; z{ e3eZef Zb46Tf CK, a AFC 2003 _, METHOD FOR LAM NATI ON OF HLMWR TO
METAL AND PRI NTED Cl RCUI T BOARD ( PCB) SUBSTRATE BACKGROUND ENTI ON
FIELD OF THE I NVENTION 5 This invention relates to a nethod for the | ow
tenperature | am nation of inert fluoropolyners to the surfaces of netals
and printed circuit board (PCB) substrate. \Wen thermal grafting or graft
copol ynerization is carried out on the plasnma pre-activated surface and
interface of a fluoropolyner in contact-with a netal surface in the

presence MEEH g, \ j j .

pol yneri zed Ia)%]r)hgg)ry %ﬁ%ﬁ%ﬁ‘?ﬁ @qug‘ e%g?g% VII\:lt(ﬁ1 %W%d?@mﬁﬁgyer by
crosslinking or, other chem cal or physical interactions, resulting in
strong i nt er f ac\YD ZIWENIED LFRAITHT BOARDr (BCB) FEBSTRATE mer i zat i on
with lam nation of the nmetal is carried out under atnosphere conditions,
and in the conplete absence of any added pol ynerization initiator or system
degassi ng. Functional nononers used for thermal grafting or graft

copol yBACZKGROVWND OF'FTHE EWVENTWG‘“ on include, but not limted to,
epoxi de contai ni ng nononers, hydroxy-contai ni ng nononers, am ne-cont ai ni ng
nmononers, nononers of polyelectrolyte and nononers of pol yanphol yte. The
adhesi Qr, L ion are mainly fromthe epoxy resin famlies. The
| ap shm.ﬁ’i‘o u#iﬁﬁﬁﬁgﬁﬂ{?&can readily exceed the tensile yield strength
of the substrate polyner film The |lap T-peel adhesion strengths of the so
| am na;@g%.fl uoropo%rer- metal 2o interfaces or fluoropol yner-PCB substrate
i nt érf nyentignyelalgsde @ methed fgrdhs loxi temperature lywipatiooof inZrtdbicargotathésn
occurri ngwi n the bul k of substrate polyner filmvia cohesive failure. The
st r ong @ HKeyiaeesnd metadn andhprifted cirapdioankfPCBYdubhimigret al  or PCB substrate is
due to, on the one hand, the formation of coval ent bonding of the grafted
functional chains on the polyner surface, and on the other hand, the

cr ossl iikdnngeomaloghfingsdrr graf dopbEhrRELAtWASIs arriddese @ ﬁthIﬂQsma pre-activated

surface and interface of a fluoropolymer in contact with a metal surface in the presence of an
adhesive, lamination occurs simultaneously. The graft polymerized layer can concurrently
10 interact with the adhesive layer by crosslinking or other chemical or physical interactions,
resulting in strong interfacial adhesion strength. The surface graft copolymerization with
lamination of the metal is carried out under atmosphere conditions, and in the complete

absence of any added polymerization initiator or system degassing.

Functional monomers used for thermal grafting or graft copolymerization with concurrent
15 lamination include, but not limited to, epoxide contamning monomers, hydroxy-containing
monomers, amine-containing monomers, monomers of polyelectrolyte and monomers of

polyampholyte. The adhesives used for lamination are mainly from the epoxy resin families.

The lap shear adhesion strength can readily exceed the tensile yield strength of the substrate
polymer film. The lap T-peel adhesion strengths of the so laminated flnoropolymer-metal

20 interfaces or fluoropolymer-PCB substrate interfaces are in excess of 8 N/cm, with



5 chains to epoxy resin adhesive, which has strong adhesi on?tﬂog@cd@g tals
and PCB substrate surfaces. The present invention distinguishes it f from
the prior art in that the grafting/lam nation process is carried out at
tenperatures substantially below the nelting processing or sintering
tenperatures of fluoropolyner and that the adhesion strengths are higher
than those in which only adhesive is used. to DESCRI PTI ON OF RELATED ART
Fl uoropol ynmers .in general, and pol ytetrafl uoroethyl ene (PTFE) in
parti culedmindhi &gk i r. dielectri.c materials ipn the
application oflg?)gckagiilgnlg-I %t}%adr%%%:gggelﬁég%trg QPEET TR SPRCSPigdAT st IThe shena  and
t hey al od thermal stability. Wth inproved adhesi on between a
f1 uor opo ?ﬂeﬁl\r{%gﬁg A t%%t OY%"rO%ﬁEfé %rtﬁibé"ﬁrrﬁ?t O ggBa%‘ﬁP‘i“Hétﬁ gHe ¢, on the one
f I uor opoal rs.in |5 lti-chip nodul e(MCM packagi ng, for exanple, may
becone gﬁﬁ faym pﬁﬂgfe‘io,"a]teﬁégﬁfliﬁl% ©althegepfsd efiinetiinal chainnewni thg digmer
requi red surface nodifications. The strategies of surface chem cal and
physi cal™dtdidica therpthenvientetn awsibhking wplodrestrets frosradtlosero@nRdsy B5Se@Nd
hydrocarbon polyners alike. 20 One of the major drawbacks of the nost
comfonlghaumsith iepedy tesmhuihgsiee,ofhiph AsNBrdnzeAheRM toiuﬁquhl%tafsh&dﬂ*@? lsgaggm cal
sur

characteristics of the nodified polyner surfaces, including ace
conposisurfats, e bt ABREAGSN distiRaisRe 2N upsgeorjentation in -
t he surface region i D DEC 20058- casneresﬁﬁ)h?[ﬁ] %gdﬁ%{;f anr{ eri gli‘aét ch‘h of

t he sur, : VAl I re omal ous changes i n. oxygen and
fluori n%ﬁ?%%{%ﬁﬁs#ﬁ%%oﬁe éérlgeP %I]rhe a(fdéoa%sqﬁ?’f)%lré %o 5@’1"{1?13%’?{0%%% BSHINE from
t he pr %{L%gnoforsurtf ace hrédrocar botn contam nation during plasma treatnent,
as suggje ad By MR Edgryperarescot flgorgpolymer and tigt the adhesiony sirengthsiere 3629
(1994) . .To avercone the time 5 dependent surface characteristics, the
pl as e ¥ehes ham thesedp oyhieh iy sdbrsive ibased- subj ected to further surface
nodi fication via graft copol ynerization, as shown in K L. Tan, L. L. Won,
H K along, E. T. Kang and K. G Neoh, Macronol ecul es, 26, 2832 (1993); E.
T. Kan K. G Neoh, W Chen, K. L. Tan, C. C Huang and D. J. Liaw, J.
Adh8si 1P RERAT 996): and Tie Wang, E. T. Kang, K, G
Neoh, K. L. Tan, C Q Cui and T. B. Lim J to Adhesion Sci. Tech., 11, 679
(1997). The patent literature contains nunerous disclosures of surface
modi i dAgqrepclmers togopolly red pofyetrailiherilyiere (PIRES M HartidIOME RS exd®isht Of
the cases are related to plasnma or chem cal surface treatnent. A few cases
are r elcatdidatto faruditlacteic magtefiale ah ki@NappliRaiabt p£RRALY T8z Akl an m’%‘énﬂ%& no
case study is directly related to the nodification of quoropoPyrrer vra
sur f acargchéhiciby GARPO! bZ a0y f.0 [Wapels t adhesi pn bet ween
By N TEhEZ A oORae oﬁﬂﬁqehﬁﬁ g!ﬁﬂﬁﬂswpa%nem%%? Adieston

two fl uoropol yner surfaces,” between uoropol yne
conj ugaktee-cRY ¥ f et fl uor.opol yner surface and a netal
surface. Thr ougﬂ%&? ag%]re 9%@% 3%@ 7 voé\,%g@ é}alllthtﬁaFet g}eaffﬂli’%&at?@aﬁ’éﬁ‘,‘orf’ﬂ‘élb’@e{ssmno

rel.eva rocess i i nvol ves the si-nmul t aneous nodi fication of a
ftl}gl’ o%%‘i@"’n@’rp &ﬂd\fﬁ@?ém PgFkReEn Jobexgnaler maypBeoprr Azeelion Bowevehethe

concurrent. | am nation of a nmetal in the 20 presence of an adhesive. Al nost
no cas@Etealynd shemicakinesingss jagsostntadowish nfcat ef Gr dfubrapopohsrmiiciaes thosef @
adhesi ve enhancenent. For further background reading, reference is nade to

the fomManiirgtipateens fyabhiceiagittnequiédiirhige hodsivafiaee TR dirhiegrl i Bsfidea
grafting, and surface nodifications for adhesion inprovenent:

chemical and physical modification have been widely implemented for fluoropolymers and

hydrocarbon polymers alike.

20 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



1 D DEC 2003 -4Japanese Patent Publication Nos. 6,026, 071A; 61, gdﬁ@ﬁ%ﬂ
7,025, 952A; 7, 149, 960; 7,186, 305A, 60, 020, 941A; 92, 004, 353B; 1, 265, 886A,
7,186, 325A; US Patent No. 4,506, 035; Canadi an Patent No. 2,136,897 and

Eur opean Patent No. 656376. For patent literature dealing with
fluoropolyner-netal |am nates, reference is made to the 5 foll ow ng patent
publications: - US PatentNos. 4,640,866; 4,861,408; 4,911,771; 4,996,097, .
4,933,010 and 7,036,039. - European Pastent Publication Nos. 160, 418A;

160, 43%Ah rd&d: % 3 ; - nese Patent Publication
Nos. 2,178, 025; ?%éhuzaggl%%%@og% ﬂgeg%rgag,é@%aﬁ?viﬁﬁme@%qswsm 't
is an qghj of i resent.invention to provide a new nethod for_ the

di rect quﬁgéﬁ% %ngnﬁ%*r ) c&g?e Eoﬁ?ﬁ@%e?% alRgrsytace PRSIonpaPResul fomathes, as
wel | as net al éo CB substrate surfaces, under atnospheric condition for

ni cr oeFBEFPEH Y T’W&PF%TH%I} cpptaminalipy gluging gibjseat tragtmeteagpsuggesied byhént i on
to inprove the adhesion and affect the lamnation 15 in a sinple process.
These ahdCelhef- Shijloptls, nd. Ziven: Agesmaf, hE6PY €53, Toventdon @REime-

obt ai ned by providing a nethod for the nodif canon of fluoropolyner via,

first pleasmgnpregtaceahmenterisfiel lonsidsthy ttdted rmabro?b@iﬁer& 0@l YORI dublclnof an
appropriate functional nononmer and curing together with an adhesive or

adhesi eshatsutfaee hrpERGtbAVES §3R& e oppe! ng t
sel ected 20 Smst als or P(1:B subést r afgg&%ﬁ%t%gta%%ﬁgg&n-@p% %gzﬁ’gbﬁé Y@g\cfvn’

Tor i ng o SRBert o Eanaar Ky OF Nt R et e PRt Bk

freque g | as it h | asma. power. is selected for the

br et oa A3 el R LT i-mdRieis ai P i e eAdhicie8iFbreor 10, 725
over oxi ion, etching or sputtering of the fluoropolynmer surface. 5 The
obj ect ﬁ ; %iﬁﬁ AL & & Heangs &s tNF‘?h/dﬁtloﬁalca(E- Qe Gt rndvBdBwhien, fhe
nononer used for surface graft copolynerization with concurrent |am nation
ar é0seldsébesion beiokeck..drlo P 6f99%).nyl nonomers whi ch contain epoxi de or ami ne
functionalities in the pendant group or groups, which can cure with the
appl i ed adhesive or adhesives to forma crosslinking network. The objects

and advdnageslicfatikeopasanimedrsaliid@imeg an siéicd GhiE@Nad owRe N @ros8I emBRNOMEr
is 1o used for graft copolynerization. The objects and advantages of the

pr esentfoi AMieSlohoshhaacne 20BheVEd Rt ¥ Fleualshy af! | 1Jtéde<f gpa%pé chemical
substrates. The objects and advantage are reali zec? on or opol yner

Subst 1 ah@soe (FlGHASA RW 0L o1k iraiatteg % rs&*fzfce %é’éiﬁceatt{ggrv{% gﬁg%%bg@%ﬁ&gf )e

and its derivatives, conposites and copolyners, I
or f ' b Amb§t Iﬂ)f Ok ‘E%d{; lisu S{rgc}%l?fl Qélrgl%rd tg ?}@r%%!iitﬁ%zslﬁon of flucropolymer via surface graft

15 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 2 fluoropolymer
surface via grafting of graft copolymerization and the concurrent lamination of a metal in the

20 presence of an adhesive. Almost no case study is directly related to surface graft

copolymerization for adhesive enhancement.

For further background reading, reference is made to the following patent publications relating

to surface modifications via grafting, and surface modifications for adhesion mmprovement:



15 copol yner of tetrafluoroethyl ene and hexafl uoro(propyl vi{§IDE] Izga,
copol yners of tetetrafl uoroethyl ene and perfl uoro-2, 2-di nethyl -1, 3-di oxol e,
and copol yners of tetrafl uoroethyl ene and vinyl fouoride, polyvinyl
fluoride), poly(vinylidene fluoride), polychlorotrifluoroethylene, vinyl
floride/vinylidene fluoride copolymer, and vinylidene

fluori de/ hexaf |l uor oet hyl ene copol yner. 20 The objects and advantages of the
present invention are obtai ned when t-l#e selected netals for |am nation are

al um NyHPan€RPIGEent IPLBiicatoAt UM i T g .2003

P SRS anear atont 9P Biclodl bIAT ¢ ERFUI S i%%vé’%%%i a?e@%p‘ggg’t M 9r960imat i on
of covaligggpbgn _ Y rfa nd the resin matrix can
enhance’ tﬁ’e ?n’t g(?’?%g?%f£=29%%=§ﬂﬁ3s%Séﬁééeﬁﬁggﬁg%{ PerPatent plos deb06i36he
fact that fungcti | .ar.o of the covalently tethered pol ynmer chains on
the fl g ?%%W%?%&éégg andFaropean Paeri N 66REH. cal reactions, ionic
interactions, or other chem cal and physical interactions with the adhesive
resi nstvhi ch have strong adhesion towards contacting netal surface to

r esul t FPPAERGRGT SR elgaling methwdaeropplamict-netd jamymes, sferenst &l madbeo the

| am nation tenperature in the present invention is thus governed by the
opti nufallosiprepatenipeblicatiossir f ace graft copol yneri zation and curing of
adhesive. This tenperature is substantially below the 1 o nelting point or

the sinteri D Raesmp®loal 41640,846; Ulss 1140804 9POY yIMAr9os| 7t 111933%@6 g f"gm?ﬁéé‘_()d’
the argon plasma pretreated fl uor opol ymer surfaces are subjected to

thermal |y | peepesh @haht P%BH&J&}SHgfg %afd'oocﬂ . L or Gt il‘;@ﬁpﬁgﬁghﬁ,‘ﬁ{ﬂ%ﬁ%ﬁn Al

cont ai ni ng the epoxi de, am ne, oni ¢, "anioni ¢’or

groups. Theﬁggﬁggp pretreatnent are carefully controlled to introduce

per oxi de and Rydr oxyl peroxi de species on the 15 fluoropol yner surfaces to
initiate th subsggueﬂ% %urtace graft copolﬁnerization, resulting in

coval ent | y TBFHEF SdPuhtlicatan NpoIRyhvsr028ha3.A%0. 61 Ahend ¢ L BHEE. ymer  sur f ace.
When the surface graft copol ynerization is carned out and the functional
groups of the grafted chains are capable of formng strong interaction with
adhesi metal, strong adhesion of the netal to the fluoropol yner

sul% ac%ﬁMR&éIRX\/@E TﬂEtM’EIQﬁBe si nul t aneous grafting and | am nation
20 process at the polynmer-netal interface is affected by thernma
deconposition of the peroxides and hydroxyl peroxides at the fluoropol yner
sur f adeis debjetOsRHE HeRnDRVERIG BhO%H: ReALy LR 4 QrRYsLtion

t enperature and adhesp?ve curing tecri%era%ure mﬁ%ﬁﬁzf?fe)ﬁ{&(ﬁg%ﬁ/aﬁgg%ono 0
DEC 208 ropolyhbBanelrll: 20 d o eric conditions in_the conplete
absence o?ﬂa}r’l added pc% yne?lid;%tsﬁl%ﬁ@%t%i%ﬁ?fgf%r as %Fjaﬁirﬂ?ta]d& gﬁi}#é‘t‘@%m&‘y
cohesiy; i inside.the fluoropol r. The preferred application and
t he bessffaé vgﬁega{en%"%ge%‘éo“&%’& At '%éggﬁtfoéﬁ%ﬂp cYHSi ned from
fluoropolyner filns, thin sheets or plates, as well as fromnmetal foils,

_films,hthiln shegt s c%r . . .
1s also an object of the present invention to improve the adhesion and affect the lamination

15 in a simple process.

These and other objects and advantages of the present invention are obtained by providing a
method for the modification of fluoropolymer via, first plasma pretreatment, followed by
thermal graft copolymerization of an appropriate functional monomer and curing together with

an adhesive or adhesives at the lapped interface between the fluoroppolymer and the selected

20 metals or PCB substrate.



5 plates. Thus, in the preferred method, the surface of the f§ gcgg{pqllparer
is first pretreated with radi o frequency gas plasnma. The sel ections 0

pl asma type, plasnma power and duration for pretreatnent are inportant. High
pl asma power and |long pretreatnent tinme can result in excessive etching of
t he pol yner surface, in surface crosslinking, and in dehal ogenati on of the
pol ynmer sanple. The preferred range of plasna power range of treatnent tine
is typically 1 o from10 Wto 50 W Thé-preferred range of treatnent tine
I'S typlAlatﬁdsitaﬁﬁléQW%%%%/}%%%a%mna@ﬁlg%%ﬁ?Qrlg?fg,ﬁl%&%&i b NGae gﬁ%tléﬁ%;b%gwg ?]lwl y In

the range of 5 kHz kHz. Mbno or the simultane

copol y iizat | | api nation process are selected froma_group of vinyl
nonone?jgép\}\%?c P?Hrelgeglﬂfgyt%ﬂﬂﬁg%%r%s r?etg? (relﬁl(?f(%?a? YR i? eﬁ‘crgﬂe g8tPnEFIuLALY @rgon
Desi r ab| t he noners are selected fromthe famly containing the
epoxi del SR A XY dplrina PEWER{ SrlFeicdilomn Hish BrEERmaLe6 thorfhiorgrtups:. to
EXAMPLES. The foll ow ng specific exanples are provided to illustrate this
i nvent i 'BAYARE th%é“%ﬁ%é? OV gyONIRIEMN, etchimgyor lsputtcaimgiod theofitoropdly mit surfaec.
under st ood, however, that the specific details given in each exanple have
been sel ected for purpose of illustration and are not be constructed as a
20 15 mi thetetaertoand idvantagentd tbe presxsniplantibn pao v deseveanehdaahaindhosir LR
conduct of the sinmultaneous surface graft copol ynerization and | am nation
exper i nentuifaet dreft propsBRRez@orAwith koBcRDEG Zﬁ%aﬁ;afeu%%kéa“ﬁbm@ %PAH? ofnd
an epoxy adhesive. EXAMPLELl In a preferred experinmental scal e process, a
pol y(t elin@f hdfsasts EE) il | . Sl yo .Ocmwith a

A P RAonk ! eg% Xlgévfﬂzﬁﬁlﬂg % Ct%n?lm?éopr mBﬁlesg%ngﬁﬁ ETOHReRT s

t hi ckness of 0.1 mnmwas pretreate asma

‘gl ycid t n r,was i ntroduced onto the filmand spread
0o For foro iR Bt frel M IRBEAEI e biHdB0HE S 108 R el A or v

nononmer was | apped with a 0.1 mmthick copper foil of simlar size in the
presen of..a.bi sphenol A type epoxy resin (poly(bisphenol -

A co- epSHItSESHRE 17Toes SRR Rreonk e vrEtiAR FHL PR T ArEn iR axfnamenis) s
added in the proportion_of 100:2s (epoxy: hardener, by weight). The |apped
ar e wase E)ﬁtgr%‘:%di@?@”@ﬁp&- 1.0 cm The surface of the copper metal was

cl eaned by washing with acetone, I .0 N HO, and double distilled water,
respectively, before use. The PTFE/ GVA-epoxy resin/ Cu assenbly was

sandwi cHEd 0%‘@@%@1@ edrnniages eofgthes sresentwhivedtican cew iev atléetedpbe ssiviuglip fallabout
10 NNcn2 was provided. The assenbly under pressure was subjected to thernal

graft dbpoipotenézabitenss. The ohigetsand attedmitpatiro feadkedl@DBud@poB nite Wikt fis 2
constant tenperature oven. Is After the grafting and | am nation process,

the assedbhy tmsioalidwedo! Soly @kl R I (BTREY éﬁduﬁse d%xga‘{\llg%?zg&éij%%ﬁes

wel | -i nsul ated oven over a period of no |less than 6 joint o

prepar ggd E‘é&iﬁb@n&é‘g ﬁlci[fdﬂf'ge lhes E)Eﬁf@gfaﬂ: BF %‘Iab%(lj i r@glfcé)grc:('a\g Cfﬂl]oro%%%rwlgel?rlzcgmposites,
15 copolymer of tétraﬂuoroethyléne and hexafluoro(propy! vinyl ether), copolymers of
tetetrafluoroethylene  and perﬂﬁoro-2,2—dimethyl-1,3—dioxole, and copolymers of
tetrafluoroethylene and vinyl fouoride, poly(vinyl fluoride), poly(vinylidene fluoride),

polychlorotrifluoroethylene, vinyl floride/vinylidene fluoride copolymer, and vinylidene

fluoride/hexafluoroethylene copolymer.

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

lamination are aluminum, copper, gold, platinum, and their alloys.



In a preferred | am nation experinent, an Ar plasma pretreat qu/IﬁEIﬁEZ face
was coated with a 20 thin layer of dinethylam no ethyl nethacrylate EMR)
nononer. Then the filmwas | apped with a copper foil of simlar size in the
presence of an epoxy resin, containing an am ne hardener. The

PTFE/ DMAEMVA- epoxy resin/ Cu assenbly was subjected to the thermal graft 1
D DEC 2003 -9copol yneri zation and curing with concurrent |am nation process
at 130C under | oad for 5 h. The assenbéy was cool ed by annealing in a

wel | -i e I exhi bited a T-peel
streng{]%Eof no less t(é gﬁg%&mmﬁ@fﬁr eferred | am nation
experinent, an Ar plasma pretreated PTFE surface was coated with a thin

| ayer qf egC|d | nmethacrylate (GVA) nononer. The filmwas | apped with a
PCB sug {sr\g{dgly( *é:cﬁPteTblﬂlﬁt reddivpodi qowaleht g yetvesh iha pdlygleassarfhdebard) thof
simlar size in the presence of an epoxy resin containing an am ne

har denessin T PTRELGMAcE fexinter fasiah ARG oaLDEE pREEt A6RATHA Ys BRRd SbheE&d to
the thermal graft copolynerization and curing with concurrent 10 | am nation

pr oces shatfuld0alutdess dfane céx@lerﬁlgheth&%@ TRBSRIRhYinYVBS tﬁ@ﬂuﬁ&%@@%ﬂ%ﬂbk ng in

a well-insulated oven. The PTFE-PCB substrate joint so- prep Sited a

T-peel ifthendtbugl denies Sre‘éx&%s 10 Cl TOH; dL(%Té sur Sé’gdeggé?%?& wi th

| ami nation experrnment, an Ar plasma pre rea

al5 t r i met hacr. nomer . Thenthefllmwas

I appedmvfngrtah&yrg Wﬁfl e %ﬁh ﬁv it ﬁﬁﬂ%ﬁ’f g?‘fe °n§| %Pn dpyads cophgling msice of
an epoxy esin, to.which a&nﬁr}e har dener was added. The PTFE/ GVA- epoxy

resi n/ AFAESOMSPY R Strenp pdbasian bewesie thenBrorapolymar end opsily b Zamimtionnd

curing with concurrent |am nation process at 130C under |load for 5 h. The
assenbSPREIEE thel proyerd nmesatipn ds thns goverhdd hyntieloptietinoieaiperative fET GOk
joint so 20 prepared exhibited a T-peel strength of no less than 8 NNcm

10 DECg@G08opolymeiAlPh BB duningnedt dtbesips. efigs n@ﬂpdrﬁtﬂi@wﬁtm&aﬁﬂpﬂy bélﬁﬁtthe an Ar
pl asma pretreated PTFE surface was coated with a thin layer of glycid

metthac mlbtep G AVRIhIERRARE terfbFAtE oF k4 HSdrBhol§inki cOn waf er was
In the preferred method, the argon plasma pretreated fluoropolymer surfaces are subjected to
thermally induced graft copolymerization with reactive vinyl monomers containing the
epoxide, amine, cationic, anionic or amphoteric functional groups. The plasma pretreatment
are carefully controlled to introduce peroxide and hydroxyl peroxide species on the
15 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 and the functional groups of the grafted chains are
capable of forming strong interaction with adhesives of metal, strong adhesion of the metal to
the fluoropolymer surface is achieved. Furthermore, the simultaneous grafting and lamination
20 process at the polymer-metal interface is affected by thermal decomposition of the peroxides
and hydroxyl peroxides at the fluoropolymer surface. The process can be carried out near the

peroxide decomposition temperature and adhesive curing temperature which are usually less



coated with gold by sputtering. Then the filmwas | apped w {H BECdzﬂggat ed
silicon wafer in the 5 presence of an epoxy resin, to which am ne hardener
was added. The PTFE/ GVA- epoxy resin/Au assenbly was subjected to the
thermal graft copolynerization and curing with concurrent |am nation
process at |30C under load for 5 h. The assenbly was cool ed by annealing in
a well-insulated oven. The PTFE-Au joint so-prepared exhibited a T-peel
strength of no less than 8 NNcm o EXAMPLE 6 In a preferred | am nation

experi , A pl retrneated PTFE surface was coated with a thin

| ayer c??ﬁltgll;;gf%ylamﬁr)ret Eacrag!lﬁng‘tgpél eMEPIHSRS gy erfemPplote ﬂgFffnﬁF apapised with
a 0.025 thick pl.atinumof simlar size in the presence of an epoxy resin
cont ai ﬁ)loi%’]’eéﬁaﬁ?ﬁ ﬂ’%t”ﬂ%* défétint defnipgierpevtbhesive f3ilure gistderhe Ssempbiymenas
subjected to the thermal graft 15 copol ynerization and curing with
concurrent | am nation process at 130C under load for 5 h. The assenbly was
cool ed Tg‘ﬁ? PirfsEad ppRiGaion apdithe bess adentageoviine prérenPHFERID jroiobtaisal feapar ed
exhibited a T-peel strength of no less than 5 NNcm EXAMPLE 7 In a

pr ef er fbgraratimert filors, ékpeshbetent plaass, & wellasnRorpratkealiRd iRROXKmPased FRA
substrate 20 surface was imersed in a 20w % di oxane sol ution of GVA and

i rradi alaek. Whts) ibvhed premradth@ho® RS SR TEHRUIYorb £ i
irradiation the FR4 was vvashedot horough?y 1 e{)r[%gﬁgolgfg fh%r\%r%éﬁgg one

and o Ut i Bl BRI CURL 4 e SORGLITRIE A £, Suf oo

was then | apped W 0.1 mmthi copper

presen f epoxy _resi.n,..which contains an am ne hardener. The )

FR4/ G\/&?eet%g&n%}'} eagig ﬁ%&fi Ay )P?%H’é}l g%?re@[de&ngoprpﬁgatwm HEewFarh ressi cir r ent
| am nation process at 150C under lgad for 3 h., The 5 assenbly was cool ed by
anneal ieﬁifsﬁlﬁe 5“&)&& of ithisprlRmensusipen In Tiréace Repselinking, nandsio dehd pagnatiomxhibbi t ed
a T-peel strength of no less than 31 NNcm To those skilled in the art to
whi ch PRIVEST Fompld. dherpefred rangengf plhsmg eewen rogastirtethan tane isty@alajly

di ffering enbodi mrents and applications of the invention will suggest

t habrs elfives 1 W ho 60 VdePar pricfrgret rampet dTareafndt tind i (6008 BhmiNgtd MEAtiLAN.
The di scl osures and the 1o descriptions herein are purely illustrative and

ar e nothd pitende dreliGeRe ié YpRAty HEMS SarldeBrisiig: (o 507k, 0~C 2003
Monomers for the simultancous graft copolymerization and lamination process are selected
from a group of viny! monomers which readily undergo free-radical initiated polymerization.
Desirably, the monomers are selected from the family containing the epoxide, amine, anionic,

15 cationic or amphoteric functional groups.

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 in
-each example have been selected for purpose of illustration and are not be constructed as a
20 limitation on the invention. Example 1 provides more details on the éonduct of the

simultaneous surface graft copolymerization and lamination experiment in the presence of a



-12 CLAIMS 1. A nethod for |owtenperature | am nation of fI1Lijg§oEMQBrs to
metal and/or to PCB substrate surfaces, or the lamnation of netals to PCB
substrates, said fluoropolyner is firstly nodified by neans of a plasna
pretreatnent followed by thermal graft 5 copolynerization of an appropriate
functi onal nmononer or nononers and curing together with one or nore

adhesi ves at the | apped interface between the fluoropol yner and the netal
or PCB substrate, wherein said PCB substrate is selected froma famly

consi sfunbsbrf nRREXYr L8641 fiber conposites. 2. A nethod according
to daim1l, mhereinrtheIfgﬁgggg%%ﬁétenperature is substantially 10 bel ow

the nelting point or sintering tenperature of the fluoropolyner. 3. A

nmet hod according to Claim1 or Clﬁkg@%% ﬁﬂgrein radi o frequency argon
plasma with | ow plasma power is s h for the pretreatnment of the
fluoropolyner. 4. A nethod according to any one of the preceding clains,

wher ei | ami nati.on is acconplishe i myl taneously during the thermally
inducé§2%g§?¥“:5%3F9%%??§%Fﬁbﬁgg§&fBWﬁﬁéﬂggg@ﬁﬁﬂB¢%§¥é%TEE pbbigedS i n
contact with the netal. 5. A nethod according to any one of the preceding
cl ai mS™ diife? nvith@ thicknass 06 8d| pmevasreirenedwith Axoriawa fnt80| sacomiat Tlam | S
carried out under atnospheric conditions and in the absence of an added
polsy meglygdyli mathaerytata(GMA 6moromeat Wwadinaodocedi digo e Al @aepRfadGhammh to 4,
wherein the | am nation process is 20 carried out sinultaneously during

graft thi qred izet bathefiingbiicegTiR Hinp ObMEB MR AN AmoRohBEWR! BSEAFGiRl, an
adhesi ve. t 0 DC Q03 13
0.1 mm thick copper foil of similar size in the presence of a bisphenol A type epoxy resin
(poly(bisphenol A-co-epichlorohydrin), to which a amine hardener (hexanethylenediamine)
was added in the proportion of 100:25 (epoxy: hardener, by weight). The lapped area was kept
10 at 0.5 cm x 1.0 cm. The surface of the copper metal was cleaned by washing with acetone, 1.0 -
N HCl, and double distilled water, respectively, before use. The PTFE/GMA-epoxy resin/Cu
assembly was sandwiched between two slide glass on which an equivalent pressure of about
10 N/em® was provided. The assembly under pressure was subjected to thermal graft
copolymerization, curing, and lamination at 130°C for 5 hours in a constant temperature oven.
15 After the grafting and lamination process, the assembly was allowed to retun to room

temperature slowly in the well-insulated oven over a period of no less than 6 h. The PTFE-Cu

 joint so prepared exhibited a T-peel strength exceeding § N/cm.
EXAMPLE 2

In a preferred lamination experiment, an Ar plasma pretreated PTFE surface was coated with a
20 thin layer of dimethylamino ethylmethacrylate (DMAEMA) monomer. Then the film was
lapped with a copper foil of similar size in the presence of an epoxy resin, containing an amine

hardener. The PTFE/DMAEMA-epoxy resin/Cu assembly was subjected to the thermal gfaft




7. A nethod according to any one of the preceding clains, whik B B i 120683
fluoropolynmer is in the formof film sheet, slab, fiber, rod, powder, or
porous nenbrane. 8. A nethod according to any one of the preceding clains,
wherein the nmetal is in the formof foil, film sheet or slab. 5 9. A

met hod according to any one of the preceding clainms, wherein the said
fluoropolynmer is selected fromthe famly consisting of

pol y(tetrafl uoroethyl ene)( PTFE) and it8-derivatives and their conposites
and-co ot ' fiber. fabric and particul JJLeinforced
conpos??gggﬁgﬁ%%tgﬁégg&g&gfggfg?FB%?%é@WVP fl pﬁﬁﬁ“ﬁ@@égHﬁ&?@ﬁﬂeﬁyﬁgﬁ%@
copol yners of trafl uorqethylene and 1 o perfluoro(propyl vinyl ether),
copol y[@ﬁsaﬁ‘é‘?‘“{’@t Pas |°881F3&Yh9wﬁhn%ﬂa apwelinpgtated? ogendi Thet RYFELBjdhnxd-€,

and copol ynmers of tetrafl uoroethylene and vinyl fluoride, polyvinyl

f1 uor i dE§PargshexpiRitedya T-eeletrengibof de)ess pahydikor ot ri f | uor oet hyi ene, vi nyl
fluoride/vinylidene fluoride copolyners, and

vi nyl i denef | uori de/ hexaf | uor oet hyl ene copol yners. 15 10. A nethod accordi ng
to any one of the preceding cl ai TEEXaEEE3 the said netal is copper, gold,
alum nium platinumand their alloys. 11. A method according to any one of
the preceding clains, wherein the nononer or nononers is/are selected from
thesgrduppoﬂbmﬁhMMﬁmnhmnﬁ@sﬂmBMQﬁ1Q@Ek@hﬁpﬁﬁﬂ%&GQWQWEﬁﬂ%&?mﬁ?@%ﬁ%ﬁ&ﬂh%ties
in the pendant group or groups, which can cure with the applie adhesi ve

or adheghVRSed 8f loBfiidd pL i e od_accor.di ng,tQ any
one of the ziecegg{]cg }gl ai%ﬁ%&h&g%ﬂ@t QH%%IO%B g\]rnqﬁ%%o%gp% Jg a"f](:’){:ﬁgraft

.copoly ' i @ curing.w t.h adhesive or adhesiyves resulting in

| ani na{guﬁ(gaéﬁ‘za?ésdf%']gﬁsqei &P Sh PRy r?%ﬂ??%g%?s g‘?%w%/%ﬂ%%%mdhﬁ@r@@wg of

i Q DEC.2003 14 glycidy]l methacrylate, allyl glycidyl ether, dinethylamno
et hyl mof ARAEPYFATSIN CTdRIRIg a0 qeeine @:demern%hm\éaFFg Ademgy trosinfRC B mebsahtet he
precedi ng clains, wherein the adhesive is selected fromthe epoxy famlies
of pol peEMbhanest yubjectedutoi thg thgrertt grafb cholyMeriedtivadaraic et Wgtht @maifegne of
the preceding clains, substantially as herei nbefore described with

r efier efuaeinttiort ProcexaNBesC ubller 1Bad kO APPLYIBEALR AL 8B @{]%e%ﬁing &a

substrate when produced by a nmethod as clained in any one 0 e precedi ng

cl ai M6 syelibnsdaB Ll r hati f.fluoropol rs. tal and/or to
printed cirourt boggJ%%6”Lugs?gé?gﬁgﬁ%Fﬁgégﬁngﬁﬁ%ﬂgéﬁﬁ%ﬁngpﬁﬂéW$@&@ﬂﬁg t he
fluorogghgyﬁggq& /& plasma; ii) thermal graft co-polynerizing at | east one
functi onal" ononer’ T obtain a grafted fluoropol yner; and

EXAMPLE 4

In a preferred lamination experiment, an Ar plasma pretreated PTFE surface was coated with a
15 thin layer of glycidyl methacrylate (GMA) monomer. Then the film was lapped with a 0.1 mm
thick aluminum foil of similar size in the presence of an epoxy resin, to which amine hardener
was added. The PTEE/GMA-epoxy resin/Al assembly was subjected to the thermal graft
copolymerization and curing with concurrent lamination process at 130°C under load for 5 h.
The assembly was cooled by annealing in a well-insulated oven. The PTFE-Al joint so-

20 prepared exhibited a T-peel strength of no less than 8 N/em.



iii) applying at |east one adhesive at a |apped interface bet we8nllt G203t al
and/or 15 printed circuit board substrate and the grafted fl uoropol yner and
curing the at | east one adhesive to lam nate the nmetal and or printed
circuit board substrate to the grafted fluoropolyner; wherein steps i)
through iii) are perfornmed at a tenperature below the nelting point or
sintering tenperature of the fluoropolyner. 20 17. The nmethod of claiml,
in which step i) is performed using a loew power radi o frequency argon

pl asma. 18. The nethod of claim 2, wherein the plasma power ranges from 10
to 50 W i ~I DEG ~00~ -15 109. ﬂ'ﬁg]\mﬁ d of claim1, in which the

| am nation is acconplished sinmultaneously with the thermal graft

co-pol yneri zation by perform ng the thermal graft polynerization while the

pretreafadodk cont W th the neta printed CII‘CUI'[
boar d subs?t%a@e%g&dxﬁ{nahg? n}en aﬁl‘%ﬁpz{asn?arprﬁmaé?d Pﬂ@ﬁl‘%ﬁ‘tﬁ W §prteei zi ng
step i er du sp er conditions and in the absence of any
added 3’8@ @F{ %ﬂgq Fh?‘ g%fy e GMé FROPABAT- df sipglgicristal silisonwiadidy wase

| am nat i on is_acconplished after the thermal graft co-polynerization. 22.
The meth#ad &lthcs%¢#yfputrqmnmq1h¢ﬂ thia&lth | wasrlagrst yritr gdld coated bidicfonateptn thef i | m

sheet, slab, fiber, rod, powder or porous nenbrane. 10 23. The nethod of

cl aPm presencenhf eh cpometradingi o thiehf onime Hardenfi ki aslbe®t Thes PAPE/EMDECER ok 0d,
powder or porous menbrane is |anminated. 24. The nethod of any one of cl ai s

1-6, i mesidviAmhadshebly wak oRBleaT tol theSBlBRiICaftr POl AuR ” of
pol y(tetrafl uoroethylene), derivatives of %rol yﬁpgt)tr}g?r%or oe@ﬁy né} ’Q,ch
concurrent lamination process at 130°C under load for 5 h. The assembly was cooled by

annealing in a well-insulated oven. The PTFE-Au joint so-prepared exhibited a T-peel strength

of no less than 8 N/cm.

10 EXAMPLE 6

In a preferred lamination experiment, an Ar plasma pretreated PTFE surface was coated with a
thin layer of glycidyl methacrylate (GMA) monomef. Then the film was lapped with a 0.025
mm thick platinum of similar size in the presence of an €poXy resin containing an amine
hardener. The PTFE/GMA-epoxy resin/Pt assembly was subjected to the thermal graft
15 copolymerization and curing with concurrent lamination process at 130°C under load for 5 h.

The assembly was cooled by annealing in a well-insulated oven. The PTFE-Pt joint so-

prepared exhibited a T-peel strength of no less than 5 N/cm.
EXAMPLE 7

In a preferred lamination experiment, an Ar plasma pretreated epoxy-based FR4® substrate
20 surface was immersed in a 20wt% dioxane solution of GMA and irradiated with UV from a

high pressure mercury lamp for 1 hr. After UV irradiation the FR4® was washed thoroughly



copol yners of tetrafluoroethyl ene and hexaf | uoropropyl ene, codd) $&ér 80a% 15
tetrafl uoroet hyl ene and perfluoro(propyl vinyl ether), copol yners of

tetrafl uoroet hyl ene and perfl uoro-2,2-di net hyl -1, 3-di oxol e, copol yners of
tetrafl uoroet hyl ene and vinyl fluoride, polyvinyl fluoride),

pol y(vinylidene fluoride), polychlorotrifluoroethylene, vinyl
fluoride/vinylidene fluoride copolyners, and .
vi nyl i denef | uori de/ hexaf | uor oet hyl ene-aepol ymers. 20 25. The nethod of any
one of [ - ihwhich the nmetal is.sS ted.fromthe group,consisting
of copp‘gﬂrﬂ‘,§I Lclé?i(():ng)ep%élrdnaeldl e 5%%?@‘3&8%3%?%3‘ Zpfi PReERFBAT suracs | oy,
pl ati num aﬁﬂd ? p!Bgti_num alloy. ~ 1 D DEC 2003 -16 26. The nethod of any
one of Y¥{°atf# 1 with filcpm tickseapeer fileofi smianmizeaninete giresened obaaepbxy
conprising an epoxy resin or a glass fiber conposite. 27. The nethod of

cl ai m Irgsipn wivkdhc borttiies rpnaniie haddaicepThd FR4S/ V- E0xy TRENEE SN SiAg an
epoxi de or amne functionality in at | east one pendant group, which can
cure Wgshhickfag t Rl i . - | L ki ng, net K., 2 The
ot hod ot a1 o o B B ubfent B BB bl RS R 1S DR AR S hhene
group caonsi,sting of qlycidyl nethacrylate, allyl glycidyl ether, and

di rrgt hyaP%Fﬁ’i‘bﬁ% ”\éa‘t%rﬁ?f’l?gt ARG M @@{eﬁw%ﬂ%% ABRR- S%BCH%QJWCH!,JOM sodpiraphradhe
adhesi ve conprises an epoxy polyner and a suitable 10 curing agent. 30. The
met hod e&hibeed prh-neel pirenaith efnd lves thoh §hdes a conposite that is a fiber,
fabric or particulate reinforced conposite. 15 . A A .A& Aq . A& '
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substrate surfaces, or the lamination of metals to PCB substrates, said fluoropolymer is

firstly modified by means of a plasma pretreatment followed by thermal graft
5 copolymerization of an appropriate functional monomer or monomers and curing
together with one or more adhesives at the lapped interface between the fluoropolymer
and the metal or PCB substrate, wherein said PCB substrate is selected from a family

consisting of epoxy resin and glass fiber composites.

2. A method according to Claim 1, wherein the lamination temperature is substantially
10 below the melting point or sintering temperature of the fluoropolymer.
3. A method according to Claim 1 or Claim 2, wherein radio frequency argon plasma

with low plasma power is selected for the pretreatment 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

15 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 Claim 1 to 4, wherein the lamination process is
20 carried out simultaneously during graft polymerization or after graft polymerization in

the presence of an adhesive.
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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 tetrafiuoroethylene and
10 perfluoro(propyl vinyl ether), copolymers of tetraflucroethylene and perfluoro-2,2-
dimethyl-1,3-dioxle, and copolymers of tetrafluoroethylene and vinyl fluoride,
poly(vinyl fluoride), poly(vinylidene fluoride), polychlorotrifluoroethylene, vinyl
fluoride/vinylidene fluoride copolymers, and vinylidenefluoride/hexafluoroethylene

copolymers.

15 10. A method according to any one of the preceding claims, wherein the said metal is

copper, gold, aluminium, platinum and their alloys,

11. A method according to any one of the preceding claims, wherein the monomer or
monomers is/are selected from the group of vinyl monomers which contain epoxide or
amine functionalities in the pendant group or groups, which can cure with the applied

20 adhesive or adhesives to form a crosslinking network.

12. A method according to any one of the preceding claims, wherein the monomer or
monomers used for graft copolymerization and curing with adhesive or adhesives

resulting in lamination is/are selected from the family of vinyl monomers consisting of
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13. A method according to any one of the preceding claims, wherein the adhesive is

selected from the epoxy families of polymers and their curing agents.

5 14. A method according to any one of the preceding claims, substantially as hereinbefore

described with reference to the examples.

15. A fluoropolymer-laminated metal or PCB substrate when produced by a method as

claimed in any one of the preceding claims.

16. A method for lamination of fluoropolymers to metal and/or to printed circuit board

10 substrate surfaces, comprising:
i) pretreating the fluoropolymer with a plasma;
i1) thermal graft co-polymerizing at least one functional monomer to obtain a

grafted fluoropolymer; and

iii)  applying at least one adhesive at a lapped interface between the metal and/or
15 printed circuit board substrate and the grafted fluoropolymer and curing the at
least one adhesive to laminate the metal and or printed circuit board substrate to

the grafted fluoropolymer;

wherein steps 1) through iii) are performed at a temperature below the melting point or

sintering temperature of the fluoropolymer.

20 17.  The method of claim 1, in which step 1) is performed using a low power radio frequency

argon plasma.

18.  The method of claim 2, wherein the plasma power ranges from 10 to 50 W.
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5 atmospheric conditions and in the absence of any added polymerization inhibitor.

21.  The method of claim 1, in which the lamination is accomplished after the thermal graft

co-polymerization.

22.  The method of claim 1, in which the fluoropolymer is in the form of a film, sheet, slab,

fiber, rod, powder or porous membrane,

10  23.  The method of claim 1, in which a metal in the form of a film, sheet, slab, fiber, rod,

powder or porous membrane is laminated.

24.  The method of any one of claims 1-6, in which the fluoropolymer is selected from the
group consisting of poly(tetrafluoroethylene), derivatives of poly{tetrafluoroethylene),
copolymers of tetrafluorocthylenc and hexafluoropropylene, copolymers of

15 tetrafluoroethylene and perfluoro(propyl vinyl ether), copolymers of tetraflucrocthylene
and perfluore-2,2-dimethyl-1,3-dioxole, copolymers of tetrafluoroethylene and vinyl
fluoride, poly(vinyl fluoride), poly(vinylidene fluoride), polychlorotrifluoroethylene,
vinyl fluoride/vinylidene fluoride copolymers, and vinylidenefluoride/hexafluoroethylene

copolymers.

20 25.  The method of any one of claims 1-6, in which the metal is selected from the group
consisting of copper, a copper alloy, gold, a gold alloy, aluminum, an aluminum alloy,

platinum and a platinum alloy.
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an epoxide or amine functionality in at least one pendant group, which can cure with the

5 applied adhesive to form a cross-linking network.

28.  The method of claim 1, in which the monomer in step ii) is selected from the group
consisting of glycidyl methacrylate, allyl glycidyl ether, and dimethylamino

ethylmethacrylate.

29.  The method of claim 1, in which the adhesive comprises an epoxy polymer and a suitable

10 curing agent.

30.  The methed of claim 1, in which the polymer is a composite that is a fiber, fabric or

particulate reinforced composite.
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