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Low surface energy polymers, such as fluoropolymers, exhibit good chemical barrier
15  properties, exhibit a resistance to damage caused by exposure to chemicals, have a resistance
to stains, demonstrate a resistance to damage caused by exposure to environmental
conditions, and typically, form a thermoplastic polymer surface. While such low surface
energy polymers are in demand, the polymers tend to be expensive. In addition, such
polymers exhibit low wetting characteristics and generally adhere poorly with other polymer

20  substrates.

Hence, it would be desirable to provide both an improved laminate structure as well

as a method of forming such a laminate structure.

DISCLOSURE OF INVENTION

In an embodiment, a laminate structure is provided. The laminate structure includes
25  anencapsulant layer having a major surface, wherein the major surface of the encapsulant is
treated to increase adhesion. The laminate structure further includes a thermoplastic polymer

layer having a melting point temperature or glass transition temperature greater than about
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increase adhesion. The thermoplastic polymer layer has a major surface that is treated to
20  increase adhesion. In an exemplary embodiment, the treated major surface of the

thermoplastic polymer layer is disposed on the treated major surface of the encapsulant layer.

The laminate structure includes an encapsulant layer. The encapsulant layer typically
serves to cushion the element upon which it is disposed. For example, within a photovoltaic
device the encapsulant may serve to cushion and protect underlaying photovoltaic layers or

25  electrical connections. The encapsulant layer can be formed of a polymeric material. An
exemplary polymer includes natural or synthetic polymers, including polyethylene (including
linear low density polyethylene, low density polyethylene, high density polyethylene, etc.);
polypropylene; nylons (polyamides); EPDM; polyesters; polycarbonates; ethylene-propylene

copolymers; copolymers of ethylene or propylene with acrylic or methacrylic acids;
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ethylene vinyl acetate. The polyolefin further includes olefin-based random copolymers,

20  olefin-based impact copolymers, olefin-based block copolymers, olefin-based specialty
elastomers, olefin-based specialty plastomers, blends thereof, mixtures thereof, and the like.
In an example, the polyolefin is a blend or coextrusion of polypropylene with styrene-
ethylene/butylene-styrene (SEBS). Commercially available examples of polyolefins include
polyethylene, polyethylene based elastomers such as Engage™ available from Dow Chemical

25  Co. and polypropylene, polypropylene based elastomers such as Versify™ available from
Dow Chemical Co., Vistamaxx™ available from Exxon Mobil Chemical, and the like.
Commercially available examples of ethylene vinyl acetate can be obtained from Saint-

Gobain Performance Plastics Corporation.

In a particular embodiment, the polymer of the encapsulant layer may include a
30  functional group that increases the surface functionality of the major surface to be treated.
For instance, any functional group may be envisioned that increases the surface functionality

of the major surface to be treated. In an embodiment, the functional group may be provided
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for example, acetone or an alcohol. In an embodiment, the alcohol includes four carbon
atoms or less. In an embodiment, the organic gas is acetone. In an embodiment, the organic
25  gasis admixed with an inert gas such as nitrogen. The acetone/nitrogen atmosphere causes
an increase of adhesion of the encapsulant layer to the layer that it directly contacts. An
example of the C-treatment is disclosed in U.S. Patent 6,726,976, hereby incorporated by

reference.

Typically, the encapsulant layer has a thickness of about 1.0 mils to about 40 mils.
30  For example, the encapsulant layer may have a thickness of about 2.0 mils to about 20 mils,

or even about 5 mils to about 15 mils.
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25  hexafluoropropylene- V1ny11dene ﬂuorlde (THV). In an embodiment, the fluoropolymer is a
copolymer of ethylene and tetrafluoroethylene (ETFE), poly vinylidene fluoride (PVDE),
fluorinated ethylene propylene (FEP), or combinations thereof. In further exemplary
embodiments, the fluoropolymers may be copolymers of alkene monomers with fluorinated
monomers, such as Daikin™ EFEP copolymer by Daikin America, Inc. In an embodiment,

30  the fluoropolymers may include acrylic mixtures. In an embodiment, the fluoropolymer is

free of maleic anhydride functionality.



In one particul ar enbodi nent, the fluoropolyners nmay be copol yners forned
of the nononers TFE, HFP, and VDF, such as THY copol yner. The THY copol yner
may i ncl wie 2DimaesyTM THY 220, DyneonTM THY 2030GX, Dyne®aTNISTHY/ 05004,
DyneonTM THY 15 X815G, or DyneonTM THY X610G For exanpl e, the copol yner
may include about 20-70 wt % VDF nononer, such as about 35-65 wt % VDF
nmononmer. The copol ynmer may i ncl ude about 15-80 wt % TFE nononer, such as

about 20-55 wWa¥aethl, RIRORDolyhdr RAGiid prdfarily REmE@BOLWIBIve TRYrdpbGdde about
15-75 wt % HFP mno%er suc gs ab gﬁt %o 65§wt% O her cher rmdpﬁgstl C

pol yrer s stdidhatngyhayesqefaqlyiss blends. peneHvasisnisd pplymeisiagripitqdg éqss ten hT| ude,

for exanp|g, suF&H'aé(leQ’s‘ tﬂ%?ld\'x? qes@‘ala){%%% or 1&9'tﬁéﬂ@v9t%sof(tﬁ’e°tlna1€ | ygar bonat es,
pol yet hyl enés, pol yetheri mdes (PElI), polyethylene therephthalate (PET),

pol yet hercenther kiea eir@in qhPpEEK)ent, ps| ppdimydr eorient l@éﬁl@iﬁlegrop@mm)laqu yphenyl ene,

sel f-re
pol ys 3 I :‘ %E\ g'[slt%{(1 %%U?’% %%28%%? g@??ém%g J}%ﬁﬁﬁégg&’ &%Hi@%? 1af)/gjioé>9}é%1enyl sul f ones
(PPSU), poleyatiherf ylréspaciye (IPESH)lymas dmnbftdnbpm; U wnd ereioi ¢ PtEE copol yner

|(|P gﬁf\é Clpgor%g{gteps%flt?agfg%% LESE%%C’OHRGC %l@w}{ effﬁlgroépﬁﬁp‘)s rprfpc?udésa g%lsen% gp (PAI),

pol ypht habafleod@udigoiner( RRGSectplod yysicany hmhdmxao@mt(d@laﬂ)h,e ﬂnoﬂopoﬂymbhanes

(PUR), po be zi m dazol e )., pol yphen enes

bol yoxy nat g ERe A r bretire ol EiS <P ies phERPRS L epty

pol ymet hmge@@ﬂyanml dgheragems, asl by @hdsiaaoehsre3OhdPhe) ysed inhé nat i ons t her eof
and the like. In a partjcular enbodi nent, the thernoplastic polyner |ayer

i ncl udes %F“b‘BH’lWﬁtpH@Pleb #t'ene, pol yi m de, pol yester, pol yan de,

pol ycar bonat e, pol yet hyl ene, pol yetheri m de, polyethyl ene terephthal ate,
pol yet her et helketegpagicular emiantirhératthoMsorofotynead may be ajposzniafsdbmdto;f tHehe

t hernopl asti c | a IS ano us or s stal line.

bar t 1 ool aronaiB i GelP: SHS Tah e Bt pafae ol ThY Stmer B Bt Bepol yrrer
are diff @yy@sén™aiBr 28, ByncbA® THETIMBEGESD ool PN 500@YBmes@y PPssess ot her
properties specific to the intended 5Suse. For |nstance t he therpnoplastic

pol yrer  Payfar: ordyngent A NoXeH @ eiusaigle-dbe smalyBREmEs Bclyfle ot ¥sif nat e

st ruct ur &y%PePF hdabR&C Such b g duh®I-#PRI B D FCm HRINKIEThd QYK mEPMay Melubde any
comonly used_processing agents and additives such as antioxidants,

fillers, RAAGSAMET hfegonoati suepsi§odgentsyt7ahld: mayoresndl attioanthe her eof .

I'n an en‘rg IR may@ndl0f Hb&ABER vour Iflfiﬁﬁlo%mérhﬁlcﬁ hefvmRPlRgs W@, pol ymer | ayer
may be textured, coated, enbossed, engraved, and

Other thermoplastic polymers that may be used for the thermoplastic polymer layer

20  include, for example, polyimides (PI), polyester, polyamides (PA), polycarbonates,
polyethylenes, polyetherimides (PEI), polyethylene therephthalate (PET),
polyetheretherketones (PEEK), polyaryletherketones (PAEK), polyphenylene, self-
reinforcing polyphenylene (SRP), polymethyl pentene, polyimide, polysulfones (PSU), high
temperature polysulfones (HTS), polyphenylsulfones (PPSU), polyethersulfones (PESU),

25  perfluorosulfonic acid/PTFE copolymer (PFSA), polyphthalamide (PPA), polyarylamide
(PARA), polyamide-imide (PAI), liquid crystal polymers (LLCP), cyclic olefin polymers and
copolymers, polyphthalate carbonate (PPC), polyphenylene oxide (PPO), polyurethanes
(PUR), polybenzimidazole (PBI), polyphenylene sulfide (PPS), polyoxymethylene (acetal)
(POM), polybutylene terephthalate (PBT), polymethyl pentene, thermoplastic elastomers

30  (TPE), combinations thereof, and the like. In a particular embodiment, the thermoplastic
polymer layer includes a polymethyl pentene, polyimide, polyester, polyamide,

polycarbonate, polyethylene, polyetherimide, polyethylene terephthalate,
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10t he Ii ke. The thernoplastic polynmer layer is treated to inprove
adhesi on of the thernoplastic polynmer |layer to the layer it directly

cont act s.woOrroev4essbodi nent, the treatnment causes an i ncrPeads2@fi/osxhesi on of
the thernoplastic polynmer |ayer to the encapsul ant |ayer. Any reasonabl e
treatnment is envisioned that increases the surface energy or adds
functionality to 15the surface. In an enbodi nent, the treatnent may incl ude

surface thEahRMerke®REWr 6@hbihARAL BRLSE. 15aH bMPOBIERI MO theRhI¥BC bSI§ALMENL,  OF
any conbination thereof. In an enbodi ment, the treatnent may include corona

t r eat mentlayeuy apoheneditsemistititliph 18aaticrlangrpiagiment,| tggncepsalaptdpyer and

scuf fi ng,h SR MO PR GRGFUEL RGReraf:€at ment, plasma treatnment, ion beam
treatment, |aser ablation treatnment, or any conbination thereof. In an

enbodi ment, the 20treatnent includes Ctreatnent. For C-treatnent, the
t her mopl ast i c 1 pothgeaplastgralyine laepBaraosess SUebpiopeatictisgedii (géhe intededor gani ¢

gas atnmospheis insWh&d, é'lhérﬁ%pl@s&ﬁ%@i el i elafha[m%lﬁl!ﬁﬁ{r&i &EEHHﬁﬂgS&lSthe ERrusexanpl e,
acetone or an alcohol. In an enbodi nent, the al cohol "i ncl'udes four carbon

at ons or of dhedamipgfe gucipp oiristance. ivetheymgalaptis Rpdgndr sayacaeomeludg #nyan

enbodi ne LG ' ] ' L ni trogen.
The acet oRay R BLBRNEARRhS ROTARR Weh s ACLOEAL 18R EVGEAS Ot 't he

t her nopl alses, entpadiygagents.aypd any eontthetioa hereof. hiataniembddiment k yorcoertalct s.

Typi cal | 1 I [ f
about 1. o B STTRBNERE b5y R KRG BN TLyER Byl TLAKIEOE Rl Bh 2",

t hi ckibesshgglikeat er than or equal to about 1.0 m|l, such as greater than or
equal to about 2.0 mls, such as up to about 4.0 mls 30In an enbodi nent,

the |am nate gfr %ﬁ%{;%ifﬁt s@oéﬁé&g#epﬁ!tﬁ%%?o%ﬁm&%fgg_o¥ &%Eﬂ&ﬁbﬁ?&tﬂc? pol ymer

| ayers and encapsu VI Si one an e iment, a lamnate
st ruct ur @olyawrr lager tade lapet ttidpeelylcayects lnfantehmbodiawet, e tdathiesreantes amt erial . I n

particul ap, . any aﬁggs?@rof?ﬁe haYSr ﬁst{%""q\ég%r DY gl %ﬁayteP eArtH/her mopl asti ¢
pol ymer layérs an e encapsuran yers-’are in an alternating
conf i gur atdsomableltrea@epais bhdtibaxl tesrheeians die, susfacecene@p susdan fulcayratitymay be

sandwy ch%(ltl beft we nartl V\obogﬁ%r o) é astic . ol mer eI ayer s otf th Sane Sor
di 1 arentIRTaFT d4f 20 PHeoiBemaPe SR R {RCTge shbch Bt ety P mrer 1 ayer
may be treatment, sodium etching, plasma treatment, or any combination thereof. In an embodiment,
the treatment may include corona treatment, UV treatment, electron beam treatment, flame
treatment, scuffing, sodium naphthalene surface treatment, plasma treatment, ion beam
treatment, laser ablation treatment, or any combination thereof. In an embodiment, the
20  treatment includes C-treatment. For C-treatment, the thermoplastic polymer layer is exposed
to a corona discharge in an organic gas atmosphere, wherein the organic gas atmosphere
comprises, for example, acetone or an alcohol. In an embodiment, the alcohol includes four
carbon atoms or less. In an embodiment, the organic gas is acetone. In an embodiment, the
organic gas is admixed with an inert gas such as nitrogen. The acetone/nitrogen atmosphere
25  causes an increase of adhesion of the thermoplastic polymer layer to the layer that it directly

contacts.

Typically, the thermoplastic polymer layer has a thickness of at least about 1.0 mils.
For example, the thermoplastic polymer layer may have a thickness greater than or equal to

about 1.0 mil, such as greater than or equal to about 2.0 mils, such as up to about 4.0 mils.

30 In an embodiment, the laminate structure may also include any number of

thermoplastic polymer layers and encapsulant layers envisioned. In an embodiment, a
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sandwi ched between two encapsul ant |ayers of the sane or different
material. Surface treatnent may be used with nultiple polynmer layers to

i ncrease wheordhedion of the encapsul ant |ayer to the tiremrispdia®sioe? pol ymer
| ayer it is disposed upon. The surface treatnent may be the sane or
different. The thernoplastic polyner |ayer, encapsul ant |ayer, 10 and
surface treatnent for the major surface of each |ayer can be tailored
dependi NGafifat BEuES Bl ihABINRHARBIE 1dyes HBRIsh8or diffe@nRMitd L UlndariRaRdi ment ,
the multilayer |am nate structure has a total thickness of about 2 mls to
about 20@nyhyugber of laygry may be gasigipnge ywheseslbrthprsioplasiqRol vy dyernd deween t he
ther Mop! a5l G- ard ik 06 RAEABS Ul Yol SUELmb &y ACHAR ageous.  For
i nstance, due to the treatnment of the surface 150f the thernoplastic

pol ymer leasppsulant dhyehaay bessandraahedditwehe twithpraroplagtic pdhenerdeyapsditherseme ayer |

t he adhes|. g ~ EME I NG ) 1 J j cul ar
enbod?ne%%?ﬂ%ﬁétagﬁgérﬁﬁé et&gngﬁhgﬁfhnmﬁ%@%ﬁ%hgﬁgggg@é{ﬁg§$$dividual
tensi | e surdengiet bgfvegaieh dneapenlantlayemrof érbade medifferentyeatéraali dafage st ruct ure
has a peel forc { I t 0 . n I pch {.nch), such as
01 canr bRPCSl Rt BREMER M e bt AR he It HRTC) 1 o7

r easonableecdpsular fayamy thepehanmwpbst@petynico taythieisldispbsed upors t Thectititice such as

reinforcing | ayers dhesi ve. !l ayer ie layers, and the |ike. tionally,
Lo ot or B Bisdhe BT & Gl E4Es Bre hirfon PR R Syt Syisb Sy BB G e posed
in any pasad kirtde wedifen fdrhge hajot fuataee SteadiClaydrear B Pilavd dgefidhddromeement to
the structure. In an enbodi nment, the reinforcing |layer may overlie the

t her nopl é%sP{t‘c‘E‘g BEPGIET gqsgﬁfgrﬁlpﬁ“’éﬁla%%%f‘ﬂ%‘ﬁttﬁe '%‘Hlé‘ﬂ‘%%frlé‘i“ﬂ‘f“&r%?ﬁge &er may
be subst anbhicknssbrBeac hik dbhBodthes mapl astic pol ymer | ayer.

"Substantially enbedded"” as used herein refers to a reinforcing |ayer

wherein at |east 25% suc s at | east ahout 50%  or even 100% of the total
Surface area BrandimpaprdRd R & s dean oS Ha RO B ss | c
pol yrmer laay @ .endapsidaioidyeris emhadieRnt Fortiftancgidoé @rieé Rehuha or thesyfverlie the
encapsul ant layer. In an enbodi nent, the reinforcing |ayer may be 30

substlant iPAMeyhEnplais aolAet uerand fsdispiaent ¢l hrturiaoagiifas casepsalantjaxehbedded”

as used RS Rh&idElreRcSwoayrs'ifdrBdse GittGmé el pathalae bibeimb Rk adedfon SUCh as
at | east about 50% or even 100% of the total surface area of the

r ei nf or cibAlgvermipe vy kyeirsageddhs ndivikwaldprsdp stgangtheof legghdpyer- THenr ej nf or ci ng

llayer can,gqiga), RIShihab stlaie hRAGREEBR LG 1681 SOOI LO ROWRLOPEifdhes of the
| am nate structure. For instance, the reinforcing layer may 1 nclude natural

fibers, dnandhatsich Fsiaplepst abgsyt 2¢.0 Msiteas ipeningther eof . I n an enbodi nent, the
fibers may be in the formof a knit, laid scrim braid, woven, or non-woven

fabrix. ExenpipfnertduMar a8eRtr £sB8lbk hned MAeb MR Rone @R MedgminaR0l yam des,
pol yesters, and the |ike. I'n an enbodi nent, t'he reinforcing | ayer nay be

sel ect ed sirpctyyg pechfag reiplprringflpvess, adhgsive lyesrifedewsrs, and the Bk fOntigaallyati nat e
St ruct Ur ek Rk, ey RH B QLA M hAYSKI ATk PANELAILREGKAGRS pOluglot ar eater
t han abou? 151 a§3 va I'n aﬁ egg%.ineﬁg; tﬁe ggnlﬁ' é strugFuré may
opt i onal Iwithimbt lrdenahstadmesiopeovideyreinforggmepkieniy sarugtured He gl ¢rabddayent, | npr oves
the adhesyqn, of. b6 LAYET Sl L E8GIRGARAG T ATURLGRLINunt e adhesi ve
| ayer overlies rflh gu@{@{:e “of ‘the ]ﬁ{é)%a%act%) }?ﬁat s 18 face 1anr;ll’ structure of
devi @8 t geinfordiy layer mmy bb eutatanadlyedhbedldedam the nipodoprestit polyhver lagresi ve | ayer
may over || on jor surface of the encapsylant |ayer. | n
embod: ment > PRBSRGETL ra 0 hAED Bbmy F e R v B L 258 of e
t her nopl asdh & aplehy awTut 5@y gor.e véml (@ %petrihd ©ul atrface area of the reinforcing layer is

embedded in the thermoplastic polymer layer. In another embodiment, the reinforcing layer

may overlie the encapsulant layer. In an embodiment, the reinforcing layer may be

30  substantially embedded in the encapsulant layer. “Substantially embedded” as used herein
refers to a reinforcing layer wherein at least 25%, such as at least about 50%, or even 100%

of the total surface area of the reinforcing layer is embedded in the encapsulant layer. The



enbodi nent, the adhesive |ayer is not disposed between the encapsul ant

| ayer and the 15t hernopl astic polynmer layer. This is due to the increased
adhesi on wonerguubsdinpart ed by the treatnent of the surf &ce/uskoiiios3009
encapsul ant |ayer and the treatnment of the surface of the thernoplastic
pol ynmer | ayer. Any adhesive material may be envisioned. Exenplary
adhesive materials include thernpbset polymers and thernoplastic polyners.
For inst alg@RicitdMBydrREH OB adidrial MBLi8EEALs the BoifBiidgtrdpetlRs bN@E MpRhast i ¢

el astoners, such as cross-linkable elastoneric polymers of natural or
synt het i ¢Ueitwigi Hor ipviange, eiseviormeataycr ney Rabesnajwal ey sydyplioBd@EE1y1 vi nyl
acetate (EWAhaidahdEst & af EFimER! NI NANEve if RYBRPBES Mlidtaf sl V! T Cs,
phenolics and the I'ike. In a further enbodi'ment, the adhesive |ayer

i ncl udes baid, eavem pr agt-wevandtlici dixemphiyrginforeppient fikerpiaeladaglesspyamigs.eat er

t han abo Ipen t adhesi - i.ncl a

t her m%)pl :i&s)l ?%%%ghﬁggers’%g?gﬁé%hgn% el 1 tg%ﬁéﬁgl%lﬁ)rfcgﬁ%ig?&d]?%gj?er t han about
350F, suctledsd mgartderaatedectiohdre sabfacgtiex4@0 Bf the lrgphings stnpturgfomatdrThehan about
450F. I n _an.en i ent .. the hesive._ | [nelu t her nopl asti c
macer i ol AGRIR TR neb O RR RS LY G UG kPSR ESuP s00r

Typically, the adhesive |ayer has a thickness of less than 5 mls For
exanpl e, the {mingdoedinenf, theHemmdizetiarere nzy eptigrally beludn amadhasigelagdr. about 0. 2
mls to 0 I dj fent | am ure is free
of any azj%eegi% Vv Ia%aa{;ﬁel!?’s.we lgye?‘ﬂng&g\?eg%er% ar ;1 Oeftr%%glgﬁ’ er?}sne?rt\? 1(?'%6 yg(t){tgcgnst' nat e

st r udur dypally, sheiadhasstedaeedverlies BleSurfice of lde lhrammta dliag isgd fage by eructos] udes

encapsul ant, l.ayer . 102 havi n jor syrface 104.. A.thernoplastic polymer
Caver 10amHedtiS B Bt o o AR Bt i TEHTBRY PR S Eapant ant
| ayer 102edoad imapat@thct of thaelcapsénabhas i afbddheens,ulid aibesivkOdyer Tfag maj or
surface 5 108 of the, th(?{ m)ggsgs%hiﬁc dpil mer Ialer 6 is treated to

i ncr ease “VHdC AGHELT BAICH IRV FAEPPIIRS PAWE ATt AR U Ehbodi ment, t he
treated rmjbedingHl fRaehelQ4 19Er it A6t dipoaaDUivarRh iHeaYeipsullR ldysr Midsosed on the
treated major surface 108 of the thernmoplastic polyner |ayer 106. In an
enbodPredtcrmepiastic RHYRSE BYSt Attty 4 8y 1?%?/“5?%%9116%‘@1 Séli’?f}gtgflﬂweii Byd¥nabl e

| ayers. AR@hRerorendeehoBFihQhcapshiaiingt grdsthé BeduMER oRQQ shifack bl st rated in
FIG 2. The lam nate 10structure includes an encapsul ant |ayer 202 having a

first majlsrmeplptigpelypoalayeid a second maj or surface 206. Both the first
maj or surface 204 and the second nmjor surface 206 are treated to increase

the adhesi on ahy hdiRsise aREESMAOA endidBned) Hiehplar) MBEIRPhASHICinpRIY MEr | ayer
208 has a major surface 210 that is treated to increase adhesion of the

surface 3AUNOSPhRClY @A pRHDARIBISSURTHRES- 21O IBHanth dha (hergrplHiiBgidst i ¢
pol ymer gy ehc1dR3nhM8phi @21k el §3h 8crbistifikarho BRLGhe R Bh&s S0fhnRd] t he
encapsul ant | ayer 202. As seen in FIG 2, the first thernoplastic

or synthetic origin. In an embodiment, the adhesive layer may be ethyl vinyl acetate (EVA),

polyester (PET), polyurethane, a cyanoacrylate, acrylics, phenolics and the like. In a further

embodiment, the adhesive layer includes a thermoplastic material having a melt temperature

not greater than about 300°F. In an embodiment, the adhesive layer includes a thermoplastic

25  material having a melt temperature not greater than about 350°F, such as not greater than

about 400°F, such as not greater than about 450°F. In an embodiment, the adhesive layer

includes a thermoplastic material having a melt temperature greater than about S00°F.

Typically, the adhesive layer has a thickness of less than 5 mils. For example, the
thickness of the adhesive layer may be in a range of about 0.2 mils to about 1.0 mil. In an

30  embodiment, the laminate structure is free of any adhesive layer.



pol ynmer |ayer 208 directly contacts the encapsul ant |ayer 202. A second

t hernopl astic polyner |ayer 212 has a najor surface 214 that is treated to
i ncr ease wohesymnsof the surface 214. The treat ed naj or pelffSacia/ 02349 of t he
second thernopl astic polyner |ayer 212 overlies the treated second ngjor
surface 206 of the encapsul ant |ayer 202. As seen in FIG 2, the 20second
t hernopl astic polynmer layer 212 directly contacts the encapsul ant |ayer

202. The firstnthafipRRleatbiiteRA N Rhinh@¥@icnd®F0@RdIthRes RO t gy nopl asti ¢
pol ynmer |ayer 212 may be the sanme or different material. In an enbodi nent,

the | ani habigals siysssre sluderoenaanpulppidinies 024y ngaHeHOTBHasHAM & | ayers such as
reinfor C'tﬁwmla@)(ﬁ%%olyﬂ%bﬁ§ér\/1%6 hésYa%%or §u'n%cé ke Sie nARA stffe hd)zk@f th&Ny number

of |ayers may be envi siohed. Any nunber of thernoplastic |ayers and
25encaps @h@ﬁmwlaﬂm}%fﬁl’sl(ﬁn@r@mﬂl tg ingrrask ad}t\mrtﬁrthf?e@aémﬂ oy Thappleaswtase r uct ur e

is ill UStlbﬂ) tﬂe d{énﬁ(g)%sﬁgpﬁlgﬂff 13 &?E}@fsq}eht)édg) ﬁ&rgﬂ@%l%gidﬁ Ql'no-ﬂa% Fﬁggenat €

structure I nc 1ic pol ynmer |ayer aving a first mjor
surface 308 hrbasicsbie omuoctmpm)rths uwftabmajeﬂﬁrfa%t(ﬁ of He eh¢apsilantdgyor 1(Bur f ace

304 and h?lg)og&f) nqﬂgﬁ'%fgeél I%E}i{)l‘gs(blfl : gl[%Q of g tﬁernﬁgé}?s%lc gglé/mrf]:g% 381%6t neanadheSi on

of the suUrTdces encapsu has a naj or
surface 3ﬁmomhﬁntﬂﬁlﬁnﬁﬁb&ﬂxﬁneﬂ@bmeﬁmemaﬂhﬁsmﬁmrm$mmhmlammface 310. The
treated major surface 310 of the first encapsul ant |ayer 308 overlies the

treat .ed first é{‘{g‘{hg‘; enﬁ)%d{n%ﬁteofgaq le etst}?ct @%E)éﬂ)sé@%?r eeﬁi 4 gerI'h(—lE ﬁ}ﬁ?ﬂat 302 AS

seen in FIG I'rst encap su a er Irectly con t he
t her opl astbdtare mnman dmg@nlaﬁlﬂ?yer /QOEImymgdt festowgsru;hﬁane Adymd a @t@ndﬁ as a nmj or

surface 314 that to |ncr on of the s 314. The
Creatod iRl PRecbgR iR haRSLERR SRSk ot mils sPHt IEuEl Y ed the
treated seawnhd umme teukihacs o3 @ soffadeh 204, bes. nm[ﬁlrﬁﬂierrﬁomﬂhypﬁymbﬂyﬁ? 302. As
seen in E 3, 5the eco enca | ant | ay 312 rectl ontacts the
Eher mop! 208 b R yr e i o e P i et M teedl B6e hnd t he
second engaps tapturfaay 210 ke MByth&obhAstSRINEn@ aydi I03e5eilits B tedtedtisst | N an

enbodi_nment, the lam nate structure 300 may include an¥ ot her reasonabl e
Iayeré s@@ﬁ“&gﬁ%€9948ﬁ@FﬁﬁmP%W@FEymé@%eé?W@nwh§%¥§‘h?1§tﬂﬁ Stl‘énd t he

i ke. AnyoRuEPREedi08 ldRYElySofidts e eBRBLIARNSE: 202. A second thermoplastic
polymer layer 212 has a major surface 214 that is treated to increase adhesion of the surface
214. The treated major surface 214 of the second thermoplastic polymer layer 212 overlies
the treated second major surface 206 of the encapsulant layer 202. As seen in FIG. 2, the

20  second thermoplastic polymer layer 212 directly contacts the encapsulant layer 202. The first

thermoplastic polymer layer 208 and the second thermoplastic polymer layer 212 may be the
same or different material. In an embodiment, the laminate structure 200 may include any
other reasonable layers such as reinforcing layers, adhesive layers, tie layers, and the like.
Any number of layers may be envisioned. Any number of thermoplastic layers and

25  encapsulant layers are envisioned.

Another exemplary laminate structure is illustrated in FIG. 3 and is generally
designated 300. The laminate structure includes a thermoplastic polymer layer 302 having a
first major surface 304 and a second major surface 306. Both the first major surface 304 and
the second major surface 306 are treated to increase the adhesion of the surfaces 304, 306. A
30  first encapsulant layer 308 has a major surface 310 that is treated to increase adhesion of the
surface 310. The treated major surface 310 of the first encapsulant layer 308 overlies the

treated first major surface 304 of the thermoplastic polymer layer 302. As seen in FIG. 3, the
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10l n an enbodi nment, the lam nate structure nmay be forned through a nethod

that includes providing a thernoplastic polyner |ayer having a nelting

poi nt temporatumesdr gl ass transition tenperature great @CTiUsan1abwoe 165C.
Any reasonabl e net hod of providing the thernoplastic polyner |ayer is

envi sioned and is typically dependent upon the material used. For instance,
the thernoplastic polyner |ayer nay be cast, extruded, or skived. Further,

t he 15t hefrfieptapsliin 106 J08REredBYBhtalld thedhdRbALstR YofyRfeLlal &2 A stépat ed to
i ncrease the adhesion of the najor surface. As stated earlier, the

t r eat menteneRTUIAMEY B0 24T § BiieT tirbae Akhihat igheadda increagsidresien ofdkdi um
et ching, (plrasnRy t HRATIRAnaj@su @R 3¢90RhE ?%&h&pentc%ﬁﬁﬂtf 1|ayeTBPz ﬁ%hha@%ef ur t her

includes providing an encapsulant layer. Any reasonable nethod of providing
t he encapsatkdpacondmeaipr susfaenfogif dredbieraplastis polypice &lyeys0de penetane Flfpén t he

mat er izal j thdTBY ~ | 4L on cast,
or skisve . Sggor%d-r%é%pglﬁ#éYagﬁ%%rggﬁl;legt&f@%%?ﬂéﬁ%s aplﬁ%cg?r&y%té?ﬁ g%reﬁ)'? hg%léi S

treat ed tfostiencpsdae laybe30ddheé theaercood endapsutm] byerSiE frag ¢ thasaine at dtferenr | i er

t he treat ment y_ingcl ST [ ne chem cal treatnen sodi um

et ohi g rdeleip bR EnC Y G SBHAE R SRSy SRR AR Db oF et

t he tr eatledrsrvagiors reiufor@nelagdrs, tabigesivh éayem plicalaydre apdihy ke, Asyymrmbesofdi sposed on
the treated na;é,qj[ surf ac(ﬁaof t he encapsul ant | ayer. 25ln a particul ar
enbodi ment’ St WE T4 €8 haj or surface of the thernoplastic polyner layer is
di sposed directly in contact wwth the treated major surface of the

encapdul ant | &ysremtiotliimgut, tznyminatestrvame mgry lbay@med throw@harsethodinyiatr easonabl e
nmet hod of._di sposing t t her nopl ast | | ymer. | ayer on the encapsul ant
Taver i o sRE RS FerkiFLIRRGRE fnBstTRG e n B bR PO ace o

t he t her napdiasi k@pgotuyeneeadralyarabon 165 . tAatadnably wéthssifpaeediog thehe
30encapsul ant | ayer inc]udes |am nating the ther | asti c pol r layer to
The oneageamamt T Ry T s A el fisos il Rl o
vacuum Glor RByn@Oi ieahofaktit PEN 86T 1afe nak ®e aipck@etet CortshiRed. ayieihss, thdny
reasonabl e heat and pressure is envisioned with the proviso that the |ayers

of tHE | AFTRERIEsS PPyRYeE aderdigs i BIon sfaseiial is feaediodperase he adlssOn RERE,  t he

| am nat i mlgalj&rsgﬁ&%.s Als Stafe@Rghiet 8l (RehRW HieintBhd duddcd@ianher®fchéfiRaiencapsul ant,
or even below the softening point of the encapsul ant, or bel ow the point at

whi ch sulist@Eisns spdige pighipntlasmagratsat erpysenbaaion thereefndpe asthicd pol ymer, or

conbi nat igQhel HRLAAS prORGHE Sn edApAnEARQAIANE AlasdABle M Ik Efwidﬂ{gQE@S S occurs
near or slightly above roomtenperature, Such as 5about 25C. I'n enbodinents

wher e t heéneapedpy idyains enayrerred @oh tsaymenlly derestient kpergthe matetipl uied. abbaicallves,

t enpepat wr e i i r whi ch
wou & subLEaREYE R Bl A d BT ECPRERD. TR don SR p RSP 1 2
parti cul armagersodageelnd s tdaedlt@mcrateitingadbesaeh ¢fitonsajar wirides i Assthtwharlgin t he

encapsul %Qet trela?}%{fglli rniaS inré utde %Jrlf) %(ti %Qe;[ti g‘rlltl éﬁg%}é’ raFtcrjéat . é\rllq,tsogiHRSeEc%ﬂ}gi, Silas|n¥a cured” as
used hereinrefers to less ahan allT)lOUt 2) reacl?l on or
treatment, or any combination thereof. In an embodiment, the treated major surface of the
thermoplastic polymer layer is disposed on the treated major surface of the encapsulant layer.
25  In a particular embodiment, the treated major surface of the thermoplastic polymer layer is
disposed directly in contact with the treated major surface of the encapsulant layer without
any intervening layer or layers. Any reasonable method of disposing the thermoplastic
polymer layer on the encapsulant layer is envisioned. In an example, disposing the treated
major surface of the thermoplastic polymer layer on the treated major surface of the
30  encapsulant layer includes laminating the thermoplastic polymer layer to the encapsulant
layer. During the laminating process, heat, pressure, vacuum, or any combination thereof

may be applied to the layers. Any reasonable heat and pressure is envisioned with the

proviso that the layers of the laminate structure do not degrade. In a preferred embodiment,
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10 crosslinking, such as |ess than about 25% or even |ess than about 5% of
the polyner used for the encapsul ant layer. In such an enbodi nent,

subst ant iaDI2g1d04D391cur e may be achi eved during | ater pr@ceds2oig/,sihen, for
exanple, the lamnate structure is disposed as an el ectronic protective
sheet. In this enbodinent, the lamnate structure may be readily shi pped,
handl ed, or prepared for |ater processing wthout the adverse effect of the

encapsul apt1aha¥Ehe HERAE @tcbﬁtglcaaéBél@mﬁmemh%wﬁnk%_tein@aﬂsam,ror even 1N a
particul ar enbodi ment and as seen in FIG 2, a |lamnate structure nay be

provi ded beleatthe sticniae goipt Afvhannegpsalasleeidivipvt e prippitadidheupangiver | ayer

overl yi N R 8RN HEhQfpss il AGRoBlasd Po1RRe 3R SUhBRhtidnaH&Eof obird RGRT T Cul ar
enbodi ment and as seen In FIG 3, a lam'nate structure nmay be provided that
i ncl udes epbodingntibe Rnsrasiog proedss agesied meat orjshghsly apoveopen tgmpegptereseclodsd maj or
sur f age h I AR i ' ~ ~ i.nment, the
nmet hod | %E?lttggosd ' pﬁlam ng%?e [equlgf% tﬁg%agsgyag{lﬁ%{a 8@?]%5%1%%%%%1? ggfglalﬁgel ectronic
devi ce sudditiass, @mperatute lsyrdedf tof lammaghepbewoniney evied é¢low thrchsheetuldf an

el ectroni e, an enc | f a lLect roni ¢ _devi [ i nation

t her eof . Sﬁtﬁsgaglﬁalgy 50d irer?gtn(fr,%Pot%ﬁE&F%rﬁ%ﬁ%)tsga%tlgyﬁ%t lglraé) arr%%illyalr %@P%dg‘gengﬂggi nf or ci ng
| ayer. Theniddimgtchodtiafs adi depiosi wigrdih erercecapbdart laygr ik aytesubamrtinilncdréte | am nat e
structure,is dependent upon the material of the reppforcing | ayer as well
o5 the 1 el ubRBRATS Bt PR sRaTE 0 168 APl SUPHEAHEST be” envi o oned.
For i10st aRgdinkingCOARY Résahdnyabamtedska bl € ch @dsnihat abaug sy ay e pdBynebasedasd on t he
| ayer it directly contacts, In an_ enbodi nent ei nforcing. | ayer. may be
provi ded W %“ﬁ"i‘PFn“]f‘?fgaXeﬁ P FH)CBIaa§f"$8d1‘5‘61‘tyﬂ’é??ta‘i‘t3§}é?“1{)‘?“‘?/\5“1?‘%19‘?1“?‘?‘?86%‘%%‘&‘%3u| ant

| ayer, fcmeﬂpﬂ&b@dﬁcgewaera@orce@m%aé,qh@hhﬁ'naaevmbtaw 18 diRRSsed Asan edrodifiCl ude a

rei nforci n% | ayer substantially enbedded within the thernoplastic polyner

| ayer or PHfleivhsioRe T8 bapemdamnt By /aminas Hyeyisarty taeadinghipredt kadicdni nat e
st ruct ur g pRYaB@ERR IfertphR edstpSlithout the adversk bif@ o PHBBRIaYRIdnBYNSEr sbsartigd, the
application of the adhesive layer is typically dependent upon the materi al
used.lSAnyronethe fiseperdasHeladiefd of appl yi ng an adhesive layer is envisioned. In
an enbodi ment, an adhesive |ayer may be extruded, nelted, |am nated,
applied in a i gpHreeuttratBo@REndil 8scof itGed, a @RthateRBuddik@aayfRr i nstance, a
t her mopl asti ¢ 5adhesi ve may be applied in one step or nmultiple steps. Were
t he adhePrvéler &§aé mclugespre Hding seondcBRIPAIstic PHEMEISaXBYSYIng aspgindal | y done
in one PrOCaSErtadMol theleh@pbifhiiSeAdREDhYiBuIARR A dnPaRNE sQh ifPIE 304 the

| ayers which are then brought together; heat may or may not be used to cure
t he t her doRiaate pifgrtae ey by providay theeiagladesiprayidieg hepdorskencapsilagf layge adhesi ve
may u I@%da' I [58% ril, gl sen. Reasonabl e
nmet h(??s ?ﬁ%} ude, ée?%&dglg%’]&?ilgxﬁﬁog% , %Pfggfa&:h(ﬁ@%é Tg?&ulg Ir?l?g&ﬁp Once the

| am nat e estbpdioteny; theing:tfodrimaales pleing thedoninate anagrolpetigushfet of adeleatroars

aut ocl avin [ S vagu | am 1.qn.progce rol | ihation process or
any ot ner Py PROREeFali SRR LAMBLL AR PR Sel il L ATIPALRA M

| am nat i @ncapsulimeaf art dleabonie [t vipe, oCessbimsipn ereof.

In an embodiment, the laminate structure may include a reinforcing layer. The

25  method of disposing the reinforcing layer within the laminate structure is dependent upon the
material of the reinforcing layer as well as the layers it directly contacts. Any suitable
method may be envisioned. For instance, a commercially available reinforcing layer may be
laid on the layer it directly contacts. In an embodiment, a reinforcing layer may be provided
within the thermoplastic polymer layer or within the encapsulant layer, for instance a

30  commercially available material may include a reinforcing layer substantially embedded
within the thermoplastic polymer layer or within the encapsulant layer. Subsequent heating

of the laminate structure may adhere the layers.
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above the softening point tenperature, above the nelting point tenperature
or above the 15reaction tenperature of the crosslinking additive within the
encapsul am0.201z408%1enbodi nent, the autocl avi ng process rgpiusadiipsmocurs at
a tenperature greater than about 300F. In an enbodi nent, the autocl aving
process occurs at a tenperature greater than about 350F. In an enbodi nent,
the autoclaving treatnent is at a tenperature from about 300F to about

350F. In a pafftinGuhdive YRPLubRNIhe ap IR a@H R EHAVhED RERERTHIENQSS- | | Nks the
encapsul ant, such as when 20t he encapsul ant is et h%/I ene vinyl acetate, to

covert t KWEPYHEN MDY he PREETIpoIsgb| A arBat MABPHOSIPPIYHS ApaHRPIVA JayPhisa
particul %Bvﬁm?%a?'Ifgﬁl{'émb&d‘fiﬁelﬁ,ta%h?&?ve?{e}y@yﬂnﬁﬂﬁﬁﬁh&d, &eft«%lf, g&ﬂiﬁ’&t&ﬁ, wth a

peroxi de crosslinker. Mre specifically, e case o per oxi de
cr ossl i nkepliedtihe ligedstricand tdagroecatedr andwesuikg. er igeificaedthesophstione hour

hal f - i f i t i de el >The | am nate
str uctsur gdge?fvt@#g&g?g@gﬁphfﬂl\?%e iOgﬁlu%@%%qa%@%g&?%hg&i%ﬁ y%gsyébdevi ces where
i nper meabhdrinpset mategalyihe essamhlyas typisalth dane msorypedresss withitstligniel adhativeear

resi stance i ired. | xe [ di,.men the. |l am nate ructure
<" subet A1 SN g8 belnf B S SARD AR p B Rk P hATV PR e o

st r uct ur esaidv ank agabersloyeti@sadaeshat ynyvwegponabpendteabificiuting tbé adlesise hhgn or

equal to,about 5. qg/nR/24 uch as_|less than about 4 g/ n2/24h, or 30 |ess
Chan abodt SRS oot d et Fi sl R iofnE Pebipa®: oot ur e
has aowatferexwiaplesUpes-baabhhhd thyliké. | ess than or equal to about 0.5 g/ nR/24h,

or even less than or equal to about 0.25 g/nR2/24h, according to the ASTME

9663 T standard; @grni.nﬂg thag

the | am pate structure, is rticularly
mper meabl ot 0 bag pipate sty i TGl B neitr iy b SEbeBeR A 6 i o a0 | or ed

dependi nguwplaing p@cs opeddn Rsithesh pedess,froll lantisdtian peceds loe anyaitsdritgle of ayer s
may be chosen to ‘grj%vi de anﬁfogaq{lﬁell am pate 5structure, a substantially
t r ans| ucfitt UCAMCAGL ETPPIAHEE ofrtae aldoclaying, BEHRANOP g hep! FRURTHBIFEHT MR nat e

st ruct ur @bbve thd\@fi¢his pbiet thingdihtufedgLe theelti okt CmhRian@8bothoneme, the
| am nate structure has a light transm ssion greater than about 80% In an
enbodPnedtaciphiempgaiufratdhesepistitkipgeaddiye yyidy By encapsulaat A e cypodpentegst

about 70%@a%td%ﬁ%ﬁfgrp%e&%y;ﬁ@ﬁ%/‘oﬁ&%s’lat_a't&nﬁé?at@ﬂ%%?éile&’ﬁﬁh abddd SodeRM AL € _
structure has greater than 90% opacity, wherein opacity percent is defined

as 100% Eobmilimgst, theanoirwsg prcge paanttat p tenifestut® @eed@ 0Gamshouahiyél. lsinneasur ed
by ASTM Eeﬁl f)ldiment, the autoclaving treatment is at a temperature from about 300°F to about 350°F.
In a particular embodiment, the autoclaving process cross-links the encapsulant, such as when
20  the encapsulant is ethylene vinyl acetate, to covert the thermoplastic polyolefin to a thermoset
polyolefin. In a particular embodiment, the ethylene vinyl acetate is formulated with a
peroxide crosslinker. More specifically, in the case of a peroxide crosslinker, the reaction
temperature would be defined as the one hour half-life data as specified by the peroxide

manufacturer.

25 The laminate structure of the present invention may be appropriate for any devices
where impermeability to environmental conditions such as moisture and wear resistance is
desired. In an exemplary embodiment, the laminate structure is substantially impermeable to
water vapor. For instance, the laminate structure advantageously has a water vapor
permeability of less than or equal to about 5 g/m2/24h, such as less than about 4 g/m2/24h, or

30 less than about 3 g/m*/24h. In an exemplary embodiment, the laminate structure has a water

vapor permeability of less than or equal to about 0.5 g/m*/24h, or even less than or equal to
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Exenpl ary devices include, for exanple, electronic devices, photoactive
devi ces such as photovoltaic devices, light emtting diodes (LED), organic
| i ght emwoi2np/ddzvdes (OLED), optoel ectronic devices, i RESTIBRIINYSHPOASS
assenblies, and the |like. Exenplary photovol taic devices can include
silicon (nmonocrystalline, nmulitcrystalline or anorphous), COCS, CS,

15CdTel , OPV, or DSSC. For instance, electronic devices nmay be forned using

the | am ngéR 0t UaYMhea@8rdid8o %t@mﬁt96@@¢%ta9@ar@f mbAEn @Y (B lafltAle 1S 1N
contact with the environment. In an exenplary enbodi nent, the |am nate

st ruct ur SUHyTe lepagicalrly figperaalplogyaltis a prot ective sheet such as a front
sheet, a backsheet, an encapsul ant, or conbination thereof. In a particular

enbodi ment , pnpatml%umnd%1§ﬁﬁlaﬂa&bfudtﬁ&@llmgor9@ﬁép@§<ﬁﬁ ¥nGR! frspes@Rdwi ched
20bet ween the | ami nate structure and an optically transl ucent sheet, such

as a gl as'ssigHepr ingpncedhNpCHEd2SEIRER s IBPROREE an SR3u ROy The

phot 03ct 'sbfﬁ‘cu% vd ﬁﬁst%ﬁllp ?ral%ﬁi&@ﬁ%r%latb' ShReurE QR d 'é@&staﬁﬁally%a%ﬁa%ﬂﬁﬁﬁ&te such as
netallic int erconnect s and/ or sem conductor interconnécts. device is

t ypi cal | plrisyrg in Ggaisidg lighhraggg. rlamr@tllrau@rﬂmdenermhet lamyinate Sﬁ@ctp@rhah ate
structur g HPtan is §1’?Qre }tﬂa&{ﬁé 9" IR Efbb@hend "ﬁﬁnﬂg&hﬁﬁm fr amed
oF 't d.

devi ce, be envi si one I nst ance, e | am nat e
structur @olﬁalgeﬂbéangs eﬂat\lwmetraéomtd@ﬁmtrwsqﬁrub}v\éﬂw@ﬂe1;1 @teanrhoélrmne thgesi r ed

such as Farf] &}E & c|t1Yrg Pésag\aﬂgaﬁer];%%ggﬁ%%%aeltyf gzﬁlgr eropaélgrg}e}cglgt 1S fﬂlg&) W1009ecor ative

panel s, or faca he am na structure I's part| cul ar
advarilOagem’u& tiransralsmompmant Bl ths 410 1 190 nFongel msheasered by ASTMAA2dat e struct ure
significantly decreases waste since desirable 30 adhesion is achi eved

b h ~ i th
etween the tg?@g‘%@ﬂ%k& &éé”}?ﬁ Beat?%eé eI% éﬁét“&evi’cﬁs‘;?ﬂ&%c% édé §lu t hout

the need for ate adhesive ers urt er nor e,
handl i ng a shotdvmiinioviedceshiighh cial g diodss élanléB omghnic bgﬂitlemﬂangshocﬁs (&¥yDaut omat i on

g,[ ?ﬁgtsﬁreZpy(\)@l%ctrcp 'icocg ucclgsn %}?8@9 ré%gﬂggﬁ?g‘%erenbhes a1 %lﬁet '%%8 Rho[&(/oftaal‘g] nate

devices can include silicon (monocrystalline, muhtcrystalhne or amorphous), CIGS, CIS,

15  CdTel, OPV, or DSSC. For instance, electronic devices may be formed using the laminate
structure as the outermost portion of the device that is in contact with the environment. In an
exemplary embodiment, the laminate structure may be used, for example, as a protective
sheet such as a front sheet, a backsheet, an encapsulant, or combination thereof. In a
particular embodiment, photoactive devices may include photoactive cells sandwiched

20  between the laminate structure and an optically translucent sheet, such as a glass sheet, or
sandwiched between two laminate structures. The photoactive device can be connected using
conductive interconnects, such as metallic interconnects and/or semiconductor interconnects.
The device is typically held together in a framed structure. Further, the laminate structure
may be used with any other material, framed device, unframed device, or the like, that may

25 beenvisioned. For instance, the laminate structure may be used where laminates and weather
resistance are desired such as a protective layer for signs, outdoor lighting, windows,

decorative panels, or facades.

In an embodiment, the laminate structure is particular advantageous in a commercial
setting. Por instance, the laminate structure significantly decreases waste since desirable
30  adhesion is achieved between the thermoplastic polymer layer and the encapsulant layer

without the need for a separate adhesive between the two layers. Purthermore, handling is
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5fil mof an ethylene vinyl acetate obtained from Sai nt-Gobai n Perfornmance
Pl astics Corporation. The ethylene vinyl acetate layer is non-matte and a
surface iwocorxdmesdir eat ed. The corona treated et hyl ene eCmuS2@aaesave | ayer
surface is lamnated to a C-treated side of a copol yner of ethylene and
tetrafl uoroethyl ene (ETFE) | ayer obtained from Sai nt-CGobain Performance
Pl astics Corporation. After a few hours, the two | ayers are inseparable,

i.e. the ualagmb&mhlb@m\@ﬁlereada@trfe\wﬁch@qwsﬁan%ﬁ@%ﬁ&l ,Iglla@esge% Réh Brodbdigngt h of

the | ayers. Peel strength is measuréd on an Instron instrument with a
1 inch vmﬂéf‘elalﬁyla@ in long sanple. The test speed is 300 minmin In Runs 1-5,
an ethylene vinyl acetate |layer surface is subjected to corona treatnent
and is | aixampbedto a Ctreated copol yner of ethyl ene and
tetrafluoroethylene (ETFE). In the control sanple, the ethylene vinyl

acetate layer (is not 15corona treated and is Ia nated tgo a Ctr ated
copol ymer of EPK{RNEY antéqurﬁgr%@ﬁhs‘h%?f@alf% Yerl\feag’gﬁtrzéﬁjelﬁ t's were

made 3f t nmapRK OKj16RE hY addatb Obthisied RS WhinG GEBdIn P&fERERciMhsiiabl € 1. WO
2012/ 040591PCT/ US2011/ 053009 Table 1. = Corona Dosage (W mn/ft2) Peel

St r engt h GoBBATHiPH iThe NBWERHEny @fetitp @Pﬂer(lSﬁ%@éﬁtﬂaﬂé‘\ﬁpgﬁqedﬁﬁor‘iﬁ@é}rea@fl rengt h
Aver age iie NeWhPRSRRhyIdRE Rink Bl@Adanfr davicals 18hha®y D dCre VAN iEI b Peel

copolymer of ethylene and tetrafluoroethylene (ETFE) layer obtained from Saint-Gobain
Performance Plastics Corporation. After a few hours, the two layers are inseparable, i.e. the

10 bond between the two layers exceeded the tensile strength of the layers.

Peel strength is measured on an Instron instrument with a 1 inch wide by 6 in long
sample. The test speed is 300 mm/min. In Runs 1-5, an ethylene vinyl acetate layer surface is
subjected to corona treatment and is laminated to a C-treated copolymer of ethylene and
tetrafluoroethylene (ETFE). In the control sample, the ethylene vinyl acetate layer is not

15  corona treated and is laminated to a C-treated copolymer of ethylene and tetrafluoroethylene
(ETFE). Measurements were made after approximately 24 hours. Results can be seen in

Table 1.
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13.08 21.5 (0.9) 14.3 (1.2) Run 2 - EVA/ETFE Peel 3.97 18.3 (2.4) 11.7
(1.3) Run 3 - EVA/ETFE Peel 1 27.6 (5.5) 15.9 (3.0) Control - EVA/ETEL Peel

0.0 0.9 (WODp1204d5940. 1) Run 4 - EVA/ ETFE Peel PCT/US2011/053009
Table 1.
Peel Strength Peel Strength
Corona Maximum in Newtons | Average in Newtons
Dosage (W- | per inch (Standard per inch (Standard
min/ft%) deviation) deviation)
Run 1 - EVA/ETFE Peel 13.08 21.5(0.9) 14.3 (1.2)
Run 2 - EVA/ETFE Peel 3.97 18.3 (2.4) 11.7 (1.3)
Run 3 - EVA/ETFE Peel 1 27.6 (5.5) 15.9 (3.0)
Control - EVA/ETFE
Peel 0.0 0.9 (0.1) 0.4 (0.1)
Run 4 - EVA/ETFE Peel 1 10.6 (0.8) 6.7 (0.4)
Run 5 - EVA/ETFE Peel 0.5 14.3 (1.9) 9.3(1.2)

Clearly, the surface treatment of both the EVA and the ETFE increases the peel

strength of the two layers.

Testing is performed to demonstrate the increased adhesion over time of the laminate
5 structure. Testing is done on an AR1000 adhesion release tester tested in accordance with
TLMI standards at 150 inches per minute with a 200 gram calibration. Testing is done on 1

inch wide sample strips.
Example 2

A sample of corona treated EVA is laminated on a C-treated ETFE.  After 3 days,
10 two peel measurements are taken on the sample with results of 679 grams per inch (g/in)
(6.66 N/in) and 607 g/in (5.95 N/in). Eight days after the first peel measurements are taken
two peel measurements are taken on the sample with results of greater than 1100 g/in (10.8
N/in) above the load cell limit. Clearly and unexpectedly, the adhesion of the layers of the
sample increases over time.

15
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1 10.6 (0.8) 6.7 (0.4) Run 5 - EVA/ETFE Peel 0.5 14.3 (1.9) 9.3 (1.2)
Clearly, the surface treatnent of both the EVA and the ETFE increases the
peel streamgtzhi2oioidme two | ayers. Testing is perfornmed tecaasengosawoe the

i ncreased adhesion over tinme of the lamnate 5 structure. Testing is done
on an AR1000 adhesion rel ease tester tested in accordance with TLM
standards at 150 inches per mnute with a 200 gramcalibration. Testing is
done on 1 inch wide sanple strips. Exanple 2 A sanple of corona treated EVA
is |am nakeslpers a Ctreated ETFE. After 3 days, 10 two peel neasurenents
are taken on the sanple wth results of 679 granms per inch (g/M (6.66

Nin) and 607_g/in .95 Nin). Eight days after the first peel.

reasur anent s B RaRaid b mpE At SRS D bambRRak SRHET W o wi e
resul ts dhe@i@pduint lapan inkhidl a Gleirmorldstic SondinkNhaagme dbbgnel] Geh 0@ont bri M t .
Clearly and qg?éﬁ/f@,%dégfhet he adhesi onthgr{e t}lhe I ayers. of the sanple

i ncr easesYEip rmoplastic polyure at may be obtained from Etimex,

5 Bayer, Stevens or Bemis. The surface of each encapsulant layer is corona treated and
laminated to a C-treated side of a copolymer of ethylene and tetrafluoroethylene (ETFE)
layer obtained from Saint-Gobain Performance Plastics Corporation. After a few hours, the
two layers are inseparable, i.e. the bond between the two layers exceeded the tensile strength
of the layers. Comparative data is collected for non-corona treated control encapsulant

10 laminates using a thermoplastic ionomer and a thermoplastic polyurethane that are laminated

to a C-treated side of a copolymer of ethylene a tetrafluoroethylene (ETFE) layer obtained

from Saint-Gobain Performance Plastics Corporation. Results can be seen in Table 2.

-17 -



Exanpl e 3 Four exenplary |am nate structures are nmade using

t hernopl asti c encapsulant filns. The encapsul ant | ayers include a

t her nopl as0i2012v@odmrer t hat may be obtai ned from Dupont ecTdise@dobxet GVBH,
and a thernoplastic pol yurethane that nmay be obtained from Eti mex, 5Bayer,
Stevens or Bem s. The surface of each encapsul ant |ayer is corona treated
and lamnated to a C-treated side of a copolyner of ethylene and

tetrafl uoroet hyl ene (ETFE) | ayer obtained from Sai nt-Gobain Performance

Pl asti cs T@pkeporation. After a few hours, the two |ayers are inseparable,
i.e. the—bond between the two layers exceeded the tensile strength of the
| ayers. |Conparative data is coll ect e? faor non-coron at eq contrnol
encapsullant 10 | aninates Using a the ﬁ%ﬁf%%&t c i onoﬁ]?s‘?e gtﬁealg t her fopl asti ¢
pol yuretihane that are | am oatd to aMaxim@aied side| gferageGRpol yrmern of
ethylene a tetrafl uoroethyl ene &ETEF i\]ﬁl ayer obt ai ned_from Sai nt - Ggbai n
Performance Plastics Cor poPRtdgshay- MBS pe sepNeVRnsiggte 2. | WO

2012/ 040591PCT/ US2011/ 0530@@n/kabl e 2 (Sta@fmala@@@age(s(éﬁﬂarmd@élm&) Peel
Strength Maximum in Newtons/inch (Standard deviation) Peel Strengtlth Average
in Newtans/inch (Standard|deviati O(I’)l

Thermoplastic lonomer S 02O
Encapsulant layer 25 4.8(1.0) 2.6(0.8)
Thermoplastic Urethane 0 0.9(0.2) 0.4(0.04)
Encapsulant layer 25 2.9(0.3) 1.9(0.1)

Clearly, the surface treatment of the thermoplastic ionomer and the thermoplastic

polyurethane increases the peel strength of the encapsulant layers.

Note that not all of the activities described above in the general description or the
5  examples are required, that a portion of a specific activity may not be required, and that one
or more further activities may be performed in addition to those described. Still further, the

order in which activities are listed are not necessarily the order in which they are performed.

In the foregoing specification, the concepts have been described with reference to
specific embodiments. However, one of ordinary skill in the art appreciates that various
10 modifications and changes can be made without departing from the scope of the invention as
set forth in the claims below. Accordingly, the specification and figures are to be regarded in
an illustrative rather than a restrictive sense, and all such modifications are intended to be

included within the scope of invention.

AT M b2 TY

As used herein, the terms “comprises,” “comprising,

AN TY

includes,” “including,” “has,”

15  “having” or any other variation thereof, are intended to cover a non-exclusive inclusion. For
example, a process, method, article, or apparatus that comprises a list of features is not
necessarily limited only to those features but may include other features not expressly listed
or inherent to such process, method, article, or apparatus. Further, unless expressly stated to

the contrary, “or” refers to an inclusive-or and not to an exclusive-or. For example, a
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Ther nopl astic | ononer Encapsul ant layer 0 1.1(0.3) 0.5(0.1) 2.5 4.8(1.0)
2.6(0.8) Thernopl astic Urethane Encapsulant layer 0 0.9(0.2) 0.4(0.04) 2.5
WO 2012/040591 PCT/US2011/053009

condition A or B is satisfied by any one of the following: A is true (or present) and B is false
(or not present), A is false (or not present) and B is true (or present), and both A and B are

true (or present).

Also, the use of “a” or “an” are employed to describe elements and components
5 described herein. This is done merely for convenience and to give a general sense of the
scope of the invention. This description should be read to include one or at least one and the

singular also includes the plural unless it is obvious that it is meant otherwise.

Benefits, other advantages, and solutions to problems have been described above with
regard to specific embodiments. However, the benefits, advantages, solutions to problems,
10 and any feature(s) that may cause any benefit, advantage, or solution to occur or become
more pronounced are not to be construed as a critical, required, or essential feature of any or

all the claims.

After reading the specification, skilled artisans will appreciate that certain features
are, for clarity, described herein in the context of separate embodiments, may also be
15  provided in combination in a single embodiment. Conversely, various features that are, for
brevity, described in the context of a single embodiment, may also be provided separately or
in any subcombination. Further, references to values stated in ranges include each and every

value within that range.
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2.9(0.3) 1.9(0.1) Clearly, the surface treatnment of the

t hernopl astic i ononmer and the thernopl astic pol yurethane increases the peel
strengt h wo 20te4e39capsul ant | ayers. Note that not all ofPCrhusS2@as300ei es
descri bed above in the general description or the 5 exanples are required,
that a portion of a specific activity may not be required, and that one or
nore further activities nay be perfornmed in addition to those descri bed.
Still further, the order in which activities are |listed are not necessarily
t he orderciiatvshi ch they are perforned. In the foregoing specification, the
concepts have been described with reference to specific enbodi nents.

However, one ?ng&%HQ%%Mw§&£kg iﬁh&he art appreciates that various 10
nodi ficati ons and changes can D" Wide wi t hout departing fromthe scope of

t he i nventi ona@asncagdulaholaydt hiving hemapik airfise,belemm thAacgn durfigk wf the he
specification. and figures are to be regarded in an illustrative rather than
a restrié??@gﬂgﬁﬂgg?ggﬁﬁp%@ﬂmgﬁ%ﬁa HPgi%gtions are intended to be included
Wi thin the scapermdplisty poilymeilaydhdauseambRIhg ipint fehPeti@id G glB8OMRIBAS, "
"conprising,” "includes," "in hgdingh" "hgs," 15" havi pg" or, any. ot her

vari at i ofCprER e Erealy ap phquh ferCr Bherd e BerRgRlagicc py s Pd PHRT YERSNH. For

exanpl e, i@t ArRERE %o inBRhRAdhesRh lahd |sQlispSed BRMRY (Rfalkd nlal@lkutREPr ikges a |ist of
features is not necessarily limted only to those features but nmay include

ot her fea&ftAP8dai§Helexpressiy |isted or inherent to such process, method,
article, or apparatus. Further, unless expressly stated to the contrary,
"or" refers t i ncl usi ve-or apd not ta gan exclusive-or. For exanple, a
condi 1 on & of- R LI asginy - wiels e R Rger BSEr ue. Cor
present) frRegpBlyinsr.fal se (or not present), Ais false (or not present) and B
is true (or present), and both A and B are true (or present). Also, the use
of "a" or "an" are enployed to describe el enents and conponents 5descri bed
herei n. Thi s BsThohmimmerwluytufeart clonenhee¢ic eheddrdpolygievacladganer al sense of

the scope of the invention. This description.shoyl.d be read to include one
S Lt S e e T S R R i O s
obvi ous thiafflubioethglenss a Rexadiibr@prdblene, a chlorotrifluoroethylene, a trifluoroethylene, a

vinylidene fluoride, a vinyl fluoride, a perfluoropropyl vinyl ether, a perfluoromethyl vinyl

ether, or any combination thereof.

4. The laminate structure of claim 2, wherein the fluoropolymer is a copolymer of
ethylene and tetrafluoroethylene (ETFE), poly vinylidene fluoride (PVDF), fluorinated

ethylene propylene (FEP), or combinations thereof.

5. The laminate structure of any one of claims 1-4, wherein the thermoplastic
polymer layer includes polymethyl pentene, polyimide, polyester, polyamide, polycarbonate,
polyethylene, polyetherimide, polyethylene terephthalate, polyetheretherketone, or

combinations thereof.

6. The laminate structure of any one of claims 1-5, wherein the thermoplastic
polymer layer has a melting point temperature or glass transition temperature greater than

about 200°C.

7. The laminate structure of any one of claims 1-6, wherein the encapsulant layer

includes a homopolymer, a copolymer, a terpolymer, an ionomer, an alloy, or any
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Benefits, other advantages, and solutions to problens have been descri bed
above with regard to specific enbodi nents. However, the benefits,
advant agesQ 2/a40390ns t o probl ens, 10and any feat ure(s) PChAIS20mpsOUSE any
benefit, advantage, or solution to occur or beconme nore pronounced are not
to be construed as a critical, required, or essential feature of any or al
the cl ai ns. After reading the specification, skilled artisans wll
appr eci ategmbiadkionc 8t Brnfe@dton! £RoRdfor of K etl1dkd, b YropHERCh bk, Aerein in the
context of separate enbodi nents, nmay al so be 15 provided in conmbination in
a si ngl e PeRPEHR kY PosRGanstepe, apgiogsae. Peabisoadinaran thgieel. for brevity,
described in the context of a single enbodi nent, may al so be provi ded
separately or in any subconbination. Further, references to val ues stated
i n ranges i ncBudke kaghitcatnictaieed ynyedeud cliimhl-n. whvagin therggenpsul@it Myras

1. A Iangﬁgﬁgbﬁégﬁgﬂg&gwconprising: an encapsul ant layer having a
maj or surface, wherein the nmajor surface of the encapsul ant |ayer is
treated to increase adhesion; and a thernopl astic polymer |ayer

having a mel t hnghPRIMad SIPEFAI YA LR of YlaBiS1- Bl ARSA LR HINST By € greater
t han about 165C, wherein the thernoplastic |ayer has a major surface that

i s treat éeflydgs p Aceenaberadhednaprse i spdacg ilanseradi ol thepajpy wisfeesd maj or
surface of the encapsul ant | ayer. 2. The lam nate structure of claim
1, wherein the thernoplastic polyner |ayer is a fluoropolyner. 3.

The | aninate 3¢ LRalanmatssstrpgtageef slainyayherein thy dunclionsyd B98P KBS el udes a
honmopol y Bfoxide OPQIaN¥dTBA aminS! Ak o acR!, oPQInHIRIioR @&doff or med from a nmonomer
of a tetrafluoroethyl ene, a hexafl uoropropylene, a chlorotrifluoroethyl ene,
a trifluoroethylene, a vinylidene fluoride, a vinyl fluoride, a

perfl uoropropyl. VidlhingieRgtctu@ op &yl dnd @ Olaishly 10, wihBiéln B¢ Bbpsuldiht ARY is

conbi nati on here?f. 4. The lam nate structure of claim2, wherein

t he fIuoPBBﬁ%VW%PlyngQCOpOIyner of ethyl ene and tetrafl uoroet hyl ene
(ETFE), poly vinylidene fluoride (PVDF), fluorinated ethyl ene propyl ene
(FEP), or conbinations thereof. ... The | am nat tructure of any one
of o ai s 1o s Rt AR b s Sy Me T RLe FHTTHE ®pol yires byl
pent ene, ipodagd tic déhesion by @s barapsubadk 1een atlé theftloyopalybenal &, inghaley eirhiyt ene,

pol yet heri mi de, pol.yet hyl ene terephthal ate, pol yetheretherketone, ar

Pt nat 1R eR ST hedon S s g G S b tams COTO BTGNSt ol ai s
1-5, wherein the thernoplastic polyner |ayer has a nelting point
tenperature o ass transition.te ature greater than about 200C

7" e | am nat & L Hel RS R LETREL MG L B8 AR e, ncapsul ant
| ayer i nceleadest, alettomdpah yrretmena flang atayiment, scaffingrspdiuynnmphthdend sorfecser , an

al l oy, or any . .
treatmient, C-treatment, plasma treatment, ion beam treatment, laser ablation treatment, or any

combination thereof.

14. The laminate structure of claim 13, wherein the treatment includes C-treatment,

corona treatment, plasma treatment, or any combination thereof.

15. The laminate structure of any one of claims 1-14, having a thickness of about 2

mil to about 200 mil.

16. The laminate structure of any one of claims 1-15, having a peel force of at least

about 5.0 Newtons per inch (N/inch).
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conbi nati on thereof forned froma nononer of an ethylene, a propylene, a
butene, a pentene, a nethyl pentene, an octene, a norbornene, or any

conbi nat i WO 20tedresi . 8. The | am nate structure of pamyusesa/osfooc! ai ms
1-7, wherein the encapsulant |layer is an ethylene vinyl acetate. 9.
The | am nate structure of any one of clains 1-8, wherein the encapsul ant

| ayer includes a functional group to increase the surface functionality of
the maj or surfACese laminate S&Qeturxfaeclhﬁmmmn%saf)&@w&&)fqt lefdi @bdik 9p.owherein the
functional group includes a peroxide, a silane, an am ne, a carboxylic
acid, or NegiisRatineths t her eof . 11. The lam nate structure of any one
of clains 1-10, wherein the encapsul ant |ayer is not substantially cured.
12. The lam nate structure of any one f cl ai 11, wherein the treatnent
to increase tﬁ%'Qﬁﬂ@@FBWSH?“PWQféﬁ6§E§ ﬂ&WP]igi&%mﬁﬁﬂh?ﬁﬁﬁ?ﬁﬁﬁP%polyner
layer i ngblydRS1a§eHahadR chéHakIR Myer KR Gdlesibh @Al BRAses S@E1LME) €t chi ng,

pl asma treatnent, or any conbination thereof. 13. The |l am nate
structure of cIa|n112 wherein the treatnent includes corona treatnent,

el ectron beam.r etat lammiate strhanme of a@aimmtlain&dufs‘ iwfh@reirﬁtﬁdiaﬁﬂﬂal&ﬁ@ﬂmbﬂﬂ&l ene
surface treatnent | asma ﬁreat i on beam treatnent, |aser

abl ati on lst?%r&feﬁ‘é‘ﬁtsm%& ré‘ﬁ)‘?@%‘%ﬂﬁ? {5 6h2 {EPRo O”‘Slgn 14. The |aninate

structure of claim 13, wherein the treatnent i ncl udes C—treatnent corona

treatment, et llélelarlta sprudtur%ro an oneo |1n asEII Pﬁﬂfurﬁl%r comprisin secong The
| am nat e struc ‘ure one o C4Y avin I?h EknesS of about 2

ml to ablmnmlolﬂﬁ)@lcmsnlymer layer ové.l‘diymgl'h&cbmma]at mrfaa‘:erofcmaﬁneamﬁlaanyyenne of clains
1- 15, having a peel force of at |east about 5.0 Newtons per inch (Ninch).
17. The lam nate structure of claim 16, having a peel force of at |east
about 20.0 Ne@t.oR® lpemaienthcture of any one®f climes I-ZHhifurtheecanprgpgarsecoofl any one

of cla ”%néag #g} &’eﬁwhgﬁ se D68 IR !rﬁﬁ%aicgofﬂﬁ% %frlegﬁﬂopha%éfcef;ol%% 1%;{]&? encapsul ant

| ayer hav sion I ncre es over e |lam nate
structure of any one of clains 1-18, wherein the lam nate structure is a

protective sheet AfighinaR s@laGt EQMbKifdevi ce or a lamnate for a sign.
20. The lam nate structure of any one of clains 1-19, further conprising a

second t her nopt eibylere yewl peasate laagrétavmg_@mmrﬁgrf@es\émm theapaper sgdpdeate of t he
encaps U| etljlﬁé/n% vinyl acetate 1s2c]orony&§atle@{5' 15‘&& [} §&H€F‘8{1 u{ln% Of any one Of Cl al s

1- 20, further conprising a second encap sulant Tayer overlying a second
maj or surfacea ocbpdi)hmrtOhahyﬂelm zalgtt@tmﬂp@bg:thﬁﬂnd @S @E) layer having a major surface,

wherein the major surface of the fluoropolymer layer is C-treated to increase adhesion and is

disposed on the treated major surface of the ethylene vinyl acetate layer.

23. The laminate structure of claim 22, wherein the ethylene vinyl acetate layer

includes a functional group to increase the surface functionality of the major surface.

24. The laminate structure of any one of claims 22-23, having a thickness of about 2

mil to about 200 mil.

25. The laminate structure of any one of claims 22-24, having a peel force of at least

about 5.0 Newtons per inch (N/inch).

26. The laminate structure of claim 25, having a peel force of at least about 20.0

Newtons per inch.

27. A method of forming a laminate structure comprising:
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22. A lam nate structure conprising: an ethylene vinyl acetate |ayer
havi ng a nmaj or surface, wherein the najor surface of the ethylene vinyl
acet at e iwocorxmesdtir eated to i ncrease adhesi on; and PCTAISc@pob3oner of
et hyl ene and tetrafl uoroethylene (FIFE) | ayer having a major surface,
wherein the major surface of the fluoropolynmer layer is Ctreated to
i ncrease adhesion and is disposed on the treated najor surface of the
et hyl ene vi nyhm@faﬁ{gaattﬁerh@mgm polymer 1ay8§havm@ea thAMIWRR (Shfchflibegids claim
22, wherein the ethylene vinyl acetate |ayer includes a functional group to
i ncr ease tapvtie fpmperatufe miealqr diiglapeyt 169°G, whenel the thempapligiec polymer layephas The
| am nat e q{lf{ dShHi&. of any one of clainms 22-23, having a thickness of about
2 mil|l to about 200 mil. 25. The lam nate structure of any one of
cl ai ns 22- 24, trbpiipg tiy raajptes@rfacfemf@@ thfrmaplasteapotynzgh bayer 6 igrddesvdbasgorpdr i nch
(Ninch).q mjorsurﬂ?ig The | am nate structure of claim25, having a peel
force of at Peast “about 20.0 Newt ons per inch. 27. A nethod of formng a
| am nate str uptourdalgcﬁmrepcapsulmglayerhavmg apngwi sdifag; a t her nopl astic pol yner
| ayer having | ting.. erature ass transi.tio erature
oroater than 50ne AR s TR TP LA L MG eh Olul BRRGS
maj or surtudgse; and treating the major surface of the thernopl asti c
pol ymer layer to increase adhesign of th rovi din
bncapsul ant 1 SURPRA Ry Neyrop Ry fedbermop SRl e Rrdhe bR S0rt ace
of the engg@Esuifaniof thayasptdadtngeease adhesi on of the major surface; and
di sposing the treated major surface of the thernoplastic polyner |ayer on
the treated maj or surface of the encapsul ant | ayer. 28. The net hod
of cl ai m 27, @Retle Idéthq&b@f cﬂ'e@tnaﬁavmaredﬁbmmgmljlearea&dHﬂa&mesm(ﬁeicetohelet her nopl asti c
pol ymer on. th sur.f ac he enc ant er
Poct Laes TR wETe ekt AR BTk oSGt Mo gRY e EhebBETl ant
| ayer.  laminatind9he fﬁhﬁld@iﬁ'sﬂm]d)lﬁflerddyat 1 (2Bsncufselasi lnyekhe encapsul ant | ayer is
not substantially cured during |am nating of the thernoplastic polyner
| ayer to the encapsul ant |ayer.

29. The method of claim 28, wherein the encapsulant layer is not substantially cured

during laminating of the thermoplastic polymer layer to the encapsulant layer.

30. The method of any one of claims 27-29, wherein the thermoplastic polymer layer

is a fluoropolymer.

31. The method of claim 30, wherein the fluoropolymer includes a homopolymer,
copolymer, terpolymer, or polymer blend formed from a monomer of a tetrafluoroethylene, a
hexafluoropropylene, a chlorotrifluoroethylene, a trifluoroethylene, a vinylidene fluoride, a
vinyl fluoride, a perfluoropropyl vinyl ether, a perfluoromethyl vinyl ether, or any

combination thereof.

32. The method of any one of claims 27-31, wherein the thermoplastic polymer layer
includes polymethyl pentene, polyimide, polyester, polyamide, polycarbonate, polyethylene,

polyetherimide, polyethylene terephthalate, polyetheretherketone, or combinations thereof

33. The method of any one of claims 27-32, wherein treating the major surface of the
thermoplastic polymer layer includes surface treatment, chemical treatment, sodium etching,

plasma treatment, or any combination thereof.
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30. The nethod of any one of clains 27-29, wherein the thernoplastic
polymer layer is a fluoropolyner. 31. The nethod of claim 30,

wher ei n twe 2biagozpol yner i ncl udes a honopol ynmer, copol pPegns2eiaopmbyner, or
pol ynmer blend formed froma nononer of a tetrafl uoroethylene, a

hexaf | uor opropyl ene, a chlorotrifluoroethylene, a trifluoroethylene, a
vinylidene fluoride, a vinyl fluoride, a perfluoropropyl vinyl ether, a

per fl uoronet hgh Vidwbm&t felaimB, Wkkteis A¥RicARchORCLNRIBRha treatment, 32. The
net hod of any one of clainms 27-31, wherein the thernoplastic polymer |ayer

i ncl udes elssirymsERVeapRsRt dlgBie USENG Nt Eingpesidjss paphthalsas suaksreigcatment, C-

pol year baghen, BALNKLEINhERSon ROLY LARLH TLAPanRRh AL EB L R ABALAG at e,

pol yet her et her ket one, or conbi nations ther eof e met hod of any
one of cltkdrgpd. 27- 32, wherel n treating the najor surface of the

t her nopl asti c pol yrrer | ayer includes surface treatnment, chem cal treatnent,
sodi um et chi ng ﬁilasma treatnent, or é conbi nati on thereof. 34.
The et hod of 31 Bhcnetiod Gy Bhnolicking £ Ex maNEein We GaBePlts BAATER @R ent

el ectron hQ@@ﬁkftih?B&H?t@&per&ﬂu?e@ A EAMRRRA tenSfetilrt BRateS @G MBuERAE hal ene
surface treatnen C-treatnment, plasma treatnent, ion beamtreatnent, |aser
abl ation treatnent, or any conbination thereof. 35. The nethod of any

one of cl ai ns367t&4netmwste6fehpoﬁm Adnas PPRS agieldtn MO kIR uldn@lQEr ihasdeaamel ti ng
poi nt tenperature or glass transition tenperature greater than about 200C.

36. The HEDRBYYHE: aﬁgpoaﬁerafte@r)a% ap yongaier, g aley; ﬂr%nméoeheatﬁgu qreL | ayer

i ncl udes femPAMRRP, YRS mer df Qrpétg}lé' Ef proPylbY, QQhMﬁEBE peféhel PROIRT pendhe,al | 0y, or
any conbination thereof formed from a nonomer an et hyl ene, a propyl ene,
a but ene 2N gciBn f EARONENGTEE Hy|copREpnethergpf. octene a norbornene, or any
conbi nati on thereof. 37. The nethod of any one of clainms 27-36,
wherein the enca suIa | ayer incl ude nct i naI r i ease the
surface funct F’?)nﬁlt‘q 1??} oF ol oyl aﬂ%f? g@é”%erem ee%%g“%’r’i‘EaWtIPFgﬁJeéf‘ claim
37, wher inittibe gfoup € inGRak 19y QHRce f08dUARRy 8 REMAE Sfac@ Sil ane, an amine, a
carboxylic acid, or conbinations thereof. 39. The nethod of any one
of clains 27-38, wherein treating the major surface of the encapsul ant

| ayer i ncl udess.stid a@kod sfeddimsn] whadie Medanctibhi atowp Mcludsodlperaziéd, ahi ng,

pl asma treat ment,. or anﬁ corrbjdnatl on. t her eof 40. The nethod of claim
39, wher el eanbipe 4CABRIYICAE fE MR ERNS B9relt nent , el ectron beam
treatnent, flane treatnent, scuffi ng sodi um napht haI ene surface treatnent,
C—treatnent, reat ment .. | as

Creatment. or “ny ashBRPY RS hos ofPulf 278 SRR N BB B one o

cl ai ns ZEne:b@sulzinuﬂatyhtencluamsIsuuﬂacngfeamemcbt&nﬁmtreanmﬂtasmﬁimatfechsmg, potmie at a
tenperature greater than abo 42. The net hod of any one of
clai ms 27°A4T0E Gf &P E tg?rﬁ prOV| ding a second thernopl astic pol yner

| ayer overlylng a second najor surface of the encapsulant | ayer. 43.
The nethod of @ rP&h(QJ ofl a%%@ @Herétﬁthed& ‘ﬁ{m&%@% Qaea%s’%’t' ding a
second encapsula ayer overly Surface of the

t her mopl agtiren l;matmtrmtmdnaykame treatment scufflng, sodlum naphthalene surface treatment, C-
treatment, plasma treatment, ion beam treatment, laser ablation treatment, or any combination

thereof.

41. The method of any one of claims 27-40, further including autoclaving the

laminate structure at a temperature greater than about 300°F.

42. The method of any one of claims 27-41, further comprising providing a second

thermoplastic polymer layer overlying a second major surface of the encapsulant layer.
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44. The nethod of any one of clainms 27-43, further conprising placing the
| am nate as a protective sheet for an electronic device or a lamnate for a
si gn. WO 2012/040591 PCT/US2011/053009

43. The method of any one of claims 27-42, further comprising providing a second

encapsulant layer overlying a second major surface of the thermoplastic polymer layer.

44. The method of any one of claims 27-43, further comprising placing the laminate

as a protective sheet for an electronic device or a laminate for a sign.
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