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"METHOD FOR LOW TEMPERATURE LAM NATI ON OF METALS TO FLUOROPOLYMERBAc copy !
BACKGROUND OF THE | NVENTI ON 1. FI ELD OF THE | NVENTION Thi s inventi gr%
relates to a nethod for the | ow tenperature | am nation of netals, and
especi ally copper, to the surface of inert fluoropolyners. Mre _
specifically, the invention relates to a method for surface nodification of
fluoropol ynmers by thermal graft copol ynerization with concurrent | am nation
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copol ynmeri zation with concurrent |amnation of the netal are carried out

under atnospheric conditions, and in the conplete absence of an added

polymerization initiator or system degassing. The process and properties
can be inparted on the inert surfaces of nost fluoropolyners in contact
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When thermal grafting or graft copolymerization occurred on the pre-activated
surface and interface of a fluoropolymer in contact with a metal surface, lamination occurs
simultaneously. The surface and interfacial graft copolymerization with concurrént
lamination of the metal are carried out under atmospheric conditions, and in the complete
absence of an added polymerization initiator or system degassing. The process and
properties can be imparted on the inert surfaces of most fluoropolymers in contact with a
preferred metal.

Thermal grafting or graft copolymerization with concurrent lamination can be
carried out in the presence of one or more functional monomers including, but not limited
to, 1-vinyl imidazole (VIDZ), 1-allyl imidazole, 2-vinyl pyridine (2VP), 4-vinyl pyridine
(4VP), 24.6-triallyloxy-1,3,5-triazine, 1,2,4-trivinylcyclohexane and trially-1,3,5-
benzentricarboxylate, epoxide-containing monomers, hydroxy-containing monomers,
amine-containing monomers, monomers of polyelectrolyte and monomers of
polyampholyte.

The lap shear adhesidn interface can readily exceed the tensile yield strength of the
substrate polymer film. The lap shear adhesion strength of the so-laminated fluoropolymer-
copper interface can readily exceed the tensile yield strength of the substrate film. The T-

peel strengths of the so-laminated fluoropolymer-metal interfaces are in excess of 8 N/cm,



2 wth delam nation occurs via cohesive failure of the polyner film The
strong adhesi on between the polyner and the netal arises fromthe coval ent
bondi ng of the grafted functional chains on the fluoropolyner surface on
one hand, and the strong adhesion, with or w thout charge transfer
interaction, of the grafted functional chains to the netal surface on the
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mul ti-chip nodul e(MCM packagi ng, for exanple, may becone a reality. The
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use of multilayer devices incorporating highly conductive metal, such as copper, and low

capacitance dielectrics, such as the fluoropolymers.

Of all the dielectric materials, the fluoropolymer, in particular
poly(tetrafluoroethylene) (PTFE) and its derivatives, are ideal dielectric materials, from
the standpoints of electrical and thermal properties, for the packaging of microelectronics.
With improved adhesion between fluoropolymer surfaces and at the interface of a
fluoropolymer and a metal, the application of fluoropolymers in multi-chip module(MCM)
packaging, for example, may become a reality. The physical and chemical inertness
associated with most of the fluoropolymer, however, dictates the use of more drastic means
for achieving the required surface modifications. The strategies of surface chemical and
physical modification have been widely implemented for fluoropolymers and hydrocarbon
polymers alike.

One of the major drawbacks of the most commonly utilized technique of plasma
treatment is that the physicochemical characteristics of the modified polymer surfaces,
including surface compositions, are time-dependent. Chain and polar group reorientation in

the surface region can result in gradual deterioration of the surface reactivity. Furthermore,



‘3 anonal ous changes in oxygen and fluorine contents, and therefore al so
surface conpositions, may result fromthe presence of surface hydrocarbon
contam nation during plasnma treatnment, as suggested by M A CGolub, E. S
Lopata, L. S. Finney, Langmuir, 10, 3629 (1994). To overcone the

ti me-dependent surface characteristics, the plasma-treated fluoropol yners
have been subjected to further surface nodification via graft
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The patent literature contains numerous disclosures of surface modification of
fluoropolymers for adhesion enhancement. However, most of the cases are related to
plasma or chemical surface treatment. A few cases are related to surface modification via
graft copolymerization. Almost no case study is directly related to the modification of
fluoropolymer via surface graft copolymerizaiton for the improvement of adhesion
between two fluoropolymer surfaces, between a fluoropolymer surface and a conjugated
polymer surface, or between a fluoropolymer surface and a metal surface. Throughout our
exhaustive patent literature search, there is no relevant process which involves the
simultaneous modification of a fluoropolymer surface via grafting of graft
copolymerization and the simultaneous lamination of a metal in the complete absence of an

adhesive.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a new method for the low

temperature direct lamination of copper metal to fluoropolymer surfaces under atmospheric



1t ts an object of the present invention to provide a new nethod for the

| ow tenperature direct |amnation of copper netal to fluoropol yner surfaces
under at nospheric 4 conditions. It is also an object of the present
invention to effect the said |am nationsin the absence of an added
adhesive. These and ot her objects and advantages of the present invention
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family containing multiple vinyl group functionalities, which can also promote chain
crosslinking, as well as from the family which contains epoxide functional groups.

The objects and advantages of the present invention can be achieved when the
monomer concentrations used for graft copolymerization range from 2 to 100 weight
percent. Desirable solvents are selected from the group which provide good solubility for
the vinyl monomer, and which promote free radical polymerization.

The objects and advantages of the present invention can be achieved on virtually all
fluoropolymer substrates. The maximum objects and advantage are realized on
fluoropolymer substrates, such as, but not limited to, poly(tetrafluoroethylene) (PTFE) and
its derivatives, composites and copolymers, including the particulate or fiber reinforced
fluoropolymer composites, copolyfner of tetrafluoroethylene and hexafluoro(propyl vinyl
ether), copolymers of tetetrafluoroethylene and perfluoro-2,2-dimethyl-1,3-dioxole, and
copolymers of tetrafluoroethylene and viny! fluoride, poly(vinyl fluoride), poly(vinylidene
fluoride), polychlorotrifluoroethylene, vinyl floride/vinylidene fluoride copolymer, and
vinylidene fluoride/hexafluoroethylene copolymer.

The objects and advantages of the present invention are obtained when the metals

for lamination are selected from copper and its alloys.
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species on the fluoropolymer surfaces to initiate the subsequent surface graft

copolymerization, resulting in covalently tethered functional polymer chains on the
fluoropolymer surface. When the surface graft copolymerization is carried out in the
presence of a contacting metal surface and when the functional groups of the grafted chains
are capable of forming strong charge transfer complexes with the metal, strong adhesion of
the metal to the fluoropolymer surface is achieved. Furthermore, the simultaneous grafting
and lamination process at the polymer-metal interface is effected by thermal decomposition
of the peroxides and hydroxyl peroxides at the fluoropolymer surface. The process can be
carried out near the peroxide decor;nposition temperature, which is usually less than 130°C,
and under atmospheric condtions in the complete absence of an added polymerization
initiator. In the presence of a strong charge transfer interaction between the grafted
functional chains and the metal, the joint delaminates by cohesive failure inside the
fluoropolymer.

The preferred application and the best advantages of the present invention are
obtained from fluoropolymer films, thin sheets or plates, as well as from copper foils,
films, thin sheets or plates. Thus, in the preferred method, the surface of the fluoropolymer

is first pretreated with radio frequency gas plasma. The selections of plasma type, plasma



‘and | am nation process at the polyner-netal interface is effected by
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EXAMPLES

The following specific examples are provided to illustrate this invention and the
manner in which it may be carried out. It will be understood, however, that the specific
details given is each example have been selected for purpose of illustration and are not to
be construed as a limitation on the invention. Example 1 provides more details on the

conduct of the simultaneous surface graft copolymerization and lamination experiment.

EXAMPLE 1
In a preferred experimental scale process, an Ar plasma pretreated
poly(tetrafluoroethylene) (PTFE) film of size 0.5 cm x 2.5 cm and a 0.1 cm thick copper
foil of similar size was lapped together in the presence of a small quantity of 1-vinyl
imidazole (VIDZ). The lapped area was kept at 0.5 cm x 1 cm. The surface of the copper
metal was cleaned with a mixture of aqueous 0.01 M HCV/0.01 M HNO,/0.01 M H,SO, in
the volume proportion of 6:1:1 respectively, before use. The PTFE/VIDZ/Cu assembly was

sandwiched between two stainless steel blocks, which provided an equivalent pressure of



manner in which it may be carried out. It will be understood, however, that
the specific details given is each exanpl e have been sel ected for purpose
of illustration and are not to be construed as a limtation on the
invention. Exanple 1 provides nore detajyls on the conduct of the
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EXAMPLE 3] n referred i nati on experinent, as Ar plasma pretreated
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presence of a small quantity of 1-vinyl

EXAMPLE 3
In a preferred lamination experiment, as Ar plasma pretreated PTFE film was
lapped together with a Cu foil of similar size in the presence of a small quantity of 1-vinyl
imidazole (VIDZ) containing 1 to 5 wt. % trially-1,3,5-benzentricarboxylate as a
crossliking agent. The assembly was subjected to the thermal grafting with concurrent
lamination process at 120°C under load for 2-4 h. The assembly was cooled to room
temperature by annealing. The PTFE-Cu joint so-prepared exhibited a T-peel strength of

no less than 8 N/cm and the joint delaminated by cohesive failure inside the fluoropolymer.

EXAMPLE 4
In another preferred lamination experiment, an Ar plasma pretreated PTFE film was
lapped together with a Cu foil of similar size in the presence of a small quantity of 1-vinyl
imidazole containing 1 to 5 wt. % of 2,4,6-triallyloxy-1,3,5-triazine as a crosslinking agent.
The PTFE-Cu joint after the simultaneous grafting and lamination process exhibited a T-

peel strength of no less than 9 N/cm and the joint delaminated by cohesive failure.



‘imdazole (VIDZ) containing 1 to 5 wt. %trially-1,3,5-benzentricarboxyl ate
as a crossliking agent. The assenbly was subjected to the thermal grafting
wi th concurrent |am nation process at 120[err] C under load for 2-4 h. The
assenbly was cooled to roomtenperatureg by annealing. The PTFE-Cu joint
so-prepared exhibited a T-peel strength of no less than 8 NNcm and t he
joint delam nated by cohesive failure inside the fluoropolyner. EXAVPLE 4
In another preferred | am nati on exEXAMPRE 5an Ar plasna pretreated PTFE
filmwas | apped together with a Cu foil of simlar size in the_presence of
a smal | quant ileyeanothey preferredpmination expaiinegni angAl plagnspigireated BEFE film
2,4,6-trialllyl oxy-1,3 5-1riazine as. a crosslinking a t. e PTFE- j oi nt
2t Cer t navis HRHFE orstits Vit PR 6T af Smilaf o8 T bR oronle hempbfumiono heel

strength a‘HSll Hﬁd&ﬂéc&ﬂiﬁﬁin@ NS dfhéittiep bﬂtG-é&hl?B&ﬂ@,@fsdtrMinG Qb gAINE
failure. 8 EXAMPLE 5 In yet another preferred [am nati on experinént, an
Ar pl asnd,hb-benzatredrioXiFatef idsmawamosslagoel dgegiet The BIEE-Ca Qoinf oafterothe

simlar size in the presence of .a snall ntity of 1- all I m dazol e
cont ai ni fgn4ltaNg0us giet m%aaa Teanippith progess Apibip 95&9@6_& siength 1 oo e 0GR 9
triallyl ‘N/lm%%mﬁ'ﬂl?@ﬁ‘)ﬁﬁ'&Efahﬁﬂt@ﬁj%y%&feﬁv@?ai%:f.r osslinking agent. The PTFE-Cu

joint after the si‘nmultaneous grafrting an am nation process exhibited a
T-peel strength of no less than 9 NNcm and the joint del am nated by
cohesive failure. EXAMPLE 6 In yet_another preferred | am nation experinent,
an Ar plasma pretreated PTFE fiImEﬁ%"‘MXﬁ-&a together with a Cu foil of

n A S | f L anent i e rol AVP
cont aini ng 1 15 Y8 ORGSO xp it lafbipten HeuedYTEE A (40
triallyl -wasdafpedapgeaid: igod DRy af Sindfr 8i76 i@ Bl prédehfdoPganill qdhitPsF - Cu

joint after the sinultaneous grafting and |anmi nation process exhibited a
T- peel stviegiymdate $&'P) eontaining go 1§ win%aref elikerj 4. Attrielbloxii Ik -ddaziye or

cohesive t;iglllylrlﬂtﬁs-bgr&'h/g%:%rb%xylate as a crosslinking agent. The PTFE-Cu joint after the

simultaneous grafting and lamination process exhibited a T-peel strength of no less than 9

N/cm and the joint delaminated by cohesive failure.

EXAMPLE 7
In yet another preferred lamination experiment, an Ar plasma pretreated PTFE film
was lapped together with a Cu foil of similar size in the presence of a small quantity of
glycidyl methacrylate (GMA)-2-hydroxyethyl methacrylate(HEMA) mixture, or GMA-
hydroxyl ethyl acrylate (HEA), or GMA-N-hydroxyl methyl methacrylamide (HMMAAm)
mixture. The PTFE-Cu joint after the simultaneous grafting and lamination process
exhibited a T-peel strength of no less than 8 N/cm and the joint delaminated by cohesive
failure.
EXAMPLE 8
In yet another preferred lamination experiment, an Ar plasma pretreated PTFE film
was lapped together with a Cu foil of similar size in the presence of a small quantity of
glycidyl methacrylate (GMA)-1-vinyl imidazole (VIDZ), or GMA-1-allyl imidazole
(AIDZ) mixture. The PTFE-Cu joint after the simultaneous grafting and lamination
process exhibited a T-peel strength of no less than 9 N/cm and the joint delaminated by

cohesive failure.



1n yet another preferred | am nation experinent, an Ar plasma pretreated
PTFE fil mwas | apped together with a Cu foil of simlar size in the
presence of a small quantity of glycidyl nethacrylate (GWA)-2-hydroxyet hyl
met hacryl ate(HEMA) m xture, or GVA- hydyoxyl ethyl acrylate (HEA), or

GVA- N- hydr oxyl nmet hyl met hacryl am de (HWRAAM m xture. The PTFE-Cu j oi nt
after the sinultaneous grafting and | am nation process exhibited a T-peel
strength of n t n ot; d Y
failure. EMNK%Qﬁéﬁenaég%&éngtﬁ ea?t g)re ecrﬂrgl Il%%%hgﬁ%ir%{egkﬁ%% 4 rré%?‘ Qésaﬁn Ar
pl asma premsteadtied dbFwidely rifferingl enbeiimeng edndespplicitions Utk oinverafonsvitl | ar
size in the presence of a small quantity of glycidyl nethacryl ate

(GMVA) - | - \§Uggest ﬂbﬁra%c’fhtﬂs ewithqubzeparging drgo | thwpwt andi #8po10¢ thonimpenting.xThe e.
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del am nat®g seysedihgiggve fail ure. To those skilled in the art to which
this invention relates, many changes in construction and widely differing
enbodi nents and applications of the invention will suggest thenselves

Wi t hout departing fromthe spirit and scope of the invention. The

di scl osures and the descriptions herein are purely illustrative and are not
intended to be in any sense limting. - 10 - CLAI M5 1. A et hod for
the lam nation of a netal to a fluoropolyner, wherein the fluoropolyner is
firstly nodified by neans of a plasma pretreatnent followed by 5

| ow tenperature thermal graft polynerization with concurrent |am nation of
t he



metal in the pr'é's"é'ﬁ'(:_"_éwc;ra functional nononer at the | apped interface

betvvee d the netal. 2. A net hod according to Caiml,

wher ei um mm“é\mlﬂ am nation are selected 10 from copper
and its .5 A nethod according to Caim1l or 2, wherein the

graftlngllan1nat|on tenperature is substantially below the nelting point or

sintering tenperature of the fluoropolyner. 15 4. A nmethod according to

any of the preceding clains, wherei rctggwsaft copol ynmeri zation with

concurrent lamnation is carrled out er atnospheric conditions and in

t he absence of an added pol ynerization initiator. 20 5. A et hod

according to any of the preceding clains, wherein radio frequency argon

plasma with low plasma power is selected for the pretreatnent of the

f 1 uor opol kner Aomethodniare thehdaminakémi rofibh emetakbrto oai fhadropolymet, civhergironthe

sputtering of e fluoropog r face. 25 6 A nmethod ac ordln to any

01I‘O t he prgceditﬁfﬁ)r‘él?%i'rﬁ%" fové%ﬁf“r?aﬁ?g %%r@%EW?@Fe@GW%EOI

bol yirer | zat | 0o &RpeAft Rl LM BaYRRAzAIR Sfth ¥ohatdt Qﬁhfn@ﬁorg ro?l{f?e of

vi nyl nononers I ch contaln nitrogen heteroatons or nitrog

functionaliti enetahintthe prmmtherﬁf agfuactioral mgnompssat tBE lapped 1ntékfaﬂietbbﬁ7¢beﬁab@r di ng

to any of one to 5, wherein the nononers used for surface graft

f d al ns
pol yneri zat i orﬁ WArerp %Wﬁﬁ%?e%m nation are selected fromthe -11-
group containing nmultiple vinyl group functionalities, which can al so

promot e g‘a' N £'R&Hb 36 oRing S0 Wahim 35 wWHeRH RO For R Bh e §AQxkLee

function gr oups.
from copper and its alloys.

3. A method according to Claim 1 or Claim 2, wherein the grafting/lamination
temperature is substantially below the melting point or sintering temperature of the

fluoropolymer.

4. A method according to any one of the preceding claims, wherein the lamination is
accomplished simultaneously during the thermally induced graft copolymerization

of the plasma treated fluoropolymer in contact with the metal.

5. A method according to any one of the preceding claims, wherein the graft
copolymerization with concurrent lamination is carried out under atmospheric

conditions and in the absence of an added polymerization initiator.

6. A method according to any one of the preceding claims, wherein radio frequency
argon plasma with low plasma power is selected for the pretreatment of the
fluoropolymer to minimize the undesirable over-oxidation, etching or sputtering of

the fluoropolymer surface.

7. A method according to any one of the preceding claims, wherein the monomers
used for surface graft polymerization with concurrent lamination are selected from
the group of vinyl monomers which contain nitrogen heteroatoms or nitrogen

functionalities in the pendant group or groups.
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8. - A method according to Caim6 or Claim7, wherein the nononers used
for graf pol yneri zation with concurrent |am nation are
sel ect edﬂlﬁllmllﬂlllﬂlﬂmﬂ conprising vinyl mononers including 1-vinyl
i mi dazol e; pyri'di Me, gl yci dyl nmethacrylate, allyl glicidyl ether, |-vinyl

I m dazole (INMDZ), 1-allyl imdazole, 2 Vinyl pyridine (2VP), 4-vinyl
pyridine (4VP), 2,4,6-triallyloxy-1,3,5-triazine, 1,2,4-trivinylcycl ohexane

contai i ng ”nofkaneBoP SREAGE i SR R Llfins 1 3RS wierein Bisimenomers uper g
MONONEr'S, NMDNO§Rfase BlafiIyRteatibR nith oA RraiP RRIRI DN Gfe RMVRANRIA ML Sroup -

A nethod according to any of the preceding clains, wherein the

f1 uoropol yner ¢antaieingcmgliple yinyl tgeodra fircfionaities,swhivh cin also promote chain
pol y(tetrafl uoroethyl ene PTEE) and its 15, . . derivatives and
their conposi tggssilﬂﬁlnggﬁ%ﬁ r‘?érf’é’}“ ?’ﬁéf‘?]’tﬁ’l QYtainipproxidafinetiongh€IRURS: i cul at e
rei nforced conposites, copolyners of tetrafl uoroethyl ene and

hexaf | uorgpr opx! fiétfiod GERAIMERS Elin 1 6f CRiURNARLAY e BoAkHeRalEd BRI Q4T OPY!
vinyl ether), copolyners of tetrafl uoroethylene and

per f | uor o- 2, 3- ehipobinherizations - withx bencumant dapoiationer sreokeleaed afrbmorthet grpipne
and vinyl fluoride, . leX vinyl fl uor, )1/4,vi nyli dene
r

' . 20 . .. |
fluoride), pol JEPREIH yly P éﬁllf\gg&(}g ni/)‘l"mfl}' uﬁ?‘F‘Wé’}%Fg&‘I pengltdydri de
copol yners, angleibaylddesy 1%&8 i &ﬁéxh%gﬁhuf?ﬁiﬁ%m’ m)g?%ﬁlg}’ﬂﬁfdﬁzol&o- A

met hod according to"any o receding clains, erel uoropo%yner
is in the fornvialy gsiridine (QNé’e,tl%-vBlbIb]lmidide@NP)rmd,ﬁ-tﬁ@l\lgdeXy-lQrs-ﬁialzilthu,s 1,24-
menbrane. 25 11, . A nethod according to_any of the preceding clains,

wher ei n t he nefiyinyleyclohexane apd nirighy f of.3.5-bepreniricarhoxylates  egoxile-cpptaining,
met hod accor di ' Al er.el - erossl i nkin ng is
30 Bl e it P oS B b BBy oA

2,4,6-triallyl eflpodydledirol a2 htEm6fiorders 3f folyhrphdlyfeCy cl ohexane. REPLACEMENT
SHEET - 12 -

10. A method according to any one of the preceding claims, wherein the fluoropolymer
is selected from the family consisting of poly(tetrafluoroethylene)(PTFE) and its
derivatives and their composites and copolymers, including fiber, fabric and
particulate reinforced composites, copolymers of tetrafluoroethylene and
hexafluoropropylene, copolymers of tetrafluoroethylene and perfluoro(proply vinyl
ether), copolymers of tetrafluorethylene and perfluoro-2,3-dimethyl-1,3-dioxle, and
copolymers of tetrafluoroethylene and vinyl fluoride, poly(vinyl fluoride),
poly(vinylidene fluoride), polychlorotrifluorethylene, vinyl fluoride/vinylidene

fluoride copolymers, and vinylidene fluoride/hexafluoroethylene copolymers.

11. A method according to any one of the preceding claims, wherein the fluoropolymer

is in the form of film, sheet, slab, fiber, rod, powder, or porous membrane.

12. A method according to any one of the preceding claims, wherein the metal is in the

form of foil, film, sheet or slab.

13. A method according to Claim 4 or Claim 7, wherein the crosslinking agent is
selected from traiallyl-1,3,4-benzentricarboxylate, 2,4,6-triallyloxy-1,3,5-triazine

or 1,2 4-trivinykyclohexane.
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13. - A d according to aim1l or aim8, wherein the curing agent

for thelmm’ ﬂ | Ayng nononers i s selected from hydroxy or am ne

met hacr yk ot Immn,lhyl acryl ate, N hydroxyl methyl nethacryl am de etc.
A mét hdd according to any gf the preceding clains, wherein the

nononer concentrations used for graft d | ymerization range from2 to 100

wei ght percent. A nethod according to Caimb5, wherein the argon

15.
pretreat flupropolyner surfaces gre subjected to thermally induced,graft
opol ymer i at (o sraie HaigEn 4o chitnl SR 68 Rk AR Yol e 450
i m dazol e, epQphiidhing alidABiners aBI QBlebte®’ FRPNRIRELF biiNgthineNahetBiPWaR, 16.
A nethod according to Caim 15, wherein the plasma pretreatnent is

control |l ed to lhiydroxytathyd apeytase iddhydmxlylmgthyorsthagrglamidedktc.speci es on t he
fl uoropol yner surfaces to 15 initiate the subsequent surface

graft co ymeri zation, said nethod bei carried out near .t er oxi de
deconpost Bt on & RaRpEAtseETing 19G0d st R reRRAIE s, SR o RAPGhe.
17. A et hodoas&Rfatlbitdused fé?'g?%fﬂbél‘}mei’i@ﬁfo%‘rﬁhéeﬁ?qrﬁ ange0@{vehapLeeROVer i S
from 10W 20 to 50W the tfeatnent tine is fromabout 5 to about
120 seconds, and the frequency is in the range of 5kHz to 50kHz. 18. A
met hod f of6.| amk maethod astordingeta(Clain &, fwheoein pibt yargon aratattidnfjueropdlysiem 1,

bstanti al | h | nbef d i hed with to the exanpl.es. 25
10, “A ot o] LIRS FOPIRCEH dpOPGTRINY ARSHHCS S50 CERPp AR SEREFS, g

in any one of }iha RERMRGL BshisihRTRe intidazole, epoxide, cationic, anionic or amphoteric

functional groups.

17. A method according to Claim 16, wherein the plasma pretreatment is controlled to
introduce peroxide and hydroxyl peroxide species on the fluoropolymer surfaces to
initiate the subsequent surface graft copolymerization, said method being carried
out near the peroxide decomposition temperature (<130°C) and under atmospheric

conditions.

18. A method according to Claim 17, wherein the range of plasma power is from 10W
to 50W, the treatment time is from about 5 to about 120 seconds, and the frequency
is in the range of SkHz to 50kHz.

19. A method for the lamination of a metal to a fluoropolymer according to Claim 1,

substantially as hereinbefore described with reference to the examples.

20. A metal-laminated fluoropolymer when produced by a method as claimed in any

one of the preceding claims.
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