface of the
fil mas welTheaabowe anethwdscdevise lappliéd ttbeeitherr theviiags .sufiane | efr the, fithyr ang t he

nmetallisation step, the _desjired al is coated onto the surface of the
film as second s%rface of ﬂwe hlm, orrlr)%gh surfaces.

It is particularly preferred that the aromatic polymer film is formed of polyimide

(such as a Kapton™ film).

15 It has been found that forming micro-vias through (or substantially through) the
film, prior to applying the basic solution is particularly preferred. These micro-
vias can be drilled through or into the film using the known methods of laser
drilling, mechanical drilling or by chemical etching. The film may then be
subjected to the treatments with the basic solution and the seeding solution (as

20 described above). During these treatments, the sidewalls of the micro-vias are
activated simultaneously with the surface of the film. During the seeding step,
the polymer stabilised catalyst particles are adsorbed onto the surface of the
film as well as onto the sidewalls of the micro-vias. Similarly, during the
metallisation step, the desired metal is coated onto the surface 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-



25 well as onto the sidewalls of the mcro-vias. Accordingly, this nethod
elimnates a step in the present nethods in which mcro-vias are typically
drilled after patterning the circuitry and need to be plated separately
fromthe rest of the circuitry. Formation of the mcro-vias in the pol yner
filmprior to chenmical treatnment of 303he filmis particul &0/91/2004
advant ageous. For instance, when both surfaces of the polyner film have

subsequent lwad edih alsoabe ¢oatddwithethdedasied et therétsy BbaRecting3Miclieal04
vias will also bhe coated with the desired netal, thereby connecting the

metal  pl atRifeddgyars onherpposite sHifaces ot theqolynet M. pol yner film In a
preferred aspect of the invention, prior to treating the filmwth the
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schematyoc |Addésdingly, MitPthé d8RIshatbeObf af Phofireist and Sidstiquent MeadKiey, tWwo
opposite surfaces_of' an aromatic pol )(‘mer filmaccording to a preferred
enbodi nent dssiredicircuitRyegan log placed anethe palyraer #im by geléchive metal plating.
phot ograph showing a polyimde filmon 20 which a series of nickel pads
have been fornmed according to the nethod of this invention. Figure 3 is a
further enlarged photograph of a portion of the coated polyi mde

Brief description of the drawings

A preferred embodiment of the invention will now be described with reference
15  to the accompanying drawings in which:

Figure 1 is a schematic illustration of a method of activating and metallising the
two opposite surfaces of an aromatic polymer film according to a preferred

embodiment of this invention.

Figure 2 is an enlarged portion of a photograph showing a polyimide film on
20 which a series of nickel pads have been formed according 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



filmshown in Figure 2. Figure 1 schematically shows the formation of a
doubl e-sided Flex circuit 25 manufactured in accordance with a preferred
enbodi ment of this invention. As shown, a filmof clean KaptonTM 1 has a
mcro-via 2 fornmed there-through. The two opposed surfaces 3a, 3b of the
film1l is then subjected to chenmical tBeatnment with a strong3Wasi2604
solution, (such as KOH), followed by activation wth the coll oi dal

suspensi on siewall oresideyallzi) 4i sfette it | Rdicisimutahbelislg chéhicdlly Itatdd R84
sidewal | (or sidewalls) 4 of the film1 are sinultaneously chemcally
treated andcty@iedyated. The activated filmis then placed in an el ectrol ess
metal plating bath (such as a electroless copper bath) causing a | ayer of
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strip of photoresist material may be applied to the surfaces and this

strip then Thelpiaes Silteyan dpereiie {regteddyo Lésetd)fapﬁlyﬁaﬁ&Jiﬁvleattb@niﬁg.ChTﬁg
steps so as to cause the desired patterning of the photoresist). The plated
filmmy t '%éﬁﬁo 3| Bhelosesist O I aBPRES avng Jthea desiradt ptteming.
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pot assi um hy@uAr Heo bé fEMSRESS Btk Edppdidajétrgn of small droplets onto a clean
polymer film After about 5 to 10 mnutes, the polyner filmis washed with

de- The photoresist 6 may then be removed, for instance by known etching
processes.

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 hydroxide 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.



i oni sed water followed by drying with conpressed air. The filmis then
treated wth the seeding solution after which it is washed with de-ionised
water and dried. This causes the filmto be selectively seeded where the
pot assi um 25 hydroxi de sol uti on had been di spensed. The filmis then
subjected to electroless plating for a7period of tinme suffic3@ht/2004cause
a desired anount of the netal to be deposited on the film This causes the
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As shown in Figures 2 and 3, this ease of patterning nmetal, in the torm of
fine circl g@adsroa silicopiwafer. Aromatigpolymerme ase widely usetl asnpassomtion et al
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silicon chips. By using the present invention, the connecting pads on the
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Accordingly, this invention provides an alternative nethod fo
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m | thick Kapton(r), which is a commercial polyinmde made frompyronellitic
di anhydri de8SPNVDA) and 4-4' di ami no- di phenyl ether (or oxy-di-aniline,

ODA) represented by a general fornula 15 as shown in Figure 4 was used. It
was trelted with a 1M aqueous potassi um hydroxi de (KOH) solution for 10

m nutes at room terrperature The KOH attacks the imde group in polyimde
form ng pot@é%mﬁ} salt of poI yam ¢ acid. The filmwas washed thoroughly

with de- |on| sed Dlg wat er renove excess of %and then was dri ed
usi ng a cornfPres emonstratlon purpose, 5 mil thick Kapton™, which is a commercial

polyimide made from pyromellitic dianhydride (PMDA) and 4-4’ diamino-
diphenyl ether (or oxy-di-aniline, ODA) represented by a general formula
15 as shown in Figure 4 was used. It was treated with a 1M aqueous
potassium hydroxide (KOH) solution for 10 minutes at room temperature.
The KOH attacks the imide group in polyimide forming potassium salt of
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).



20 air flow. This alkali treated Kapton filmwas then kept in contact with
0. 2M hydrochloric acid (HCl) solution for 10 mnutes at room tenperature
and subsequently was washed with DI water and was dried. This chem cal
treatment fornmed pol yam c acid on Kapton surface, introducing the
carboxylic acid groups. 25 An exanple o8 how to prepare an adiEo1/2004
suspensi on of palladium particles stabilised by polyvinyl pyrrolidone

(PVP) is as follows: NixxselPvP 2h@ma Of, sBifioherbgéthepver aged nol ecul ar
wei ght = 50, 000, although it could be anywhere from 10,000 to about

500, 000) in DI water.Sig@lyDhad a0Ke -L36/W of hyPoshasphdréusadl (PhOLL), 509%87%
pure). 8 30/11/2004 M x the PVP and Pd Cl12 sol uti ons together. ow y add

10mM - 35ml of hypopHdsphiertbasoltdion. (H302P), 50% pure, to the sol ution.
Add DI water until the total volume of the solutionis 1 litre. 5 The
chenmical ly treated K&fcbRI watenunibthertotaliveltme ofithenselutieriseblilse. suspensi on
of the polyvinyl pyrrolidone (PVP) coated palladiumparticles for 30
seconds d f ol | oneldebghemisially dromted Kaptem fitn wasi thiany inmersed i &0 asueals st
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Kapton. (ii) Thdopsoeesorids, &llowedsy wahingWath Delaeasharagpit t hat

el ectrol ess nickel plating bath was used to plate a thin'|layer (1-2n) of

ni ckel at 80C f drhis Peosktalybt 3&tivatet Kaptorl filniwlas then 'seBfticted fPERERBlesE0 2
skill ed addressee that many variations and 15 nodifications to the present

i nvention will 59Ppesplating ati28i6ufor d8Elminutest Aothin dayer <bi2pim) efebppespe

t hereof,, I n thi ifjcatio except where the context requires
ot her vvi@e, t he 3%5%@3{‘3& o Happdn.

(i) The procedure of example (i) was followed except that electroless nickel
plating bath was used to plate a thin layer (1-2um) of nickel at 80°C for
about 15-30 minutes.

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

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
20 comprising certain features or components, it is to be understood that the
invention includes (at least) these features or components but may also (unless

the context indicates otherwise) include other features or components.



"conprise", "conprises" or "conprising"” nmean "include", "includes" or
"including", respectively. That is, when the invention is described or
defined as 20 conprising certain features or conponents, it is to be
understood that the invention includes (at |east) these features or
conmponents but may al so (unless the comtext indicates othervg®el/2004! ude
ot her features or conponents. 9 30/11/2004 Clains The clains defining this
invention are as follows: 1. A nethod of activating and netallising an
aromatic polynmer filmincluding 5 the steps of: pre-treating a first
surface of the filmwith a basic solution ; follow ng the pre-treatnent
st ep, appl%ﬂﬁgﬂﬁo said first surface of the film an aqueous seedi ng
solution caonprising polynmer- stabilised catalyst particles; and 10 then

i mer si ng t Hee elrimg pafiring dhis dnvestiesargiagtfoll@veat h conprising ions of a
desired netal so as to deposit a |layer of said netal onto the first
surface of kai d A methodof Felivating e oetadisingran arematie palymes fimdneludisgut i on
is a so%ution oﬁh %gg%ﬁﬁiun1hydroxide. 15 3. The nmethod of claim1l or claim
2, wheréin after TReEPa2i ¢ sol ution  treatnent step, an acidic solution is

Sorution s a sl uti Gredeapffa st i R AT a B R o (R o

acetic acid. 5. The had any .one of .clains 1.t0.4, rein ueous
Seedi ng- 20 soi ut 1 on Telstang Sbe WbrHRment St habibd f mad i slratp 87 e
The nmethod of any onenhéf fikh abR agubbud. sééding BolufienCabmpdingPaidlymepes are
stabilised by a water-soluble polyner. 7. The nmethod of claim®6, wherein

t he wat er - sol ubl e polsjakilisadscatalyst pagiiclespanpdol i done (PVP) or pol yvi nyl

al coholw( PVA) .

. then immersing the film in an electroless plating bath comprising
ions of a desired metal so as to deposit a layer of said metal onto
the first surface of said film.

2. The method of claim 1, wherein the basic solution is a solution of
potassium hydroxide.

15 3. The method of claim 1 or claim 2, wherein after the basic solution

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
20 solution comprises polymer-stabilised palladium particles.
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).

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

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.



25 8. The nethod of claim?7, wherein the water-soluble polymer is PVP. 9.
The nmet hod of any one of clains 5 to 8, wherein the palladiumparticles
have dianmeters of from1 to 50 nanoneters. 10. The nethod of any one clains
1to 9, wherein the desired netal is selected fromthe group consisting of
ni ckel , copper and gold. 10 30/11/2004 1a1l. The net hod of cl &0n12004herein
the desired nmetal is nickel or copper. 12. The nethod of any one of clains

1 to 11, wherei MRS 6f (5:319|'rr'|“1OQﬁ)hér%lri?‘ﬂ'ﬁe| d@é?re@’mbfﬂr%r ﬁlbl@& drh:%pfl)érl.m in a
bath of the basic solution. 13. The nethod of any one of clalms to 11,

wher ei n t hejhasithe piathidPof by &@@P&lbﬁ% IEfytos‘P’( QNhé}%nﬁtHeaMﬁélc%B l}tﬂﬁal 0 12

solution onto the first surface of said ilm .

or claim13, vxheap@hﬁdtbryenﬂmrmngsthminlmtlaadmih |0|ﬁthe:baﬁlaeoluhonh t he basic
solution for 1 to 15 mnutes after which the basic solution is washed off.
10 15. The tkt hoktheomedimgd ofiangfonel afi clainds fldo1#], wihenedi thet basiagobudios iseedi ng

solution is appli | mrer si ng,the f min . a bath e edi n

S0l uti of ' 16" TiAPHIEH RySRIBY TR 1AVEE ofihe sl pu Brdik i Poraid
period of from jmto 60 seconds. 15 17. The nethod of any one of clains 1
to 16, wherein, after application of the aqueous seeding solution, the

filmis washed Wﬂ@n@hé&fﬂiﬁﬁmv‘@ﬁ &r clifth ﬁ%%r@iﬁ%ﬁsﬂlﬁﬁfs%ﬂtalﬂéﬂt hcles.
18. The nethod of any one of clains 1 to 17, wherein after the dep05|t| ng

of the |ayer ofcontrctygth tf@jbaﬁ(i&IOlUtlphe‘Of i1t 1% mingtee dxfier whicke theohasied

water 20 and drJ hod of any one of clains 1 to 18, wherein
after the dep05| O‘ﬁﬁgn%gwﬁsﬁ'gd%er of the desired netal, the filmis heated

tol Priyve ‘?éj heSthoenmeli)f(‘?ocywcai{‘3 Qn)t/ r(])?1efc§f|crlralllr"§‘1r§d1 tt(p Ef4 wrhereln WE" 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



20. The nethod 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
entirely, through the film 21. The nethod of claim 20, wherein the vias
are formed using laser drilling techniques. 22. The nmethod of any one of
clainms 1 to 21, wherein prior to the step of 30 applying thesdasipos

sol ution, photoresist material is applied to the filmand 11 30/11/2004

dosi red i roui ¢ yRhPEOErRE TR ekt 58 of Syt BRHERIAL 1
22 wherein, pri @esiredicireuis) emoddaid filwl yi ng the basic solution, the filmis
cleaned and dried. 5 24. The nethod of claim23, wherein the cleaning is

ef fect ed by3. ul tThasaritited bPany e 6f erReMaNd tél22i WReret prdreto. théSstep s
met hod of claim 24, wherein further cleaning is effected by ozone

treatment at el @PRIVRD thenbrsiasalulionothe fiimds waansd asnd diied.m 25, wherein the

ozone treatnment is conducted at 10 about 80C for between 3 and 10 m nutes.
27. Theb5netdfod diheanpethed #f @laims23, twherein wiher gleaning ig oelfested pdyyner
filmis formed qf

aromati c pol ynmer It{?ﬁ%ﬂééﬂgggpgﬁg}oﬁ %W&agg-ﬂ%rﬂélec%}g%%r?tei ggsg:‘?bggt\?v! ItihSi ng A
retal Coat dp-ar S metied OF a2 whefbi TR Bafifor neteri B Bongn, "one

of clainms 1 to Zfbatment 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.



