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WD 2006/ 036393 PCTTS2005/ 029905 PROTECTED POLYMERI C FI LM TECHN CAL FI ELD
[0001]. This invention relates to protected polyneric filnms and, nore

_particularly, to 5 polyneric filnms that have a reduced tendency to transmt
moi sture. This invention also relates to articles that incorporate such
protect ed pATYHEYPEE? i1 ns. BACKGROUND (0002] Pol ymer PETPIPHE2¥8Nd to

“transmt noisture (e.g., water vapor), which can be wundesirable if the

transm ssion of noisture is detrinmental to conponents that are secured 10 to

or subsequently forned o ] organic

el ectrol um nescent deviggéeﬁg@tiﬁh?@i”$g§U§€@H@ﬁfﬁﬂt or premature failure
when exposed to noisture. Techni ques have been devel oped to encapsul ate and
prolong the life of such devices, which may be sufficient if the device is
formed on a glass substrate thaﬂlﬁgﬂiﬁﬁﬁhjiééﬂ e to noisture. Increasingly,
however, it woagde%@ﬁbe%n&@rlefa%mpﬁ&‘e&eﬂ%ﬂgﬁéﬁ% 27, RV PRI Bnf i bm 15 but

such filns tend to I nherently transmt ture. A'protected polyneric film

that exBi birelEgeicdimpdipthasbd feiluopd teadentyi 18 trapsmitgougteie bEriepedpPailey useful , but
despite int ! I : afilm only limted
success has Ie%rﬁo gpgﬁ%gﬁglgﬁfa{f&?&% el\‘/:ql\/%é@y@n%ﬂggl NVENTI ON [ 0003] In one

aspect, the present invention provides a protected polyneric film 20
conprising a polymeric fil msubstﬁéﬁ&@!ﬁﬁ@ a first major surface and a

second maj ofgoHUT f BAEHARAMRL L foRSndrlif BlistRI DY, v ARAl.A ger ot ecti ve
structure trilat ?i S pr%?/i ded on at | ealt_st 1%ﬁkf%’r st rr\?a%j%g)?wsur%ace of the
substrate, Thdssinblstibibe ransmissipnefinmuwe srdgrimsatel ta coragoaentpthat algeomedoxi de and an
| nor gani g b3y &rseed BN formbl Sn [R¥GH. &L oRQLANO X} LR PRARPhapased on the
first maj%or sqrrS 5’8‘@ otﬁr?lﬁne sﬁ Strate S\Ilr;%t E%é fgg%r;gam c"ga%ri er |ayer
diisposed ovégvigehmap Siffepspduced putpy popreostind dailugsivihen epobodad moistutre | nor gani ¢
barrier |ayey (TN TR No LR il ' r cckhe substrate
with the Iayecr 0 esbo‘r’onc_lg%%ggpegi%%).ogpesalfag\?g&rpr%é)ﬁlﬁ E%rogg%?g%%#’ri er layer. A
second pr ot eédtchway bt suficient & Headewioe is omped @1 yglasa sybatyay thatfis ippemreablesd de and an
i norgani c barkdl Ry PL.AV]: t cond Qr . ace of the
substrate. OEaS ln%( pﬂr'“grgagl{nglﬁ 5 glpegﬁgg’ gg Hgbﬁgmﬁlgl srﬁgl? %S%C gse%il %}é’%mg?ﬁe&n ot neant

t o suggest 30 suéielfilmdione otipherantly matsmitowisract A pteced polyrechdfétowieen t he | ayers

} hat are in e;[chr}llaiﬁedrloe“lf génlnga ﬁl?)lf tg’mol?s"fllgre Wlmﬂg Eee easgec%llilg usre%ll%[u% é{eespiEeenrxtgﬁsseOf position.

industrial effort to develop such a film, only limited success has been attained so far.

SUMMARY OF THE INVENTION

{0003] In one aspect, the present invention provides a protected polymeric film

20 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

25  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

30  that direct, intimate contact is required between the layers that are in this relationship, but

instead are relative terms of position.



WO 2006/ 036393 PCT/ US2005/ 029905 [0004] In sone enbodi nents, the inorganic
barrier |ayer cooperates with the first mjor surface of the substrate to
encapsul ate the | ayer of boron oxide. In other enbodinents, the protective
structure further conprises a second inorganic barrier |layer. The |ayer of
boron oxi d&¥4MY%EHE be di sposed between, and opti onBiVYF2H08MEapsul ated 5
by, the two inorganic barrier layers. [0005] The inorganic barrier |ayer
preferably conprises an inorganic oxide, boride, nitride, carbide,

OXyni L1 dei0ofiY DA% Ll oo BXC A lfuniSHEN: 5 bECARWAK IRy 1 Lr des or

car bi des; : e carbon 1ayer al s such as silicon, alum num
or conbi nameionsyriadsef topubsEpewichéapsubsicthplaess of aedndedes i ¢tkwon oxi de (nonoxi de

or di oxi de s i it i i Lol M num oxi de.
The inorga%?%m%g?ﬁi%%ﬁﬁgggkg&%ﬁyegghgga tS %&ﬁdﬁﬁgﬁhk%&ﬁ&l%&y

. I'layer construction conprising,

f or exanpl &he layer effbosniopige pol thee bé dspased betivnay gulmiptonaly by capprlatgbne i nst ances,
t he i norgapi arrier .| [ s low noisture perneability. [0006] Protected
polyner?c P*ﬁﬁgw%@8§ﬁafﬁ%ﬁ?6£%ﬁé invention may further, and 15 optionally,
conpri se all®0s}f erTHedyeegans bethicalaye preterdypyrvompdsat dn ioorgonipoadedbodide,a chel at e

ani ¢ barrier =\ be di sposed

conpound. [n.these, enbodi nents, . the inoys. . .|l ayer

on Tt ¢ bftdey atEe R ERNForich O etifh F6.pieh o RUP i Bt Ron ox do nay
be di sposeédaraier diihehdilike b4 1eyerhaidmietils duetyRkilicanaluinhembuf f er | ayer may be
di sposed over, .t he | ayer. of horon oxide. [0007]..The pr.otective structures
edhoe. t ho TSR eHG G SHERE RIS P HReD SHFmon B BRRHEY of pol yimer i
filns t0 tedasmHddBluSinimhaxiddsr dlidof Sminumtcdhf@le TR i patt paleypsi ¢ fil ns of

t he i nvention $rowLpe a ood.su&@g&t Q m@%ﬁh gn eJectrquniQescent assenbl y
(e.g., comPP B HYuL 4y ePuRftigRf ng JOTAEBN G 2BFEEPE BYET A% a | ght (
emtting stdotpahidlagers.dinSpas Betaies, WRedbrdhe bititSkyeahd 18etontireel ect rodes) may' be

subsequentlg fé;ﬂnd or attached. The el ectrol um nescent assenbly may be
di sposed oR“TREYrface of the 25 polymeric filmcarrying the protective

structure (@oéher prareted phdticifimOLccAWBE toi the)inveRfiorOfayt Aifher,QpPOSi t e surface of
the polyneri¢c film [0008] In another aspect, the present invention provides
a met hdd f SPHonelueqngist hRitter lays syph s PynegpPmaplie eqmreuplorg chdtyneric film by

appl yi ng a cphghufe tih WRsSdibeaindh®, theHGRandSarrleR$& nth9$6 tishath AlRv@st to at | east
a first mayjor surface of the Eolynerlc film WO 20061036393
PCT/ US2005 T9po siyfgee of the substrate, the layer of boron oxide may be disposed over the morganic
barrier layer, and the buffer layer may be disposed over the layer of boron oxide.
[{0007] The protective structures reduce the inherent, but potentially undesirable,
20 tendency of polymeric films to transmit moisture, As a result, the protected polymeric
films of the mvention provide a good support on which an electroluminescent assembly
(e.g., comprising a first electrode, a second electrode, and a light emitting structure
disposed between the first and second electrodes) may be subsequently formed or
attached. The electroluminescent assembly may be disposed on the surface of the
25  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 deseribed above, to at least a first major surface of the polymeric film.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0009] The invention wll be nore folly
appreciated with reference to the followng non-limting and not-to-scale
-drawi ngs in which the sane reference synbols designate |ike or anal ogous
conmponent s t\,b};%(g&ngﬁ; and in which: 5 [0010] FIG 1 i?‘j'?’U%&%%H c sectional
view of a first enpbodi ment of a protected polyneric filmaccording to the
invention; [00111 FIG 2 is a schematic sectional view of a second

enbodi ment of a protected polyneric filmaccording to the invention; [0012]
FIG 3 is a schematic sRBRIENDHESCRIFTION OF THE DRASVIDGES nent of a protected
10 pol yneri L1 M aggor di the inyention: .[001 Fl 4] schematic
secti onal vﬁOeO\fR/b]Iof a%g ite nﬁgﬂe\g\’(ﬁob imr?é%@ﬁ%?ppgmﬁf'eg# étgtr %%emﬁ% %%Jr”?‘é‘%ﬁ ilm

accor di ng t aoti-limitingwehiot-arscalp @A%4Ads flwhichShd amardahremsntolsiedgiaeiak vi ew of a
fifth enbodi msnf of a protected E)oldyrregu.ic. filmaccording to the invention;
and 15 [001%f EfogousgomRongnty yolighquf Jndan Which a1 vi ew of a sixth embodi ment of
a protectsed {0q10] YMBIG. ¢ i d dcHBnREi€ SdctbiaDviewd of N@sticAN6dine@df 2 PlokMed ED DESCRI PTI ON
[ 0016] Broadly, anfj in one aspect, .the invention provides a protected

pol yneric fiPPgH“m?‘b IEASHE SR8 RPN EBiSveri ¢ fil m substrate having a first

maj or surfaqenand aicecoNdndmitiokectiSAl 186 6f LR ehBodiMent bl & Sbtetej or surface,
and a protective structure that is provided on at |least the first major
surface of tPRE™EHLENYaseEdingipdhepnBe%i ve structure conprises a | ayer of
boron oxi de [afd} anFidNBgARKEm AR EEckiSal LiaY 8f a thirl Bf¥odiREs S fidycidde optional ly
included in the protective structure, on the polyneric filmsubstrate, or
bot h. 25!4 orphmerhbinpcetrdips dbypFYspHeti c fil ns of the invention can be used
to inhibit thes) transHissicAinak st@bed UeR of NoBri @hioRInYen0ds -3RREHAt i ons. They
are especially useful as substrates for use with organic el ectronic devices
such as or gathecas By acetrding ieBe@Mitiotevi ces, organic transistors, |iquid
crystal di sphgup, @0l 59t DEheRIRGL:LOM Ciet QPPRREMHDdimdPH L InBEQadl y, a
"protected polyneric filnl refers to a polyneric filmsubstrate that 30 has
been provi deghwicohiibn eodiegtd themgetios et e as descri bed herein, and a

 Prot ectiye 1ogisf UCTHS &'is § ehethtic bl e UEE 5ih ABLAR X £ig,@08 he | norgani c
barrier layer that have been provided on t he polyneric I'm substrate.

Pol yneri ¢ finolmmstb§iny spcerding éatde ingentivmnsmi t, or

DETAILED DESCRIPTION
[0016]  Broadly, and in one aspect, the invention provides a protected polymeric film

20 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. Other layers may be optionally included in the
protective structure, on the polymeric film substrate, or both,

25 [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

30 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



WO 2006/ 036393 PCT/ US2005/ 029905 ot herwi se be perneable to noi sture, which
is undesirable if the transm ssion of noisture by the substrate is '
detrinmental to conponents that are secured to or subsequently forned on the
substrate. [0019] Thus, a "protected polyneric film nore specifically
refers to a'HBPYHEPE C film 5 substrate that has a r BEUBVPSAE i ty to
transmt noisture relative to the sanme pol yrrerlc film substrate that does
not have the protective structure. Simlarly, a "protective structure" nore
speci fical |, e of boron

oxi de and e |no er%g?bgethg%éﬁ{ugg ﬁ‘é?‘%é“ ?E\C\{/E{hkﬁmgl ulggg%ﬁgﬁundem rabl e,
but i nher ehy theﬁ@ﬁm@hm}ietumemal tcp@h;pnmntschat ark pactued tormehsequenibyifemede rel ative to
t he sane p%tﬁg@ﬁbsﬁatg' | mthat does not have 10 the protective structure. The
protective structure is preferably adapted to reduce, often substantially,
t he i nher er{ﬁOlﬂlend@ms,ya ‘plotetep pblymerid fdmf mlomspmftcalansfmtto apélptherrcdilinhr ough t he
surface(s) .to._whj t lve structure p |ed 0020]

Pr efera(tgl y,Ubfqhateig‘ asa P‘R:E‘? bt(’alchécc’ttﬁ‘r1 F tlu’tcgel%}ﬁ’ebo & & é’g Cyi?r]%]rl c filns

t hat have sshyfrfié rhmeiot:d not E@Whﬁﬁto&tcw&trﬁ)&ﬂir%&bnlhﬂ)t,y“Ibrﬁtema/kardchm’h useful for

encapsul ating a e cat hade a anlc oni c | ayers
of organic™™® S@F?%%ﬁ%re&és\}f’é er“"? ‘?E’ﬁﬁ’é‘iﬂ”ﬁ’f‘?l%me %fr?g THp ?’B%n”&ﬁhﬁ

encl osi ng tifdezaex pasiedayepiasd which SRS the MBAeSdblt A0ehherat, llargof @ayers. Organic
el ectroni c device ically.requjre protecti n fr ture in excess of
the | evel sPPHREG H‘%B H?ﬁ’r’s@tﬂeﬁ g F%‘P%\H"t %rhl]gg %B%réﬂﬁf‘i}’ﬁent such as
that provi @%@r@é&ttmu{el\@ﬂ@ﬁbtgﬁﬂé Et@lcBue 1%@&%@%&;&@ t&/Duce\¥fiche MOCON 20
equi pnent is typi cgtl y capabl e of neasuring noisture perneatjgn rates as | ow

as 5x 10- 4 sukgieRially EENh RN GRe PORTEDY HEY Hwﬁgrtrreoatﬁuaftrquat@g as | ow as

1x10-6 g/ niieayshavaicheRprotd@aCiried hashesn :ﬁi;ﬁﬁddr abl e tar get. Accordingly,
"l ow noi sture perneability" nore %ferabl neans noj st ure perrreatlon

rate of | ed@2PhantsiEidly. BF pPIsgaNF STROE reptisirpralstyd W@é’%enﬁ (4P thety 10- 5

g/ 2/ day, exRBufiRfetPbRhRisaRt Yerh&Sit} 1 akd %bd Gsdil 8/ daysutdingBagu ed pur suant
to 25 ASTM Test Method F-1249. [0021] Turning now to the drawings, FIG 1
shows aldpr dicceedsacaoris Mg oreanie Flepont e B RbPE I R ecHOHeRYMEs i ¢ fil m substrate
12 havi ng aEtdarssﬁtauﬂgrnerm%uﬁt@aeg PR cRAR Re 5§00 GhoidBE Qnsifk hAkes 12b opposite
the first major surface 12a. A protective structure 14 is provided on at

| east the fof P8t 14M[So Frasnie rlseeonraigviets tyigsEy featies pIotectipp FP@EISIEC &t ruct ure 14
30 conpri seg.e& clf@%%veﬁfthap%%@nﬁ?ﬁuﬁﬁb}@cinﬂﬂé}c@lﬂr dv&%&%ﬂblﬁlggﬁ%h% | ayer 18.

Preferably, there are no intervenin ayers ‘bet ween 'stubstrate 12 and
prot ecti ve tkat pioeided by MACQY (Meilgn 69@110@5 Minneapolis, MN). While MOCON

20 equipment is typically capable of measuring moisture permeation rates as low as 5x1 0!

{

grams/square meter/day (g/m*/day), permeation rates as low as 1x10® g/m’/day have been
described as a desirable target. Accordingly, "low moisture permeability” more preferably
means a moisture permeation rate of less than 5x10™* g/m%day, more preferably less than
1x107° g/m*/day, even more preferably less than 1x10°® g/m?/day as measured pursuant to
25 ASTM Test Method F-1249.
[0021] Tuming now to the drawings, FIG. 1 shows a protected polymeric film 10
compnsing 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
30 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



N !

inpair the ability of the protective structure to reduce the transm ssion of
noi sture through 4 WD 2006/ 036393 PCT/ US2005/ 029905 the substrate.
Simlarly, it is preferred that there be no intervening |ayers between boron
oxi de layer 16 and inorganic barrier layer 18 as this too could inpair the
ability of PPI%LI$%¥e structure 14 to reduce the traf&HEEYROYP nmoisture
by substrate 12. [0022] FIG 1 illustrates boron oxide |ayer 16 as being

i nternedi ate substrate 12 and 5 inorgani c barrier |ayer 18; however, the
rel ative po f t |norgan|c
barrier Iayzt?égfgﬁme S{F#}%Jrﬁfre%mgte su %tﬂ}%%tb g%igﬁ or%ﬁ%gﬁé%‘hb&%}g er
Preferred ar®midehayse Scohwbiguct baorirs layer l\Smmhtdzdwu}dnmpgaﬁwebllﬁapfl er Iayer and
the Doron ol gl ik, ALARA%:SHG, bRl GRS, 3aRhLDg, moi Stur e
encounters the i norganic ar Tl er l"ayer bet'ore en ount ering the boron oxide
| ayer. 10 100231 Sﬁﬁitlnmwat&.sz:omx oaldptaly«yrrtém koeirfg ihtermeBiate 'shbdrate 12 gndreant a

mat eri al having len wi_dt h nsi ons t subst |aIIy greater
t han t he natlg?rga&fc'eos eﬁ a&ﬁiﬁgé‘gwe‘feﬁé‘?e s atav © PRI ﬁ}e egtwg(l)a greS%?U%#’ “film are
a tape, a ribendanhthat ikakdnic mehyge&&nﬁtbﬂmedzdesa}:rstrhe1aand|m1‘oaromﬂe that al so

has a | ength di i,on that is substanti reater than its wi dth, the
wi dth al so é’i’eﬁg’?&sﬁﬁ?{%ﬁfq%‘?swond%&?‘&r‘“ ’t”ﬁi %Fﬂ’t?rgtaﬂ‘lc R‘H&’g gﬁc‘]ﬁ material s
are often 15opnQwide @feritd dirafged Siithritk erﬁ@ﬁ@u@bmﬁm/embnterb&enm@mcal is

wr apped in rrultlgl e wndings so ~as to faC| | itate processing steps during

whi ch the prifise W@‘afgfﬁreﬂ?f’c“ﬁtte’énﬂ@eba%ﬁqx@d P&-the substrate (e.g., in

rol I -to- i@l | ppr3pduchb@ak 12 @;caqjotymﬂahlnfma}u‘fﬁ@@tlumm a%&)"nalthaﬂﬁ%lengh post -
processi ng handl i ngl st orage and shij @1 Al so incluyded w thin the concept
A& gre

of a "filnt 3dwidhdipepsons B’éﬁfée HstEHiA ithep thanaterial's ickeest ipgeded nat er i al

that has | engikiin @Bebnsipdbit 20mdiB Sk, @m@bctnmaaaamewmaﬁgerfaﬁﬁp hcgwal . Such
materials are often handled in a stack of multiple individual |ayers that

facilitate pPYEELGrHFoSeeeneudipsiamhen S‘Elﬁ@mﬂﬁuéitgg"étef Ven itstiticPire i s

appl i ed to thRnSubstih@hBsthiialy ﬁ'@@&tthaﬁ@détlﬁEkn@ssSSﬁEhHﬁd’terﬁtﬂ%?etdﬂaﬂ type
operation. [00241 The term "polyneric" refers to honopol yners and

copol ynets, H@Vlﬁ}ﬁél“{“haﬁemﬁb%“p@?loytn’éﬁ@ teymagebis ygred nptitiMeyinBsessSrmed in a
m sci bl e bl egd, fa&ﬁtrate%m@@lng’ste&yduaég RBKHE P&%ie&ﬂe(gfruc%ﬁ'e is& gﬁﬁeligﬂhe' ncl udi ng,
e.g., transesterification. The term "copo descri bes material s that
are derived fubtietop, orothgrrel! moﬂﬂcéplérﬁddlmbmmuf@tmgpger%twds of prsl-udes random
bl ock and gr f trate 12
may be any o@gé&ss %CMI fStQDlT(ar%E gﬁyﬁ%aﬁeggg g’ﬁ%ﬁed \%ﬁmﬁ{hﬁ{%ﬂg%g{%?@@sfl nked),

t her noset t abt @cc(tmﬂgscslpamﬁk,aﬁh@)genmllytdb@nhmph:astaﬂ thatgweb lenghsend widta are capabl e

of being 26 or Jﬂﬁgnsions that are more nearly equal. Such materials are often handled in a stack of

multiple individual layers that facilitate processing stepé during which the protective
structure is applied to the substrate in a sheet-fed or a similar sheeting type operation.
{0024]  The term “polymeric” refers to homopolymers and copolymers, as well as
homopolymers or copolymers that may be formed in a miscible blend, for example, by

25 coextrusion or by reaction, including, e.g., transesterification. The term “copolymer”
describes materials that are derived from two or more different monomeric units and
inclucdes random, block and graft copolymers. Pelymers suitable for providing substrate
12 may be any of a number of known polymers such as thermoset (crossiinked},
thermosettable (crosslinkable), or thermoplastic polymers that are capable of being formed

30 into a film, including acrylates (including methacrylates such as polymethylmethacryiate),
pelyols (including polyvinyl alcohols), epoxy resins, silanes, siloxanes (with atl types of

variants thereof), polyvinyl pyrrolidones, polyimides, polyamides, poly (phenylene



30 into a film including acrylates (including nethacrylates such as

pol ynet hyl net hacryl ate), polyols (including polyvinyl alcohols), epoxy
resins, silanes, siloxanes (with all types of variants thereof), polyvinyl
pyrrolidones, polyimdes, polyanm des, poly (phenylene 5 WD 2006/ 036393

PCT/ US2005/w0 98036393 ul phi de), pol ysul fones, phenol - f ecrabdelngdes r esi ns,
cellul ose ethers and esters (for exanple, cellul ose acetate, cellul ose
acetate butyrate, etc ), nitrocellul oses, polyurethanes, polyesters (for
exanple, poly (eth e terepht hal ate), pon et hyl ene naph hal ate)),
polycarbonéP%@S% QFiW§m@ﬁ@W“§§EWﬁF§msﬁﬂl £ HyTefd es8519pr opy | ene,

pol ychl or opkefss, calum@é z}ébt‘é’@kﬂéﬂl}dbﬁr&&atat&&ﬁ)&h@fefc@fHrﬂy&émﬂésﬁy lbelp€rethanes,
pol ychl or ot r| fl uor.oet hyl ene, pol%llgg chl orost renpe) ’;;)ol yvi nyl i dene

fluoride, PSSR CKITRNS agly (giye "W’Etﬁﬁate)pm] QJ’WE‘EW thalaedy ene, etc.),
phenol i c r gsiyBabdnhtey, p@y@wﬂﬂs@mr a@l\f@ﬂeaﬁm}@ﬂﬂﬂeﬁeemgﬂoﬁy&m RShychifepymd nyl acet at es,

styrene/acrylonitril es érene/ mal ei ¢ anh pol &)xymet hyl enes,

pol yvi nyl nahstdssspol 36“6‘]& Qrwy@ﬁ@PW&lﬁﬁﬁguorﬁ&FWFwo (Ber ket ones,
1 uor 0pol iRk POINANIGL EBidBKPROBMLSRE A s, poBaLyebfer | m des,

pol yaryl sul fones pol yet her sul f ones ei'm'des, and pol ypht hal ami des.
[ 00251 For sseiwe Caiﬂpmheefétclr@w (for c&myleb@wdd@inﬁssmﬂerqsm) pUpdnasel@si2 to have a

visible l's%&c&érﬁﬁﬁ%e%s&&gne/ a%ciﬁﬁ lsseﬂﬁyc;x Qﬁ%&gl on of at |east about

70% at a visible vel eng ter I'n "ot her applications it
may be de5|90§/b1nélnf~nbthat6h@, lmmﬁlel’eﬁ!te@wtpmsmlml@‘mkem@dﬂmb@mmml y oriented

andy or  NeatooBEARIk £ Rthcrd B B0 SR Rerhes TAK 158 ARk B BncsUSTrat e 12

to be f trate e wrapped about
a coreto m&)@m@e@u@&ra@ﬁbolmm@lml tiple windings as described above The

thi ckness Cﬁms UDSLY Qi ﬁ% g!}tﬁ;]p% ﬁn]%%‘%cg a%fe%r‘%gbst&&eti??o ﬂa@%ﬂi 6fl application

for the prote ses a ness of about
0.01 to 1 rﬂrghttrmasrmsmefoemaammc aaimumissem(ﬁ)satﬂ@staﬁﬁhtGO%Satlamsnb@lcgbtte useful .

[00261 Wt h %91”,% th”é&‘?ﬁlareﬁ il Gl & tllga}tlons%m?rbe%rs%taﬁ%tfor\{ s%f)str‘d%“tﬁe 14 conpri ses

a layer of Barri er “Sever al
advant ag®es aieeteda,baamlhaQMtemwbr hamsta@htndr orsonx cdes, |tmavtbedq:3rréﬂefmt i nvention,

al t hough it t not .eve age wil] necessarily be
refl ected |Sﬁ1%\§etr§%r%9§°belqgca dlfﬁ " mr?%nérthatosrué awq? ntfc)er ot 93%0 g% pol ymeric

filnms of therm tmmnch(amoll }B@mgmm)pﬂedendmgs ab_éesdﬂapd)shotvednmnhlokneﬁtolﬁer w se applied
0, PO B 5 SRS oS B RSBl B pBARRRS oP o o
| ayer needsﬁlh@bthﬁorfrr[aﬁﬁm & Shiick@esk 6f about 0.01 to 1 mm, more preferably about 0.05 to
20 0.25 mm is quite useful.
[0026] With continued reference to FIG. 1, protective structure 14 compnises a layer of
boron oxide 16 and an inorganic barrier layer 18. Several advantages are associated with
using boron oxide in the present invention, although it will be understood that not every
advantage will necessarily be reflected in each application that incorporates the protected
25  polymeric films of the invention. Boron oxide may be deposited on or otherwise applied
to the polymeric film substrate 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,
- 30  whether emanating from the ambient environment or from components formed on or

attached to the substrate.



i ght such as in an organic el ectrol um nescent device. In addition, the
boron oOxide layer may reduce the inherent tendency of a polyneric film
substrate to transmt noisture, 30 whether enmanating fromthe amnbi ent

envi ronnent r onponents fornmed on or attached to the substrate 6 WO
12006/ 036393 @’éﬁ"ﬂ%&/ 029905 [0027] While not wi shi d§ %S BE8d0nd by a
particular theory, it is believed that the boron oxide functions as a

desi ccant, scavenging noisture by reacting with it to yield boric acid, a

relatively wesh acihit 6 vi@idgdo bbby Wil Sedilit ik biRV tha e detriment al
to many of the conponents that nay be fornmed on or attached to the

substrate. THRIO8 ¥R UBEIORS sasleuccants S eRYLE Reisksdy rTaginesyihdhie Yifdf &Gl e of
boron oxi de Mgt dvelafeBPwdRLEE He 8§idAbmY @ taHioh is B2 BRI 10 IEROHRBUEND BranyAddi ti Onal

reaction products in the formof evol ved gasses or Ilglgil ds are not
| i berated. [WGOEspmBHeHnthemayde fraed of ¢ atacheddp theispPsprtec BystAGeadvant ages t hat

may be degi rr@s}&s%mecﬂﬁnﬁmscﬂgn LRAR roREu1 Pt n@lid With FERLe HofaNRL 65 wh@r on oxi de
may be applied to thHe 10 polyneric filmsubstrate by several techniques

i ncl udi ng s &PHAY— THEMc dddijigpabreactige prodiaty io the fareefier oFedeages eeposi ti on,

and thermal gﬁp%\l\ﬂ&ih%g}a&g. g., vapor deposition). Vapor depositionis a
preferred nethod en the target surface is susceptible to damage from nore

energetic apffi8t at Borenmeidh alssorcdsrtas propassingadvardageDbsli mayiheesitable on oxi de can

be vapor depgQsi - t itions (e.g.,
deposi tion rag?ééﬁsﬁggﬁéf[%%%g%ﬁg%g%%sog@%%§qﬁgg% ;ﬁ%c{(:/tg’@% under a vapor
pressur el®f mbmstic fills SibstrteY4eveiad rerhniqued intloding phitennpghenigrisamf deconposi ti on
(e.g., disco tion of th QUL - erial). 29]. Borgn oxide | ayer 16
(S 3 ot g NeRSsftch kcn telf SRULEE PSP hrcra RGP BB fRE S, (YT 10
t 0 be prot ecVapdr degasitivats mpeferadmectiodarhsmihs sirgnsuafack insdstepbile dataerape ned by the
i ndi vi dual af;r)qol ication,. t hi boro w |l also vary

: mOTE eneree cTh?icatlo;lc %ﬁ\?)&sssuq}c as Sp I Ogﬂedea :Iyaﬁerr 16(1 can
20 substantialty epe%&l Ag G oA "R AT & HFripg, 516;5’ P 24T BHTSF protect ed
pol ymeri c fitemadd deposited at atragcepabld irdtd widsr rh@lewatei cotditidie (qof. olepesited rpal ymeri c
fiImisL'kert (?e osed Eur'.n use, other |ayers ase é;in protective
struct ur & 18 LU PSRN TrL b T AR0T  ARepBFSHEYT b (i cal
flexibility Dfmidieoprshiveias €ehspdlscompdsitioh d.g1) diseoistatioredfChe sBsrct myerall. hi ckness
i ncreases, resjstance to nmoisture transmssion will ingrease, but perhaps at
the expense @ﬁiiS %@&?@é@?ﬁ%&ﬂ%ﬁ%ﬁ“&ﬂ@%ﬁ“ PRI ‘:fflp«%])YPB’i“‘I ‘W“bséﬁﬁ ncr eased
cost. Wt hi nhitheis@ndiditdied prot@ted ApEh RoR¥ikteanbraiyddn ahB wilbbde@phledbat an
effective thickness, by which is nmeant_a thickness .
the mdividual application. The thickness of boron oxide layer 16 will also vary
20 substantially depending upon the nature of the application for protected polymeric film 10,
moisture conditions to which the protected polymeric film is likely to be exposed during
use, other layers present in protective structure 14, requirements for optical transparency
and mechanical flexibility of the protected polymeric film, cost, etc. As layer thickness
increases, resistance to moisture transmission will increase, but perhaps at the expense of
25 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 {o 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
30 Ato 10,000 A, more preferably about 500 A to 5,000 A, and even more preferably about

3,000 A to 5,000 A.



sufficient to reduce the undesirable, but inherent, tendency of a polyneric
filmto transmt noisture relative to the sanme polyneric filmthat does not
have the boron oxide |layer. Mre specifically, the boron oxide |ayer is
preferably provided at a thickness of about 50 30 A to 10,000 A, nore

pref erabl y vabboodo3e®® A to 5 000 A, and even nore prepermaghosoabbaut 3, 000 A
to 5,000 A. 7 WD 2006/ 036393 PCT/ US2005/ 029905 [0030] Still referring to
FIG 1, protective structure 14 also conprises inorganic barrier |ayer 18,
whi ch cooperg&es wi.t h_boron_oxide |ayer 16 to protect polynmeric film
substrate (W30 | ngrigafsresuf: érpfqt"é?‘éerm}@ﬁﬁ?/ 1Pt GPgess OSBRI OPERT agai nst

exposure t QuybmigsihiEsoopaty:aaith boréx 1€ RYerab &/ RétedTBEIRMBICAM subpaet , al t hough
it is nost often iincluded as a 5 npisture and/ or oxygen barrier. In this

capaci ty, it PeepretErF et Rarayiproidgarmtecioerne Fraoaielc mi48be sel ected to

result in @xpel WhEkdaCanfiiol ﬁbé&éﬁdwgnﬂa&%l gﬁtlt% BoRehIBANdelbya It 15 also
preferred that inorganic barrier layer not be reactive with boron oxide

| ayer 16, "BSRyaRafiorongemyasiassinthis epacty, ibis peferrdpatisorgpjcderist 12vs t he
i norgani ¢ Bgnt icRbied A%EMI iRDEbIHc AGRARAZEN ﬁmfs&te%ﬁn%u@r 1@k yigehed to the

polymeric fil msubstrate. I'n Certain applications It ‘'may be desirable for
i nor gani ¢ iesfanied thay iagrenicligimnies layer laepicbsretaeteyeonﬂl(bpmpwdsbwaﬁén ied as an

optically %Ll%é%cq{]m s t@éw E‘ort'ter ﬂg%set{dﬁa@én’t Wﬁ&ﬁmbapx‘?er?a‘}yraﬂ{daagﬁous for

appl i cations eret | ayer ds'to etra smssive't t such as in
an organic cemmtrrtofoumdrreyceﬁwhedd‘ew p@qur@dﬂmpuwwarIlneteltﬂntﬁpph@tlom als may be

enpl oyeq, as, % Ly ﬂ@fb&%efg@.@% b&Fier 1§¥ref8 10 é?de%&&t‘é?&f 0 1@9{?2%‘:& bar l” er

| ayer material's inc ude e
car bi des, nmebgicalgxojsar t:rrtradmtenhoﬁttatal ofh.ycbomyd@sivammeais fmaypla;athnndes and

combi nat | ONRe ettlﬂg ]tafe?fg%odghol%e’trags&nssgg po lf%}(n 8}5 as%t%l rga'tsmc € deo rglgmm%i QI‘W num oxi des

such as al um na, oxl 1 um oxl es tin
oxi des, indeumtin oxide, tantalum oxide, zi rconl um oxi de, ni obi um oxi de,

boron carbl tu arbt |I| on. Ga bi de mnumnltrlde
silicon ni t d]e E%r%%%yﬂlr?atm 9'5 é(l G }”nd hentor%aalcgargierﬁl on oxyni tride,

sili conlbxfoﬁm&d@;gabmrbmmlanrrtatenajemclzdermmhs mEtabooydtmmdﬂmtmde's ani um

oxybori de, g t| onﬁjthereﬁ d U”t‘]t n_axi de, g ?n oxi de

al um num o>€n "%‘H Dﬁétl Grs el Oé‘P“‘é" SAPESEF eI T A fs?%?l% P8 i nor gani ¢
barri er ma.ttl&IfdoBJe% sﬂleﬁﬁé’&]deﬂ'hﬁh k9 EilfcgaNinGmbagides suchay sitmimayitdemappl i ed or

f or med u5|n tec ues ed in th fllmgetalllzmég art such as

2 enpl o
sputtering @esgsuc ’E lﬁa}?&d Br %}dﬁ% 4p O’Hg":(jnl@ iprg o oxice, tantalum ox1

zirconmium oxide, niobium oxide, boron carbide, tungsten carbide, silicon carbide,

20 aluminum nitride, silicon nitride, boron nitride, aluminum oxynitride, silicon oxynitride,
silicon oxycarbide, boron oxynitride, zirconium oxyboride, titanium oxyboride, and
combinations thereof, Indium tin oxide, silicon oxide, aluminum oxide and combinations
thereof are especially preferred inorganic barrier materials.

{0032} The morganic barrier layer may be applied or formed using techniques

25  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. Materjals 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,

30  silicon dioxide, aluminum oxide or stlicon aluminum oxide) are quite useful. Further

examples of inorganic barrier layers useful in this invention include matenals fabricated



sputtering), evaporation (e.g., resistive or electron beam evaporation),
chem cal vapor deposition, plating and the like. Materials suitable for
inorganic barrier layer 18 depend partly on the protective function that it

is intended but gl ass and i norgani c oxi des es of
silicon, aId&?%ﬁﬁ@%@sconblnatlons t hereof, such as s.ﬂﬁégﬁ”ﬁgﬁgﬁ de, 30

silicon dioxide, alum num oxide or S|I|con al um num oxi de) are quite useful
Further exanples of inorganic barrier |layers useful in this invention

||ncl ude mra]t aiksing pgﬁ@mmm@aa eﬂem&xlm&@@@s&B?ﬁﬁﬁccf‘;ﬁ?/sﬁ&%QgﬁéeQﬁ&%B& m33| ng e
Pl asma Enha V. Deposition (PE-CVD), such as those describe
in US. Pat ﬁq)a ?‘?%83%1?73?3{1 vid). 100331 In another enbodi nent,

i norgani ¢ bapgaser hmmerl&lmmebem@{ggm stehr yerdl 8 oy beiptcayted bgonst r uction
conprising, for exanp alternating polyneric and inorganic 5 |ayers. The

i nor gani ¢ |awéﬁﬂévewstﬁﬁhﬁrwpa@a&wewlf‘@fmwnmlm%agd RefE#UC above for the

i norgani cs bagyefseind ﬁbﬁ%ﬁmc a0ds &E)Iebeq%\bf&%y Enyl AVRLSatdIRY nBRd afoQk fetRNM! €,
(met h)acryl at'es, pol yesters, uorinated pol yners, ﬁaryl enes, cycl otenes,

or pol yal kyll@ﬁéﬂ@w briet layatyasd thepelymenclayaronsy beelpr pramplesiBuntdesway of a
"PMT (i e OBQQtéfmﬁoﬁHﬂcB:gl)@%@{s)paﬂﬂéﬁ@seﬁlotéﬁl%s opﬁolfﬁ[k {RGhMMISR, | 1 which the

| ayers are appl i ed, as appropriate, by sputtering, spin 10 coating, thermal
evapor at i on,cogttrastiopainay/baineracid by iy pion PMAL e, ,mimbmelt@xqm@gs of

5440, 446 ( Sy RS G AR B s b B e Bt o
Publ i cat 1®n N@Imgﬂheﬁlil XGPrARD, @mdwmoaycpomrﬂim 8966ble AkanpBavf el | e Menori al

nstiTute) . anghll S E0L L PURLHEE! BPalBe FOOZIAPRBLAR LRl kypipal | et

al.). 15 100 ness of ‘Inotganic barrier al so vary
subst ant i al | y.S. Reeepehialiori§7.0¢folA fikie), ifatopeas PatkenitFblicapel N@@WMSGM pr ot ect ed

potymeri o {1 Bkl ) 44086 AL o SANGLAI NS kB ISHS PRI BGHES POl yrer ¢

filmis lik exposed durin ayers present 1 n protective
structure 14No awm%&mm@em cqut)l cal transpar ency and nechani cal

flexibil '1§ y [%34Lhe’Irﬁr gltlc%ltsggflg %EI L CerLaiHeSrm wcl?glﬁd Yary TubftA%lalll ayer thickness

20 increases si stance 10 noisture SSi 0 ase, but perhaps
at the expendgending up(ﬂﬂhcmiurb bEths atiedicyfor predue(elﬁbl)ﬁh@bclfmhlm tnymstaafdir i ncreased

cost. _Wthint eseogu el i nes nQr gani 8.is |_ded at an
effective t h‘iDB @E L WIBS" thA POFFS eg pﬁ'ﬁ'ﬁ rgm l%‘ﬁ%% gﬁﬁ’fl%\”&qgélﬁ i ncrease
the ability l@ierstﬂﬂ@ernﬁﬂ ]yrméﬁtlv@: sfrinduure I@rd’qﬁﬁdn&htstfdr@ﬁﬁdﬁl S&lsfiien@f andnDI St ure,
][ |e|S|mSt ther nr%éche?h?c% gex1any 0 {‘r]xle g%ltecteggﬁ éric fﬁm costetl,tca t IA\é ay!e::rotmgkm%sssane pol ymeri c
20 increases, resistance to moisture transmission will increase, but perhaps at the expense of

reduced transparency, reduced flexibility, and increased cost. Within these guidelines

inorganic barrier layer 18 is provided at an effective thickness, by which is meant a

thickness sufficient to increase the ability of the polymeric film to resist transmission of

moisture, resist thermal and/or mechanical impact, etc. relative to the same polymenc film
25  that does not have a protective structure that inchides the inorganic barrier layer. More

specifically, the inorganic barrier layer is preferably provided at a thickness of about 0.5

pum to 70 um, more preferably about 1.5 pm to 40 pum, and even more preferably about 3.5

pm to 30 pm,

[0035]  The embodiment of protected polymenc film 10 shown in FIG. 1, where boron
30  oxide layer 16 is intermediate inorganic barrier layer 18 and polymeric film substrate 12

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

boron oxide layer), offers certain advantages. This arrangement permuts boron ox1ide layer



25 that does not have a protective structure that includes the inorganic
barrier layer. Mdire specifically, the inorganic barrier layer is preferably
provi ded at a thickness of about 0.5 pmto 70 m nore preferably about 1.5
mto 40 m and even nore preferably about 3.5 mto 30 m [00351 The

enbodi ment Wé 209s/e8et ed pol yneric film 10 shown i n FirGrudposmseese boron 30
oxide layer 16 is internediate inorganic barrier layer 18 and polyneric film
substrate 12 (i.e., encroaching noisture encounters the inorganic barrier

| ayer before encountering the boron oxide er), offers certain

advant ages. gﬂﬁe G%Dr“rtﬂ&d‘g%‘hféFFP“?JBr"ﬁ?‘PED‘B&rYB’nb%%}( hesit fheyrasd to BERRRYSH0061036393

PCT/ US2005/20:39 Bhing 3indle he otleRasiat @dectsthad RefefBctarlpayy @o6t | nuous | ayer,

but wi thout, the need to rlggrouslg avold fo nln% i nhol es.and other simlar
def ect s thé?m¥W8ﬁﬂ@ﬁPFym$? AFE (Pasre bGP 8@ °5ﬁﬁ“8Fﬁ$Feprocesses
because i nefgadision BT i§ thelayba# Firsl Snclnbds dn@Bhching mBRinGé (HEl@iveld @ASM ssi on and
is the layer that first encounters encroachi ng moisture (relatlve to the 5

bor on oXi dé’O‘F’a%‘P? layefthé‘lsé‘-F%@é‘ﬁéﬁ? PEAMEHOEY PF de daYBolodn PR ER P-‘éyer 16 to

provide a 'Hhastdetchicn® r@tiucﬁilgfn% ¢ trdnBin kGG R rRE Bt Bsthfeansn Ssi on by
polynmeric fil msubstrate 1 00361 Turning now to FIG 2, another

enbodi ment [B6h plenseney topﬂﬁy%éﬁﬁ’thefﬁmb‘}ﬁf&@t Ofast@tPCIffﬁi@PPYme@@ﬁ\%l(bh is simlar
to the enb(?éji'll{mﬂ{ed %mﬂs@imlﬂm toqw: en%ﬁlﬁ{cht%gFW@ u'r'5 theeﬁgh‘h@pt age that

i norganic barrier layer 18 encapsul ates or sea raI si de edges 16a and
10 16b of t@éva@ﬁg@tmtd@rgaayé»mrﬁlam1&@cemuiardmrtswdmlatleltay&rﬁwqﬂg@df)a i s |ayer from

bei ng exPOSEelot oI IEA63b ol f3alaEs prdll i ST ALABOL, BBV DS, par ti cul arly

bt
useful 1 n higher noisture enwronmantiypr ere tﬁb bor on "oxi de | ayer 16 is
to be made mmrb aiblsedges Bnd gmbodisiestmaytie partivudmlyrisefglilphighdt messt ur e t hat has

p_en_et rated ein Qb !s _m&"th or%ﬂatéﬁfe]a]ygrw[?urt #a?ﬂ‘ﬁzﬁﬁ%ﬁ%ﬁ@smﬂﬁe FIG 3 is

simlar to t e enmbodi nent o ses a second
i nor gani ¢ BanmiisfonlodyeistuRChat hatpengrati spusedbaetnieeniHor on oxi de |ayer 16

and pol ymerpef i | i, SUBSLALErFeG ﬁ??%ﬁ% b b B8t @ﬁa@nﬁm‘?@hﬁbef oy YRE, 20 1S

simlar to 1 norganic barrier [ayer or egoi ng |scu55|on of
i nor ganit bampnsssa $ea9rdnn01&mc§3arrap§ayqré@mbtes tisposeiderveten byerganidedayear ri er | ayer

20. The enbl%%&?ﬂ}me cf'l:rl'l%bstrate §c1nE1l?n%r ani gl tl z?_y%lr g\s{uaigérqge of giving

enhanced pro |on mer i c as’ ' a result of second
i norganic bm’rgane:rbafraybyer 28), and the fceegom@ldmmomcﬁf 1ix_drg§mo4)an‘$r ByanlBar to the

SO0 e S o L ke QY] S50 RSN Ao R, Par T o vy
and 20 coopdtdbel id?antage of giving enhanccd protection to polymeric film substrate 12 as a
20 result of second inorganic barrier layer 20. The embodiment of FIG. 4 is similar to the
| embodiment of FIG. 2 but further comprises a second inorganic barrier layer 20 like that
shown in FIG. 3. Thus, in FIG. 4, inorganic barrier layers 18 and 20 cooperate to
encapsulate or seal boron oxide layer 16 so as to additionally protect this layer from being
exposed to moisture at its edges.

25 [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

30 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



encapsul ate or seal boron oxide layer 16 so as to additionally protect this
| ayer frombeing exposed to noisture at its edges. 25 [00381 Turning now to
FIG 5, another enbodinent of a protected polyneric film10 is presented
which is simlar to the enbodi nent shown in FIG | but f nprising an
“optional buftRFESE 22 A buffer layer refers to a Pﬁ?@ﬁm?ﬁg?ﬁgeparates
the protective structure from conponents or other |ayers that are secured
to or subsequently formed on the substrate, such conponents or |ayers being
generically se@&ﬁe,sameqdenbyfdnﬁé@ﬂ&ﬁ@@r&ﬁddwmahng?& phﬂnl@lﬁzer that The buffer

| ayer nmay pr.ovide a wi de varie ossi bl e functions, ependi ng upon the
ues’t o whi orrmes g PR iR SRRt GeD e PoRgRs Sl Pt ne bt er

| ayer may priayferdeeamsynpotd asisvbaqendnionhiddain s 0@ oregvhentOsr [Dkehdrond ayers may
be 10 WO 2006[036&3 PCT1 US2005/ 029905, secured or su@gf guently formed. It
may provi de SHPUNEHIRT RYEYRC %#W81F3§QW“PHQGEM$WDTB% FRET Ihesi on of
subsequent | ypeff&hmd)p@dal ﬁlﬁ&hﬁ%ﬂdﬁﬁﬁﬁ@ﬂ&fﬂc&l ctitdyers. The buffer |layer may
protect any subsequen ormed or secure conpo}ﬁgts or Ia ers from

reaction w tA%%he ?Lﬁéﬁ]ia&“l%’b’ PP ErmedBAagt 2 Bide vIEDHU MATaR: e BT . The

buffer | ayermmrg'émp%ci 0F @D sé?&hb&-@ﬂll vk uﬁm&ﬂcaﬂby BOshrig R el r i cal |y
active. [00391 The buffer | ayer éﬁ formed froma w de variety of
i

material s, bfaleqm@rt@%meéuff%#derlﬁweg t sereen dor prampletif elecusric SFERBAH | | be

i nfl uenced by 1dvEYE thREfbEnh & pdrBdn drUR 6lbétRRic @bmpdnb Ghil1 @8 forkB@dn dhecubidfb er 1 ayer is
intended to serve. Faor exanple, if electronic conmponents, or |ayers that

form a pdtt i BRPabmesa fillm adstrag matcEdhibaieio! oXifiFine peenE OhBEBISFERSs Melecur ed t o

10 the pol ynR(gcCaddithdihre HBSfehAlvE with Be @lcbtRin® chiiBdneRt 6r BRks Aghchezi N agent s,
not hygroscoplc not acidic, and that are non-reactive wth the el ect roni ¢

conponent s dﬁﬁpﬁvers m ght be preferred. [0040] In one application,

protected POjysgRr i Gn bilel aﬁﬁacﬁtﬁﬁoﬁﬂéie&gd SAmiee flnVR iR AR EinvdBG] 4L as
substrates for Supporting organic electronic conponénts, including organic

15 el ect r ol uElikascehstraterefor suproriing ogganic glegfeoniceompepisats.apgldingrrsgagicodes) , etc. |n
this i nsrl?-nctﬁectrglnﬁmeggﬁtfd@\ﬁcc's /e rorgﬁ% 1R et-rﬁ’tﬁﬁ@ﬂocfég) BRI B hidhStah&ede t 0 provide

any of the electricall g active layers in such onents, such as copper
pht hal ocyani ey lexgpapy begformedaf majerialg pgedto provide any of € elecmcally active

TP g Iy MR 1. g
tris(8-hydr omsﬁb;xlvhmlrl‘hel)enﬂmum)ﬁmhewme (MFRALA) 28, T\bbm(mhth%m?cwﬂe etc.
N, N'- -bis(phenyl)benzidine (NPD), tris(8-hydroxyquinoline) aluminum (ALQ), gold,
20 silicon monoxide, etc.
[0041]  The thickness of the buffer layer also depends on the function that the buffer
layer is intended to serve, but thicknesses in the range of about 500 A to 2,000 A have
generaily been found to be useful.
{ [0042] FIG. 6 llustrates an embodiment in which both first major surface 12a and
25  second major surface 12b of polymeric film substrate 12 have been provided with a
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
assoclated 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
30 structures. Similarly, while FIG. 6 shows each Jayer of boron oxide 16 as having been

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

11



100411 The thickness of the buffer |ayer al so depends on the function that
the buffer Jlayer is intended to serve, but thicknesses in the range of’
about 500 Ato 2,000 A have generally been found to be useful. 100421 FIG
6 illustrates an enbodi nent in which both first major surface 12a and 25
second maj YO WiwBeRe 12b of pol yneric fil m substrat ep@Q2UR2edd@2998en provi ded
wWth a protective structure 14 conprising a | ayer of boron oxide 16 and an
inorganic barrier layer 18. The enbodinent of FIG 6 further includes a
second |no [ 29, sociated w th each tive
structure, 0glthou 2 éhtn%gs oﬁx neth% wf%g 9;% {ﬁmitlo{mrll?aym%cr? m%gﬁag’rbéam C barrier
| ayer is opxtdptbmalhe mﬂd:tﬁdmplybeneﬁmlswdédanMm Gredteronr bbb e theiothgetal ve 30
structures rly,. h f on OXIde 16 as
havi ng beeR Cﬁ%nﬁlgggmg?‘{%l%%ﬁm‘hcmtﬂﬁq m%%lfp(ée\r/lxﬁéh%g%?rlé%rxﬁyeg St é%% B'$7is onl y
optional . htlui¥fReEpE3GSOR hlgﬁil'u‘ablﬁﬁﬁbﬁ)&lcm&% 1ay@1@6146§ctrwnsmg1 aiot shown in

he d f | dded h
or ot cot ba BRIHE BER BG 2Rs of AV BBl PR R l8 hei 7

physi cal  esistitenhddoatpiaogpialsf dpeisal cmﬁgslocﬂltm lapyti- ﬁi’gglﬁl@ﬁlaﬁﬂdﬂf acenast the film
Such | ayers or coatin i nc anpl.e,

li ght - t r anSHP PP ﬁ?ﬂ]’@f g’i@ %tP@h%‘I‘C eé[} Ebot“f’ @H&Eat’(ceﬁlas %618?‘1%“3 ndi um tin
oxi de) ; anﬁln&tcaimages(;&ﬁfctlt?@Sudhras fmeksnﬁ,ser{siuaﬂﬁhésesteabxdamﬁﬂx ad}i‘@én‘ﬁefs abilizers;
abrasion resistant or (5 rraterlal dgl cal atln {D filters;
ant i - f oggi RGPHRALSTHS? hﬁsé‘i:]‘r{gf‘ %Cc“%?yeﬁa”d' fff‘i“é’ %E MA Ea% films;

phot ogriaphiug: veiehl ths baner, as@mbS Tatoi be uieullmﬁlhesm k&10foa . hmase fuhdtigsalor i mages;
adhesi ves such as ssure sensitive adhesjves or ’gt adhesi ves;

i mor & ¢ o U2 B LB P E Gener PP PSP LEMESTon backsi ze
mat eri al s fa@émﬂl@oit&ﬂba\@pﬁedd@as&ﬁfa[dfﬁﬂhoa&&&;h’g_)l y is to be used in adhesive
roll form se uncti onal ents can _be incorporated into one or nore
of the out éﬂru m’é‘iﬁgn%‘fw”ﬂﬁwggg Frg’re‘?wﬁ}égeéﬁ‘?ﬁlc?md}i‘c ’gg‘ﬁ”‘%“%ppl ied as a
separate fllll'nIiHn@rex@ICpﬂHs,llﬂg/hmeﬂ)ﬂaﬂis ald¥Serdefitd @8 e ® Woigh unleyothgwiescri bed with
reference to thg following non- limting exanples, in which all parts and
per cent'dgeddifplE by wei ght unless otherwise 15 i ndi cat ed. EXAMPLES [ 0045]
Unl ess otherw se indicated, the follow ng abbreviations are used in the
exanpl es. Abbreviation Descr i pti OEXAMPLES

[0045] Unless otherwise indicated, the following abbreviations are used in the

examples.
Abbreviation Description
B.0, Boron oxide, 99.9995%, 200 ppm H;0, available from Alfa
Aesar, Ward Hill, MA as stock# 11160
FTCNQ Tetrafluoro-tetracyanoquinodimethane available from Tokyo
Kasei Kogyo Co., Tokyo, Japan
Al Puratronic aluminum shots, 99.999%, available from Alfa Aesar,
Ward Hill, MA.
AlQ Tris(8-hydroxyquinoline) aluminum available from H. W, Sands
Corp, Jupiter, FL
C545T Coumann available from Eastman Kodak Co., Rochester, NY as
Coumarin 545T
SR399 Dipentaaenthritol 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 Chemiczl Industries,
Fort Lee, NI, as Polyester EHPE3150
Ebecryl 629 Epoxy novolac acrylate available from UCB Radcure Inc,, N.

12
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B203 Boron oxide, 99.9995% 200 ppm H20, available fromA fa Aesar, Ward
HIll, MA as stock# 11160 FTCNQ Tetrafl uoro-tetracyanoqui nodi net hane
avai l abl e from Tokyo Kasei Kogyo Co., Tokyo, Japan Al Puratronic al um num
shots, 99.9 able fromAl fa Aesar Vard Hill I\@&f
CTri s(8 hydrg\?((){qu?no '{’ne) al um num avai | abI e fromHW ’1’55 BS%&)QP?J Jupi ter,
FL C545T Coumarin avail able from East man Kodak Co., Rochester, NY as
Coumarin 545T SR399 Di pentaaerithritol penta acryl ate avail abl e from
Sartoner Copm an , Exton,| ARfusksSCREEDedyl 6FEA (3-carboxyethyl acrylate _
avai | abl e f I pgactiekdradcur|q-HyafoxycyblohexpgetsA RetonsbvaiRble BoRATIBHY=A0| Al i cyclic
epoxy resinjavailable f rcmhaalc@@boﬁbﬁmr@awmm bBgacuwrE84 Lee, NJ, as
Pol yest er E'Uﬁlfl@@@ Ebecr YITRRBuERMY hxemRtAatim&hE fiigbRYAL @i € Trom UCB
Radcure Inc|, N 12 VO 2006/036593i RCTHHSAADTIRINE Ny uousiare SG as Ebec
1 629 Irgacyre 184 1- hydr|axyicapeh ohexyl phenyl ketone avail able from G ba
Special ty GO Cal s OO Tk okl B SRR ifiic 738 ARLIACHT Wadiifly UM - 6974
Triaryl sul f oni um hexaf | ugnggni mgﬁ&b@yﬁlﬁ@ from G ba’ Speci. alty
Chem cal s ' oM, Targ ygo Lt hi um
. TAgHt z 44W4¥¥5§-- Tankt YA ripady lahhﬂE
fluoride, 99.85% avail ablgf HQAMA i f{l)j%er §§ ofluct
mber 36359 MIDATA P
2u4| 4" tri s Lo prod,uct,\r;u ber OSA3939 ed
4, 4" Sibh S et hyrphgy SRSV R 120 Se aval ,
available fINEPH W Sands %aﬂ@ 96 e il ”1‘%—* bﬁ@ﬁéﬁﬁpsﬂé& dp a“"”‘nrgtH NSA3939
' _ hi —5 hi-lsl-an : orp.{u.png]f\k
NPD N,N bl > 1TapllTlla_l Tl ﬁ }t kldl UID\PIICII)’I}UCIILIUI IIC avm laUI -3 from
H W Sands & -t r Ip‘qhmmc”e
F'usﬁ)n D w ADvV lamp available from Fusion UV Systems, Gaithersburg,
) MD, under the trade designation F600 Fusion D UV Lamp
{ Fusion HUV Lamp | A UV lamp available from Fusion UV Systems, Gaithersburg,
MD, under the trade designation F600 Fusion H UV Lamp
SiAlO Silicon aluminum oxide
OLED Qrganic light-emitting diode
MEK Methyl ethyl ketone
PET Polyethylene terephthalate
CAGIL50 A microgravure coater available from Yasui Seiki Co. (USA),
Bloomington, IN, as Model CAG 150 and fitted with a 110R knurl
Ag Silver (target available from Arconium, Providence RI)
Thermo-bond 845~ | A hot meit adhesive film available from 3M Company, St. Paul,
EG-2.5 MN, as Thermo-bond 845-EG with a thickness of 2.5 mils
HSPE A PET film available from Teijin Corp., Japan, as HSPE 100
: (thickness=100 microns) or HSPE 50 (thickness=50 microns)
8141 Adhesive An optically clear thin film laminating adhesive available from
3M Company, St. Paul, MN as 3M 8141
[0046] Any matenials for which a source has not been identified in the examples or in
f the foregoing table may be obtained from Aldrich Chemical Company, Milwaukee, WI.
Example 1
5  [0047] An OLED 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
10 ft/min. The coating was subsequently in-line dried at 70 °C and then cured under a



e —— w————

| TOIndiumtin oxide Fusion D W Lanp A W |l anp avail able from Fusi on W
Systens, Gaithersburg, MD, under the trade designation F600 Fusion D W
Lanp Fusion H W Lanp A W | anp avail able from Fusi on UV Syst ens,

Gai t hersburg, MD, under the trade designation F600 Fusion H UV Lanp Si Al O
Silicon al umdmaensess de OLED Organic light-emtting dipodeszoddokoodeth | eth 1
ket one PET Pol yet hyl ene tereplithal ate CAGL50 A m crogravure coater

avai l abl e from Yasui Sei ki Co. (UsA), Bl oom ngton IN, as Mbdel CAG 150 and
fitted with.,a 11 OR knur]| i target available from Arconium

Pr ovi dence M5 SFRSPhEe ‘BIH%IF DI;&?%‘%‘F PRETAIN G RYP PRV ITAS &7 abl e from 3M
Conpany, Stsnamwmm1&@tam&ubéﬁateasvﬂgk@raﬁmmbﬁaately&%rmmmtial%pareﬁthl ckness of 2,5
mls HSPE A PET filmavailable fromTeijin Corp., Japan, as HSPE 100

t hi ckness=FR¥"&ibe#Shs) or HSPE 50 (thi ckness=50 microns) 8141 Adhesive An

optically qcboa rt RipBlyfed Wbl ik aﬂﬁmagamqloa&bwmal\m t:axla e@lyfuﬁd}ﬁ’the3M Conpany,
St. Paul as 3M 8141 0046;q Any materials for source has not been

i dent i fi‘ed “'ailF depignadamprgicarakdrq yes dﬂerfé‘t%ﬂé’agleﬁﬁa“@’m‘%ﬁﬂjé? th5&°%Bt ai ned from
Al drich Chegitgabs EormRMmb subdiab@skeLrol\W-roll 1iRas® en tp?ro{ci%fk?ylss&ﬂl OLED devi ce

i ncor porati n%Xa protected polynmeric filmaccording to the invention was
prepar ed i EsdapprdTe, fOJd\OWW&PaIEHf@“@%‘P]ﬂW@ﬁth}\ﬁ‘slaﬁf@fp‘aﬁf&ilolﬂ?d ®onmbi ning 80
grans Ebecrydns?2 mﬁx@atagéﬂﬁmﬁm er @i’l‘i‘()%veﬁz"s@cﬁ(ﬁntkdi gawl@éd%ﬁtﬁef&a&tedﬁad been

di ssolved in 1000 grans of he resulting solution was coated onto a
rol | of 6. 5uifasep! g ﬁlmEsﬁz@@&th@W&%%cme@p&pymg PS50

M Cr Ogr RV Ul@ro OBk RTof &@Jr%&l@x%o@&nd%@? QﬂE\L/rzHés%fls-m%crﬁ%é Qgpas subsequently
in-line dried at 70 and then cured under a 13 WO 20061036393

PCT/ US2005/"G2B00HY, ffmc'@%t@géwlﬁ@,r?@é pheee figvt el Riseem fapceging AP eoper at i ng at
100% power Thg-sl3|0§at1§1§§dﬁldf{1%ﬁ’s redultedin SRRABRAHSIL oﬁﬁ-ghxf))k/gc[%x%qué 153 l@yepsaw ng an °

approximately 0.7 pmthick transparent coating thereon.
served as anodes and as robust contacts for the cathodes for the snbsequently formed

QLED devices.

15 [0049] The polymer mask was then peeled off resulting in a conductive pattern on the
PET film substrate. A sample of the conductive patterned substrate measuring 50 mm x
50 mm was cut from the roll and contained four pixels each measuring 0.25 cm®. The
sample was ultrasonically cleaned by sonication m a warm (zbout 110° F) detergent
solution (Deconex 12 NS, Borer Chemie, Zuchwil, Switzerland) for about 5 minutes,

20 rinsing in warm (about 110° F) deionized water for about 10 min, and drying m 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
walts in a plasma treater commercially available from AST, Inc., Billerica, MA, under the
trade designation Model PS 500.

25 [0050) A hole-injecting layer (MTDATAFTCNQ (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 pattemn on
the PET film subsirate. 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

30  depositions over the hole-injecting layer: NPD (400 A, 1A/s)/A1Q:C545T(1% doping, 300
A, 1A/S)/AIQ(200 A, 1A/s)LiF(7 A, 0.5 AJs)A1(2500 A, 25 AJs).
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[ 0048] A pol yner web mask commercially avail able from 3M Conpany under the 5
trade designation Scotchpak 1220 was die cut and then thermally |am nated to
-the coated surface of the PET film substrate using a roll-to-rol

| am nator. Al roximately 35 nm thick layer of I1TO _f y a
_approxinatewg)%gﬁﬁﬁ?ihlck | ayer of Ag, followed by aRSVﬁ% §%§ﬁ£X|nately 35
nmthick |ayer of I TO were sequentially deposited on the coated surface of
the PET fil msubstrate using a DC sputtering process enploying a pressure of
1 10 morr, floskW oThe,tﬂtn/ED devtBchvat gﬂﬁlerﬁﬁqﬂumﬁ&g;edbpf)diw}m%&f@zoi&ﬂ stem and 6
sccm  respective I CO | TO, and a | ow rate of 150 sccm
for coati ng? P& ﬁ&gmefﬁ'lé%e@aé g‘ﬂ‘bg YAl iR Qag gg )rfooén %heet resistance
of 10 ohns/ sggatiimgl heoulrc“é@zt;ayeww B mdu@slgamms:paml 2a6il theust cont act s
for the cathodes for tE@ E@ %WP d OLED de i ces. q [ 0049] The
pol ymer ras R™UEE SRR PEeree er THEdY ’i'arthe F hieLPEEHE ?I?W”B%{W ern on the
PET fil mssulygd ¢ adis: 2 nSapml& rm@be} fbﬂercbﬂf&gmﬁﬂe\giopﬁ%r%ﬁ@@ﬁh BhRss-balde neasuring
50 nrmx 50 nmwas cut fromthe rol ontai ned four pixels each

measuri ng 0.835Eed. T erps &by lwesengrghite enspselatele catitagaeaastyy thsoni cation in
a warm (aboyg,, H(le Bl ﬂ@&@@gﬁ@ﬁe P}ﬁcﬁlfﬂtshl%ﬂaté PRGBS Xpbeed WoproRRE £fonfehem e,
Zuchwi |, Switzerland) for about 5 mnutes, 20 rinsing in marn1(about 110 F)
dei oni zed wderetecttient cerasiit For gonvemienceytids @Fﬁﬁrﬁ»’g ap OIEMPeviesgeh Depige ged oven for
at | east 4 Rgicicies kol b AQRHLEER WS, RO Rl AR, LA LA, f o

m nutes at a pressure 300 mrorr, oxygen fowrate sccm and RF
power ofNMOOmebwkiUDﬁS@Wpﬁagﬁﬁh@nﬁéﬁér commerci al ly avail abl e from AST,

Inc., Billerp@gy My dRdel kg . ﬁsag ﬂﬁo% ModghorfirerRm 25 [0050] A
h Ie |nject|ng ayere NI DATA: FT&N@ §08/6 pm%??IO gbpgﬁ% dep05|ted at a
rate of 1.8 3N0§1111&joﬁleﬂW@mws%ﬁD@ﬁ@@QMNa@ﬁlenwcwd the conductive pattern
on the PET [jdshm S;ibﬁ,dﬂb%ﬁ Ry @ 800.5s %ﬂo&&d%ﬁ@s&%ﬁlﬁfm@ﬁﬁ Rp vapor
deposi ted on top of ‘the e |nject|ng ayer using thermal evaporation in a
vacuum chantselstreit oprosiistthasuxface@navhichdhre, deWbr trustprsdird basai¢ppsitetibed GUED st ack was

Payer: D (0GR oh KRS R s ROrRRRARL SHS K )N Q200 A

| A/ s)/ Li F(7 [2054D. 5Amgmmr(r@fga@wmm@5aw s, thmrmegﬁgam&e@epair of
PCTI US2005/ Q S _we e ed by
Gepositing ROBO ReeT B0y B oL FE p i AL BN CREADRIRLFS O g

t hermal evapomatisedrix dnotitg Biy&s &Y ;@)yrrfer omhigorganic material formed on a PET base.

When completed, the laminated multilayer inorganic barrier had the following
20 congtruction: PET base/Polymer 1/SiA10/ Polymer 2/S1A10/Polymer 2/S81A10/Optical
Adhesive/SiAlO/Polymer 2/S1A10/Polymer 2/81Al0/Polymer 1/PET base. Each assembly
was formed as described in the following paragraphs.
(0055] PET base + 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-
25 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] SiAlQ Layer (*Layer 2”). The PET base filmn coated with Polymer 1 (i.e.,
Layer 1) was then loaded into a roll-to-roll sputter coater and the deposition chamber was
30 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 comumercially available from Academy Precision Matenals, Albuguerque, NM)
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tungsten dinple source (S8A-0.010N R D. Mathis, Signal HIllI, CA) A2 ml
thick protective copper foil was then thermally Ilamnated at a tenperature
of approximately 5 80 C using a hand-operated rubber roller on top of the
B203 | ayer and with Thernp-bond 845-EG 2.5. The copper foil was |arge
enough to emoapsudsate the emtting areas of the fourcpuzebsspobut the edges
of the PET filmsubstrate renmai ned exposed to provide a point for

el ectrical contact. For convenience, this is referred as "OLED Device A"

Device effici OLED Device A re measur usi ng a photo-optically
cor r ect ed SFPREBH T3, SERITGOE PUBRREShSEFE P RAN HFHE e R 5 00521 The

ef fect on desmceofafhTet, &Mw&fsp%ﬂ@ﬁ(ﬁmm ng a protected poI yneric film
according t e i nvent ni,| ED, Devi .ce sed., [00531 A
3,000 A thi‘@?c"t”rangIYB“Ff %(Qg D\%S I?ﬂ?ﬁ?&? ‘E"B@“%‘ﬁﬁf‘% ‘“'é&?‘"ftgec%’l’lcsﬁaa%a&dpET film
ZUbSt rate oppmssfirelyinae! &ulﬁﬁtﬁﬁe QG WOmﬁEtogrlilgndiswaﬁ@e&hﬁgmh weed gﬁcdﬁ b](caen )
eposi t usi ng .15 the de jtion conditions scr above for the
previ ousﬁd rﬂf ﬂ%(?%ﬁ’(‘jgy P‘ﬁ’@&?gﬁﬁst‘}?ﬁ]‘va%\mﬁﬂoﬁtf’ Wi Uj r?BPbgﬁthOd‘éWl er |ayer
was then pr\%@?fa@ﬁe@b’y doﬂiﬁnﬁl@tjﬂ%ra%lsmﬂjlr@@f 42 81 brbin EMEE?;]@@&G’JIMBIgtaﬁﬁ in

face-to-face_fashion wth an optical_adhesive. Each assenbly conprised six
al t er nat i ngWF588 &ep Furpblopryide dAl™Efor gani ¢ material formed on a PET base.

When conpl eoesd) t MRink HE sBaé QMaibistat fo@l%ferﬁE'.rQIrIg@é}BCregﬁEtNeﬁ}'raMdt he fol |l owi ng
20 construction: PET base/ Polyner 1/Si Al 0/ Pol / Si AI'Q Pol

2/ Si ALQ Opt V16K layeadredarouledntag Eveol i dum Izywidag @cml@b’mf Pojymyend Wf‘ﬁPoI yner

1/ PET bage.coa€ho gﬁﬁ%@ﬂb oYormV¥ehy rf505ﬂa%%1ﬁslaﬂ9§mlhmas'd dsf& kRlTla0M Ng
par agr aphs. [ 00551 base + Poly "Layer \/z, SPE 50 PET base film

was coat ed wedemdayeng. bgrehprrevidipg Hﬁswbt YIHMEEB BpRYEaTSIHYi ng 145. 5

grans Ebecrydiyn@29isi Ad/H1 eaﬁvglp[l@to,ggu% and 9.03 grans Irgacure 184 that
had been dissolved in 9 grans MEK using a CAG 150 m crogravure coater

operating alft¥]1 rﬁ‘ﬁfq’i‘lltl%“&@éﬁ‘i’%@lﬁ/ﬁﬁo Gerell a4 |apdnaked teegdedn face-uv Lanp
runni ng at JOQU%UrRRWRLsiteR 18] QHHE@% B@lamfoll]laml%ﬁkgﬁg]for@ A%inkﬁ:y er ("Layer 2").

The PET base filmcoated with Pol ymer (i.e., Layer was then | oaded
into a rol | nprgaiciamiesput t er coat er and t he deposition chanber was 30 punped

down 10 2. PRBRSU G0l ndpic b0y M 10 dpREDI, Gyl do | ayer

was deposited at op Pol reactively sputtering a Si- tar get
(90% 10% Si witl) 814{ érib@étveémhﬁ%wéﬁtm&thammmml@ of ﬂ@fﬂtm@éﬁéwerﬁrf@@u si on

Materials, flRugueianea. Wice Jf‘émmegggéln‘ggﬁ%%%gf %EQ%%Q%/ 079905

procedure as employed previously. Incorporating a protected polymeric film according to
~20  the invention into OLED Device A did not significantly change the efficiency of the

resulting device.

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

invention was prepared in Example 2. Additional samples of OLED Device A from

25  Example 1 were prepared and the copper foil was edge sealed using a thin bead of epoxy
(Araidite 2014 avatlable from Huntsman LLC, Advanced Materials Division, Vantico,
East Lansing, M1). The epoxy was allowed to cure to hardness over 12 hours in a Nj
atmosphere at room temperature. For convenience, this is referred to as "OLED Device
B."

30 [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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using 2 kWand 600V, a gas m xture containing 51 sccmargon and 30 sccm
oxygen at a pressure of | mflorr, and a web speed of 0.43 minmin. [00571
“Pol ymer 2 ("Layer 3"). Using the conditions described for the application
and curing of Polymer 1 but with the CAG 150 m crogravure coater operating
‘at a speed oFCHE®E3 pyvin, the previously applied Si AFEUPAPEPNMas
overcoated with a UV-curable solution that was prepared by conbining 2.25
grans UVI-6974, 42.75 grans EHPE3150 in 405 grans MEK, and then cured to

provi de Pol y;mlara 5&1@&@5@50&5&&@ tﬁifl@ﬂlﬁ)ﬁffﬁp&)&?@ﬂﬁ]in%ﬂﬁzg@&iaﬁl?ﬁvdﬂ@%der 2 an]gi Layer
3, respective a.secon i Al Q er s deposited atop Layer 3 to form
Layer 4, a <8 ﬁH?F%%g‘néfTeéﬁ%ﬁéﬁ’ ﬁéy’vkﬁé\éar ﬂTdraE%‘zeﬁ’éﬂat’QP Hﬁ%ﬂﬁ % to form
Layer 5, and G idninichokayies cdafer SicAtik) Waspele pOS f/@th. athepodkiay®Es 5 to form Layer
6, thereby providing an asserrbloy havi ng a PET base/ Pol yner 1/Si AIQ  Pol yner

2/ Si Al O Pol yHespaupntiiniies ¢isd pt YUiand Ban cyraiomder apfospesupipheg“didenbl y was
split into t a\q;\%do ] 2 t 1 = = f i on usi ng
8141 Adhe5(s)i vpggoa%}ghjflf - P(%‘?Pﬁ%g?n&ﬂ/a{)%%?t?ﬁ%ﬁﬁegﬁﬁa& %gﬁggﬁlhgﬂiﬁ organic
barrier. [0G66jpromateiyO7ivmathsk tramsparept pdatinbtheedrer was then | aminated to the

exposed B20 er | 4 S [ t jhcor poration
of a prot ecﬁgdcf@%ol g}:rlréé\tlioita%dﬁlﬂ’? #&&?%?%l &?E%S%Xeéﬁﬁmgﬁog%ngpﬁ%#enci es were
measur ed agaia pemrbddevmty amesswankx 1§} Tooe duftormhics $ph 16\ ine sprcexidsus| y .

| ncor por at i r . ' i | Lng. L i ntion into
CLED Dovi oo Ry E BEREER TRk 57 Y, Rl SRRLELBR A AR 0 g
devi ce. Bxanglsenley@@6il} prssuCloEbrdewn] amé aiwak epepbefdtingigs/minpreotheé®f Wd pol yneri c

filmaccordi . . ntion.. repar.ed, i n.Exanpl JAddict | onal
sqrrpl es of d%%%toﬁi}z/‘ﬂn%‘ém%&&%?%%%ﬁhﬁ%% 10611&?at%1}se1|&.%3}1 uﬁé “8’?%?\"55 F%g z’wcopper foil
was edge seahedrgetsnangiab t hi n bead of epoxy (Araldite 2014 avail able from

Hunt sman LL vanced terials Division Vantico, .East lLansing, M). The
epoxy was al P%ﬁ\%gd o mﬁ{r}%aﬁngr I%%lerrsd‘?’leer%eémbl\r/“édrmoi%e%gﬁ)rpgevfoﬁlaépf\eﬁmd;t nosphere at
room t enper ahmples of PUELCIsWe M to ham, refactdeilysOLED BeviedBt anddd EDOD&RxeDevi ce  B.
30 [006215 Arbj' norgani ¢ barrier layer was then prepared according to the
follow ng procedure. A UV-curable polyner solution was prepared by

conbi ni ng 2.[@65yr ati ED\MDevide Bl Avaniicparetlhy @op@itiags 3 BHPEIH GO jan o ABK):@nans MEK.

The resulti B ssurotjac%toif e PR S %%[st?ge opposite the surface on which the device structure
had been built. The B,O; was deposited using thermal evaporation (~3-5A/second) from a
tungsten dimple source (S8A-0.010W, R.D. Mathis, Signal Hill, CA). The previously

20 prepared inorganic barrier layer was then laminated over the exposed B,05 layer 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 barmer layer to the "front side” surface of the PET film substrate (i.e., the surface

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

25  Adhesive and a roll-to-roll laminator. Thus, OLED Device B2 differed from QOLED
Device Bl in that it lacked the B;0O; layer used on the front side of OLED Device B1.
{0067] The samples {OLED Device B1 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

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

side.
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16 WO 2006/ 036393 PCT/ US2005/ 029905 onto a 6.5 inch wide, 100 m cron thick
fluorine polyester filmcomercially available fromFerrania |Imaging
Technol ogi es, Italy, under the trade designation Arylite using a CAG 150

m crogravure coater operating at a speed of 15 ft/mn. The coating was
subsequent o 20ew0Bd3gee dried at 70 "C and then cured undars2@smosogen

at nosphere with a 5 Fusion D UV Lanp operating at 100% power. This resulted
in a transparent filmhaving an approximately 0.7 [imthick transparent
coating thf%gﬁn. 0063t.The coat ed filn1m%§ Loadeg intao a Egutter coater and
the deposi t1P8H chEFEF RS VaBR Py heuppsead pliesrabye 9%1%- 6 Torr. A 60
nm t hi ck Skpatird thoded Bavirg; bexd hewn by er ofesnplap O iftregbingSiravgng 46d W and 375 V, a

gas m xture cont aini 20,sccm argon and 10 18 sccm.oxygen at a pressure of
8 morr,  aREIPEL B e pnaTtons Htdssy Rt s enremiongonel P B6tE of S/ Al

avai | abl e birarlAppbddeeenBl €Ritlsd RRrMAtRNhtaltBn isAb biguaaiteicaswas used as the
t ar get teriial. [0064] Lnorganic barrier |ayers re then incorporated into
previ ous| yew’él’}a‘}sgﬂd aqtﬁ%‘ﬁweéé‘ﬁﬁlﬁ W&'E%’%B’\W?f’éls pFBfT;QgFW‘?m‘P’é i vel y, OLED
Devi ce Bl asfthe@bhyRb: pWideclaikh. Briovk Q065 datiohdzd Biptiatat Bbcekvasg 2pwa@par ed by

depositing a 3,000 A thick layer of B2OG3. on the surface of the PET film
substrat e BPPHETNESIUAYTES H’r‘f}é&b‘h%ﬁeﬁﬂ’ﬁl{&%mﬂ%@%@? Arpcays Wit Rsrerdinad been

buil't. The 32R3t WaBsctERAR i @ElartiiwIEEhtRGH ¥R nRVARALAtilaRd. (- 3- SA/ second) from

a tungsten dinple source (S8A-0.CL R D. Mathis, Signal HIl, CA). The
previously 20 prepared inorganic barrier |layer was then | am nated over the
exposed B203 | ayer using 8141 .Adhesive and a two-roll lamnator to conplete

OLED Device Bl. [0066] OLED Device B2 was prepared by |lam nating the
previously prepared inorganic barrier layer to the "front side" surface of
the PET filmsubstrate (i.e., the surface opposite the surface on which the
devi ce structure had been build) by using 8141 25 Adhesive and a
roll-to-roll lamnator. Thus, OLED Device B2 differed from OLED Device B |
inthat it |acked the B203 | ayer used on the front side of OLED Device B 1.
[0067] The sanples (OLED Device Bl and OLED Device B2) were stored under

anbi ent conditions. Photographs of the lit devices (i.e., OLED Device Bl and
OLED Device B2) were taken periodically to conpare dark spot growh

Sanmpl es of OLED 30 Device B2 (i.e., without B203 on the front side) showed
significantly nore dark spot

i8



growm h over time than sanples of OLED Device Bl having the B203 | ayer on the
front side. 17 WO 2006/ 036393 PCT/ US2005/ 029905 [0068] The invention is
anenabl e to various nodifications and alternative forns, specifics thereof
havi ng been shown by way of exanple in the foregoing draw ngs and
description. It will be understood, however, that the invention is not
limted to these particular enbodinents. On the contrary, the intention is
to cover all nodifications, 5 equivalents and alternatives falling within
the spirit and scope of the invention, which is defined by the appended

clainms. Various nodifications and equi val ent processes, as well as nunerous
structures to which the present invention may be applicable, will be readily
apparent to tGbhadM¥ skill in the art to which the present invention is

directed. 18 CLAIMS 1. A protected polynmeric film consisting of |ayers
arranged in the follow ng order: a polyneric filmsubstrate; one or nore
i norgani c barrl : bor on
oxi de applie ‘@Eﬂoe%éé ﬁ?ﬁfﬂ% hf CB%(I)strng ﬂflgﬁggar rl ged lﬁgtgeefrggéﬁx%gr%fm n the
| ayer of boron OXI esi CIFF? %, tﬂ order todabsorb noi sture
and reduce transm %?r or ef § The protect ed
pol yneric filmof ﬁf r\/\%% ‘é r?@e%rr fé’fgaﬂifrﬁqg}?rk’ &rrier layers
are a multilayer gronf: e g gF%flgnﬂ} ertd PRSP ¢l aim 1,
wherei n t he JRstge F“é‘“ﬁ’"fﬁ”@‘&ﬁ?@n B@F‘?P‘@F“‘fﬁ sel ected fromthe
group consisting of metals, netal oxides, netal nltrl des, netal carbides,
metal oxyni t ra.dehe prosestes) pobsyasis filmef claimel. avhe@xy@amﬁ at@rore Watpagie AFiRat | ons
t hereof . 4. ﬂh}fﬂrwgamtéwepmwmlpa filmof claim1, having a noisture
sperneation rate that does not exceed 5x104 g/ nR/day. 5. The
“pr ot ect ed8ol yhEFhegrdtedied pplymdrizifiim4f claiav], whemimthé stelorengpe morgahic barrieat e t hat
does not exclagss dri dddécteg/ fradd tha group comdisingbfandtsisl npodl yrided, eefal hitiides,onsi sti ng
of layers ar ragg@egrbides,trdalfoRinifites) thetil 88/borides, AQANXPEArsiddsi i@ substrat e;
combinations thereof.

4, The protected polymeric film of claim 1, having a moisture permeation rate that does
not exceed 5x10™ g/m*/day.

5. The protected 6polymerlc film of claim 4, having a moisture permeation rate that does
not exceed 1x10°® g/m%/day.

6. A protected polymeric film, consisting of layers arranged in the following order:
a polymeric film substrate;
a layer of boron oxide applied to the substrate; and
one or more inorganic bartier layers applied to the layer of boron oxide,
wherein the layer of boron oxide functions as a desiccant in order to absorb
moisture and reduce transmission of the moisture through the film.

7. A protected polymeric film, consisting of layers arranged in the following order:
a polymeric film substrate;
one or more inorganic barrier ayers applied to the substrate;
a layer of boron oxide applied to the one or more inorganic barrier layers;
a buffer layer applied to the layer of boron oxide,
wherein the layer of boron oxide functions as a desiccant in order to absorb

moisture and reduce transmission of the moisture through the film.

8. The protected polymeric film of claim 7, wherein the buffer layer comprises an
organometallic compound or a chelate compound.

9. A protected polymeric film, consisting of layers arranged in the following order:

a polymeric film substrate;
a layer of boron oxide applied to the substrate;
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a layer of boron oxide applied to the substrate; and one or nore inorganic
barrier layers applied to the | ayer of boron oxide, wherein the |ayer of
boron oxide functions as a desiccant in order to absorb noisture and reduce
transm ssion of the noisture through the film 7. A protected polyneric
film consisting of |layers arranged in the follow ng order: a polyneric
filmsubstrate; one or nore inorganic barrier |layers applied to the
substrate; a |layer of boron oxide applied to the one or nore inorganic
barrier layers; a buffer layer applied to the |ayer of boron oxide, wherein
the | ayer of boron oxide functions as a desiccant in order to absorb

noi sture and reduce transm ssion of the noisture through the film 8. The
prot ect ed polyneric filmof claim?7, wherein the buffer |ayer conprises an

organoretal lic CO orQ‘in A aftt ‘?1 tﬂe lagg%"f% ﬁtogﬂepd%y”e“ c

film consisting g ngwi lﬁgﬂﬁﬁ 0 polynerlc
filmsubstrate; aI

aLe one or
nore inorganic bar r| a1 fha 8 e 0 ed’“? Disaaﬁ‘ & des € rlgnoroe% 8é’b5 9?1 a
buffer |ayer mmsthreeaddtedutdmmﬂsswm oﬁtbémolsmﬂartgmnglﬁ;thbﬁﬂxm er layers, wherein
the | ayer of boron oxide functions as a desiccant in order to absor b
noi sture and reduce transm ssion, of the noisture through the film 10. The
protect ed pol Yfehegrotsctedpglymeria film of claime) shereinyie puifer B‘Veq“'&@éflseééﬁprl ses an
or ganonet al | | ¥ganemslisgompoundonachelae eamrosichd. 20
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