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PROTECTED POLYMERI C FI LM TECHNI CAL FI ELD [ 0001] This

invention relates to protected polyneric filnms and,
woeoe/opaps i cul arly, to polynmeric filnms that harer/as2005/029905

reduced tendency to transmt noisture. This invention

also relates to articles that incorporate such

protected polyneric filnms. BACKGROUND [ 0002] Pol yneric

films tend toPREOTERNCUTED POI'YMERIC FIAIMr vapor),

whi ch can be undesirable if the transni ssion of

noi sture is detrinmental to conponents that are secured

to or subsequently f he. film As one exanpl e,
organi c el ectrol um n&i@&ﬁ&é{l‘ E\[,lft,h y suffer reduced

[0001} PULTHRS inRERTBAL relates @ plotdcle dBbB N HPPIHRGnHOMBRY silrtidiudarly, to
Techni ques have been devel oped to encapsul ate and

polymstio figms et havee rgfucsd dendgeay todensmit nedistiigy Tihés invention also
relict Jotfo a%!lcﬁ@s tphtf 1P£J}§01%ﬁe,[\; %1? aqb?cfée(z{ ﬂﬁ%% fli;llrrrg.. ass

I ncreasi ngly, however, it is desirable to form such
devi ces on a pol ymeri c BACKGROUNDuch filnms tend to

mt noi st ur e. tected
10002 5 Hpbyeesid R et okt it @y ot orepty whigh grbe
un&%u?ﬁ@ %h@lrhﬂsnﬂﬁ&ﬂ‘bf mbBiturdR Rirlfertdl 16 BSBpdAtsthiti ad secured
effort to develop such a film only limted success

to ¢ragibirgeentlit foanedon g fﬂm ASuIvERYp oForpac leiegENRmanescent
de‘%f;%;t%%{ sugfeb Bq as’do ou%pligt Qr I%?enp 1%% %’muré Qv\ﬂgﬁ] E . se(i3 {oor\rllé)lgﬁ&e

Tetldgiles hbwe lib%ﬁldﬁgelape‘dl tb &hca@saml@tre aiid! lpf(ﬁ@ﬁg tehe clifcaomel@ ﬂelvwes
maj or surface og osite the first nmjor surface,

whighgpaxbe sifigent € thedevicn it formediong ElascrubRae Dt aSslfnppﬁaeable to
mdidtird! HiERln g%'h{)@%@ero J&@uﬁ?ﬁ{) fofthSuch &lasré a%ic’l%g)tr?'l}){ﬁenc film,

structure ¢ Pses & |ayer oron oxi
bui suoh fizms tent 4o mherentlamnsmlﬂ'hmlslmry eA mﬁtebted pnlymelr'xdeﬁlnﬂyat

he. dj sposed qn.the first ma surf
ex3fisel PR eSS it LS b PAPeERTY wiheil Bt dssdtentense
indR¥@fal 8§t 1PKSEIoBTsudPs Alin Bl Rmitéd E&Eé‘s@tﬂay%éﬁ atfafifed so far.
inorganic barrier layer may be disposed on the first

mej or surface of the substrate with the |ayer of boron
oxi de di sposed cYEMMARY & EHE INVENTIQN | ayer. A

[003)?? 8 2 ?Igﬁ)rng ta?;?etc{, i ﬁ%géﬁ? Enl{/'ér?ti({n%rﬁ\%dgsomoite%{eﬂ%oﬁqha%eﬁlm

comprising a polymeric film substrate having a first major surface and a second major

surface opposite the first major surface, and a protective structure that is provided on at
least the first major surface of the substrate. The protective structure comprises a layer of
boron oxide and an inorganic barrier layer. The layer of boron oxide may be disposed on
the first major surface of the substrate with the inorganic barrier layer disposed over the
layer of boron oxide. Alternatively, the inorganic barrier layer may be disposed on the
first major surfaée of the substrate with the layer of boron oxide disposed over the
inorganic barrier layer. A second protective structure (also comprising a layer of boron
oxide and an inorganic barrier layer) may be provided on the second major surface of the -
substrate. The expressions “disposed on” and “disposed over” are not meant to suggest
that direct, intimate contact is required between the layers that are in this relationship, but

instead are relative terms of position.
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oxi de and an inorganic barrier layer) may be provided
on the second maj or surface of the substrate. The
wexpressdons "di sposed on" and "di sposed over "PEF/ES2003/029905
meant to suggest that direct, intimte contact is
requi red between the layers that are in this
relationship, but instead are relative terns of
[00p4)si t ilororhéedddimentspthe imorRotd bantslay¢rtmoperateg anthghe first

barri.er l.ayer,co rates wt he first naj,or . surface
magy e b M RLTEnt & Sicamlin Be WOerel T PR BEPGe
emB&difh€nts, the BEJI6UtivE ARG LIFE R Bor chMPrifdsQ REddViBofahid Wake? layer.

further conprises a second inorganic barrier |ayer.

Thelager afjperonogxidromey thenibgalispaged: hebwedneans eniionallly be engapsitlated
d optional | encapsul ated by, the two inorganic
by,ﬁg?woggloigaa@%:rb\ép?%dwéﬁ. The inorganic barrier |ayer
[0005ET erTliNorgaiip biuses 1ager proferdhdntampridesien idodganiteoxide, boride,
. nitride, carbide, oxynitride, oxyboride, . or . .
nitrdey caPiiedeXyaitide, QxybRIIYs, EbPKXSRTDiES SuGh; as siligen ogjdes, nitrides or
i e = ) S i ch
Cargiglggidﬁjﬁ%nﬁfjha u?nlgorﬁ'J ulhﬁ?’%?g |a}11£1t§iy cglnag silﬁgg’edc@%ﬁﬁslgle%?fi c
combianinsshdreafl Specific lekanplepinchide §ilwomrkide (monakidxomtiyxide),
.Silico itride, alumnum oxide or silicon al um num
siligQy piFderpaiRgIR GxKied SUCPR AR px ey THE MoreAm Prgdpyer
ma§ ®R At laly ONconSifidtionicBpribiah, BXarifle, ateintiN@pblRfheric and
~ polyneric and inorganic |ayers, In some instances, the
inorgeotglayere. begomceinstangesstheinorganie basiientlayes hpelovemeistyrey
el[npe(a)ﬁ())i(ﬁ% Protected polyneric filns according to the
PEIRRIEN Tt on may further, and optionally, conprise a
[0096] f erPrbryted pslydierSilaR adcdagding oethalihvention Mag dtidhed) and
chel ate conmpound, I n these enbodi nents, the inorganic
optienatly rompsise a birfgr uergueh a%@aoraﬁnquéalfip FRPPAR)dfr a chelate

Cc a. B . i
cofOURE I Blest BELSURRRICE indhdfhic GUBE: Bor b SXAGTEd lhe firs
malprfsfifacel af\tler subatyatbethe layposiddraverid¢ imay bayeposHd dyer te inorganic
oxi de. [0007] e protectiye structures redyce the
barfish B e Biouer BRETaRY be diRerdied Pitnths Tybtidhty rce
[0008] Y MBI HeGprbiektife dtRicturétedide tRDInhE¢hE buotéhtiall§ uhdesirhbie,
protected polyneric filnms of the invention provide a

tengeny of pebraricdHmAHP srnamit Bloetire oS HrpRidic Btpreiseedrpelymeric
o8y SRR ol SR R an B RS My asemot
(e.petompmtsiige fifst eRttradi] a Sevad dleefredd, andle fiphtramyitthey structure

.Subsequently fornmed or
disposed between the first and second electrodes) may be subsequently formed or

attached. The electroluminescent assembly may be disposed on the surface of the
polymeric film carrying the protective structure (either underneath it or over it), or on the
opposite surface of the polymeric film.

[0008] In another aspect, the present invention provides a method for reducing the
transmission of moisture by a polymeric film by applying a protective structure, such as

those described above, to at least a first major surface of the polymeric film.
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attached. The el ectrol um nescent assenbly may be
di sposed on the surface of the polyneric filmcarrying
WO bmepsabecti ve structure (either underneath | PCDUSIINE029905
it), or on the opposite surface of the polyneric film
[0008] In another aspect, the present invention
provi des a nmethod for reducing the transm ssion of
BR] RIPTION IOF THE DRAYWENGBot ecti ve

noi sture by BRpE F §H
o] L S RSP i
noR AR E A ARS8 s I ARV SNV Hi R band I férBiveR iy in®B 1svdekilgnate like

be nore fully apg;eci ated with reference to the
or prsilogonp pompRItentsi thjoughept apdiimwhicho- scal e drawi ngs in

. [O%LC h IEIE}E 1§9£r§chreﬁ'faﬁé @%@8%?99'?? a ﬁgs? %%B%ilﬁlce { Kfaogrrfb cted

| ogous "conponen ughou

pofyhferic filmsiceorditigaotlid iavaeiohj onal view of a first

enbodi ment of a protected polyneric filmaccording to
[0Q14% i nhlsnildm schepglig pequopal view oF & sesond AmbpEimeatet oprafected

LW Himics do eadiglnt of a protected pol yneric
po%remcacrgorcd(?ﬁg%tg the invention; [0012] FIG 3 is a
[0&i2he nelf G 3dea sé¢henrtic veatignalf view phia thirdeamitmdimenttof efpretected

rotected pol ri.c filmaccording to the invention;
oyt i eborinigo e ket

f'i c sectional view of a

[0613Y1 t hFIeT3Q8lh BEHRNAEE sectiondit el o€ a PUrthneditddirhént!df a protected

according to the invention; [0014] FIG 5 is a
pobsrsivdimacserdingdashe ivewosf a fifth enbodiment of a

et ec 1.6 f] : ' ] LOR;
(OB ORISR ¥FRlfig seCBhACRL B h Bk Y BEh pected
poBimeric féntxedondingtto dfie imvaitmheadidd pol yneric film

accor dj t.o the inventjon. DETAILE SCRI PTI
(04150 1.6] FIgF Sdtie schempte sertisne vepats six gn%ﬁ@ﬁ% rf protected
poRficdff RcPHafted6iRdink@ineReric filmconprising a

pol ymeric fil msubstrate having a first major surface

and a second maj or surface opposite the first major

surface, and a protective structure that is provided
on at least the fi DETAH.ED DESCRIRTIONt he substrat e.

[06'1%? pr g%o%ﬁlt I, ¥nd igr’ltornlé%tsﬁ'lercg e ’in éﬂtﬁ)%sf)rgvihggaegro{%gted polymeric film

comprising a polymeric film substrate having a first major surface and a second major

L5

surface opposite the first major surface, and a protective structure that is provided on at
least the first major surface of the substrate. The protective structure comprises a layer of
boron oxide and an inorganic barrier layer. Other layers may be optionally included in the
protective structure, on the polymeric film substrate, or both.

[0017] The protected polymeric films of the invention can be used to inhibit the
transmission of moisture in a variety of applications. They are especially useful as
substrates for use with organic electronic devices such as organic electroluminescent
devices, organic transistors, liquid crystal displays, and other electronic components.
[0018] Broadly, a “protected polymeric film” refers to a polymeric film substrate that
has been provided with a protective structure as described herein, and a “protective
structure” refers to the layer of boron oxide and the inorganic barrier layer that have been

provided on the polymeric film substrate. Polymeric film substrates tend to transmit, or
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boron oxi de and an inorganic barrier |ayer. Qher
| ayers may be optionally included in the protective
W& L0e036a392, on the polyneric filmsubstrate, orChU$3005/029905
[0017] The protected polyneric films of the invention
can be used to inhibit the transm ssion of noisture in
a variety of applications. They are especially useful
othersvisatiesparmedde foomoisee, witith sgdesinablelibtbe transrpissien pf mwisture

s or a c electrol um n ent devi
by (e e Beniepli &5 LSt B3 a{eai?g?fe%ﬁ 3t ufAeHRBAY formed
Ong{eeggggtﬁm c conponents. [0018] Broadl Y, "protected
ynmeric filnt referstoap rrerlcfllmsubstrate
[0011 ﬁht Haws.t5e @rotpeted pelammerif fitm arrmw@étﬁcvléy rafors éq g pelymgric film

sub?f?ac‘tg Eﬂap ths ;pleedﬁ#&ib bﬂﬂ t@traJ%{’ncH ﬁé}sk \fg reﬁcjtr%{)\}réqg F}I{egsa ?{oﬁ;en?erlc film

subls@jte thdt Haés rtoahevebtae propecdiv digakctore. Shailady, yu‘rprot@ctrfvb lstructure”
subst r.at PoI nerlc filmsubstrates tend to_ transnit

mogs BEHSE ML a8 b D pEserB g the foeh O toron oxide and the

1nol'%g?csﬂah?tgl l§ye'r ntdhﬁuél{ ﬁﬁﬁggﬁﬁé UGkt ibdt #hEreRY tdndéncy of a

strate 15 detrimental to conponent’s that are
polymeric fithn totransnstinestive mldttyvefto thwmamrpotsmer&ﬁist that does not have
otect ed

0019] Thus, a -pr
the g riive Ry RSO EENG RIS kctpably ReahBH Foutedugangfen
subdfustiAly, @R edbhdehyy 60a {;dlﬁﬂﬁéﬂé Flles Shnsndt melsaire Weodgh the
the sane polyneric filmsubstrate that does not have

surfage(sptooviaigh Fhﬁd)rgwt@]\‘ﬁ sifustureshagibiegn ppplied- “ prot ecti ve
[OOZE)L UCtIlf‘Ei%rab 8%8 %é ﬁﬁ]la fe@{ll?{)lﬁ &e&e(!l agl%%g tﬁlllms that

enbl'y co Fon oxI de”an
haviersaffiaeritly lbwrmcblallrd Iﬁﬂﬁbablmydo whake Ithelnedwflﬁsfot éieapsulating at least

und sir bIe i.nherent, tendency of ol yperic
thefampg, CEIDIS A RIEHDF SPURTHS 1R QR QerrORievices.

"Eﬂi&bmfdgﬁ n{e'ahmﬁﬁlﬁhd g%? efQbsifPHR kP&l 'iﬂglﬁﬁlte' s\éﬁsmve surfaces

structure. Teprotecwe structure Is pre erab y
of thdseplaeats.t Orgapthuadestropict @vwsm hpicaly ireguiirg protheionrfrem emtisture in
t endency  of pol yneric filmto tra smt i sture
xR T vl PR R sty SR T A Al Gttt such as
tha$ pfowided b9 MOECRE VoddR Jolftels] IQQ%QLpd:l’fsef\/ﬂ‘Qa biiile MTRCON

protective structure results in protected pol yneric
equipmegs 1§ haicalx gapable ofi raasNg mPistyrppeErcatien oSSR [as fy10™

grah%/%ﬁ’ B (%{Eﬁgagg?g/%ﬁél/ Brg eﬁﬁ]&ﬁ i V%tgg Asrlgwaats 1&?@5 g/{ﬁz'/'lﬁy have been

anode nic e ronic layer
deseripehisca ddsirable oarper. decodassly,” Bwammﬂimipem@abﬂﬁﬁhaore preferably

oGt OIS BefPreatos it of et S0t o eAIgk e aredeEpys than
1x FEVE/ALRIaY YR fldr pre@dhbily fesPHRhA%1 H© @/xﬁzr/&ﬂ;‘ A SEHEE plrduant to
ASTM Test Method F-1249.

[0021] Turning now to the drawings, FIG. 1 shows a protected polymeric film 10
comprising a polymeric film substrate 12 having a first major surface 12a and a second
major surface 12b opposite the first major surface 12a. A protective structure 14 is
provided on at least the first major surface 12a of substrate 12. Protective structure 14
comprises a layer of boron oxide 16 and an inorganic barrier layer 18. Preferably, there
are no intervening layers between substrate 12 and protective structure 14 as this could

impair the ability of the protective structure to reduce the transmission of moisture through
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excess of the |levels that can be neasured by
comerci ally avail abl e equi pnent such as that provided
whyobXsd (Mbdern Controls, M nneapolis, M. Rg§I/U£005/029905
MOCON equi pnent is typically capable of neasuring
noi sture perneation rates as |low as 5xl O 4
grans/ square neter/day (g/nk/day), perneation rates as
the |s®thla& [SimnDay,qt Wefaty‘edlﬁnmhbm&re rxdeﬁterwieb'mg lagersbetween boron
e tar i,Stu

o A d
0’“5‘:: o a ‘fthlym%ﬁ%‘f‘ém%]%g aélleggé %5 tﬁ:}:}e{ﬂg cgﬁﬂbrpgqlmhg ability of
pro&%ﬁ?ﬁﬁfﬂcﬂﬁe 23kSrdAliced B8 %ahﬁﬁ‘i@m@%bgnélsﬁﬂr%{/ dBktraf¥oIne

rably | ess than 1x1 g/ day, even nore
[oopzlef efaGl yllluesrgtes henon |ox1d©la'eg/16ra¢ u@yg agem@ém gpstrate 12 and

imoBA e i a T T P et o poh Bt ot B EapedieRl dhid be

revBREd %hltﬁatfiﬂldrﬁhﬂé) b&@iePlalyéd 180s antexe eiers i;ubsfratb M2 and boron oxide
substrate 12 having a first 1Jpor surface 12a and a

layerekfo rRrefered presthpseaoastiumtoppipodiel theriporganis barmgy fyer and the
bordHb }fa%?%ﬁfﬁxe ;ﬁ Aot §ich lY® oRhbAhiY, o&élfé éloeﬁ&\éfs%gmfa_fgamc

eas maj or sur ace substrate
barReolagattefare shednntering tlﬂﬁdbammpmde ézyea | ayer of boron

10083 o subiaie Ay Doy Bie iy By v Blin 5 hesph o bine length

anPWREA EMisibhs B aﬂ%rs%s%‘r{tia}{? gRtater @atftRe teal’$ thikne@UIIfcluded
Inmpalir the ability of the protective structure to

withithe eondept efraifdm’ agd iapefa mhbostand e rolhr\fduglh géngrally describe a

pr ef t hat
maf R Cif S Sloudth Wartole Pt SirSlRidy #oie A i e
width QIs@ d8ing sOBdtiritRlly|gteatdr tHaB tAS thidkinSss! Buck andltdtialymabften
the ability of protective structure 14 to reduce the
provided avithsa pemrabgorgrabat Bi‘fhéCh(ﬂ?e Bigfesia} wrverapped ingogtiple pyigglings so
as b Gl SR ESnIARE A LG ric R YR %%?8%% sl is 2 ppfied fg,the
subk8atel{@ge weroll- ﬁ)hellrpmchlbtlme) mﬁﬁmmabmamﬁfatthaﬁg opmawtubraymrpmst—

coul d be reversed s t hat inor r ,
PrOC g B SlBE B S hapBen AR GHBIE e C?wﬁ tg him” i
a shtcR ke 8FpAee ﬁﬂ?&??en‘é&ﬂ%rtd’é%b Q3Satbrial Wt %Qs fehgth and width

I nNorgani c bar rirer ayer and boron oxid ayer are
dirsgnsing gt sigahore maarheegiab a%mhmrgatmlsm odien rherarum wrasstadienf

| bef ore _encount erin e bo on
I o Bl s S8 et Dffich e mfeRfbe
stridturefié applied So ﬂﬁ%ﬁbstﬁtdﬁﬂta%hhéﬂfe@ ava §ighilaftetin@tighe \Gpétiation.
di nensi ons that are substanti alp@X greater than the

(0B er ||Tahe trmp Fipelkmene” refere fohnarppaitirhandheorebmepias gfellas
horéléh@pagleﬁ;oq gggé:l?{ﬁgres tgatrrﬁmoﬂﬂgd 4R scrblé’\ﬂ'eﬁ‘&] for example, by
coextrusion or by reaction, including, e.g., transesterification. The term “copolymer”
describes materials that are derivéd from two or more different monomeric units and
includes random, block and graft copolymers. Polymers suitable for providing substrate
12 may be any of a number of known polymers such as thermoset (crosslinked),
thermosettable (crosslinkable), or thermoplastic polymers that are capable of being formed
into a film, including acrylates (including methacrylates such as polymethylmethacrylate),
polyols (including polyvinyl alcohols), epoxy resins, silanes, siloxanes (with all types of

variants thereof), polyvinyl pyrrolidones, polyimides, polyamides, poly (phenylene
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material that also has a length dinension that is

substantially greater than its width, the width al so
whziongdsubst anti al |y greater than the thi cknesBCT/682h5/029905

materials are often provided with a central core about

which the material is wapped in nultiple w ndings so

as to facilitate processing steps during which the
sulpirid¢)epalysudfones, pbenoldoinmldgbyié wdinsaetlhloss etbstsraad esters (for

D, L]z to-roll
cxdyieay e R i B s BC R AR s § Bt Bresnapypgtoanes.
pol§&s@ér§ger é‘)fh@hp‘l@ Ipl@w ﬁ:&lyléﬂef’té}epm%l%? Poly (ethylenk hapeama t
of a "filnt eet Pa e or panel’, which gener al
olaeegb,cmatfé @plwpféms (@or examplen pelyetpilgne p&b@rwxﬂqrw, polychlor0prene

T N e

chlbygg e}, fpatyvirgthldbmd ﬂﬁc&xd@[ pxﬂszﬁﬁylagloaﬂe,nﬁlﬁwrem pmllyl osfmethyl

the protective structure |1s applied to the subsi
styTeRe£1s hebendisdenhs (eforsqmp&‘r navlgh Meigesq)pEesiist pabyvi lacetates,
e f Rye | ymers and
Sty%:egg%?;yﬁ)yr&g I §t9?enf’/ﬁ-l % ﬁelﬁg{}glrlacop%%yner s that

polyemylneplitbalomad, pcriyahme&lcrldetoeleb Ipetyxaryléthcrkeboaeq; flapropyglymers,
coeﬁéru3|o cti

o RS PR I 8K o e DA i e isspqtyersulfones,

polyBhRlelridss, taﬁ@?o%ﬁthdﬁfrﬁdfe@d from two or nore different
nononeric units and includes random block and graft

[0028bol esseme mlme@ is piay &b Kesifable fpr Sbisatad 24o bave ayisible
li g%tﬁtraﬁ?%lsg%nat%}[ e Elftg;qs{ntsg Bn léf]ﬁvi?atsp %}c}ﬁﬁ()‘%, gt%cé;} siBR 1i ght

rimoset {cross

wat €185 bf mkabdteIn otthér dppticatinpk aaﬁa}cquIstma %rtthﬁtubafrae to be
capabl e of being formed into a film includin
ongtg?ci, |baqx@1y(qq§gte3@pﬁ@r hga(tﬁg@;lwegt Bssomecqasess 1t may be desirable for

sulﬁf}hﬁér@ttmﬁle ﬁ%h@?cc 5%‘ L)t 1599+a¥19{h§t gdb At b gy ? %?pg? }about a

cohol's), epoxy fesins, anes oxanes
coneyqnpﬁ)doée ysli Iawirsg mhkklpkacwl)ldm;gs hg/d!esng‘ﬂ)edmbpwal Thiotheskness of

solfpf s BResty QA0 P R Pt E rahe Rt popmeri

ﬁhﬁtmﬁrf& AR 88§ 8 Efickiesy ofb8ii.61 toCehhi! e pAF&hBly&bout 0.05 to
| ul ose "acetate butyrate, etc.), nltrocel | ul oSes,

OZéGDI}Auif@mh‘alﬁéﬁll pol yesters (for exanpl e, poly (et hyI ene

[062§F yc%ﬁl §% I]lied 4&:?&% #ol i1 ? r%gg\gg] s%l'u%Eu% )14 comprises a layer of

boﬂﬁ|oy(ﬁiehl}6| fden 1@@@&1{16 opyieeR®er 10 Se@bﬂabﬁdl@hﬁgés are associated with
yi sobut yl ene, pol ytetrafl uoroethyl en

umgé f"9’i9ﬁ|°€ﬂ49t1¥1 ithq me%émym%a Ithosely lt(vblélrhedwégltsmoéﬁ@t not every
advgég]ltaés 't\&;iy gxhgﬁ%& %/)H géﬂr?gf%ﬁy? edon :pgﬂéaﬁ% At ?r?co%oratei the protected
polyesriasilfif of tlmxnmqnhen Boxonl oa&kdeﬂnay be@pbsted@] cnrsjtherwme applied
to &%lp% }llm%cafcir(%t s%%strate as an optically clear or transparent glass-like material,
which may be advantageous for applications where this layer needs to be transmissive to
light such as in an organic electroluminescent device. In addition, the boron oxide layer
may reduce the inherent tendency of a polymeric film substrate to transmit moisture,

whether emanating from the ambient environment or from components formed on or

attached to the substrate.
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styrene/acrylonitriles, styrene/ maleic anhydrides,

pol yoxynet hyl enes, pol yvi nyl napht hal enes,
w@uloyeldiexr et her ket ones, pol yaryl et her ket ones, PCT/US2005/029905

fl uoropol yners, polyaryl ates, polyphenyl ene oxi des,

pol yet heri m des, polyaryl sul fones, pol yethersul fones,

pol yam dei m des, and pol ypht hal am des. [0025] For sone
[002Pjp! | Géhileomst withingio tecbahad byab:laaicﬁltar tleobs titriabelievad that the

have a _visible Iight transni ssion,

borph SRGALIORS ya S uticFoamstiE Dosierapy SR HiBittp gjf bori

acidBVel80a1% Rvek abiRtRE &3Hd- ford oPWARN i@RG1IkEBL tb BRIetriméMl to many
be desirable for the substrate to be oriented,

of the amnmneyltsahatem}ebb farmdeden preattackediithe &ué)@tratpn Thisreen be

erf B B R a7 s Ao AR M g orvacr

B,be+ BHaOPSABIOBYS. Addif6sal tdachsoptodeactain the Iforhﬁw gvglved gasses or
mul ti ple w ndings as described above. The thickness of

liqydparemat bbersted.s | argel y dictated by the intended

[002 i q?otrbrpgxlﬁ Els{é Bﬁfeﬁrc%)%tgiﬁ:jp &e?&ﬁ%ﬁﬁabﬁ 4 hMmbybe EQfrable
many uses ness o fo % mm  nor e

depenédihe npbh ;heaxbphld:atl@nO Bot exathpl& boroni axidpungebeigmdligt to the

otective

PO PP SL S R Y GaL I el POl BTG o

_ dep%ﬁltloﬁoé'lgc@f@)'n(bc%rd'ebgé'ltld)@)éﬁd theBnal W YFIratiorA@VRNapBESepdEition).

associated with using boron oxide in the present
Vapondspesiten isal nrhf@ugdm mjethogi whentike {argpé purfaseds suseqptihés to damage
every advan L a C [ f
oyt ARG AT honwPBEPEREt =t fulBrbe REl SRy il con

be VagorEesittd1 8t dnicesptatide ratBoiden nodede: doagitioas d&‘@ p&dplosition rates
on or otherwi se applied to the polyneric fil

of shays 19 for 0 ecaﬁla&s;bsuaelapm lera VoL pressispaf gut 10° to 10°
Tog%%fifholu{ hl%??g%ﬁg‘? 3 t ctd &1‘5@?’ e%e éﬁs‘i\ﬁﬁﬁl RRERYRe {Rice material).

applicatio ayer e transm ssi ve
[0026] | i ghdros ukide dayer 16 srprovidethorcthet pm'tlom)bﬁpnlmmsneﬁtm substrate 12
device, .In_ additi gfﬂ t he boron oxi de

thef e B 06 PRI AGAT mAgr paRtTssiph o wilEs fifranfeg by

thel ih@RRIThE appRbation! The\iekREE oﬁm&mlae 1Jyelor6 &hﬁalaabm@nt
envi ronnent or from conponent s formed on or attach

substantinldy depisadinaupor B2Aury W the applicatips fnrrpgot@@ecbpolrmnd film 10,

mfy PRttt LS et bySie BVER Y SedBietyrine

usd, Ot 1a9ers\Wirdsent ih pedtedtivelstrudrore 1(21 &!qluﬁemantﬁ ﬁir&ipltlvﬂ tyansparency
weak acid the solid form of whi ch I.s not likely to he
andprerhanisat Hexibidityelthe protected polymeric film, cost, etc. As’layer thickness

increases, resistance to moisture transmission will increase, but perhaps at the expense of
reduced transparency, reduced flexibility, and increased cost. Within these guidelines
boron oxide layer 16 is provided at an effective thickness, by which is meant a thickness
sufficient to reduce the undesirable, but inherent, tendency of a polymeric film to transmit
moisture relative to the same polymeric film that does not have the boron oxide layer.
More specifically, the boron oxide layer is preferably provided at a thickness of about 50
A t0 10,000 A, more preferably about 500 A to 5,000 A, and even more preferably about
3,000 A to 5,000 A.
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of the conponents that may be fornmed on or attached to

the substrate. This can be represented by the reaction
w®b006m0s390| ecul e of boron oxide with three nolBCUUE®08629905

wat er, B2O3 + 3H20 - 2B(OH) 3. Additional reaction

products in the formof evolved gasses or |liquids are

not |iberated. [0028] Boron oxide also offers certain
[00p9]oc e StitlrgfeathgtotEGe s, p:rhﬁatti\r@yrubtemjb%als@bcbmpnﬂ@p émﬂgem@c barrier

n the a cat For l.e, bor on d

Sl Pl BObHAER ot rhorarco e VS e P09 i T stBstrat

12. L R6 AR URSridrNSy e dB ithySRONHEploR@tiof hedihst @kpdsaRXtb moisture,
deposi tion, el’'ectron beam deposition, and thermal

oxmmw@d@pamd(% ngechamgqé onparspiBPYghoifIs megt wéen irshisier @F an

mogsﬁusrge 4/81{)(?){8&?9 b rmge tﬁﬂ%ﬁgacﬁ? it fr rPgr ge?‘? gﬁagﬁlg)féaznact bamer layer

18 Heidnami o uedultas apoliniczicl filgh haVasy loalhyistuboparmeabilite Ica ralso
be vapor depgsited at an acceptabl e raﬁ)e under
prefﬁar@érﬂa«tt é“Qfé‘HH‘F pagisslayer 1§ not g &@gm wih aw@soxeﬁe laK3des

pol%x?-eltlg B st¥stte fﬁa)ﬂth@el? 'aefé&qu u:kﬂ@h%rm& YAP BhrriRf BYSULE any

10 6 to 10 4 Torr) out sovvlng si ghs of

corofments demﬂedmn c(reattgcheddo ﬁmqjo@nmrlqﬁinoiubsmaes l:tummin applications
mat er . 0029 Bo |
i A A5G P gRoTtiy AT eCioy 1 @ fp deponted pbo By ISy apblied as
an b;mcangi BRat & tRRsPareht9adtedhl AURMER flayHRia8l atlt£cbhid b ApSlidaBbns
W || be determned by the indjvidual application.

whemqéhls tayeknessls tobe Bansorissbye tdightspeh a3 B an organif glsciyelppninescent
d ubst antially dependi ng upon the nature of the
CVI
appl ication for protected polyneric film 10, noisture

[Ooleo];d: tA omett)y of mdateellalstd;@ i ety 6y eichs ﬂlﬁé iylmanm Hairtie¢nlayer.
| Ke t o be expose urlng use, other Yers reset
Prqfwe&rlmrée@lp \bér@zf 1aYet waterials lnqh&flm?téhew@?fvsﬂ% et éFtﬂdeS

meldi A1BRRE, r@uﬁ&&h Biaf @J(ybfohﬂéé Bekdi Q)nyﬁfglg}g?s‘? and combinations

prot ect € rlcf m cost, etc.
thetdof, cﬁ&gl,aﬁhcomn@%sh ay slsdas alanmmm oxides sitctirae alumina, titanium

transmssion will increase, erh t expense
oxigs SEhes Bty HHR PRRES Ml TocRORmael B (g ate
z1réd’xhﬁhﬁ 3R, £86um Widd) n)erom%ﬁﬁdeg wirdseh 08I ROSIABPXdrbige,
layer 16 is provided at an effective thickness, by

alughinurn nltsdmslwpn aitrie, Heransntrisief slhminam oxynitride, sikcantpxynitride,
5111]%,:J<i'r>]1f:I ﬁﬂa&r reaRor(m oxxg enltr(tontl en? cx-idgfttl 1881 & oh&e, and

smt

cobinytidisitberbof. Mdinat tlrd@)ﬁde @ﬂicoﬁl axide dlﬁnbmm)@xlﬂe( agtecombinations
| ayer. More specifically, the boron oxi de | ayer is
themOéfd@reémcyalbfmfearée ingreaniq bargEBatsTigs. apout 50

[0032] The inorganic barrier layer may be applied or formed using techniques
employed in the film metallizing art such as sputtering (e.g., cathode or planar magnetron
sputtering), evaporation (e.g., resistive or electron beam evaporation), chemical vapor
deposition, plating and the like. Materials suitable for inorganic barrier layer 18 depend
partly on the protective function that it is intended to play, but glass and inorganic oxides
(e.g., oxides of silicon, aluminum or combinations thereof, such as silicon monoxide,
silicon dioxide, aluminum oxide or silicon aluminum oxide) are quite useful. Further

examples of inorganic barrier layers useful in this invention include materials fabricated
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A to 10,000 A, nore preferably about 500 Ato 5,000 A
and even nore preferably about 3,000 Ato 5,000
WA2400033P3 Still referring to FIG 1, protecti VECT/US2005/029905
structure 14 al so conprises inorganic barrier |ayer
18, which cooperates with boron oxide |layer 16 to
protect polyneric filmsubstrate 12. Inorganic barrier
usih@sma Enhancep Cheinde! Viapord¢position GRE645{D ) spasasrthosedlescribed in

j St , and heat and/or nechani cal inpact,
Uﬁ@%&ﬁ@ﬁ g%?% ften included as a noisture
[0039F/ OMn @XMUENerRSY diteit; mbfgghﬁlbanf@m@@k 1 ¥ mdytbeiptovided by a

preferred that inorganic barrier |ayer 18 be sel ected

mujtgayes §9natru|chomccpmplqu ifer expmieh amrﬂ@}mgmlmmq andgnorganic
|
layE & %g?l qr' 5)%? 1a¥§r noa}yaun %@d&{ ﬁ)(/gr%ﬁofttﬁgg‘la'te%%[s%% above for the

arrier reac oron oxi

indr@iniy balBer Ip@dry 4ty the pblyherie lystsimayebe] Zor eﬁ(bjmpte (rﬁyth)a%rylates
adj acent to the_inorganic barrjer |ayer,

poldeﬁiféf@iﬂr@aﬁérpﬁban% PaFYlenes £YRIOEENES, o ﬁeIYﬁqu ff i Mu%qlm
co?%waét&&@ eg) gﬁir&flbynw@? BE b SR © Qﬁ% Aﬁﬁ& REARRE RBLSs, or

|norg arrier layer 18 to eposi ted “or
othet teehnif s inphichettie fayemrarogiplicd| dsyappﬂopaateolny $pudtas P Ispmt

teri al dvant eous for 'catios
oty gyl eV e diom theased g pl EPantian &l jARRhleR bmpls of
mmaibr@angtﬁcasnﬁre aBdcEibed RCfdr @wﬁple egcse PhteHBENb CE440, 446 (Shaw),
% Avarlet%(of materi al s be enpl oyed as the

r?@t@léNOeﬁ,E}a? pPE (AfTte), Eump@ﬁléPilté@F qu@p@tm No.¥hF 17 280 A2
(Mlo .el)d %%1/@0?6 'ch(giggllerﬁteﬁpﬁfll Iﬂaitﬁ! Q?g Pﬂ?ﬁt%‘ubhcatlon

car oxyn|
Nooxmmoa&e% (Siblealailpatyar bi des, and conbl nat| ons

t hereof, e.qg., silicon,oxides such as silica, _alum num
[0034] gesThe thickness 8f inerenaic bamerayeml 8wl elosapnsupstantially

I .
oo RO O o A5 DAL o,
comxh'tidniscte whicinths penectal fulpeericiiln sdikebetolliedaposed dnring ose, other

e,. silicon boron njtri %ﬁlc | um num

i d
laygm?stepﬁ ‘6‘é’r°t§?tf‘fec58?1‘c'i’5‘>‘<"yﬁ‘} FrqUgEmeRts o PP, and

mdeR4r¢h] ﬂéyﬂﬁnhy bfithe pEbte&BAMpOINMENY BRh] &8s, efcl t AB 14y thickness
oxyboride, and conbinationd thereof. I'ndiumtin oxide,

inos¢alspse pRsistaticel to malsum: tralmrmalmwahmcr@embwamrhﬁps at the ewprinse of
| NQ [ erial
re@a%%%rpsﬁ%egé L5 g m c g‘ﬂﬁy, 4 ?12 eargedrom §f. b@’l’ltgmese 1c§ellnes
indr@dni®bartist lagert 1BCIB proyided ae Bi’péﬁfé&ﬂe ltlﬁclhﬁes fb!y|vm10h is meant a
netal lizi ng art such as_sputtering (e.q., cathode or
thlﬁlp*gﬁ%qu @Wép ipgxease the ability of the polymeric film to resist transmission of
moisture, resist thermal and/or mechanical impact, etc. relative to the same polymeric film
that does not have a protective structure that includes the inorganic barrier layer. More
specifically, the inorganic barrier layer is preferably provided at a thickness of about 0.5
pm to 70 um, more preferably about 1.5 pum to 40 um, and even more preferably about 3.5
pm to 30 pm.
[0035] The embodiment of protected polymeric film 10 shown in FIG. 1, where boron
oxide layer 16 is intermediate inorganic barrier layer 18 and polymeric film substrate 12

(i.e., encroaching moisture encounters the inorganic barrier layer before encountering the

boron oxide layer), offers certain advantages. This arrangement permits boron oxide layer
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sputtering), evaporation (e.g., resistive or electron
beam evaporation), chem cal vapor deposition, plating
wa@oens9d | ke. Materials suitable for inorgani BCHES200&E029905
| ayer 18 depend partly on the protective function that
it is intended to play, but glass and inorganic oxides
(e.g., oxides of silicon, alum num or conbinations
16 tolterdepbsited tic n essestidliycontimmre kiydg buswithaw thenadito @gorously

al um num.oxi.de or silicon umni OXi are quite
avelis rine Redpal e irsire g R o RR direheny ac PP i lper
depdSifibH hnd BthbprocdsBuEe B ihdPedniciBarfiB BYéralgsalso resists moisture
fabri cat edusi ng Pl asma Enhanced Cheni cal Vapor

trarPepesiin andns (hefayeyat fisy ehcousterhrnseoaghigs magre (Felahs to the

Pat ent . No. 696. 1 i d). . «
borgf S KRRD: TP PR et iR mltSHRIsn okRe TR 6T provide g tas
lind)f Rfénab’t inlradiRingCRbBturel erhhspiissiemipy pelimeric fibm sebsaarel 12,

alternating polyneric and inorganic |ayers. The )
(00361 gdniming AQw S Fifdy2, aeotﬁﬁmla%&nﬁy ofAprected polymeric film 10
.. t ed: : i i i ,

s AR BB A Y Cffodi iy R RIGRY L SR he ki
advameghac inpkginesharper lyps t18 reacaphulaes bnseabsdatenil yide redges 16a and

168G Ot e o S BiuP RIS Ry ARG e o bAYE byposed to
RAlrY BB é’ﬂé]lsﬁ.i TRY @mbofinRae HBy be badicliany LeGHNint %‘szr hnfdisture -

mo
which the layers are applied, as appropriate, '
endrenmeaision grhesptha bowm Q%gﬂ layeslfras todweapasieaavaidable tcherly eesist the

vapor depositio etc. Suitable ex [tilayer
RGPt Fsbep e PR PR IRLISY
[00Ba} entTHY¥@embaditdéht 44 61 i3 \6)milddt&StheRaibedimdo of BIGA7h i Frther
(Affinito), European Patent Publication No. 0 777 280
compprises/B seronH anorsas barrighbyer 24) thatds dispeged beiyasp baron oxide layer

16 38550 e 747 PR 12T EO MR B R g s similar
inotrgrinakeesiar laferilBpargiahe €orbguing discussipe of ®rganid batisolayarly is
bR Fiemend ag Soon e e SLLER. e
add1RbA YESmBieE of @Wi’ﬁ% ?rglgﬁcetdtcbéwg&tm th PBIyRiePlc Rkt ibstrate 12 as a

polymeric filmis 1 y e exposeéd during use,
resolt b€ sechpd mosgapicener layer gPoThe eimbedigtentief KlCe 414 similar to the

equi r for-.optical transparency and nechani cal,.
embPaIoB T 3 B ol bE e SRR TR R vARETRI A e
sh&¥1tin FAG. B ayais, i FiG g siforgdiid Bafeslaydre $8 shdDC Codperate to
noi sture transm ssion wll increase, but perhaps at

engapgilaig 9& prik besonoxifledaver 1l p 40 8p ior additipnall g pigéest this layer from being
ex%dsgd({q%hfsﬁ%e atq&dediggscr eased cost. Wthin these
ur del 1 nes ’

[0038] Turning now to FIG. 5, another embodiment of a protected polymeric film 10

is presented which is similar to the embodiment shown in FIG. 1 but further comprising an
optional buffer layer 22. A buffer layer refers to a layer that separates the protective
structure from components or other layers that are secured to or subsequently formed on
the substrate, such components or layers being generically represented by reference
numeral 24 in FIG. 5. The buffer layer may provide a wide variety of possible functions,
depending upon the use to which the protected polymeric film is put. For example, the

buffer layer may provide a smooth surface on which components or other layers may be

10
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inorganic barrier layer 18 is provided at an effective
t hi ckness, by which is neant a thickness sufficient to
wo pwrexse3 t he ability of the polyneric filmtoPCEESBD5/029905
transm ssion of noisture, resist thermal and/or
mechani cal inpact, etc. relative to the sane polyneric
filmthat does not have a protective structure that
sequrd argulseanentlyrfornaedhi le maapravide anaapehoringnrepriming layer that

o BBSELBE kBT Sl Bl e e

bufféx layar mamﬁomﬁrgrsabéeguabkyubnﬂecﬁorrmdred é&nmnena;mi lepeenfrom

nore preferabl out 3.5 mmto 30 00
reagheroit mslfg%%cgaasaféwebew t}lﬁ%moeow enlms ﬁﬁsmﬁpwaw may
peffor artoptMAEfRCH, QRd Bl BE elcdd A1l Bethve. | nter medi ate

inorgani c barrier layef 18 and polymeric film _
[003@bst rHteebufﬁr layeemay badorowd lﬁronrga widestamety efiroganalertoth organic

an% o%alﬁgr bta ! gse‘lee&tl %/elli B ﬁ{ﬂo eg &)\ygﬁ L& glﬂgprﬁxiggtion or

furEib A HerBe buffﬁf lﬁydrSs tended detie. |Fay eiia'h@plé Gf BkRctronic components,
deposited in an essentjally conti nuous ayer but

or {gyens daat formea ReRtign o 2n PlsEir YIS FYMBANSH Wilb PaifergediontasIseared to
t c
Aot elte, AStefls ok B¥fnol LAY ookn R0 R R copic, not
acidiy andethai &y eon-i@cavewith disd elé¢dronizi ®mpoeents ankuyers snight be
‘i?%?%ir s the layer that first encounters encroaching
ure (relative to the boron oxide layer). This
[0G0] an qgmae tarﬁlic%ﬁo@ qfraﬂeétéd belyRRrie XilHe adRYdhg #Pthk Pavention are
provi d ast line of defense" in reducing noisture
usqfldla%#ssﬁi)%@i%rfmb%ﬂpp@ﬂylﬁ@m@lq ¢1¢qﬁ0@mmp@nent§,znclp@mg ®Fganic

ele%f#%l{ﬂ}eﬂgl?eesgﬁ\gd%\q%égr(?g f?o.’r$a§& (?r mﬂffﬁgﬂ Or&g t ec}gv\}] 1S 1in%tance, the
buffemntay@madycbet ﬂoanedrbﬁdamml& usrfd tblptovide arbedf thd élecfthﬂﬂlyt dvgive
At SOMENLRG LDl L or R B BTl Syl o1
méﬁ{ylﬂ%s) NOHeAFlah@¥ B riphbnyl S ( mm@ﬂ)\{ Iwmabista H&&m@én 2-yl)-

Ri's | ayer from bei'ng exXposed to noi sture at
,Ed@e@heﬂsﬂ)bsnadimN&)Imn(ﬁtheowaumphm)aiwnume(ﬁu@b gold,
ure environnents or where the boron oxide
Yo be nmde available to only resist the
[0041§nS rrr}sesthfmnés@ omeSiulﬂfeElatybladlsd'l@épeWtﬁi thatﬁﬂ(énbﬂ @Ha@ &fel Yuffer

barrier |ayer %13037 The enbodi nent of FIG X
layg Hiipign qdéOtS%eeb% plRentes &1 therange pf pbrut PP Phior2, 500 £ have
organic barrier layer 20 that is
Eﬁ&g?@%seg%%g¥agg% g?gn oxi de layer 16 and pol yneric
[0042“ m SElKﬁs’ﬁnhmsmraﬂez .an Sebodundnn or which bothafinst raajol syréace 20a and

second majorI surface 12b of polymeric film substrate 12 have been provided with a

sﬂllchg monci%ﬁ? Se‘i

protective structure 14 comprising a layer of boron oxide 16 and an inorganic barrier layer
18. The embodiment of FIG. 6 further includes a second inorganic barrier layer 20
associated with each protective structure, although it will be understood that the second
inorganic barrier layer is optional and may be excluded from one or both protective
structures. Similarly, while FIG. 6 shows each layer of boron oxide 16 as having been

encapsulated by the inorganic barrier layers, this is only optional.

11
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i norganic barrier layer 18, and the foregoing
di scussion of inorganic barrier layer 18 is applicable
wo 20080803zl | norgani c barrier |ayer 20. The enbpdi/Dew05/029905
of FIG 3 offers the additional advantage of giving
enhanced protection to polyneric filmsubstrate 12 as
a result of second inorganic barrier |ayer 20. The
[0043b0dTiengh vat sho'en imthiesirayings, aarieus funeticasblem¢rreneoatings can be

adtgg% ?h% rp?#écté#{)élg% HE ?E?B t%g rﬁleﬁﬁfgr?%d liépggﬁﬂmfﬁsesthelir Ithswal
or dﬁlefﬁlcaﬂprdpe@feg,mmcuﬂmry dt eliie slua&eef of th8 fikfid S46h YERSE 8datings may

to encapsul ate or seal boron oxide |ayer 16 so as to
inchidg, for SreanLS Vavibledight-repsguissiNpesonductive paverPrelssgedes €& of
ind{TR ﬁﬁ Hfd%e)ataniﬁt&l@%ﬁ?gs &3R8 e fb‘tﬁ?arﬂ@"t{l\tf Qtagfh(z:'ers abrasion

anot ettbodi ment a protected ynmeric filmiD is
res;staatsmitaedzboatmehnaks sptmal @atings QrﬁétMmmfwwmg mhtyrvmlm magnetic

1 but further rising.an optional buffer layer ..

or ysehelc- il saptiney 1y BleLo BPE PaBion ity (8N CEraphic
filhd\6r iRTa@EL BUNEER e bldhGs PE&siire @FRsRBRRAREINGS 08 hothblEhdhesives;

| ayers that are secured to or subsequently forned on

Primps te presnate adhesiond adigpans yatssanst lowadbesjoh badkgize materials for
r r 4
PP LE B LEBRBRSILN, b LA BN RITRIR, Fhoublony
comppsaghisicen bel hmb'r;mmaed phexp emcorgore 6 thet duternmet lapernhf thh barrier
thg rote t ed C f| mis put. For exanple, the
eSS ERIp WY B GEAOTIEY b Aoor e SR edieur f ace on ahi ch
[O(ﬂﬂgp Y r’ﬁﬁtlﬁvéﬁ'iloﬂmﬂ holkefeScriFRY WS BfekiRe tdhe following non-
sequently forned. It may provide an anchoring or
lmmngﬁmgipleay@rwluhlaall panty avdapsraentagessare by areightt unless otherwise
d?ﬁgﬁequently formed or secured conponents or |ayers.
e buffer |ayer may protect any subsequently forned
or secured conmponents or |ayers fromreaction with the
i norganic barrier |ayer DXAthLESron oxi de | ayer. The
buf fer | ayer pe for tlca function,
0] o daniFss iy os e oed. s B R B ALY S eRshinyPbe
exdngf1ged froma wide varlety of naterlals bot h organic
and i norganic, and the actual selection will be
influenced by the particular function or functions

tfhhbretvhmohuf fer layer is int endeDeSwnptmnve For
H e H =N b ot £ Ny o
AalTpl <, TTGL 1 LI
Bg?bortlon of ?gpﬁb§ﬁh
on Qor _secur.-e = -
FItNQri al s t hat Tetraflugen- e&ﬁﬂd‘inﬂﬁllﬁ ca@éme amhable ‘from Tokyo
hygr oscopi c, n¥eseaKiogye Coadgkyhdepair e non-reactive
AWi th the el ec|Pantrenic ehppumentsboter99 9%, avanlaphe fromm Alfa Aesar,
Ward Hill, MA
AlQ Tris(8-hydroxyquinoline) aluminum available from H.W. Sands
Corp, Jupiter, FL
C545T Coumarin available from Eastman Kodak Co., Rochester, NY as
Coumarin 545T
SR399 Dipentaaerithritol penta acrylate available from Sartomer
Company, Exton, PA as SR339
B -CEA B-carboxyethyl acrylate available from UCB Radcure Inc., N.
Augusta, SC, as BCEA
EHPE3150 Alicyclic epoxy resin available from Daicel Chemical Industries,
Fort Lee, NJ, as Polyester EHPE3150
Ebecryl 629 Epoxy novolac acrylate available from UCB Radcure Inc., N.
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In one application, protected

polyneric filnms according to the invention are useful
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this instance
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Clate

hf\ IhA
oT

- ATV 1D 26dilabs e%n[x“F Sion WSy Gaithersburg,
Bli;&“’% ptfn Uﬁ&e &eﬁxgnatgon”ﬁédbrﬁlslomi:l EmP]%

\M | |
Si

Ol

UurTTuc

tective str

'\
TAAL, TTC S, U UTTU LELILAA uulll \ %3 M Al I

id
Q@‘w&dlwe while EIG 6 shous

¥ch | ayer of

Mty ethyl ketonis as havi ng_been

PEhcapsul at ed

bR olybthylenotagephitlaldvar ri er | ayers, this is

CAGILy0 opt i onal
vari ous funct

AGQ#Z}grdheeigdutdt Qbai&{bdhl\ﬂomrh(dshﬁs €lkia®s. (US A),
Blstmih@¥E/ N, @ Modat CAGS] 503nd TRteaddacth 1 WR knurl

ApNe protected

BAVTRE et aVdilaBR fIm ‘Aﬁ‘@odlﬁ}t{ el‘"rto\/f?l@néeq{I)

T}ﬂ:‘nhS rb p& g4 EPT
II I O._y <l Q U

; Nerto[t ﬂféltr jHjsX\? 15 a\}ﬁi THee g‘thlcknfqn%nq ij Vi St. Paul,

| es,
H\“ﬁ ible |ight

o AW V4
el ectrodes (p

[}

LH

Ak , 3 onc é t?l mils
f§

P vajLable froft anantas HSPE 100
2 @@meﬁﬂgg ﬁo(ipgmo

grhickpgssT {19 migrqusho mknessnﬁﬁ) picrons)

81dd fdhsgizeor f

abr asi on resi

Prsopticalhnelear dhin fdmrlersinating adhesive ayaifable from

s BNhEompartya bt Pault MMbeedMaildl opti cal

coatings or f

m@ﬂll S|‘gﬁ3t§9n

ol el P

ilters; anti-fogging rraterials magnetic
s or fil

£t i

C .
he examples or in

the foregoing table may be obtained from A1dr1ch Chemical Company, Milwaukee, WI.

[0047] An OLED

Example 1
device incorporating a protected polymeric film according to the

invention was prepared in Example 1. A UV-curable solution was prepared by combining

80 grams Ebecryl 629, 20 grams SR399, and 2 grams Irgacure184 that had been dissolved

in 1000 grams of MEK. The resulting solution was coated onto a roll of 6.5 inch wide

HSPE 100 PET film substrate using a CAG 150 microgravure coater operating at 20

ft/min. The coating was subsequently in-line dried at 70 °C and then cured under a
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films or inmages; adhesives such as pressure sensitive

adhesi ves or hot nelt adhesives; prinmers to pronote
w@elhessass t o adj acent | ayers; and | ow adhesi onPOEUERDZ€9905

materials for use when the barrier assenbly is to be

used in adhesive roll form These functiona

conponents can be incorporated into one or nore of the
nitrogenegtmespheraydh ¢ Fasion A UYakamp ppexatinends | 190%rpoveas. Bhis resulted

. | fil ' .
i FEBh T RIS LR BoBRG Ay o P8 st Mo
coatiag kinéong nonlimiting exanples, in which all parts and

per cent ages are by wei ght un] ess._aqt herw | ndi cat ed.
(00ASapLERS Y BUSFD Tl SammeriAlly 28 g rem 6 Coamppany undr the

traéeodelﬁ‘lg}q’%tgg)[ %(%3%1?31%2%2(9@% &k %utua?l%‘:{hénnthtexsﬁally laminated to gée coated

exa materials for which a source h

surfroe obthe PETdEINT $ufbiseateiusing heokkxany] kemimator pAn épproximately 35 nm

o H P! LB sBio BB 1L b i bRl o
and¥iet iaBFrok HEAEIP S an fHgckelaPer@f ETOGLErP SdgybRially depbsited on the coated
according to the invention was prepared in Exanple 1.

surfpee)ot the AT Rins sibstrate ysing s LY sprieaine pocewsrammlPYige g@ressure of 1
mﬂ?ﬁﬁﬁ?@f@&#& 29%19 rg%p%&f @Wgens %atgéafjl% &Bﬁl%d 6 sccm,
e een e

I'r gacur 4 that I ssol v I'n 1000 grans o
respelivelhfer cesingtthe il'G,cind tah argond®ove mixt efdl SOrscemdor adatingthe Ag.

6.5 i h wi.de HSPE 100 PET fil. b i
Thas doniita cogfikons o B Bperensp et 10 ghmsiae Tt rayers

serGQPds AABdNHd Y RSREHEMAcYs foPthelcB@odEs BlthatsulddqRéatBErmed
t hen cured under anitrogen atnosphere with a Fusion D

OLEY deymgssoperating at 100% power. This resulted in a

T S SRR Ehvon
PEDdImnebstiied) ABsikiple@ftiey @indhidtivepdacrabiubsirite meablring 50 mm x

Conpany under. the trade designati on Scotchpak 1220 yas
50 ging wag putfrm thearllend Fﬂ%tﬁunyg fORPREISSACh BIeRHEINg Padoe - The

' ; . ot
sonffe MRS B fihor Oy cicen’d bTRGHORISRH £ wiph Wby B0 )
solfitbbrl (e dndxyl 22NS ARgreoChemieeZychisil, Smwitzbilaid) fayaboutof mbgites,

. followed by another approximtely 35 nmthick |ayer of
Tingingyn, EAEn gaivawtem &) dgionigpd wptes frr@houtY) migs preidrying in a nitrogen

purged oven for at least 4 hours. The ITO/Ag/ITO surface was then plasma treated for 2
minutes at a pressure of 300 mTorr, oxygen flow rate of 500 sccm, and RF power of 400
watts in a plasma treater commercially available from AST, Inc., Billerica, MA, under the
trade designation Model PS 500.

[0050] A hole-injecting layer MTDATA:FTCNQ (2.8% doping)) was vapor
deposited at a rate of 1.8 A/s to a thickness of 3,000 A on top of the conductive pattern on
the PET film substrate. A green emitting OLED stack was then vapor deposited on top of
the hole-injecting layer using thermal evaporation in a vacuum chamber at about 5 x 10
Torr. More specifically, the OLED stack was provided by the following sequential
depositions over the hole-injecting layer: NPD (400 A, 1A/5)/A1Q:C545T(1% doping, 300
A, 1A/5)/A1Q(200 A, 1A/s)/LiF(7 A, 0.5 A/s)/A1(2500 A, 25 AJs).
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surface of the PET fil msubstrate using a DC

sputtering process enploying a pressure of 1 mforr, 1
whWoeh3qasver, and argon and oxygen fl ow rat es PET/LSIN5/029905

seem and 6 seem respectively, for coating the ITO

and an argon flow rate of 150 seem for coating the Ag.

These coatigg conditions resulted in a sheet

(00534 st Ec@LED deoicenwereshemensapspied Bolipagieing 39190 viaf B on
tor e R AN o PRl SR b1 Labotelifi BRLIOS S A ot

tungeisk dma;sletsbn&ne (88A-00 10, R. &5 MdthisSigal a:Iin,lotDAgcAi 2vh1ail thick
pattern on_the PET film st.rat np t he
Profesiiy CPPRAE f %Ewe%ﬂwg&l%s ¥ anéat?fg%tsal}?mﬁ@ra%e BPTSHMRHRELY

80N st ty ﬂahg%?gﬁ?e nﬂlﬂt%qa@er%ﬁq bf‘tﬁgB 8Y1a g@l‘ 3&1%' Jltl?"i‘ﬁgi'mo-bond

measuri ng e sanp V\BS U tra oni cal
845 EERASA Ty cappir fodlt wasnlatge eaow@rtmeﬁedpsmlhtelﬂ@erﬁ)ttmg areas of the

det er gent . sol ut| ex 12 , Borer
SRR Pt s USRS AR § DI MRS AE BSOS Ieghrayd f point
foﬂ’@éc%&a@@&ﬂﬁct 1%0r E()nv@ﬁi'eﬂ&' #edis Vet REd AOTOIED Wevidd A rDewce

and drying in a nitrogen purged oven for at |east
effiraencies far@LER@ovdgel H@eswm@e@eedwglgtmtcpmMytcpera@tedj silicon

phétg?%,ﬁ%@gogeegsoé}g ﬁa‘,pégééu&g of 300 niorr, oxygen flow

r of 400 vvatts in a
(00524 s meTHer a‘&kem daﬁtméfﬁbmhéwofanmrb@bh@g 4 prawchddipolymeric film
B| | leri under_the trade desj gnat| on. Model PS
apHNE [ el}ve}:\ﬁ%rréo OREDR Pevige Aayasrthenissessod- FToNG (2. 8%

[0633!?' NOA 3, 0084 WAAOTay&EI5. 0k Shs ﬁE}g@;ﬂtE@&? tHefsufa& &¥the PETHIm

t hi cknes$s of 3,000°A on top of the conductive patfern
sulpptratetrppPETE the burfaselostwikclethe Aegrestmnicqure had hepnClepbsittaol using

L e R T

[0682put & nxuldRyér iderghnic MarRr Hy8EWh ®idh bﬁépaﬂeh fby%ﬁﬁaﬁﬁg’@ balr of
was provided by the follow ng sequenti al depositions

mydijlayeriapgeniice in facete-facg fashipapwitinpropticgloadhesive. Each assembly

copfhEl 4t B SRL S0P 380 rsbL AU ER g pp v
WlﬁlnEibndné&ted; else laerimatedmoltdnea pougaaicdshrier hed plosiollowing

comt P R et b0 P S5 R Sptca
AdhEQ 9§78 BN O TP Er @/sm@ﬁpélﬁ%téf HsOUOYPolFmeDt/PIRHALS . Each assembly

Signal Hill hi ck protective copper foil
wagdermedas dﬁmbﬁ@ilﬂ thefelidwing peragnaphs.t enper at ur e of

[0(?5%5” oxlblg‘?gasey+ Polymer 1 (“Layer 1”). HSPE 50 PET base film was coated with a
UV-curable solution that was prepared by mixing 145.5 grams Ebecryl 629, 37.5 grams B-
CEA, and 9.03 grams Irgacure 184 that had been dissolved in 972 grams MEK using a
CAG-150 microgravure coater operating at 6.1 m/min. The coating was cured using a
Fusion H UV Lamp running at 100% power to provide Polymer 1.

[0056] SiAlO Layer (“Layer 2”). The PET base film coated with Polymer 1 (i.e.,
Layer 1) was then loaded into a roll-to-roll sputter coater and the deposition chamber was
pumped down to a pressure of 2x10°® Torr. A 60 nm thick SiAlO inorganic oxide layer
was deposited atop Polymer 1 by reactively sputtering a Si-Al target (90%-10% Si-Al

target commercially available from Academy Precision Materials, Albuquerque, NM)
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80 C using a hand-operated rubber roller on top of the
B2G3 | ayer and with Therno-bond 845-EG 2. 5. The copper
wo 200b/036333 | ar ge enough to encapsul ate t he em tPECTYS2005/029905
areas of the four pixels, but the edges of the PET
filmsubstrate remai ned exposed to provide a point for
el ectrical contact. For convenience, this is referred
using 2 kB mml GRON . @e2an mixipes sangairing i5¢ iseqie prgonfapd 3sem oxygen at a

r [ ot o-opti cal |
pregseo{]}(ér éfé‘ ég‘/ﬁ{ ?ncggﬁ% g%dg’%ggg r?/ﬂﬁlﬂ Sensgrs Hazvt hor ne,
[0057) . [FadsadA¢r ZTﬁanBérBéy:t Using dewoaéitiehd ﬂ@sicﬁl%dyfoﬁfhe application and
S N (O Y
m/ﬁlgp%ﬂ prévidudf Qplﬁletdhﬂlﬁk) Ila%&e\fvagmtéﬁaﬁtlg@ @Qﬁbﬁrﬁgle QBlution that

hé surface of the PET filmsubstrate opposite the
was prepaicd bysombinihg 238 grrnd T¥1-69741 42 5egrems EHRER 150 in 405 grams

po ed an h osition conditions
M’fg‘@saé‘?t %lacué%djt&é’r?wg Pﬂé'mﬁfgw ously applied B O3 | ayer.
[O(ISGPS4]Usén%ru4etsmha¢6ﬁdltlwmm Kayeap ah@® LayerBetesp@sivelyeasecond
r epar ed lam nating a pair of multilayer assenblies

SiplQ lﬁa%réwts cpegited pipprliayar Ma forad-aypt 4. @decindraxarwé Polymier 2 was
coégﬁfﬁﬂﬁu &QﬁBffbﬁﬁ ﬂa?ér)s ?A& £ E}‘atlénﬂ:g Egi{éﬁbswg de@\%&gﬁeﬁ%op Layer

organl .C mat er or ne base
5 tg 6ol ledyed 6, thereby arovithhgah asemblydypemgiaRETbasie P obyanari 1é31A10/

d | owi t t' . PET base/ Pol yner
PO%F %@I%ngﬁ &k eyt I%}‘R’Er 2/ S AL Ol QOtiycaI
[00?/9];;_?_ i ’lgl%/rgéuﬁu% zﬁ@éﬂiﬂ@rwﬁl sﬁlﬁhg R r?eSH?ﬁnle'ag’hﬂtg Bgéﬂd&ﬁﬁ face-
ase

| Each assénbly was forned describ
to-fage farsmomowniggglﬁéﬁai@m and 4 yesBil lmemamqé@ formppmyiitdayet
HSPE 50 PET base filmwas coated with a
cura{f) e soI ution that was prepared by m xing 145.5
[0050h s Hizanulilay62hor@nicShagricr weas thenThAinaggdcto %@&p@ﬁﬁﬁz@ layer

Ar 184 th had, been di ssol ved | 972
wmagﬁ%é %&i@&@ %bsva ahcemalffla% ee‘n%‘BH?féP%B awtq?geda{”?nnam film
intdOTED ddhi& KOPevY e¥fRSerfcits %r@ﬁfeﬁ’éﬁréﬁ o ?ﬂ é}f(‘l lFI rggfh% gdHe

runni ng at 100% power to provide Poly
pro@ad\jr@a&ayployéd pymusly’ JncoffreatREla ﬂua@eteﬂlplomnm&m't fdth avcotding to

e freBh i AU Revt A el SEic ey Fepgsre Foi Srynbie

resWBihglddieed down to a pressure of 2x1 O"6 Torr. A 60 nm
thick Si Al Oinorganic oxide |ayer

Ino

Example 2
[0061] An OLED device incorporating a protected polymeric film according to the

invention was prepared in Example 2. Additional samples of OLED Device A from
Example 1 were prepared and the copper foil was edge sealed using a thin bead of epoxy
(Araldite 2014 available from Huntsman LLC, Advanced Materials Division, Vantico,
East Lansing, MI). The epoxy was allowed to cure to hardness over 12 hours in a N,
atmosphere at room temperature. For convenience, this is referred to as "OLED Device
B."

[0062] An inorganic barrier layer was then prepared according to the following
procedure. A UV-curable polymer solution was prepared by combining 2.25 grams UVI-
6974 with 42.75 grams EHPE3150 in 405 grams MEK. The resulting solution was coated
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was deposited atop Polymer 1 by reactively sputtering

a Si-A target (90% 10% Si-Al target commercially
w@r@sloadsbe from Acadeny Precision Materials, PCT/US2005/029905

Al buquer que, NMusing 2 kWand 600V, a gas m xture

cont ai ni ng 5 1 seem argon and 30 seem oxygen at a

pressure of mrorr, and a web speed of 0.43 nmimn.
omp@cﬁs&}%b&l%ewozmempawl@k ﬂgm;lne pelyester e copnpereialy gvailable
fofi TRt A nagle SUfip Rl B, A e e Dl PANTEL une o
CAG $$ibmmbrogravdurﬁ coater operdting apn epeedwd |1y fidmppl. | B @a%g)’vas

| ayer rcoated with a UV-curabl e sol ution fhat
suh&ﬁ%ueaﬂ% Hs}la?j A oo Qﬁlﬂdh@? Puedypndes 2 piogeY pumospherg syvith a

F’ hiil

PR S PSPt PRI, e i
an approkiamataly 2. 7ami tlh_lalyafans(parene«sxpang theedop, a second Si Al O

d t ed t
0d3Y &1, A R%o 8 Simps AR S buterl Be i iE MelqsTipritpamber
wak PlifpéBISHn ﬁ) a prskude 11x10°TAWEIA 66 nl tico SIRRD %Bglﬁai& &4de

atop Layer to form Layer 6, thereby pr0VIdIn8
layag\ympyswsv@ ¥ wmégé/vpm gpprBvixturegionfagingdp yersp argon and
18 6kt @(g?ﬁ% " Lﬁfe ot i '&{1& gwests Lo of[ﬂﬁé%]s/nir Rfte. A 90/10
resu g as y was sp I'nto mo rol and
tarpa oif BaAe dvatlkabEtﬂ’(ﬂn AppliedBetBionfMateriflashibaquergie) M Whi used as
AmwyveEﬂdatm&rMIIamnMOrtofOHnanthawﬂ
the (igFYRAE2bar rier. [0060] The nultilayer inorganic
[Odlﬁ! L' gg_lox%@%lctﬂiﬁibrllmm&g @hén‘:inéd?ﬁorﬁféﬁq’ﬁt%%r%sll)aﬁ%ﬁared

dhesi ve t hereby conpleting t
sampleoe HOLEDi devies B 4o formi easpestivelyl QhED lae\flcet Bl and OLEDEDevice
B2device A. Device efficiencies were neasured again and
using the same procedure as enployed previously.

[006SF Or POLBDID&/ice BT Mas piepsrel Bl MEBdsitin gfa 3, 00@4ahickilf@r 66B,0; on
the invention into OLED Device A did not_ s |f|cantly
therﬁ%\fﬁ@feoﬁth% PEf tfilgy swhsliate pprasie thesurfasens whigh the depicgshpeture
ha@b%eg%}ll "P%) ?‘@Qvgsed’é Sﬁtéd%ﬂf?r%ﬂéxﬁltal araﬂlb%efggyjsecond& from a
pol ymeric m-accordi n he I nventr on
turigateixdanple sodce ARRA-0iI0d ﬁw RsRinlathss, 81 gn@l HIDL, D). é]Ehe;%ré\nmmly

preé%%gp%oergéqlﬁ ataleF [ﬁy a\%gsgtgglg ntglgzgi@ pép ehe gx%glsed\l&soﬁad)ge? using
8141 Adhesive and a two-roll laminator to complete OLED Device B1.
[0066] OLED Device B2 was prepared by laminating the previously prepared

inorganic barrier layer to the "front side" surface of the PET film substrate (i.e., the surface

" opposite the surface on which the device structure had been build) by using 8141

Adhesive and a roll-to-roll laminator. Thus, OLED Device B2 differed from OLED

Device B1 in that it lacked the B,0; layer used on the front side of OLED Device B1.
[0067] The samples (OLED Device Bl and OLED Device B2) were stored under
ambient conditions. Photographs of the lit devices (i.e., OLED Device B1 and OLED

Device B2) were taken periodically to compare dark spot growth. Samples of OLED

Device B2 (i.e., without B,0O; on the front side) showed significantly more dark spot
growth over time than samples of OLED Device B1 having the B,O; layer on the front

side.
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(Aral dite 2014 avail able from Huntsman LLC, Advanced

Mat erials Division, Vantico, East Lansing, M). The
weposy3esss all owed to cure to hardness over 12P¢mu$z®03/029905

a N2 atnosphere at room tenperature. For convenience,

this is referred to as "OLED Device B." [0062] An

i norgani ¢ barrier |ayer was then prepared according to
[0068E f ofhednyengiop isoaeehabls. to Aammm<§6¢@10p@ mg,dmltens;tﬂvatfoms

I n|n 6974
soees BeE R H b SR B Pl e CHPI st
dess€iptidr. O wilhBe Oﬁdﬁrﬁd@d]tlﬁwav& ﬁaal the hvshtiéen isHOlimited @these
thick fluorine Eolﬁester filmcomercially avail.abl e

particlas grabqdiments, fEPIHEEN M 1tgnEen 15)tp apyer al] paedifigations,
v
AL A0 RPN B0 R L DA O BN B Wi i
defiveesl by b anpeaded glainrs. |Vareusl m0dd'lcatlorman¢ eqndalehtaprommdas well
under a nitro at phere with a
as B\ﬁg?rgﬁ ﬁalcghr %d@hlgbn&glpres?ﬂtl 1§V6F1élgﬁ In{a 3) €;3pp calg}{e waﬁr%e readily
appar &t P0G skill 1A tha it R@ wilthaRPprexdnfBivehtYorDis dirgeed.hi Ck
transparent coating thereon. [0063] The coated film
was | oaded into a sputter coater and the deposition
chanber was punped down to a pressure of 2x10 6 Torr.
A 60 nmthick Si Al Oinorganic oxide | ayer was
deposited using 370 Wand 375 V, a gas m xture
contai ning 20 seem argon and 18 seem oxygen at a
pressure of 6 niforr, and a web speed of 7
i nches/mnute. A 90/10 target of Si/A avail able from
Applied Precision Materials, Al buquerque, NM was used
as the target material. [0064] Inorganic barrier
| ayers were then incorporated into previously prepared
sanples of OLED Device Bto form respectively, OLED
Devi ce Bl and COLED Device B2. [0065] OLED Device Bl
was prepared by depositing a 3,000 A thick |ayer
O B233 on the surface of the PET filmsubstrate
opposite the surface on which the device structure had
been built. The B2 was deposited using thermal
evaporation (~3-5A/second) froma tungsten dinple
source (S8A-0.010W R D. Mathis, Signal HIl, CA). The
previously prepared inorganic barrier |ayer was then
| am nat ed over the exposed B2Q3 | ayer using
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8141 Adhesive and a two-roll lamnator to conplete
CLED Device Bl. [0066] OLED Device B2 was prepared by

WO 2060383909 t he previously prepared i norgani c BEr/US®D5/029905
| ayer to the "front side" surface of the PET film
substrate (i.e., the surface opposite the surface on

' the device structure had been build) by using

C ‘Adhesive and a roll-to-roll laminator. Thus, OLED
Device B2 differed from OLED Device Bl in that it
| acked the B2O3 | ayer used on the front side of OLED

1. BemroteeteBlpol yndG B A} Imltvenmisiny: es ( OLED Devi ce Bl and OLED

Device B2) were stored under anbi ent cqnditions. )

Ph oP)oangﬁﬂ)?S%tﬁ?’PﬁBbﬁtﬁaEe léfé(mgc’e@“t najer surggepangha seeamd ppajor
surditd ofbdERe BRYfifkemBRk sWAR; hken periodically to conpare

dark spot growth.” Sanples of OLED Device B2 (i.e.,

wi t Rbuiprogztive pirediereprovidedsins leashtbaubidst siajor surfaenof the substrate,

t h_over tine than sanples. of. OLED :
R PPl AR BE R DERE A 5T <R TnE T i & nGraric barrir
layst.de. [ 0068] The invention is anenable to various
nodi fications and alternative forns, specifics thereof
havi ng been shown by way of exanple in the foregoing
2. W 50ieB@a pBRENGRSAR RIbRihg thiciah! 1 fad ili
ho}\’j\l)g[veer, ptlr?gli[tl the invent igon ias n(’)thp‘ﬁflgn%gﬁéo ti}\)gg%eablhty'

particul ar enbodi ments. On the contrary, the intention
dification ui,val ent

3. b ReBRPS bR MRRebiiie & i T B deSt sphorgp oxide is

dispéked iofl YiefitsOihajoMBinGhvel of titfubiiete, IMd ttSnaRRRIB BRfHer layer is
.clainms. Various_nodifications and equi valent
dispessd exgdhe layer gidhqromexideimer ous structures to which the
present invention may be applicable, will be readily
apparent to those of skill in the art to which the
4. preteoted polyerdricdiim mcoidirectb ethiil3AME einltherd ip hotigetvesing layer

ol ric filmconprisjng: a).a polyneric film
be@ﬁﬁi&‘?&??%ﬁ*%%ygfp@firtg?l aBic DRI ABET-and a second

maj or surface opposite the first major surface; and b)

a protective structure provided on at |east the first
5. Adjretectsd ppharensfiilmascending to slaem 4nwberimthe lmrgaroe barriew kyer is

anﬁltltflﬁgetr%ﬁsugl%ﬂ@ﬁ_i ses a | ayer of boron oxide and an
I nor

anic barri'er layer. 2. A protected polyneric film
according to claim1, having | ow noisture
ernmeability. . i X ) ) ) )
6. A protected polymeric film according to claim 1, wherein the inorganic barrier layer is
selected from the group consisting of metals, metal oxides, metal nitrides, metal carbides,

metal oxynitrides, metal oxyborides, metal oxycarbides, and combinations thereof.

7. A protected polymeric film according to claim 6, wherein the inorganic barrier layer

comprises silicon oxide.

8. A protected polymeric film according to claim 1, wherein the layer of boron oxide is
disposed on the first major surface of the substrate, and the inorganic barrier layer is
disposed over the layer of boron oxide and cooperates with the first major surface of the

substrate to encapsulate the layer of boron oxide.
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3. A protected polyneric filmaccording to claiml1,
wherein the | ayer of boron oxide is disposed on the
wo poos3a3a3 or surface of the substrate, and thePCT/US2005/029905
i norganic barrier layer is disposed over the |ayer of
boron oxide. 4. A protected polyneric film according
to claim3, wherein there is no intervening | ayer
bet ween the boron oxide | ayer and the inorganic
i | . : . i i : ' :
0. B o A IREH e R BHE B Py
disposedionabe first ovagtr sudfa et . thGsubstrate,aind cheeldygral fiboeon exidé ism
d.accgrdiq% to clai€1l,-mherein t he i norganic barrier
ISPARFL OVPISIE MOLEAUGPITIBLIYHe gr oup consisting of netals,
metal oxides, netal nitrides, netal carbides, netal
oxynitrides, netal oxyborides, netal oxycarbides, and

10¢ drpisster palymeanisridar accqrding toclaimd; adiersi thereris so fintervening layer
[ . ' (.n.the.jinorganic barrier
R T T G o S
polynmeric filmaccording to claim1l1l, wherein the |ayer

of boron oxlde js. disposed on the first, mgjor surface

Mo RIREeCtetpebmerie, aReCotiing tsiayarOe Wheliein 1Bp inoggatic pagrier layer

is #AnARASRE cONsBliclidie | ayer of boron oxi de and cooperates
with tthe first major surface of the substrate to

encapsul ate the | ayer of boron oxide.9. A protected

I i G fil di ng,. t [ wh in.th
1 RS T S5 0% g . B B oo
surface of the substrate, and the [ayer of boron oxide

i s di sposed _over the inorganic barrier [ayer. 10. A

13p Adrateeted ppbmgss film aocordingcte staimrlg, whersinthmimpreamiebaripr layer

. . I .

s {I0E b ek EY B0 of B Sl Bl B layed r BRCR ARt Fwosed

ovgdhy merganid barnerdeysor, dndithetbaffet hiyen id Qispoded foekmthe fwer of boron
inorganic barrier layer is a nmultilayer construction.

OXYS: A protected polyneric filmaccording to claimi,
further conprising a buffer layer. 13. A protected
polymeric filmaccording to claim12, wherein the

14) Adrrgteaied polymerierfilmageeerding tdictapmdddwbereintberfeiis 8o interjvening

f he | f i de. i
3 hosR G R pbih RS B A Bt bafties B hpf s
intbrvbiiag ldyayedtween the bpaseskidy/yertang thebidfer @fyeROr on

15. A protected polymeric film according to claim 13, wherein the buffer layer comprises

an organometallic compound or a chelate compound.

16. A protected polymeric film according to claim 1, wherein the protective structure

further comprises a second inorganic barrier layer.

17. A protected polymeric film according to claim 16, wherein the inorganic barrier layer
is disposed on the first major surface of the substrate, the layer of boron oxide is disposed
over the inorganic barrier layer, and the second inorganic barrier layer is disposed over the

layer of boron oxide.
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oxide. 14. A protected polyneric filmaccording to
claim 13, wherein there is no intervening |ayer
whedses393 he boron oxide | ayer and the i nor ganPCT/US2005/029905
barrier layer, and there is no intervening |ayer
bet ween the boron oxide | ayer and the buffer |ayer.
15. A protected polyneric filmaccording to claim 13,
wherein the buffer [ayer conprises an organonetallic
C a . 3 . .
B o R o OO a7, AR EhBf of boron oxide i
enqapsileted betvest thectwor ieorfganit beriec tayprsi ses a second
inorganic barrier layer. 17. A protected polyneric
filmaccording to claim16, wherein the inorganic
19D proREtell PpBimdric MPRLERKNLI i@ 177, whbrelPihefe i§ Hb 1R6Qening
of the substrate, the |ayer of boron oxide is disposed
laygy betweerethie Avieg ahberop axideand theyisergania §arries layer @nd there is no
- qan] ' I rei [ S | aye :
inRRRHR T R B e | b begf GRS ER, B bl By fier taver
to claim17, wherein the |ayer of boron oxide is
encapsul ated between the two inorganic. barrier |ayers. ,
20, plﬂg\teae tpef 1efim, srepyding fo|claimcle Sthareiy the dnrganifbatyier layer is
a MBS onbi@i®iohs no intervening |ayer between the
| ayeif of boron oxide and the inorganic barrier |ayer,
and there is no intervening |ayer between the |ayer of

bar on, oxi.de, and the second inorganic barrier |ayer. .
21580 SigreGR P bR SR PRE ol R R s Mg harrier aver
compeseialtein@ing polyERtic anddlokdgaic lhyeter is a nultil ayer
construction. 21. A protected polyneric filmaccording
to claim 20, wherein the inorganic barrier |ayer

. . : . e and. | L
L
prdétective structorep wheiengtha se@nd potertive strictuee is pravodedros, the second

wherein t second protective strugiure is prqvi ded on
i ghcu i ) S AP7 ZEEPHFoS VS GbLPiPROR g Y o otgdnie
bafiRFPdyeses a | ayer of boron oxide and an inorganic

barri'er layer. 23. A protected polyneric film
according to claim 22, where, in the second protective

Sty , f r ige ks dis ed on the.
23 i iAr érg)teﬁgajﬂ &PEQ‘S?‘LCZ%@ A O{Cﬁ% t@&kl)ag r%f \ezvl’hgre, InB3&3nd protec%ve
structure, the layer of boron oxide is disposed on the first major surface of the substrate,

and the inorganic barrier layer is disposed over the layer of boron oxide.

24. A protected polymeric film according to claim 1, having a moisture permeation rate

that does not exceed 5x10™ g/m?/day.

25. A protected polymeric film according to claim 24, having a moisture permeation rate

that does not exceed 1x10°° g/m*/day.
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and the inorganic barrier layer is disposed over the
| ayer of boron oxide. 24. A protected polyneric film
w@ewenshizay) to claiml1l, having a noi sture per meRCT/082005/029905
rate that does not exceed 5xI O 4 g/ n2/day. 25. A
protected polyneric filmaccording to claim24, having
a noi sture perneation rate that does not exceed 1x1 0
26 6 Agyratetigd po emfgnmomemgpol ymeric film conprising:
a) I
A 1} Q;S’Qg&géﬁgr&r ay eghaaﬁﬁsglg;a efs.{ug&% ?H&é?&r?a%ﬁ éa?grﬁsr ?ﬂ&*e Bpposite
theafheltrha]oﬁsdr&t,te,raxﬂf bor on oxi de on the f| rst maj or
sur he pol yest ilm and r of an
inoLb%& yer ehhoen oxner et BePesER Pa t ecpﬁ{xeﬁfsr filyy apd a layer
of 5?5 inBRIaRRk Rt StheHah bBfdY Xk, ¥ EHe']gyér%Y %roﬁ%txY&eGrlthhl%
l'ayer™ of boron oxi de and the | ayer © |nor%an|c oxi de.
intgryening payet kefweeh e dapsi of dren prige and ﬁed@}@mo thovganéc oxide.
conprising: a) a polyneric filmsubstrate having a
first major surface, a second nmajor surface opposite
271 eprbietll oF@n®y eledtidl@fiResRtdcvideIcoi@eibinge structure on
the first major surface of the substrate, the
pr ofLEPoNBICEE filimsubsirateiayingst figt maloaywifacss 2 sRsPRh MBI gurface
q’ ﬁpﬁlrgﬁp E&rfR@re[ﬂdear rt)@fﬁ"% stRl}:tu?@on the first major surface of the
ect scent assenb conprising a first
subsltratst ﬁmqutecalwesuuctdreedoaqirrsnmea, lagerchf dotanghxideearidtani ingrganic
b strg}tture di sposed between the first and second
AL HFodes, wherein the el ectrol umi nescent assenbly is

di s B?ﬁ@gleétk()luﬁihefs&%t hdsemblyBainfprishisla SeeldtrddBSa second electrode,
substrate and either under or over the protective

an@mhghtt qmiginggtruciurg disppsed betaveen e firslj and sseantlslestiofles; wherein
c £ele

%c%%@ﬁ’é@gs&%ﬁt aspér{?l; Eﬁe cg Iglr?n%ﬁ(g ’ 19 V\ﬂ kehreet?rﬁt rg%’ 89 luﬂ'fgcg 34 §:@ibstrate
ané klodr nadetror pesode prassieabirycting, 6 (Hpos € secoridaajseagfide of the
maj or surface of the substrate. 29. A protected

ic electrolum nescent device according to claim

27, wherein the electrolum nescent assenbly is
di sposed on the first major surface of the substrate
28 ardproteeted tonganpr de@mlummestenuddvinesacc@dingAo plaon @7t wtlerein the

elegifg ugdﬁxgqsgtl? %%s]%gllbﬁjyrqsr(]ﬁssf)% dt on t?l\e/ Isecc%n cr:rf:a?cgrdsuﬁgce of tﬁe subrqrate

su

29. A protected organic electroluminescent device according to claim 27, wherein the
electroluminescent assembly is disposed on the first major surface of the substrate and

over the protective structure.

30. A protected organic electroluminescent device according to claim 27, wherein the
electroluminescent assembly s disposed on the first major surface of the substrate and

under the protective structure.
31. A protected organic electroluminescent device according to claim 27, wherein the

inorganic barrier layer is disposed on the first major surface of the substrate and the boron

oxide layer is disposed on the inorganic barrier layer.
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el ectrol um nescent assenbly is disposed on the first
maj or surface of the substrate and under the

w@e@beai3pye structure. 31. A protected organi CPCT/US2005/029905
el ectrol um nescent device according to claim 27,
wherein the inorganic barrier |ayer is disposed on the
first major surface of the substrate and the boron
oxi de layer is disposed on the inorganic barrier

I rgani ¢ el ectr J n DESG8nt
32. gs Vﬁéteegég 8% él&% &Plglle%n%)i evige aceordi # 2? %Perem the
layepo Oorex bxide i§d1§b08ﬂbsleﬂledﬁsttd’ﬂzﬁmf durfite 6Fghe f‘sulislttﬁfeaeﬁﬁ thd
. the substrate and th |norgan|c barrier layer is
inogganiLRAHETIAY SIS HSB?/SSS opfthe)layenot §eromexidgs. A net hod for
reduci ng the transm ssion of noisture by a polyneric
filmotherw se able to transmit noisture, the nethod
33¢ 6nlp¢tihg<ii by redueing thp gansn)issp'orovf wibisprabye pylyerdric flin atherwise
abl #g% a flrilfr % ts rface an?h a_ second mmj or
Sur SUEEOELY e SPPREN8 MU ace; b) appl ying
t 0 at d)pastidinpe ;fol)frﬁéncrlﬂhﬂﬁavﬁigr 4 Akemafor bi€adeQinY ARELSMd major
ilma protective structure conprising a |ayer of
Surﬁ%fﬁé’ﬁp%%k'ied’éﬁ Arsmaieriswdacgani ¢ barrier layer to reduce
:Tglesflﬁdl) a'pf)len%f to aP f"ea&cﬂlé/ il hﬁgofr shﬂﬁée%f&ﬂe%lﬁ@ngnc film a protective
structure comprising a layer of boron oxide and an inorganic barrier layer to reduce the

ability of the polymeric film to transmit moisture.
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