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[0001] This invention relates to barrier filns and el ectronic devices.
Background [0002] Organic light emtting devices (OLEDs) can suffer reduced
out put or pnegatuwesst@i | ure when exposed to water vapor oPCHUSFHA0099BG al s
and gl asses have been 10 used to encapsul ate and prolong the life of OLED
devi ces, but netals typically lack transparency and gl ass | acks
flexibility. Intensive efforts are underway to find alternative

encapsul ation materials for OLEDs and other electronic devices. A flexible
polymeric barrier filmthat exhibited | ow perneability to water vapor and
oxygen woul d be especially useful, but despite intense industrial effort
only limted success hdLBYSBLE HIGH-AEMBERAEUREVLEBASARBEERr el ating to
fl'exible_barrier films include U S. Patent Nos. 5,440,446 (Shaw et al.),
5,530,58& (Cogan), 5,681,666 (Treger et al.), 5, 686,360 (Harvey, 111 et

2l )1 5: 736 2WgtjVe theinnioh rotaie o Wii B Hint Tapobakinichovtcs) | 6,083, 628
(Yializis), , 146, 225 (Sheats et al.), 6,214,422 (Yializis), 6,268,695
(Affinito), 6,358,570 (Affinito), 6,413,645 (Gaff et al.), 6,492,026
(Gaff et al.) and 6,497,598 (Affinito)Backig®unBat ent 20 Application Nos. US
2001/ 0015620 Al (Affmito), US 2002/0125822 Al (G aff et al.), US

2002/ 0150745 W002Vvar Orgarae ligit einitting deigcaq02/EDSY 8ol r¢dGeed futpet cal . ),

Publ | shed AppPFBACTORIG A BT doB3F Kaie Pt OREEn MatRRRLd SREeRlf Crhsr o
al . patqpt degehitdefagsidat b ,rolﬁ%%ﬁ%%f&@ﬁh%éés?blﬁ%ﬁg Ry Mckh the

| owest reported oxygenh transm ssion rate being 25 0.375 cc/n2/day/ bar.
Sunmary of t htalsparemtyi ad gl36 &8ks Ferabihitye Satensive viforts on updawiayés find altanaive

T 8 e B R S 2P0 P b v
b P SRR PO S ity gl o et
pol ymer | ayer espeaeliyigseful Tignt gespatt éntendeamdustriabefiiat only linhisdd sofcdsiSRiEHeand
Fr e Qe e thus far. “Refetenices relating o flexible barrier flms molide S, Patent Nos.
5,440,446 (Shaw et al.), 5,530,581 (Cogan), 5,681,666 (Treger et al.), 5, 686,360 (Harvey,
III et al.), 5,736,207 (Walther et al.), 6,004,660 (Topolski et al.), 6,083,628 (Yializis),
6,146,225 (Sheats et al.), 6,214,422 (Yializis), 6,268,695 (Affinito), 6,358,570 (Affinito),
6,413,645 (Graff et al.), 6,492,026 (Graff et al.) and 6,497,598 (Affinito); U.S. Patent
20 Application Nos. US 2001/0015620 A1 (Affinito), US 2002/0125822 Al (Graff et al.), US
2002/0150745 Al (Martin et al.) and US 2002/0176993 Al (Graff et al.), European Patent
Application No. EP 0 777 280 A2 (Motorola, Inc.) and PCT Published Application No.
WO 97/16053 (Robert Bosch GmbH). The Walther et al. patent describes a barrier
assembly for plastic containers, with the lowest reported oxygen transmission rate being

25 0.375 cc/m2/day/bar.

Summary of the Invention
f0003]  The present invention provides, in one aspect, a barrier assembly (sometimes
referred to below as a “barrier film”) comprising a flexible visible light-transmissive
30 substrate having a glass transition temperature (“Tg”) greater than or equal to that of heat-
stabilized polyethylene terephthalate (“HSPET™) overcoated with a first polymer layer
having a Tg greater than or equal to that of HSPET and further overcoated with at least



two visible TGN TTanan oo Ve Torgani ¢ barrier |layers separated by at '
| east one second polyner |ayer having a Tg greater than or equal to that of
HSPET, the barrier assenbly having an oxygen transm ssion rate | ess than

0. 005 cc/ mMgipbayy@be283 C and 90% RH. [ 0004] | n anot her aP@EI200408¥Sé nventi on
provi des a process for nmaking a barrier 5 assenbly conprising: a) providing
a flexible light-transm ssive support having a Tg greater than or equal to
that of HSPET; b) forming a first polymer |ayer having a Tg greater than or
equal to t IR vistble HiSPERnanspvt rorgamplarticr 1@ reephmtedi tygt deasti aiclséeend
light-transm ssive first inorgani¢ barrier |ayer the first | ymer
ayer:  dy POPHCHEYE Wil BT oS oy 660 ah A A T4 P ot B aH e GhReAions  equial
to that of . HSPET atop.the fi.rst inporgani arri-er | L a ormng a
Vst ble 11 GRIDE FAAGRCE Srpesed i b RannneS B ey of Syer oB SR 15
second pol yamu] | aygan¥her & ébt}ﬂﬂ@irﬂ%hﬁé@ro@iﬁ o¥es %?rrﬁéldf]i’g‘w@rﬂeﬁ ransm ssion
rate | ess than 0.005 cc/nR/day at 23 and 90% RH. [0005] I n a further
aspects, t hessembbntongmispigovi des a di splay or illumnating device conprising
a noisture- or oxygen-sensifive |jght source or light valve at |east
partially 20 c8ver¥gvifiars dexbled H%Wefuw&b%@%%w@&mgw sible

| i ght-transm ssive r Iﬁasxp a Tg greater than or equal to that of
HSPET overcoated w gfoft?%tgotf poIE}rgrer | ayer having a Tg greater than or

equal to that ob)HSRBEhimfds 61’9@&my@nﬁﬁagactg/\grbdteﬁhaﬂ@a@;thaltbmmfsi bl e
y a

| ight-transm ssive inorganic barrier |ayers separated b | east one second
pol yner |ayer havi ngSBET@gtogribesunporthan or equal to that of HSPET. 25 [0006]

These, and ot her aspgcts of .the .inyvention.will be apparent.fromthe detailed
doscrieion bel i " s ybhf iR uin o doreABR AL rolhiap HELHe
construed as |im tgdi@esla0; t he clai med subject matter, which subject
matter is defined solely by the attached clains, as may be anended duri ng
prosecution. 2 W 2foaimgsosrond@iyuslap: hovegsd s dedtefthDeecaguplitp tet of t he

Dr awi 19 [0007) F10. b o G0 BB e So SRR T8I 00] VI oW of @ i scl osed

g) forming a visible light-transmissive second inorganic barrier layer atop the

15 second polymer layer

wherein the barrier assembly has an oxygen transmission rate less than 0.005 cc/m2/day at
23° C and 90% RH.
(0005]  Ina further aspect, the invention provides a display or illuminating device
comprising a moisture- or oxygen-sensitive light source or light valve at least partially
20 covered with a barrier assembly comprising a flexible visible light-transmissive substrate
having a Tg greater than or equal to that of HSPET overcoated with a first polymer layer
having a Tg.greater than or equal to that of HSPET and further overcoated with at least
two visible light-transmissive inorganic barrier layers separated by at least one second
polymer layer having a Tg greater than or equal to that of HSPET.
25 [0006]  These and other aspects of the invention will be apparent from the detailed
description below. In no event, however, should the above summaries be construed as
limitations on the claimed subject matter, which subject matter is defined solely by the

attached claims, as may be amended during prosecution.



10008] Fig. 2 is a schematic cross-sectional view of a disclosed | am nated
barrier assenbly; 5 (00091 Fig. 3 is a schematic view of an apparatus for
carrying out the disclosed process; [00101 Fig. 4 is a schematic
Cross-secti oRgdh 2hspweeed a di scl osed CLED device; and [ O01PLTRiSQ004509956 a
phot om crograph of a disclosed barrier assenbly; [00121 Li ke reference
synbols in the various figures of the drawing indicate like 10 el enents.
The elenments in the drawing are not to scale. Detail ed Description [0013] By
usi ng words of orientation such Brief Desopition eithe Drapiegs nost " and the |ike

for the | ocatj of rious layers in the barrier _.assenblj.es.or devices of
the i nventionlO0RE  14%-driga stpwag oresrsraToRAYoRY bf BRRGISHHENE P Yy or s
Wi th respect fupogy ho'Fi%%E%'sc R ckosk-¥@lonal Weew 81 D BisclobddeBmidaltdl bl
barri er assenplies or Tevices should have any particular orientation in

space during essemblyer their nmanufacture. [0014] By using the term

"overcoated" to describe the position of a layer with respect . tq a
substrate or Eﬁﬂﬂg} elmﬁ asehenatis vigvept aapRAIsHIp for carmyng Wéhﬁqlﬁfg‘?se@e refer

to the | ayer QoS bei ng atop the substrate or other elenent, but not
necessarily Bt guous to either the substrate or the other elenent. By

usi ng the ter[00igEpankg.erisaychdntatidesessishgiohlle/i@of & iRBlos&f OBEDGleyitef arday er
wWith respect to two |no(r§an|c barrier layers, we,refer to the polyner |ayer

as bei ng bet w1} he Kigidrigamhetopieroprph phy diselogastbamaer apsgaddgari |y conti guous
to either in iC rri.er |ayet., 25, 00151 usi he.term "pqlyner",
we refer to hmggl y %reg%@cgééﬂﬁgwg{evggou esaﬁ%‘%ﬁ?ﬁb‘f%@r@@%gﬁl%

copol ymeips t hglen@h¥, I8e ERHFRA ih hedlriWRg Rl Rt @A, . 9., by coextrusion or
by reaction, including, e.g., transestérification. The term "copol yner"

i ncl udes both random and bl ock copol ynmers. The term "cured pol ynmer" incl udes

bot'h crosslinked and uncrosslinlced pol.ypers. ,The term "crosslinked"
pol ymer refers to a 30 pol yner V\hoseDB’@Flﬁ‘gg’FS‘E'Hﬁ?% are joined together by

Fova e chemyany bl A ST, SR R
PCT/ US20041009&5ke locstiopesfentabhiylagdiairatht bhrizesss@ybliesso deviced dfithe insrentivay whe
swel | abl 1e5 ' trehfgr tg rﬂfcsr%lna(t:i?fe 8251‘3& 0? c?n%ro? ?nroirg i[agerss (\)nlriglerggﬁect to a horizontal support
layer. We do not intend that the barrier assemblies or devices should have any particular
orientation in space during or after their manufacture.
[0014] By using the term “overcoated” to describe the position of a layer with respect
to a substrate or other element of a barrier assembly of the invention, we refer to the layer

20 as being atop the substrate or other element, but not necessarily contiguous to either the

substrate or the other element. By using the term “separated by” to describe the position
( of a polymer layer with respect to two inorganic barrier layers, we refer to the polymer
| layer as being between the inorganic barrier layers but not necessarily contiguous to either
inorganic barrier layer.

25 [0015] By using the term “polymer”, we refer to homopolymers and copolymers, as
well as homopolymers or copolymers that may be formed in a miscible blend, e.g., by
coextrusion or by reaction, including, e.g., transesterification. The term “copolymer”
includes both random and block copolymers. The term “cured polymer” includes both
crosslinked and uncrosslinked polymers. The term “crosslinked” polymer refers to a

30 polymer whose polymer chains are joined together by covalent chemical bonds, usually
via crosslinking molecules or groups, to form a network polymer. A crosslinked polymer



* [00161 By using the term"Tg", we refer to the glass transition tenperature ,

of a cured polynmer when evaluated in bulk rather than in a thin filmform
In instances where a 5 polynmer can only be examned in thin filmform the
bul k form THOA9H$8¢241 |y be estimated with reasonabl e addlY &8k form
Tg val ues usually are determ ned by evaluating the rate of heat flow vs.
tenperature using differential scanning calorinmetry (DSC) to determ ne the
onset of segnental npbility for, the polynmer and the inflection point

(usual ly a é%%ﬁéﬂﬁﬁh@act@%ﬁ@mm}biﬁw ineay besarelably Hethe Prssels ofaRd to
change from, O&igégg@gmto a rubbery state. Bulk form Tg val ues can al so be
estimated using a dynam c nechanical thernmal analysis (DMIA) technique,

whi ch measurgi 6] he By asigiethienerhh el rod ud feisto dlie %m@ tROkYiR tendferaufcwiatched of
tenperature and frequency of vibration. [0017] By usi gg.t he terma "visible
| i ght - t r ans polysiey @hes ayabested inj taflerathes dwa it thin filin derm. b, instencep wheeRat t he

ty | | devi h 1 SSi 15 th
VSTl ¢ por POLmeD AL Ry Bp Bk Srpraing b, B B DR S S libheur ed al ong
the normal cgxhsed %ﬁﬁ%&&oﬁ%ﬁ@&ghﬁgyﬁ Bukkifdrm ¥ v@iu@ﬁ%ﬁﬁ%m@%ﬁe&qﬁm&dw shown

generally at 110. Assenbly 110 intludes support de of a visible
| i ght - t r ans revalsiting, thé tagxofHeat fibw k. tempérbireheswigndiffemnily sgareatgraldrivagiryor equal

to that of PET (Tg =.about 78 Q Support 112 is 20 overcQated with a

pol yner |ay2535m dr?gﬁifmh‘& fge?asegpgwn@ﬁaﬁb@w fogthspolangrisg %ﬁmﬂ@ﬁﬁ and
further over ' L - Vi Sd.bd - ' > LSS} | I C
barrier | ayé)(ragﬁlhggag %%C %@8{3{? Wlo@%ﬂ \g%lgh %g’% b’élé)%?g@ g%§%§/¥€%4a§gr%?&ﬁayer S
such ay0 | ayeygasiyith amtbdrd 2tate. IR My Td $uadl a0 aRb b estibityd usitg bdesandc
protective polymer overlayer 126 atop uppernost visible light-transm ssive
i nor gani ¢ barecharcal feapalianalysss DMIDADEcmiqRe, whish sneasures daichansedn Bgrri er

nbly 13Q_that t] t h t Lec f nbl
8oy 1300 0 A o ) SRR R A o Sooor
l'i ght - tr anspeig] ve Bhass iR tdrdda “1i0BRALIPHaT ek fshifpdrbi&er, assembly or

l'ight-transm ssive supports 112 have a visible light" transm ssion of at
| east about dpes.ate BEM that thesumpertalyst, assemblyopdevics kashpaversgabhtsmisstbn 30

usi ng heat setting, ..annealing,under tepsio ot her techniques that wll
i scoulhge NP hRGLIERTgn APt ARG vineitet lpShabp APF. GRS alBE e vhen
t he support is eﬂOt' constrained. If the support has not been heat

stabil i zed, THE 4 preferably has a Tg greater 4 WD 2004/ 089620

PCT/ US2004/ GO$R$6 Referring to Fig. 1, a barrier assembly is shown generally at 110. Assembly
110 includes support 112 made of a visible light-transmissive, ﬂexible plastic film having
a Tg greater than or equal to that of HSPET (Tg = about 78° C). Support 112 is

20 overcoated with a polymer layer 114 having a Tg greater than or equal to that of HSPET
and further overcoated with two or more visibie light-transmissive inorganic barrier layers
such as layers 116, 120 and 124 separated by polymer layers such as layers 118 and 122.
Assembly 110 also preferably includes a protective polymer overlayer 126 atop uppermost
visible light-transmissive inorganic barrier layer 124.

25 [0019]  Fig. 2 shows a laminated barrier assembly 130 that can be made by laminating
together two pieces of assembly 110 in face-to-face relationship using a layer of visible
light-transmissive adhesive 132.

[0020]  Preferred flexible light-transmissive supports 112 have a visible light
transmission of aft least about 70% at 550 nm. Preferably the support is heat-stabilized,

30 using heat setting, annealing under tension or other techniques that will discourage
shrinkage up to at least the heat stabilization temperature when the support is not
constrained. If the support has not been heat stabilized, then it preferably has a Tg greater



« than that of polynethyl net Hacryl ate ("PMVA", Tg = 105 C). More preferably
the support has a Tg of at |east about 110 C, yet nore preferably at |east
about 120 C, and nost preferably at |east about 128 C. In addition to
HSPET, parti celandyospizef erred supports include ot her heat -BITAS2P-ZB3i gh
Tg pol yesters, PMVA, styrene/ acrylonitrile 5 ("SAN', Tg =110 O,

styrene/ mal ei ¢ anhydride ("SMA", Tg = 115 O, poI yet hyl ene napht hal ate
("PEN', Tg = about 120 C), pol yoxyneth | ene ( = about 125 O,

pol yvi nyI naphﬂt@alﬂmﬁef]?@lmhyl gthacrylatu “PME‘BAC)TE, ‘pdDS}"egheMetdwﬁcéﬂbé]ﬁéle

PEEK" 145 t PAE h
gl'g fl uoropol ngﬁ?';@.s % 0 B‘Hﬁ%‘%ﬁr@g @e? %ﬂ/o?rlﬁﬁﬁ%e&bl KEJ&?%%B‘?‘%%‘?@;@ |g
“pC Tg. 262@‘?&?“*@&@ (BRI 16 SRR FOAR Chaoolilg srans ©
pol yaryl ate ( ‘sEphetis mmdg’omheat stabilzpd b ghdreeplyeeS, PMN4, styadm@mm@%mm)
polyphenylene oxi de

Dbout 285 0 (Y ;g;fﬁ’ﬁ%ml%ﬁn%%%iéﬁc S ey B ?ér balurihuliac ©
PES', Tg s, o
g)ol yi m de (Tgﬁgﬁ%ﬂmg%%&@ Bgn%%mfvpy;ﬂg ﬁ@QgFﬁ‘%lﬁdD’@é}%mJ eQx(e % Eatbls:%fnl 5er‘r‘2> of

120 C). For a%@ly‘vﬁ@lnl APIRBaleher B Ve ?g EalboGOIR5S C) %@dtﬁﬂ@ﬁhéxﬁ&bne SPPIRK Tgrade
of HSPET and PEN are especially preferred. For applications where barrl er

per f or mance i sbpaddffolppelysypgerkstona(@AGK g & léﬁb@r),slugle’rg ibepbhineragng.be
enpl oyed. Pre u rt h hi ckness of out 01 to,about 1
mr]r]p m%re pr ef éﬁéﬁﬁbﬁ"r gﬁt ppgmlleé Ogg@ﬁﬁﬂt TOI‘SOPﬁffﬁDCZtG“f Q9 yiex;q, P%‘il BEP%r

| ayer ng 19 I torth @;&QJPF

supportal\@A vaﬁget?/%gf?ifogglc))héﬂpca%oen%%giagccgr bggoél?r{l) oyed 0}\13; at| g%e}jg?r"

mononer s t hat = o 513 U;,q:boyydﬂjrlgda (WEAROIB@?@&QO &) pelypefinal(fBSuT, GTg@F Akt 195°
Preferably the first poly é - has a Tgmgoreater than that of PMVA nore
preferably a fg I@ﬁ)’ﬁlenﬂélaﬁs@m%lbb’ P 1T9=@boyte00He} @Oﬁeﬂﬁém@ §PEL, Teastbosbout

0 6 O AR e R R 0 S

acrylates (e. o t 84, h
comercially g\%gl @6’?%%&5??&&;@ %Oﬂmsoagéggéﬁyacry a?b%utg@oqj Q%OG
commer ci Bl |y gobiphtiblamide (heatSefitaiertedp of 13 ). Fooupplisatidds, where matenal costs

di pentaerythritol pentaacrylates SR- 399, comercially ava| | able from
Sartomer Co., AGMPOHBREPIOTSEady o of Té%&@ an PUN AT esPavaheg amiedn F8t yr ene

(o1 12000 SO Sl R AL 6 o2 5B Tyl o
avai | abl e fromfaidlOmey b&emplofed. Prafeeatly 8 s@porpha@tahuﬂcﬁﬂih@s gf et 0.01 to about
1 mm, more preferably about 0.05 to about 0.25 mm.
20 [0021] A first polymer layer having a Tg greater than or equal to that of HSPET lies
atop the support. A variety of polymer materials can be employed. Volatilizable
( monomers that form suitably high Tg polymers are especially preferred. Preferably the
first polymer layer has a Tg greater than that of PMMA, more preferably a Tg of at least
about 110° C, yet more preferably at least about 150° C, and most preferably at least about
25 200° C. Especially preferred monomers that can be used to form the first layer include
urethane acrylates (e.g., CN-968, Tg = about 84° C and CN-983, Tg = about 90° C, both
commercially available from Sartomer Co.), isobomyl acrylate (e.g., SR-506,
comrercially available from Sartomer Co., Tg = about 88° C), dipentaerythritol
pentaacrylates (e.g., SR-399, commercially available from Sartomer Co., Tg = about 90°
30 C), epoxy acrylates blended with styrene (e.g., CN-120880, commercially available from
Sartomer Co., Tg = about 95° C), di-trimethylolpropane tetraacrylates (e.g., SR-355,
commercially available from Sartomer Co., Tg = about 98° C), diethylene glycol

5



4

R )
5 WD 2004/ 089620 PCT/ US2004/ 009956 diacrylates (e.g., SR-230, commercially .
avail able from Sartoner Co., Tg = about 100 C), 1, 3-butylene gI ycol
diacrylate (e.g., SR-212, comer ci al | y avail able from Sartoner
about 101 OVO 29H8a&Réryl ate esters (e.g., SR 9041, com‘rer%‘?TéUstZW‘é{\)%ﬁ“f’abl e
from Sartonmer Co., Tg = about 102 C), pentaerythritol tetraacryl ates (e.g.,
SR-295, 5 commercially available from Sartoner Co., Tg = about 103 O,
pentaerythrltol trjacr Iates (e.q..,. SR-444, com’rermall avai l abl e from

Sart omer Codiactyiates (§i%o CWGY@MIQI%&O@WMﬁEOT thoapa¥E C),

triacryl ates o I t , =
about 103 O ﬁftﬂ%&@%ﬁ%@‘@?@%?ﬁ 1% DBRERRNG o 48R 200 B, T
SR-4541P, cdigredtoualdly Gypdniablytaté eqsrs fag| SRE'MQ&oan@mall@b@aﬂabIb(ﬁmﬁ)

al koxyl ated 10 trifunctional acr)él ate esters SR- 9008, commercially

avai | abl e f PaREE¢oNEE =@bout 1023 ),m@@ryﬂmsol@traaaw&t@x{ylgerﬁé{@ Scol

about” Toa o TREARC RGN RO Qe Pl 3% a0t g RBARL, 7o 1y°

avai | abl e f r@m3akd Q:'?VSI@QM cEﬁmrer%QH&'Evajrngle@om Sirhavt @ é%mﬁ'lﬁmm Tga

di et hacryl ates (e. g 0, conmmercially available fromSartomner :
= about 15 tﬂﬁxﬂ)xted@)cthmﬁ)gmlam@ammmﬂawmmsdc gs Smlhx%cmrcsalh/avgﬂablefﬁem%

A bR L T BT ool 6 1
o 110" Con 10 € A6 LA g 10 SR IOl

| socyartr at enﬁxnmtamaysloajrlete(eete@ (,a gSIERsﬁ(a)s conmerciillglak yilablatrbimls agtoineodb 20
Sart oner Co. ;g = about , acrylates of the foregoing net hacryl at es

and et hacrhgrabey 108° Eheilmr@pblg@ﬁ Hycal diagnaates(e.g.05R543, Teamigreigily peilohier

bt rate andksBRR ot e AR Y BeanshT oRBO Rl (e FRPF% 5 |y

fl ash evaporcamirefidndavadgsle fdaPSEidne® ToQfTga- sttt BI7°@); ethesAhted ko bispheppnoner
foll owed by 25 crosslinking using, for exanple, an electron beam appar at us,

W |ight fs](c)@rdt@em@qfﬁll}ieﬁ (oab Chudxk netglg@rcaqibavaﬂaﬁe Bemgiaeres Got, ABIFeabgul i ce
Co
o+ goner - car 0t C8 braBRkalfs Rl utbErRI 08 st Wby FRBEE g

net hods SUC*fro%%SirﬁJnher%atTg“@ bt 910° O, BoHbAYT @E&xa&gﬁié (@%) SH-4spray coating
(e.g., electrostatic spray coating), then crosslinked as set out above. The

first 30 polcpmererdiaipeavadairie SlosoSarenie O d gyatmpbl Y0°(Y), eydliayeacrdates @igni ng an

ol i gomer o Iﬁﬁl-ylrfl%ommerciaﬂy available from UCB Chemicals, Tg = about 208° C) and tris (2-
hydroxy ethyl) isocyanurate triacrylate (e.g., SR-368, commercially available from

20 Sartomer Co., Tg = about 272° C), acrylates of the foregoing methacrylates and
methacrylates of the foregoing acrylates.
[0022]  The first polymer layer cagp be formed by applying a layer of a monomer or
oligomer to the subsirate and crosslinking the layer to form the polymer in situ, e.g., by
flash evaporation and vapor deposition of a radiation-crosslinkable monomer, followed by

25 crosslinking using, for example, an electron beam apparatus, UV light source, electrical
discharge apparatus or other suitable device. Coating efficiency can be improved by
cooling the support. The monomer or oligomer can also be applied to the substrate using
conventional coating methods such as roll coating (e.g., gravure roll coating) or spray
coating (e.g., electrostatic spray coating), then crosslinked as set out above. The first

30 polymer layer can also be formed by applying a layer containing an oligomer or polymer
in solvent and drying the thus-applied layer fo remove the solvent. Plasma polymerization

may also be employed if it will provide a polymeric layer having a glassy state at an



i

in solvent and drying the thus-applied |ayer to renove the solvent. Plasna
pol yneri zation nmay also be enployed if it will provide a polyneric |ayer
having a glassy state at an 6 WD 2004/ 089620 PCT/ US2004/ 009956 el evat ed
t.enperat ure, WOHW0H089628ss transition tenperature greater t hBGT/BP208HePaPS6t o
that of HSPET. Most preferably, the first polymer layer is fornmed by flash
evaporation and vapor deposition followed by crosslinking in situ, e.g., as
described in U S. Patent Nos. 4,696,719 (Bischoff), 4,722,515 (Ha
4,842,893 (Yi &leveted tampesdtwe, with QﬂlBSSV@SQMdeIiﬂE@@‘)‘He gresteoulenmsql{ai;wa aeqf

aI ), 5,032,4 el 7.8 t

al.), 5,440, 4%#13%3 2% tpleg‘Fl)ayly’ g’e%ﬂ%‘pgg@( ?ll—%r B{}ge\lgn eed%byﬁa ! %ﬁwﬁwﬁzyons
et al.), 6,23 c&a&n(f‘&b@\%ﬂs Sosglinking iBsiAd 4 yaadé%haédmg)s Pht@nﬂﬂ@d i shed PCT
Appl i cation No. 00/ 26973y Delta Technol ggl es, Inc.); in D Shaw and

M G Langl 0| éé%mmm}faw 725@@1)%61{&1}@}»514 B % 38E Y ipkizis @bam 41@54?%1?31«3%&1&@8)

& Shaw ahd v SN TET & o7 e Bt bl S o RO A T o e ssh g
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Techm cal Conferénce Proceedi ngs 993) : haw and Langl oi s,
"Use of Vapor tP3poSP{(ShhwActral) atds, Q:bfaﬂm@éalms)l m:;mb‘lndladt'RCTBArppi1@t1oﬁﬁ\hpéV®| es

‘éfogf or teﬁlr:]lei ES‘*&%@@%@?&%@ FedaRlorieirtiny: D5 Sheo At PR m@fﬁ%%é@feq :
C. S At BPe

of Pol yost or ORIy B oy En e e ST g WD Byl Vasuat 1 2c€
Affinitol0P. MuatihgCoberdite6992in DoGofhwoamtid. E. LagylenntveNew Highcpaed

deposi ted pol ypmsr/ metal nmultilayer films for optical application” Thin
Solid Filnms 2F@ocesstor Vagoy Beppsiting Acaylpts ThimFilmg:rim PpdatelySoptetyplobisum, A

Coronado, 20 Gl ggt fAIleE Te’c\:@u @f&%ﬂ ?‘%jcegdle%gaq %)L ?B?hGpgll’%’gF‘gd e

Transpar ent Barrl er a ers acuum

Techni cal Oonfl&nglme“ll?smtée@oﬂ@@posﬁtw%iyiatéOﬁar;&igsﬂaanpfmeﬂkumwmdpemes of
continuity of each pol | ayer and its adhesion to the  under|ying |ayer

preferably is Mﬁhﬁlﬁ@‘éﬁl %Wb@frymﬂkﬁ@ﬁﬁféé?wummﬁé‘r eaferpaee
St t abl o7 cac Ty {I@W BB COREE Mottt P&, P SRBTRE Bkl ge,
di schar SL?C“?L%%P%“iF@B?E gy %??@?ﬁ“&?ﬁ%ﬂfﬁnﬁ? e ESPICRTRAE Film
pr et r eat ment s hibsipatesikBad Fesh (1A% 3 dr J odffinite, RiddetihyMngrossyer Cononado and E.
Greenwell, “Vacuum deposited polymer/metal multilayer films for optical application”,
Thin Solid Films 270, 43 - 48 (1995); and in J.D. Affinito, M. E. Gross, C. A. Coronado,
20 G. L. Graff, E. N, Greenwell and P. M. Martin, “Polymer-Oxide Transparent Barrier
Layers”, Society of Vacuum Coaters 39th Annual Technical Conference Proceedings
{ (1996).
[0023]  The smoothness and continuity of each polymer layer and its adhesion to the
underlying layer preferably is enhanced by appropriate pretreatment. A preferred
25 prefreatment regimen employs an electrical discharge in the presence of a suitable reactive
or non-teactive atmosphere (e.g., plasma, glow discharge, corona discharge, dielectric
barrier discharge or atmospheric pressure discharge); chemical pretreatment or flame
pretreatment. These pretreatments help make the surface of the underlying layer more
receptive to formation of the subsequently applied polymeric layer. Plasma pretreatment
30 1s particularly preferred. A separate adhesion promotion layer which may have a different

composition than the high Tg polymer layer may also be utilized atop an underlying layer

to improve interlayer adhesion. The adhesion promotion layer can be, for example, a
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receptive to formation of the subsequently applied polyneric |ayer. Plasma.
pretreatnment 30 is particularly preferred. A separate adhesion pronotion
| ayer which may have a different conposition than the high Tg polymer |ayer
may al so DEOuPHOR¥E@H at op an underlying |ayer to inprov fwaﬂ*ﬁ%%?é(f
adhesi on. The adhesi on pronotion |ayer can be, for exanple, a 7 WO
2004/ 089620 PCT/ US2004/ 009956 separate polyneric |layer or a
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or et ol oS pe Bl BB Aon Bt SR e Byh e i er bR m e of o
few nm (e. hetal pit@de & MBI §:3nAROt TROdhEdIn rdchotidR 18R ﬁﬂa* BiRY 2 thickAgs bf 8d.

[0024] The desired chenical" conposition and thicknéss of the first polyner
| ayer wil | fevenidpend dri2 nuagrte abouttSheumavdiean kaibickerif desredopogr aphy of the

support. T i ckness . preferably is.suffici.ent to.prqvide a snooth.
defect-fr eﬂﬁ)%%ff alc{'gletd(s'?m\?\ﬁi %ﬁ@%@céﬁwgﬁ’ﬂ}é‘ﬁfﬁmﬁq&ﬁ oﬁtﬁ%?ﬁéﬂﬁé’mﬁ’éﬁ? IVl ayer
can be apphki . ' t hi ckness
of a ;S ew rgﬁﬁﬂg “g‘% ??@%ﬁlﬁ tuﬂ(;fag%ttgg;{?ﬁéﬁ'k% %fr%ﬁeﬁﬁﬁg{wgﬁ %élrelgbe t hi cker
i f desi r edrefdfbly @028Hciddt tb pasddet amooitis idbfeet-fregitrfabe anshich sewabieqoeryani c

barrier |ayers separated by a EOl yner layer having.a Tg greater than or
equal to t HEnoreauuPerTies [ayescan be pplied. Eer gxagmpife the Tghpolymerjgse Mayyiars can
respectively,.. e S "fLrst i - i Ler. laver" "second
I norgani c %é@g&gés %%%%%ﬁedg“%éggﬁ@ B{) y%?%%@g&;@%#ﬁbgﬁ%ﬁé%r ganic
barrier | aygekes and polymer |ayers can be present if desired, including

pol yner layers that do not 15 have a Tg greater than or equal to that of

HSPETLO Pr ef®128b1 y Aiderst &vo waible kglit-dlabsmissige ngrdanicdfamierdavgesrfeparfad by er | ayers
' eparated, only b - pol r.Jayer or | ' T, reater than or
cqual tot REDRE M K BhseicP R Bl R HHE Beomad R by ™
l'ayers haviayer. arhtde Byeice rdspedtiveiae retbrrEMY s thOG26d indfagnit Be@ARVE"bar ri er

| ayers do not have to be the same. A variety of inorganic 20 barrier

mat eri al s Csasonsbinerganisyhattier Rryef eandededond polanie ldyar”r iAsiditiraakinorghsic bagieude
metal oxi des, t nitrides, netal Cfaiebj d(fs, t al oxg;liétrig@s nmet al
oxybor i des I2YaH#0d PRI Y FEl PR Braset Lt eesged, mighyqiug,polymeraxers fehdorols | j ca,
al um num ox (W ¥fay! ' ' ' b b @B rdendi um
R S A i R ARG b st e i
oxi de, ni olpawof meigieic Haiahayeas i iseparatédordy be a pobmier teyer o lhyeroinmvaiy <8g bi de,
alum numnitride, silicon nitr'rﬁile borgn nitride, alum num oxynitride,
silicon oggier faadr ol dnthasQiiYRE liand moreprsfeghln S5 &iaholyeer dayst i

oxybori de, 1anfl {ONBIRY HOMSr than that of PMMA.

{0026}  The inorganic barrier layers do not have to be the same. A variety of inorganic

20 barrier materials can be employed. Preferred inorganic barrier materials include metal
oxides, metal nitrides, metal carbides, metal oxynitrides, metal oxyborides, and
combinations thereof, e.g., silicon oxides such as silica, aluminum oxides such as alumina,
titanium oxides such as titania, indium oxides, tin oxides, indium tin oxide (“1T0”),
tantalum oxide, zirconium oxide, niobium oxide, boron carbide, tungsten carbide, silicon

25 carbide, aluminum nitride, silicon nitride, boron nitride, aluminum oxynitride, silicon
oxynitride, 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. ITO is an example of a special class of
ceramic materials that can become electrically conducting with the proper selection of the

30 relative proportions of each elemental constituent. The inorganic barrier layers preferably
are 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



thereof. Indiumtin oxide, silicon oxide, alum num oxide and conbi nations
thereof are especially preferred inorganic barrier materials. 1TOIis an
exanpl e of a special class of ceramc materials that can becone

el ectrically WO4KEE396§ with the proper sel ection of the 30PCEUSADNYVEI9S6
proportions of each elenental constituent. The inorganic barrier |ayers
preferably are forned using techniques enployed in the filmnetallizing art
such as sputtering (e.g., cathode or planar nmagnetron sputtering),
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been observed when i norganic layer is formed by a high energy
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underlying | ayer can be enhanced by pretreatpents (e.g., plasm 15)_
pret reat ment ) C¥uRATIER ThoFrogibucss pbePiBwRe0k Gach moggaichrer layar gRd 185 ¢ st

pol ymer | ayer - j | rLd er r t..ha have the.
sane t hi cknesaélc.1h e%xﬁgy%g???gﬂéﬁ%%%&%%ﬁ%%gﬁ%@gﬁ ?%ﬁlegﬁ%ﬁ}eﬁﬁéﬁ'gég)gds}gg each
i nor ganii® bar preatath@y® sucl sl theleprndibed abpertitloRfdrieenathe fastgtyserlinee

t opography of the underlying |layer and on the desjred optical properties.
for{ the barri 8023ksenibejhorgpric baseylasee dp apthave to bapsrthe pres bickpesy. dhe 15

sufficiently A as, o _be..conti QL nd.s | ci ent thin. 0
ensure that ;ﬁ%‘fggaﬁe??‘&?‘ REEE _ 1P9 ag#}ﬁa?c%?ﬁscq?eegchcéé{églﬁﬁ@% Illaég ngg%%éd%ﬂ |
have the desi patloflg@mReirohnd firfkeOtdokiafily of the 08dErS SRy d oh d diistréd V-
Preferably the phi/SI cal thickness (as opposed to the optical thickness) of

each i nor gani eptirat piopertics{osithe baragrmgsendly.oThpimarganBdarrian ayery mefepblf @eabl vy
about 4 to about. .75.run.. 20 [[0028] In additi to,its barrier function, all
or 5 pork on gREb i Pesys of percpmaRprid S Reint b ek Fhur R 68N ¢
barrier |ayer $aigRalémbyedd befclRWoRARES: BE aeRABARITBIRE HOHRirkd degrsitift abl y
conductive) or a touch-Sensitive surtace. This can be facilitated by |eaving
a portion of vaitlalight terposeidn end Ayxibiditn ekreferadplathk phesical thiekdesa@s opposediid

trace or other, electyronic elenent. . , A
the optical tlruc cness) of each inorganic barrier layer is about 3 to about 150 nm, more

preferably about 4 to about 75 nm.

20 [0028]  In addition to its barrier function, all or a portion of one or more of the visible

light-transmissive inorganic barrier layers can be used for purposes such as an electrode (if

( suitably conductive) or a touch-sensitive surface. This can be facilitated by leaving a
portion of a layer exposed or by connecting a layer to a lead, circuit trace or other
electronic element.

25 {0029]  The second polymer layers that separate the first, second and any additional
inorganic barrier layers do not have fo be the same, and do not all have to have the same
thickness. A variety of second polymer layer materials can be employed. Preferred
second polymer layer materials incinde those mentioned above with respect to the first
polymer layer. Preferably the second polymer layer or layers are applied by flash

30 evaporation and vapor deposition followed by crosslinking z:rz situ as described above with
respect to the first polymer layer. A pretreatment such as those described above (e.g.,

plasma pretreatment) preferably also is employed prior to formation of a second polymer
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25 [0029] The second pol yner |ayers that separate the first, second and any
additional inorganic barrier |layers do not have to be the sane, and do not
all have tg have the sane thickness. A variety of second POl mer | ayer
materials CHMYUE'BAN oyed. Preferred second pol ymer Iay@?/Hﬁ%@VWQW§ i ncl ude
t hose nenti oned above with respect to the first polynmer |ayer. Preferably
the second polyner |ayer or |layers are applied by flash 30 evaporation and
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about 10 rietosyeeersaad camle thekebid desitedker i f desired. [0030] Preferably the
barrier as i es, have a.protective, polyner t oat.. Thi t opgpat can be

referred ti&g}s&t h fﬂf%%‘%“@@%#ﬁ%?ﬁ?& .aV%Pé‘ﬁ%%iV?gBIYBE(?@cﬂﬁta late 10
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HSPET1(bei ngne@smes at pyefqredffor usedn thegthgd polyineskysrewith ontatiliadidy scrwiateh r espect

to the first and second ,Polyrrer | ayers) and volatilizable acryl ate nononers
havi ng a TguQrERisdivingsnl SEvaiehirngr sl toghatos Hogy T heg eregiplioprelered t hir d

I I i ' ' ' h 15
Fol | Tcoat | ge SREe HEnRERL HAtha FHERSRNLARE KRR S0Rd PRIE! Poetp di°h 15 s

el ect r ost atvoatilipdbiyacrgla@tohaidmers hbiincd Dg glchteK en PMVIQ, beliy metpigitesd. UY
radi ati on. Mpst @rpef_erably the third polymer layer is fornmed by flash
evapor at i oriesitedpde thishpalyieidayecan be appicl BRIPS gowendonahpomingmakodssaeht i bed

above,with r ect. he first,, and second p r | ayers. retreat nent
suoh 15 ¢ nda OREEipk Bl Bnbbk oL BRI B30 R o MRS RIS y el 50 i 5
20 enpl oyeGoptirlgd thérPerb@tinBdd @ FortérBmplal Y rk@hiioie Mbst pesferabianéigsidr ed
chenical conposition and thickness of the third polyner layér will depend

in part on pohlgnendayer & fembdsyr flash evaongiogr eaphydapbsitihe auh cresdlyking of ayer (s) ,

he h whi _ ' I 1 gh
the hazar dsincgn%mer b gesgrrﬁ)eed%%g{ré with %éss%gcr%?o the Fird] a}ld Eeecond polymer layers. A

pretreatment such as those described above (e.g., plasma pretreatment) preferably also is

20 employed prior to formation of the third polymer layer. The desired chemical composition
and thickness of the third polymer layer will depend in part on the nature and surface
topography of the underlying layer(s), the hazards to which the barrier assembly might be
exposed, and applicable device requirements. The third polymer layer thickness
preferably is sufficient to provide a smooth, defect-free surface that will protect the

25 underlying layers from ordinary hazards. Typically the third polymer layer may have a
lower thickness than the first polymer layer and a greater thickness than the second
polyﬁer layer or layers. For example, the third polymer layer may have a thickness of
about 5 nm to about 10 micrometers, and can be thicker if desired.
[0031]  Preferred barmrier assemblies have a sufficient number of inorganic barrier

30 layers and the substrate and first and second polymer layers preferably have a sufficiently

high Tg so that the barrier assembly will be visible light-transmissive and will have a

water vapor transmission rate (WVTR) less than about 0.005 g/m2/day at 38° C and 100%

10
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4 exposed, and applicable device requirenents. The third polynmer |ayer
thi ckness preferably is sufficient to provide a snooth, defect-free surface
that will protect the 25 underlying |layers fromordinary hazards. Typically
the third pol We1004/¢89620 nay have a |ower thickness than thecfissv4pobssner
| ayer and a greater thickness than the second polyner |ayer or |ayers. For
exanple, the third polyner |ayer may have a thickness of about 5 m to
about 10 microneters, and can be thicker if desired. 5.;0031] Preferred
barrier assenplit®s hmidityansu piefray 1oautiiue baat 01008 regraniday bes0iCand3Docayer s
and the substrate and first and second pol yner |ayers preferably have a
sufficiently rdityehigidity andahost brefdvasly less thas sbotilOy004 ¢/in2hiay wi 85°0T end 100%
i ght-transm ssive and will have a water vapor transm ssion rate (WTR)
| ess than aboEﬁlatﬁ.eé'@@%?yn@fawa@fl‘%@@séﬁﬂ‘sal‘%éﬁ%w DErEEHp POt
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about 0. G05 gleaRy/aleyt 68% &5 peefamell. 100% rel ative humidity. Transparency

val ues (Tvis, determ ned by averaging the percent transm ssion T between

400 nm and 7080034) ofFig: shewse pafemed %t SE that srrpabsed far rod-oaallt about
60% are prefeqrade 4003149 %bﬁ@@%fﬁ%%irx& ;lgdro%F rﬁ%ﬁg@ﬁggg(ﬁ)ﬁ% %1%01859%?\%‘3” be

} s
used for roll-T0-ro0O manut acture o asse € T nvention.

Power ed rol | s sdfpbaingreebli@iihanpyel fosthAReiit aparuds 1892 radid-cofrdliled hr ough
apparatus 180. Tenperature-controlled rotating druns 183a and 183b, and

idler rolls 1sfatinesiemyddia agli$3hnendugleeradiadfda,i8ab11B4esB4dand 18de garry web

sputteri a i C r | asna. pre 1 r evaporator, 1

o e beltn oras R Rl o Rug SRl A BlShha b e B 8E o AR R gt 149
evapor at or 18%nd Erteimceelin@hg dek A2 158U CERSE MbBohay E8%sis @ﬁpp@i@m@e@gofawqrss can
be applied to web 182 using Tmultiple passes through apparatus 180.

Addi tional apploncisavaT 19} stuceessive dayesaaporraebleyers givbesnpdisd inweh §82using es
can be added to ar at 180, e.q. ong..t he, peri pher f drums 15 183a
ond 1830, to CMEREPESH rte e 1 ool BENRBE, Freenrs Sroptitor
Appar at us 180 3§ 8RsHBkRB T PREM:anbeAddeH thaABhLaab AW (N6 BB BWApHRY 5F Grum3)
and mai ntai ned under vacuum or supplied wWith a suUitable ineft atnosphere in

order toldi scd8dagel 183 gerenabiatsequentgdepositibnsif sevedalpatre of lyerss pipeadatus 180
contamnants frominterferin ith the varjous.pretreatnment, . nqmer
coat  ng. - or os < ARFHIPSENT StieblerchugbeEanous if BRed i mytrindt SRae rapm
layers or coatd 8@ LEARiRE AR atASpRAE L fdePRSRERIEBE 0§ gen, water vapor,

dust and other atmospheric contaminants from interfering with the various pretreatment,

monomer coating, crosslinking and sputtering steps.

20 [0033]  Vanous functional layers or coatings can be added to the barrier assemblies of
the invention to alter or improve their physical or chemical properties, particularly at the

{ surface of the barrier film. Such layers or coatings can include, for example, visible light-

transmissive conductive layers or electrodes (e.g., of indium tin oxide); antistatic coatings
or films; flame retardants; UV stabilizers; abrasion resistant or hardcoat matenals; optical

25 coatings; anti-fogging materials; magnetic or magneto-optic coatings or films;
photographic emulsions; prismatic films; holographic films or images; adhesives such as
pressure sensitive adhesives or hot melt adhesives; primers to promote adhesion to
adjacent layers; and low adhesion backsize materials for use when the barrier assembly is
to be used in adhesive roll form. These functional components can be incorporated into

30 one or more of the outermost layers of the barrier assembly or can be applied as a separate

film or coating.
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the invention to alter or inprove their physical or chem cal properties,
particularly at the surface of the barrier film Such |ayers or coatings
can include, for exanple, visible light- transmi ssive conductive |ayers or :
el ect r odesWP&MY/0893P | ndiumtin oxide); antistatic coatiB¢JUS2¥PPhs; f1ane
retardants; Wstabilizers; abrasion resistant or hardcoat materials; optical
25 coatings; anti-fogging materials; nagnetic or nagneto-optic coatings or
films; pho raphic emul sions; prismatic filmps; hol ographic filnms or inages;
adhesi ves L‘fqgﬁ] as lFObF%%%RF%mé%ilf‘Wé’bédlﬁ%Eﬂb 8 alier the apReATaRCShesi ves;
priners to ﬂ({ﬂ | ] | BYBLS i si ze
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o : / ] .
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nore sel ected regi f the spectrum. includi partions of the infrared,
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conpl ement [¢g38] Pr ARRMbahRS aé&%mﬂ:l}ﬁcaﬁaader&e%fed%ﬁﬁ@@?:eXamﬁl@rihké?é_ak' Ghdrprivhar e the

barrier assenbly transmts sone frequencies while r.ef1 ecting others. [0035)
The b ri emdssseehlay thoanuisd te disalay produchidettfrcabom opkriativmindormation,ner pri nt ed

10 indicia_such as those. used to.displ r.oduct igdentification rientation
nf or mat | oftY SRS SRR <eoNRH - Hh o THen TP A0S eIt b 1 o,
Various t egiaitdyBst Gifthe BoricH 8REmMbR), Richnk, BPetalId aEredBiritmpemRiey prigtzh as,
for exanple, screen printing, inkjet printing, thernmal transfer printing,

| et t er pr es iepnilritansigr paftinge tettpipicess iprigting, bEx@griajiig, dlepodraphio grintitg, piiple
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[ 00361 The barrier "assenblies of t vention ‘cah be used to inhibit the
transm ssi orks, afl 100Vsnkswtarapor, oxygen or other gases in a variety of

applications. The harrier assenbljes.of the inventjon e especi all usef ul
f EP encaps {1036] ng ’l%g@@g{ér p'fsgﬁiaﬁ%q)ﬂ;gg invent&on can be used to irﬂl%it the upansmlassiog

of moisture vapor, oxygen or other gases in a variety of applications. The barrier

assemblies of the invention are especially useful for encapsulating OLEDs, light valves

20 such as liquid crystal displays (LCDs) and other electronic devices. A representative
encapsulated OLED device 200 of the invention is shown in Fig. 4. The front or light-
emitting side of device 200 faces downward in Fig. 4. Device 200 includes a visible light-
transmissive barrier assembly 210 of the invention having an outer ITO layer (not shown
in Fig. 4, but oriented so that it would face upward) that serves as an anode. Light

25 emitting structure 220 is formed on barrier assembly 210 in contact with the outer ITO
layer. Structure 220 confains a plurality of layers (not individually shown in Fig. 4) that
cooperate to emit light downward through barrier assembly 210 when suitably electrically
energized. Device 200 also includes conductive cathode 230 and metallic foil surround
250. Foil surround 250 is adhered to the back, sides and part of the front of device 220 by

30 adhesive 240. An opening 260 formed in adhesive 240 permits a portion 270 of foil 250
to be deformed into contact with cathode 230. Another opening in foil 250 (not shown in
Fig. 4) permits contact fo be made with the anode formed by the outer ITO layer of barrier

12
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20 such as liquid crystal displays (LCDs) and other el ectronic devices. A
representative encapsulated OLED device 200 of the invention is shown in
Fig. 4. The front or light- emtting side of device 200 faces downward in
Fig. 4. Devi c¥0200/@8AghPudes a visible light- transm ssive ROWUEI-EWSERDI vy
210 of the invention having an outer |ITO |layer (not shown in Fig. 4, but
oriented so that it would face upvvard) that serves as an anode. Light 25
emtting structure 220 i s forned barrier assenbly 210 in contact with the

outer | TO | a$resmblygZdfic Mpted fe@éstmﬁ%alﬁgr agsgpphly 419 taygeéy pYex g atgrygpor and

i ndi vi dual l'y thragt 0 emt |ight downward through
barri er assen%q%@gf%ﬂlvdj s%ﬁ%lg%%mggect%é?? energi zed. Device 200 al so
incl udes condj#gs¥ive dat Immisﬁtt&i%@qlhmw e tledchibed with kefstgnceotanbe follo®ing -
surround 250 j s, adhered to the back, sides and part  of the front of device
220 by 30 adhiBitpg xanpleansHich Albparsent sreras Arinewright wless ol a
portion %70 oﬂld{ Qt!eti 250 to be deforned into contact with cat hode 230.

Anot her opening 1h foil 250 (not shown in Fig. 4) permts contact to be
made with the anode fornmed by the outer ITO | ayer of barrier 12 A WD

2004/ 089620 PCT/ US2004/ 009956 assenbly 210. Metal foil 250 and barrier
assenbly 210 largely prevent water vapofxamplebxygen from reaching Ilght

"ot orence to IHEEE of Foryieltshe TaERHEE PR pute MM iR EROEH MG by
percentages asgyla MAiBHAmUE B8G CTTENhes arhingedlinCAdcosh labadihfitihg[ 0038] A

pol yet hyl ene napht hal ate ("PEN') support filmwas covered with a stack of
acryl at dfand hqmllatﬂ’ﬁTtQ/WTZdﬁte&@ C)(’ﬂcﬂ'ﬂi@CﬂTDé@mﬂste aenfigvgatoni Bheindsvéunl layprsrwere
alternating 1 ‘i'yifﬁ’ e/ I TOQ acrylate/ 1 T acryl ate/ 1 TO acryl ate

configurati on Vidual | ayers were fornmed as follows: [0039] (Layer
1) A 91 rreter;doggp " Gy 1) & 2 hetiobl kéioX0. SYBmATRIAACS 0K AAPRKTM 1020 PEN
film (conmmrerciall aval%/ from Dupont-Teijin Films, Tg = 120 C) was

| oaded into aKIAdIADEXT“F MJZO RiZ dilm (prromersiallygivaitabirbzom Dupenteliagtbé?nhma%‘gﬁ

dd t f 8 0-6.t The f.il ted with
i 1T ogen pl asiad: GRERIP o ADbUr B HH e b N Che LRt ¥ohb
speed ofy49. 1 Hﬁ@é@é&ﬂr{‘t e%sg}%'odﬁéaﬂ 6 @t Mg eAGkeisdfealtl \hﬁfv‘a Bitﬂo@bﬁ Praggit act

with a coating drumchille
operating at 600W using a titanium cathode, using a web speed of 9.1 meters/min and

maintaining the backside of the film in contact with a coating drum chilled to 0° C.
Immediately after the plasma treatment and while the film was still in contact with the
drum, the plasma-treated film surface was coated with an acrylate mixture prepared by
20 combining 97% IRR-214 cyclic diacrylate (commercially available from UCB Chemicals,
Tg =208° C) with 3% EBECRYL™ 170 acrylated acidic adhesion promoter
{ {(commercially available from UCB Chemicals). The acrylate mixture was vacuum
| degassed prior to coating, and pumped at a flow rate of 3.0 ml/min through an ultrasonic
atomizer operated at a frequency of 60 kHz (commercially ztvailable from Sonotek Corp.)
25 into a heated vaporization chamber maintained at 275° C. The resulting monomer vapor
stream condensed onto the plasma-treated film surface, and was electron beam-crosslinked
using a single filament operated at 8 kV and 2.5 milliamps to form a 426 nm thick acrylate
layer.
[0040]  (Layer 2) The web direction was reversed inside the chamber, and an ITO
30 inorganic oxide layer was sputter deposited atop a 20 meter length of the acrylate-coated

web surface using a 90% Inp03/10% SnO9 target (commercially available from Umicore

Indinm Products). The ITO was sputtered using 1500 watts of power, a gas mixture
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| medi ately after the plasma treatnment and while the filmwas still in
contact with the drum the plasma-treated filmsurface was coated with an
acrylate m xture prepared by 20 conbining 97% | RR-214 cyclic diacryl ate
(conmer ci aI"Y?ﬁW&’?%%\“gI e from UCB Chenicals, Tg = 208 C) PO TRSHIBEIECRYLTM
170 acryl ated aci di c adhesion pronoter (commercially available from UCB
Chem cal s). The acrylate m xture was vacuum degassed prior to coating, and

punped at r.at,e 0 m./sm | t.rasqni.. atom oper at ed
BBt equantuble B el B S b b S e RS °5S o
a heat ed vapexiiof alsancieRafiaete toPiovid avsthnathick/ B (Claydin@pbsited| atdptiie DBy MEr

vapor stream condensed onto the plasma-treated filmsurface, and was
el ectron bé@gias-osslinked using a single filanment operated at 8 kV and 2.5

mllianps t rma._4 thic C te .| 4 [L004 r The web
direction 0s4f1?eve 33%%!)@88‘? tcﬁfé3 c‘{{g‘k%ea%?’marnd&aerq' Cg%d %ﬁg}%'gealﬁ% Wc?gi de
| ayer svas spated &(d defdinkdEeh dbQEne 2@ hefRtveb ldrpftoishothe thtfe 2aieyd dbatigaat ed
web surface using a 90% 1n203110% Sn02 target (comercially available from

Umi core | rdfarrhapeiod bot with thidse excEpionss Plasue treplontiwanperfoed wnd09Vdf power ,
a gas mxture 13. WD 2004/ 0896 CT/ US2004/ 009956 cont ai ning 134 stem argon
2nd 3.0 st SRPB RGP Coopy BNCHP LUF LR T pet £ TGS OUE PR of 0 5
met er s/ m nuyfegy fR POV ﬁﬂ/@nfﬁgﬁ@m@&ioﬁ%ﬂﬁa{a&ﬁaﬁw&q\m@g etdle Layer |

acrylate. [0041] (Layer 3) T b direction was agaln reversed. A second
acryl at e | 40@2] was(l ayechtThd veebdliecciisstesdgemdevnsalhEsmgriie: @herendikioneds | engt h

usi ng, the sane general conditjons as for .Layer 1, but with these

except ons.fo’g‘"’é@ﬁ}; at‘fge%‘tlr@glf i’bééayﬁ%}”?% gpagtegiat !j-usi ng a titanium

cat hode an L ' : wrate
s T T e e, PR B P
[0042] (LayeayerB), aThé nwethiddi acedite tayenass agedntopdvages4€d. Usi ng t he sane

condi tions 0 for Layer 2, .a.48 nmthick 1 TO |l ayer s deposit.ed atop
Layer 3. 16 ( Lgaer é)fh?wtwénsﬂwwwg@ﬁ IgggsedgHFing ¢@nAiRRIRF t he

sanme condi tg r . 4 5?&1?] | e layer was coated atop
Layer 4. [5%4giie%%§y%r ) (%T(gv(la {:ﬁvr ec ?%ﬁa\%@%aﬁgf% reversed. Using the
same tondi 081y as(Lakar7)IhgercbAireati ciBwal agatneedtsdd TOsing ey saniecoddifioss foed at op

Layer 5. 15 [0045] (Layer 7) The web direction was again reversed. Using the
same condi tlidgsis3, #3 P4 nm thick acrylate layer was coated atop Layer 6.

[0046]  The resulting seven layer stack (not counting the substrate) exhibited an
average spectral transmission Tvis = 50% (determined by averaging the percent
transmission T between 400 nm and 700 nm) measured at a 30° angle of incidence, and a

20 water vapor transrission rate (determined in accordance with ASTM F-129 at 85° C and
100% RH) that was below the 0.005 g/m2/day lower detection limit rat;s of a MOCON
PERMATRAN-W™ 3/31 WVTR testing system (commercially available from MOCON
Inc). The film also exhibited an oxygen transmission rate (determined in accordance with
ASTM D-3985 and evaluated with either side of the film facing the test gas) that was

25 below the 0.005 co/mZ/day lower detection limit rate of a MOCON OXTRANT 2/20
oxygen transmission rate testing system (commercially available froms MOCON Inc) when
evaluated at 38° C and 90% RH, and below an average value of 0.030 cc/ m?/day when
gvaluated at 50° C and 90% RH.
[0047)  The barrier assembly of Example 1 was immersed in liquid nitrogen, fractured

30 in half and examined in cross-section using a scanning electron microscope. Fig. 5 shows

the resulting photomicrograph. Support 312, first polymer layer 314, visible light-
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Layer 3, a 104 mm thick acrylate | ayer was coated atop Layer 6. [0046] The
resulting seven |ayer stack (not counting the substrate) exhibited an
average spectral transm ssion Tvis = 50% (determ ned by averagi ng the
percent tran¥AXe/BAIF bet ween 400 urn and 700 rim) neasurRA/ES208+80%@Ngl €
of incidence, and a 20 water vapor transm ssion rate (determned in
accordance with ASTM F-129 at 85 C and 100% RH) that was bel ow t he 0. 005
g/ n2/ day | ower detection limt rate of MOCON . - PERVATRAN- WI'IYI 3/ 31 W/TR
testing syst eWHSBEYSRGEMG barvisT | aaaqsélar%a%é%ﬂ sepopd)PolyFRE leyearhy i 4

exhi bited an saccordance with ASTM
D- 3985 and ev%%?gg}%f&%mgfﬁker Si %q%ﬁéegg‘e??g? cing the test gas) that
was 25 bel ow the 0.005 cc/n/day Iovver detection limt rate of a MOCON
OXTRANTM 2/ 20 oxygen transm ssion rate_testing system (comrercially

avail able from NDCO\I Inc) when eval uat Exampl C and 90% RH, and bel ow an

aver age al ueygahe0. 030.Gol LI 4. WSHen £ U3 S G BOMA0Y: 11,1 0047

The barrier a I"mrerse rquid™ni ractur ed

30 in half anQR@é&mdﬁﬁéd h@yﬁf&ﬁﬁd&%@émﬁﬂerblﬁlmgvaalabm Eﬁrt@ﬂnelc@écua a 50:50
m croscope. Fig. 5 shows the resulting photom crogra Support 312, first
pol ymer | ayer mggure oﬁﬁ&bﬁlénme@hdolmmpm tgawhlm@@i&ﬁ&w&@ﬂu@wa g@G

transm ssive |nor bar r ond

| ayor s 318 antoaaaag el anh ko Flagne t53atftn 7 oo er Bk T i o
5. Exanple 2 éndﬂOﬂ&]esﬁnﬁ@uq% éf%l@%m?scﬂﬁﬂ@sbi%é@%raﬁ%ﬂﬂnétﬁ%véﬁ Of'ﬁ@!@." as
Exanpl e 1, but using m xed acrylate m xture (commercial 'y avail abl e

from Sarkboner C(Igofc’t'él 35 bndsthe Q?rii"x@lTrg@fSR—ES- 351 trimethyl ol propane
triacrylate a oxyet hyl ocyanurate trjacryl at .and
usi;ng no plas ﬂ(ﬂm a&%@ ﬁ?suftﬁ IESRECTY dl&?"??’éfalc ﬁx%’?“q_d:?gpe%’?ra@e Specira ’i‘iﬂ‘sﬁl hvit

estimated Tg ofgg i o ]prcrg{e f 2
10 C Tg of SR g et aR 5 30 afgle %agﬁﬁh%ﬁamg] A T aall 190

llayer stack eR?lf) Biat §ds BAOAVRE 8965 %H@Ha[ﬂbw%f SRR Hnfral/bSthe W PBROEEERS U ed
at a 30 angle of i1ncidence, and a R°(determ ned at 50 C and 100%
t hat was bel owystéde 0. 005 g/ nR/ day Iovver detection limt rate of the WVIR

testing 15system 15

Example 3
[0050] A seven layer stack was prepared i the same manner as Example 1, but using
MELINEX™ 617 polyethylene terephthalate (“PET") film substrate (commercialfy
available from DuPont-Teijin Films, Tg = 70° C) and different acrylates. Tripropylene
20 glycol diacrylate (“TRPGDA”, commercially available from UCB Chemicals, Tg = 62° C)

was used as the Layer 1 acrylate. A mixture containing 97% TRPGDA and 3%

{ EBECRYL 170 acrylated acidic adhesion promoter and having an estimated Tg = 62° C,
was used to form Layers 3, 5 and 7.
[0051]  The resulting seven layer stack exhibited an average spectral transmission Tvis

25 = 71% measured at a 30° angle of incidence, and a WVTR (determined at 50° C and 100%
RH) of 0.036 g/m2/day.
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.
Exanpl e 3 [0050] A seven |layer stack was prepared in the sane manner as :
Exanpl e 1, but using MELINEXTM 617 pol yet hyl ene terephthalate ("PET") film -
substrate (comercially available from DuPont-Teijin Fié T%ng()_zo C and
di f f er ent WACHY4/88968.  Tri propyl ene 20 gl ycol diacrylate Tfﬁ?ﬁ& S
commercially available fromUCB Chemcals, Tg = 62 C) was used as the Layer
| acrylate. A m xture containing 97% TRPGDA and 3% ( EBECRYL 170 acryl ated
aci di ¢ adhesi on pronoter and havi ng papsskiymated Tg = 62 C,  was used to
form Layers 3, 5 and 7. [0051] The resulting seven |l ayer stack exhibited an
aver age spectral transm ssi orfeéntiSsabiREed PRI nbetaster ed at a 30 angl e of

i nci dence, d a WTR (determ ned at 50.C and 100% of 0.036 gl n2/day.
15 W 200498ab620A PR RS SO BESRIEDATEX P S4n® FHAREeT & BERTPLE SO WETNE bt 1 at e
[ 0052) A ; i . : le 1, but
ising NECTRENERY SrToE e SRR G sl (GRTRe PRIy Sl B AT )

avai |sabl e Dupemt-Beift Pilits; Te | 78n Ol 1008, IRIG2H d@ylaje, willRUHERBEIRYBATY | at e
w thout the EBECRYL 170 acrylated acidi c adhesion pronoter for each of
Layers 1, agrylatedasifliq adiemongpromhetsntor eachedtlawers lpar¥ adedandie PRODOW usi ng a

silicon cathode, and th 2 .argon/ ox n, ga 1 xture whjle depositing
ayer s 3. Mt Sotorngs ab By Sl AReR CBRAR syl Aot 2 b Blor TS
aver age S%ﬁﬁf@@hﬂé@%‘é@ﬁi%?ilﬁﬁeﬂ.@ Juh§777% neasured at a 30 angl e of

i nci dence, and a W/TR (deferm ned ‘at 60 C and 100% RH) of 0.006 g/ nR/day.

Exanpl e 5 [@%¢ct Tie matisng saven RyensiackiekRbitsd 210 88:44zeSpentrah ransubissianat es havi ng
vari gus gl.ass _transitiqn t eratur.es were cov, ith.a.three | ayer stack
of Sy o 1o oo a: a i el crp A T o trdeiriot e F 278
conmer ci al,l i from Dow Chem cal Conpany) arranged in an inorganic
oxi de/ bar rlioé%ﬁ%%j ?ﬁaﬁﬂ)(ﬁ ${81r i ¢ oxi de confi guration. As a prelimnary step,
sections of poly nethyl pentene, polypropyl ene, PET and poly ether sulfone
film20 substrates were spliced together end-to-end to nmake a single roll.

The i ndividual inorganic Example 5
Effect of substrate Tg on WVITR
15 [0054]  Several substrates having various glass fransition temperatures were covered

with a three layer stack of SiAiQ inorganic oxide and a commercial barrier polymer
(SARANT™ F-278, commercially available from Dow Chemical Company) arranged in an
inorganic oxide/barrier polymer/inorganic oxide configuration. As a preliminary step,
sections of poly methyl pentene, polypropylene, PET and poly ether sulfone film
20 substrates were spliced together end-to-end to make a single roll. The individual inorganic
oxide and barrier polymer layers were formed on these substrates as follows:
[0055]  (Layer 1) The spliced roll was loaded into a roll-to-roll sputter coater. The
deposition chamber was pumped down to a pressure of 2x10° Torr. A 60 nm thick SiAlO
inorgamc oxide layer was deposited atop the substrate films by reactively sputtering a Si-
25 Al (95/5) target (commercially available from Academy Precision Materials) using 2 kW
and 600V, a gas mixture containing 51 sccm argon and 30 sccm oxygen at a pressure of 1
millitorr, and a web speed of 0.43 meters/minute.
[0056]  (Layer 2) The oxide coated web was removed from the vacuum coater. A 10%
solution of Saran F278 polymer in a 65/35 v/v mixture of tetrahydrofuran and toluene was
30 continuously coated over Layer 1 using a Model CAG-150 microgravure coater

(commercially available from Yasui-Seiki Co.) fitted with a 150R knur] roll operated at a
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R — "
oxi de and barrier polymer |layers were fornmed on these substrates as foll ows:
[ 0055] (Layer 1) The spliced roll was |oaded into a roll-to-roll sputter
coater. The deposition chanber was punped down to a pressure of 2x10-6
Torr. A 60 nnmWhi08k088528 O i norgani c oxi de | ayer was deposi PEHUSLOpOIMSS
substrate filnms by reactively sputtering a Si 25 Al (95/5) target
(comercially available from Acadeny Precision Materials) using 2 kW and
600V, a gas m xture containing 51 seem argon and 30 seem oxygen at a
pressure of 16 nintchihtw@blspecN IR soBRNSWEEH apdraRd 4BthHeRE-GhS Hbitidutos the MBSkt a
(Layer 2) The oxi de coated web was renoved fromthe vacuum coater. A 10%
sol ution of SasmeperaEe®ig8i Gner in a 65/35 v/v mxture of tetrahydrofuran and

I i d L i . Model CAG- 150.
m Crogravur e UMD (Chihar CraPPyRR S E Fes ReyBLAh Bt % g
with a 150R ks damfe@bhdifRey AUBATL Afer 3, a JeRoB 200418 E Bx A TAyPRA ARG 6

6.1 mmn web speed. The sol vent was evaporated in the drying portion of the
coater at5a tagpdewetdire of 80 C. [0057] (Layer 3) The pol yner coated web

1°"a Sacond S| noPGava o get paen Sae Gad ERrnaemh B iatigh fgniled

[0058] The WTRSiC gacioserty OheQfsulth areiRAhRBeM hiTblAassenbl y was then
determned at 38 C and 100% RH. The results are set out below in Table 1:

Table | Substrate Tg, C WTR u@ 38 C/100% RH, gln2 /day PMP (poly nethyl
pentene) 1 29 4.76 PP (Pol ypropylene) 2 -30 to +20 2.35 PET 3 70 0.281 PES
(Poly ether sul phone) 4 225 0.0825 10 1 weﬂi I m commercially avail abl e

from West | ake PI asfti & .;ﬂla}g;lgnal )

3 Commerci al | y-avaitabte tromTei

West | ake Pl ast PME (polysmethyl pentene) :
PP (Polypropylene) 2 -30 to +20 2.35
PET 3 70 0.281

PES (Poly ether sulphone) 4 225 0.0825

10
L TPX film, commercially available from Westlake Plastics.
2 Commercially available from Copol International.
3 Commercially available from Teijin Corp.
4

" Commercially available from Westlake Plastics.
1 5 g .
[0059]  Asshown by the PET and PES substrates in Table 1, WVTR values tended to

decrease as substrate Tg increased. The PMP and PP substrates had Tg values below the
WVTR test temperature, and thns their WVTR values may be affected somewhat
differently than higher Tg substrates.

Example 6
Effect of polymer layer Tg on WVTR
[0060] HSPE 100 0.1 mm PET film (commercially available from Teijin Films, Tg =
70° C) was covered with a series of four layer polymer/inorganic oxide/polymer/
25 inorganic oxide stacks employing polymer layers having various glass transition
temperatures. The inorganic oxide was ITO and the polymers were formed from the
ingredients set out below in Table 2, with the amount of each ingredient being shown as

parts by weight in the formulation:
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[ 0059] As shown by the PET and PES substrates in Table 1, WTR val ues tended
to decrease as substrate Tg i ncreased. The PMP and PP substrates had Tg

val ues bel R test tenperature, and thus their val ues_may be
af fected sm\%ﬂg{% Ifferently than higher Tg substrat es\’/J%TJ(:;)S P¥ 6

Ef fect of polyner Iayer Tg on WVIR [0060] HSPE 100 0.1 mm PET f| | m
(comercially available fromTeijin Films, Tg = 70 C) was covered with a
series of four layer polyner/inorganic_oxi (%e/ pol ymer/ 25 inorganic oxide
stacks enpl oying polymer |ayers havi ng QQP' fous gl ass transition
terrperatures The i norganft—oxide Was | |u %g[“ oglouyne[s were T0r d from

Tl l ot

t he i ngr ggterts—set—out—pel-owt+a-Ffable—2—m+h ...cm.w a1, egeh—
|ngred|enﬂ_bﬂ_ﬂiﬁﬁﬂ s La]r'rq_hv_\ ght inihe fnrm ann % s

2004/ 089620 PC'IEI&JS?@@M/ 0099567 Tabie 2 Formulation Intedient ¥ 2 3 4 5
SR-2381 17 - D4€:§>406 2 -_17 - - 19 SR506 3 - - 13- - B-CEA4 3 3 2 -
10 Lc242 5 - P-40% EgrcrviTM 629 6 - - - 5 1-nethoxy-2- 75.6 75.6
75.6 75.6 360 SR-6f@Aol Methyl ethyl ketone 113 4 113 4 113.4 1T3.4 540

| RGACURE 184 7 gd.ckal41 5 1 1,% - hexahedi ol dlbcryl ate {commercially

avai | abl e from Sﬁ , 19 = 43 0. 2 Cycl ohexangqdi net hanol

di acryl ate est eb “fz'com"rerm ally available from Sartoner Co. , 5 Tg = 110 ©.
3 | sobonyl ZEBEYRAIEMG0®rercial ly available from Sartomer Co., %y = 88 Q

1-methoxy-2- 75.6 75.6 75.6 75.6 360
propanol
Methyl ethyl ketone ~ 113.4 113.4 113.4 113.4 540
IRGACURE 184 7 1 1 1 1 5

1 1,6 — hexanedio] diacrylate (commercially available from Sartomer Co., Tg = 43° C).
2 Cyclohexane dimethanol diacrylate esters (commercially available from Sartomer Co.,
5 Tg=110° C).
3 Isoborny! acrylate (commercially available from Sartomer Co., Tg = 88° C).
B-carboxyethyl acrylate (commercially available from UCB Chemicals Corp.)

5 Liquid crystal polymer (PALIOCOLOR™ L C 242, commercially available from
BASF Corp., Tg not available).

10 6 Epoxy novolac diacrylate diluted with 30% trimethylolpropane tnacrylate and 5%
hydroxyethyl methacrylate (commercially available from UCB Chemicals Corp.).

7 1-hydroxycyclohexylphenylketone photoinitiator (commercially available from Ciba
Specialty Chemicals).

15 {0061] (Layer 1) The five formulations shown in Table 2 were coated on successive
sections of the PET film substrate using a Model CAG-150 microgravure coater and a
150R knurl at a line speed of 6.1 m/min. The coatings were cured using a 6 kW Fusion H
bulb (commercially available from Fusion UV Systems) operating at 100% power.
[0062]  (Layer 2) The coated film substrate was loaded into a sputter coater and

20 pumped down to a base pressure of 2x10°° Torr. A 40 nm thick ITO inorganic oxide layer
was deposited atop the Layer 1 formulations using 300 W and 420 V and a 90/10 tin
oxide/indjum oxide target (commercially available from Arconium Specialty Alloys), a
gas mixture containing 30 sccm argon and 8 scem oxygen at a pressure of 4 millitorr, and

a web speed of 0.127 meters/minute.
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4 p-carboxyethyl acrylate (commercially available fromUCB Chem cals Corp.)
5 Liquid crystal polynmer (PALIOCOLORTM LC 242, commercially available from
BASF Corp., Tg not available). 10 6 Epoxy novol ac diacrylate diluted with
30% t ri met hyl MO0MIBAE0t ri acryl ate and 5% hydroxyet hyl et PERUS004/@09956
(commercially available fromUCB Chemcals Corp.). 7

1- hydr oxycycl ohexyl phenyl ket one photoinitiator (commercially available from
Ciba Specialty Chemicals). 15 [0061] (Layer 1) The five fornul ati ons shown
in Table 2 weft@68pat ¢Uayen 3siia RS A &Tsigethe sanscontlitione aPF Halybml snbbiyeare

usi ng a Mbdel CAG-.150 m crogravure, coater ang a _150R knurl _at a_ line speed
of 6.1 nfnin. PR3 sRGENdBRIEmET laxer Wi GRgicd APIAY B fodRTy Lagey $)and a

(comercially ' i g’qschm ing at 100% power.

[ 0062] (Layer S%éﬁﬂm‘gp!:a gﬁe"%@&ﬁ%@%@%ﬁé}g%&as gépd‘é’gg&'i nto a sputter coater
and 20 punped [@e4h t The WITR ¢1easissucdon bl Rx t04ted Totier asberdiblywaa thdh dderini€ed

i nor gani ¢ oxi de Ioza;gr was deposited atop the Layer 1 formul ations using 300
Wand 420 v agdd%hCond 160%G RH. dhe despltnanesph ok bdewtndgele 3¢ comrercial | y

avail abl e from Arconium Specialty Alloys), a gas mxture containing 30 seem
argon and 8 seem oxygen at a pressure of 4 mllitorr, and a web speed of
0.127 neters/mnute. 18 WO 2004/ 089620 PHpus2004/ 009956 [0063] (Layer 3
and Layer 4) Using the sane conditions as for Layer 1 and Layer 2 5
respectivel y, _a_se®ohungdiayesr | ayer TgasCcoaWEdTR@ 507 6¥100% RID, /v iddyayer 3
and a second kJEhdaAvan Was deposited 48t op Layer 3 to far@s Layer 4. [0064]
The -W/TR of eagh sectiqm of the coat eqlgarri er assenbl y_lcy\%s t hen det erm ned
5 at 50C and 10%%R"84°"Fhe results are set out below in Table 3: Table 3

Pol ymer Layer FomuldioWd R (a), 50 ¢/ 188% RH, g/n2 May FHethulation 1 1 43
1.08 For mul atiP&nﬁﬂ%io%Jélm 0.63 Formulation 3 3 93.5 1.47¢.1Fornmulation 4 4 --
0.1 Fornul ation ] 225 0.09 1 Pol ymirzzof 1,6 - hexaneqj 65 di acryl ate and
0- car boxyet hy| Fergpyationd. .

Polymer of 1,6 — hexanediol diacrylate and B-carboxyethyl acrylate.
Polymer of cyclohexane dimethanol diacrylate esters and B-carboxyethyl acrylate.
Polymer of isobornyl acrylate and -carboxyethyl acrylate. '
Polymer of PALIOCOLOR™ LC 242.
Polymer of epoxy novolac diacrylate and B-carboxyethyl acrylate.

10

o W b

15 [0065]  As shown by Formulations 1, 2 and 5 in Table 3, WVTR values tended to
decrease as the polymer Tg increased. The polymers of Formulations 1, 2 and 5 were
made from substantial amounts of multifunctional monomers or oligomers. Somewhat
different behavior was observed for Formulations 3 and 4. Formulation 3 contained 75%
monofunctional monomers and thus was not crosslinked in the same fashion as

20 Formulations 1, 2 and 5. Formulation 4 was based on a liquid crystal polymer obtained
from UV curing a liqmid crystal diacrylate monomer and thus may not behave in the same

fashion as Formulations 1, 2 and 5.

Example 7
25 Laminated Barrier Construction
[0066] A laminated barrier assembly was assembled using an optical adhesive to
adhere together in face-to-face fashion two barrier assemblies having six layer stacks on
PET substrates. The completed laminated barrier assembly had a PET/polymer 1/S1A10/
polymer 2/SiAlO/polymer 2/SiAl0/optical adhesive/SiAlO/polymer 2/SiA10/

15



10 2 Pol yner of cycl ohexane' dinethanol diacrylate esters and

[ 3- car boxyet hyl acrylate. 3 Polyner of isobornyl acrylate and

0- car boxye;wh%gt gé%%}ate. 4 Pol ynmer of PALI OCOLORTM LC 242. 5 Pollxma_r of
epoxy novol'a¢ 2 {ate and [3-carboxyethyl acrylate. 1BCTH5§849886shown by
Formulations 1, 2 and 5 in Table 3, W/TR val ues tended to decrease as the
pol ymer Tg increased. The polyners of Formulations 1, 2 and 5 were nmade

from substantial a s. of multifunctiaonal oners or. oligonmers. . Sopewhat

different B@ r@ﬁ%&p&b@@&@’ﬂ Qﬂn?lﬁsmﬁﬂ?-a?ﬂg ar agppmbfies F%rﬁfg

cont ai ned Mno i mononers and thus was not crosslinked in the

sane fashi én ag{ég?) orrrh%fal{ml%gvﬁ's 1, 2 and 5. Fornulation 4 was based on a

l'iquid cryqo@d7jpol {rser DEHSHESE0.05 hamPBET fduor (copneerdialijuavdilably §oal TajimcTey| at e

nononer and thus may not kehave in the sanme _fashiqn as Fornul ﬁfel'rfigé 1, 2
d

and 5. Exarmpl® @) was qogied yathdiprmulatips p (honay heleyy i hablodbesings Mo

barrief as ; ) | i I q oget her
n 1 ace- o PadatPiBpRRRRiEuEE YU i lahl b, JRTRMIRE Wb 0B EER 4 2900
PET subst r gtugfon Fhbe ITRipheingd 4t d00%3ioeer,habrdvide laganidnyifibads P dNahénol y mer
1/SiAIQ  polyner 2/Si ALQ pol ynmer 2/ Si Al O opt.ical adhesive/ Si Al O pol yner

2/ Si AlQ  1Polymgdoadgeiye A5 (PEg pudstomineboumspholesiiiferentia) sginping gslorinedy 1/ PET

configuratig 'tJ sgbgrri er assenblies were formed and | am nated together as
follows: [ y&r 1) HSPE 50 0.05 mm PET film (comercially avail abl e

from Teijinoods =(Taed) Uénss hOAbREAL U dbsdrodibrahé OTAI0 ihSBANIB oRRle et th Tabl e
4) using anbdigl C%é@g BSQ m_crogra\}urée coat er a%d a 1'11CR knurol agwg. 1
m m n.d The Boamlng atdsnme thiddSiddOngorganiFoxide tayeceas ¢¢positdd atembayeglat 100%

ot jd | i.dentified " Pg| 1". . Pol 1 had a 122.8
C g s denitdlneatayE T Baeph Ehamdestbat Tkt LR RER SRS phot o
DSC') . [006R4tifd-F¥ed, L%yeﬂis&mc%&ql W Eb AR Bk PEdow O ThE 4Phfd Gdred

inorgani c oxide l'ayer in 0O Exanple 5, a 60 nmthick Si AlO inorganic oxide
| ayer was depoviidesailagerdgentifigd as Polj0esd’l Rolwnear2 18k alf fgle.he conditi ons

coat ed wi ¢ HOPHI ebereh -2y S ont aREl- iones e a5 Conibagt o Laver 2 818
15 Layer 3 respectively, a second SiAlO layer was deposited atop Layer 3 to form Layer 4, a
second layer of Polymer 2 was coated atop Layer 4 to form Layer 5, and a third layer of
SiAlO was deposited atop Layer 5 to form Layer 6, thereby providing a barrier assembly
having a PET/Polymer 1/SiAl0/ Polymer 2/SiAl10/Polymer 2/

S1AlO configuration.
20
Table 4
Formulation
r Ingredient 1 2
EBECRYL™ 629 145.5 -
p-CEA \ 37.5 -
IRGACURE 184 9.03 -
UVI-6974 - 2.25
EHPE3150 2 - 42.75
MEK 972 405

1 - CYRACURE™ UJVI-6974 triarylsulfonium hexaflucroantimonate (commerciaily
available from Ciba Specialty Chemicals).

25 2 Polyester EHPE3150 solid alicyclic epoxy resin (commercially available from Daicel
Chemical Industries, Tg = 90° C).



to provide a layer identified as "Polynmer 2". Polyner 2 has a 90 C Tg.
[0070] (Layer 4, Layer 5 and Layer 6). Using the sane conditions as for
Layer 2 and 15 Layer 3 respectively, a second Si Al O |ayer was deposited
atop Layer 3 W& T6+98%Hyer 4, a second layer of Polymer 2 WEEUSWA¥EWIZR op
Layer 4 to formLayer 5, and a third layer of SiAlO was deposited atop
Layer 5 to form Layer 6, thereby providing a barrier assenbly having a
PET/ Pol ymer 1/ Si AlQ Pol yrmer 2/Si Al Q Pol ymer 2/ SW O configuration. 20
Tabl e 4 For mul[¥7ibn ThegesdiggntoatedbarrkEBEGRYLTMoE 28as k4Bt ihito awdGBls 37d 5 -

| RGACURE 184 9.03 - WI-6974. 1 - 2.25  .EHPE31 - 42. 75 MEK 972 405 1
CNRACLRETM VI3 foraeﬁlﬁws%‘ferfgnﬁ%a?faﬁ@szaflwa%?@Qﬁ‘ﬁl% ARty ¢ nigfims,
avai | abl e f 1 ORufdsR (hRERIAL JAAMERbARM €8 anfakNEH-Ail} il dra kiR
alicyclic epoxy resin (conmercially availableée from Daice em ca

| ndustries, TgalueO®er€)detePinsDi@0he 1GERHHA Nt BT HIG2G0em IS A6 68° € 80l 1009 Rél
resulting coated _barrier assenbly roll was lit jpnto two rolls, an

| ami nat ed® togé@‘ﬂ@?%ﬂ%‘? Rprey gsemhling @@@@(W@ygﬁﬂhﬂn@f@i %}Aqoféﬁﬁfyﬂéﬂ ear
| am nating a ' ﬁf%ﬁrg@l I vai |l able from3M Co.) and a roll-to-roll
| am nat or . Thg&%é%sva uesm\/\;lel?g‘abélgt%érm ned for the non-lam nated barrier
assenblies at 38C and 100% RH 5 and for the | am nated barrier assenblies at
38C/ 100% RH and 50 C/ 100% RH. The resul tpaee set out below in Table 5:
Table 5 WTR, g/n2 /day @ 100% RI 3 and

WVTR, g/m”* /day
@ 100% RH and
Barrier Assembly Configuration 38°Cor50°C
) PET/Potymer 1/SiA10/ Polymer 2/SiA10/Polymer 2/SiAl0 0.041 (38° C)
PET/polymer 1/81A10/ polymer 2/SiA10/polymer 2/SiAIO/ <0.005 (38° C)
optical adhesive/SiAlO/polymer 2/Si1AlO0/polymer 2/S1A10/
polymer 1/PET
PET/polymer 1/S1A10/ polymer 2/S1A10/polymer 2/SiAlO/ <0.005 (50° C)
optical adhesive/SiAlO/polymer 2/SiAlO/polymer 2/S1A10/
polymer 1/PET

10 [0072] As shown by the results in Table 5, the face-to-face lamination step provided a

reduction in WVTR. The WVTR remained below the 0.005 g/m2/day lower detection
limit rate of the MOCON PERMATRAN-W 3/31 WVTR testing system at both 38° C and

50° C measurement temperatures.

L 15 Example 8
OLED Device
[0073] Samples from the barrier assembly of Example 1 were again loaded into the
roll-to-roll vacuum processing chamber, for deposition of a top-surface ITO conductor
layer formed as follows:
20 [0074]  (Layer 8) The ITO was sputter depostted using the same conditions as for
Layer 6, but using a 0.19 meters/minute web speed to provide a 138 nm thick ITO layer
deposited atop the Layer 7 acrylate.
[0075]  The resulting top-surface conducting barrier was cut into 22 x 22 mm squares
using an X-ACTO™ knife (commercially available from Hunt Corporation). After rinsing

25 with acetone and air-drying, the squares were cleaned in an oxygen plasma using a

21
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Barrier Assenbly Configuration 38 C or 50 C PET/ Polymer 1/Si AlQ Polyner
2/ Si A1Q Pol ynmer 2/ Si ALO 0.041 (38 C) PET/polynmer 1/Si AlQ pol yner
2/ Si Al O po , i AlQ <0.005 (38 C) optical adhesive/ Si Al O pol yner
2/Si Al O po%@p“@"gfw Q pol ymer 1/ PET PET/ pol yner 1/ Si AGHURHIA0G
2/ Si AJQ polynmer 2/ Si AlQ <0.005 (50 C) optical adhesive/Si Al O pol yner
2/ Si A1Q pol ynmer 2/ Si ALQ polynmer 1/PET 10 [0072] As shown by the results in
Table 5, the face-to-face lam nation step provided a reduction in WTR. The
W/TR r ermai NEGROR B tSeac3QpBsmz apstata(conunreiatip avslablerfron Tadhnios lne ) afid t he

MOCON PE TRAN- W 3/ 31 V}X/H? ' both 38 C d, 50 C
nmeasur erre%n{né%%seﬁxg? regt> 1‘%5%%29:\%6?53%%@é§05e‘%y§8‘1 f”@ﬁs}‘%? 40,388 Foom t he
barrier asggibkou@in FBAPTRONWEF 80201 oPRART cofnBrctdl avhiPible f@n' Ol |

vacuum processi ng chanber, for deposition of a top-surface | TO conduct or
| ayer f or nBayeaSotpordtong wag epinaoanat 2508 ymn 8)3 0Raeondy Ontndle slpurtet equadesposi t ed

usi ng_.t he me conditions.as for _Layer 6, but usjing.a 0.19 nmeters/nnute
Wb Sfeed 1B DOV HETSHEIGs eI (e e ik BT S Db anne R Eaer 7
acryl ate. ] ; | Of=.SHr ' W=TARE into
22 X 22" Sc LS SRR iRk RO PRt Rld B A OR oty
Hunt Cor poadlingndrop Af trethanoltsitigtop 25 thw dldss aliéd, phreingniek cledned sylangatop tie
squares were cleaned _in an oxygen plasnma using a 21 WO 2004/ 089620

PCT/ US2004methons gnd pligmes fertirsadthesuar winthagdes of the glasshids: cihsl | y
i | abl i ' 0 wat t d
500 m 111 t SeRg IR difmacdenbedife Tl 308 ROSERE Biio s M IS TRoNTi P

4083 1pol yt blia@mm? the ainglopyrativii TiddcatekirsqiareBaye dric@bpar7at Cadt Was spun
coat at 2500 rpmfor 30 seconds onto the cleaned squares. 5 The squares were
hel d in pl pléte vgdenaatreginpt@gartsre. vacuum chuck by first placing a 22 x 22 x

I i-d h huck lyi hel d, t he . gl
st idei n plREE® oL S Wi R ERA U DR Rt OB O T e
placing the, &l 8aNSL3HRF 613 Ofhd ﬁﬁowing layers were thermally vapor-deposited in

sequence on the coated squares through a shadow mask containing a 19.5 mm square

15 opening: ,

[0077]  (Layer 1) A 2245 A thick layer of 4,4°,4”-tris(N-(3-methylphenyl)-N-
phenylamino)triphenylamine, (“MTDATA”, commercially available from H. W. Sands
Corp.) doped with 7% tetrafluorotetracyanoquinodimethane (“FTCNQ”, commercially
available from Tokyo Kasei Kogyo Co., Tokyo, Japan).

20 [0078]  (Layer 2) A 300 A thick layer of N,N'-di(naphthalen-1-y1)-N,N'-
diphenylbenzidine (“alpha-NPB”, commercially available as OPD7534 from H. W. Sands
Corp.).

[0079]  (Layer 3) A 300 A thick layer of tris(8-hydroxyquinolinolato)aluminum
(“AlQ3”, commercially available from H. W. Sands Corp) doped with 1% (10-(2-

25 Benzothiazolyl)-2,3,6,7-tetrahydro-1,1,7,7,-tetramethyl 1-1H,5H,11H-
[1]benzopyrano[6,7,8-ij]quinolizin-11-one (“C545T” dye, commercially available from
Eastman Kodak Co.).

[0080]  (Layer4) A 200 A thick layer of AIQ3.

[0081]  The vapor-coated squares were transferred to glove box that contained a thin
30 film evaporation chamber (“Edwards 500”, commercially available from BOC Edwards)

for the thermal deposition of cathodes. A 1000 A thick calcium layer (using a target

commercially available from Alfa-Aesar Co.) and a 2000 A thick silver layer (using a
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R
met hanol and aligning the edges of the square with the edges of the glass
slide. The nethanol filled the space between the glass slide and the square
and held the square in 10 place during the spin coating operation. The
coat ed squar S4OMHPE3H ed on a 70 C hot plate under a nit PEFER2HHBYSRer e.
100761 The coated squares were transferred to a bell jar evaporation chanber
and evacuated to about 10-6 torn. The following |ayers were thermally
vapor -deposited in sequence on the coated squares through a shadow mask
cont ai ni ng a @etcammengiatly evailblopeniAlf-AdRO T3] Wekaymguertallik degubiodat dtioak
layer of 4,4",4"-tris(N(3-nethyl phenyl)-N phenyl am no)tri ghenyl am ne,
(" MIDATA", colfhiewioatd the aquardsahtough amﬂtah sha&ovgam!rshavmqol pm @p@dawnemng%

tetrafl uorotet.rac Q ane conmer.c ilable from
Tokyo Kasel KUGPSECH HebysREipde iy sty bof Ay Satoselier 360 sl i
layer of N, N Gfébﬁ naRkAahafed whtd atdubl to dba&emlvl%@.@és&aﬂﬁoﬁg@meh pREa
commercially avail able as OPD7534 from H W Sands [ 00791 (Layer 3)
A 300 A fhi ckOLERgleviot by comta@ingythe BKY quideoriinai dhgf)ten th amdrthe Co/Ap@athode
comercially ay. |Iablel fromH W Sands Corp) doped with 1% (10-(2- 25
Benzot hi azol yWyB33 8¢ g0 Wigh  ahydro-1,1,7,7, tetramethyl I-IH 5H 11H

[ 1] benzopyr an 7,8 g(;ggq
avai l abl e fro%bgzl'—lastE%%h%ééa&%éégb%abf%%g%&m La e}_fmgé(sidezs% {lﬁ?ﬁééﬁlhfhg er of

A1(QB. [00811 Hhent\Appbeatipadtedd! Nouldy3est, 585 fded Paseafber { 22009. @Mmpprolxunaib}yeﬁo
contained a thi 30 filmevaporation chapber I‘CI ally
avail abl e f ro’ﬁ‘l1 s EPBIFWeBQM’%MﬁéngWWﬁ?@m% 6 Tam1 000
A thi ckgal ci |

A fa aeddr @%ﬁ%ﬁg@g&%})ﬁ% q’(ﬁt‘ S\f@rggﬁgg{?g#ﬁ%éu‘)so}tﬁé% %gm Owgﬁmos%zo
PCT/ US2004/ 008Qafes. Adrget cmmlmnhblklvadslcm aMht taidref tahin SAhfrosgARsakinge hander e
sequentially deqﬁ)om ted at about torr onto the squares through a netal

shadow mask  hbg} Hi}}’eéplin@nﬂfhélpﬁgmaﬁd tb?}'é}@i lsguinating fdsateslessd opiat he cat hode
d ted
o tted when HoegeRErs T BL uEA A o St SR BE Comu SR i 18

McMaster-Carr Supply _Co.) with the adhesive side contacting the foil, then placed on a 76

15 x 229 x 0.64 mm aluminum plate (commercially available from the Q-panel Company)
with the release liner side contacting the aluminum plate. The resulting assembly was fed
three times in succession through a TDE Systems Model HL-406 2-roli thermal laminator
(commercially available from Kmart Corp.) operated at approximately 102 ° C to laminate
the adhesive film to the Cu foil and deform the foil into the 6 mm hole in the adhesive.

20 The laminated Cu foil was removed from the aluminum carrier plate, cut with scissors into
25 mm squares, and brought into the glove box containing the green emitting OLED

( devices. The 25 mm squares of laminated Cu foil were trimmed with scissors to about 20
mm square such that the 6 mm hole in the adhesive layer remained at the approximate
center of the square. The release liner was then removed and the exposed adhesive layer

25 placed against the cathode side of one of the 22 mm square OLED devices with the 6 mm
hole through the adhesive layer approximatety centered over the cathode of the OLED
device, and with the laminated Cu foil square rotated by 45° with respect to the OLED
substrate such that the corners of the laminated Cu foil square lined up with and extended
beyond the approximate midpoint of the edges of the OLED substrate. The resulting

30 assemblies were held together using tweezers and placed on a 100° C hotplate for about 20
seconds to cause the laminated Cu foil to adhere to the OLED substrate. The comers of

the Cu foil were then folded over the front of the OQLED device and laminated thereto in

23



EEEE——

5 OLED device by contacting the 1 TO anode with an alligator clip and the
Ca/ Ag cathode wth a fine gold wire. [00821 The devi ces were encapsul ated
wi th copperwbaidsogss2glescri bed in copending U S.  Patent ApRhissalbesseri al
No. 10/324,585 filed Decenber 19, 2002. An approximately 50 X %@%ﬁﬁﬁlpiece
of 3MI'm Therno-Bond Film 845 EG thermal lamnating film (0.06 nun 10
adhesi ve thickness) was marked on its release liner side with a 2 x 8 grid

f 25 i | Ny : 25
Square e AR ERrpeeh ARt SR IIOW . 0 Dalutly P 1 SR B, 25 1
filmwas plBESTEGHROMadel 296D aull tetmhliakREtor (@hummercialle eeaitiblcdr@b Rose Atti ck Cu

foil (connerciallf avail able fraom Master-Carr_ Supply Co.). with the
adhesi ve silBéusiisal epergtedyataheut o7 C. ¢ cophing guesly nestions 9 thog x 0. 64 mMm

al um num pl I ' . : ' 4th the
rel ease Iiﬁ%@ﬁggﬁggggﬁggg%%%ag%ﬁghggﬁﬁyﬁéﬁy%hgg%. ‘ﬁﬁgéﬁﬁggﬁég%%@%%bly was
fed three deviteand mtﬁdﬂémﬁﬁécﬁanstwému@me@FEwa&M@mMuwm.emc&%t a0l |

t hermal | am nat or (connerciahgzﬁavailab_e fromKnmart Corp.) operated at

appr oxi nmat efpylied) green Gghiovascamt omtthedgiifesi ve filmto the Cu foil and
deformthe i ing,o.-the 6..amhole jn the adhesi.ve. .20 The | am nated Cu foi
was r emoved Pim ¢ ke RCS: fad et RO ER it il Be gfBR R0, o
squares, angiiRa onRtart vitiout BEpagtirpVRork Shis ROBkRINN I THK hiiéhthegshle fbitde ng OLED
devices. The 25 nmm squares of lamnated Cu foil were trimred with scissors
to about 2Qestreted tpuihateviyole hasttiean settertisherein onbt for illistiivequineesses/e | ayer

remai ned at the approximte center of the square. The rel ease |iner was
then renoved and the exposed adhesive | ayer 25 placed agai nst the cathode
side of one of the 22 mm square OLED devices with the 6 mm hol e through the
adhesi ve | ayer approximately centered over the cathode of the OLED device,
and with the lamnated Cu foil square rotated by 45 with respect to the OLED
substrate such that the corners of the lamnated Cu foil square lined up

wi th and extended beyond the approxi mate m dpoint of the edges of the OLED
substrate. The resulting 30 assenblies were held together using tweezers and
pl aced on a 100 C hotplate for about 20 seconds to cause the |lam nated Cu
foil to adhere to the OLED substrate. The comers of the Cu foil were then
fol ded over the front of the OLED device and | am nated thereto in 23 ID WD
2004/ 089620 PCT/ US2004/ 009956 the inert nitrogen atnosphere of the glove
box by passing the resulting assenbly through a
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BESTECHTh Model 2962 2 roll thermal |am nator (comrercially available from
Rose Art Industries) operated at about 100 C. Upon cooling, anode
connections to the encapsul ated OLED were nmade by contacting an exposed | TO
portion on a conmer of the 5 device and cat hode connections were made by
contacting the Cu foil. When current was applied, green light was emtted
fromthe device. [0083] Various nodifications and alterations of this
invention will be apparent to those skilled in the art w thout departing
fromthis invention. This invention should not be restricted to that which
has been set forth herein only for illustrative purposes. 24 W claim 1. A
barri er assenblv‘ﬁ‘3 ?,]'(‘)‘H’t‘)ri sing a flexible visible light-transm ssive substrate
having a Tg greater than or ual to that of HSPET overcoated with a first
pol yner | ayer lhavi Adzaier gssgn@ap@ﬂpmw BxiRdgrigbledight-RapsmarvRSHETatind
further over CO%&% ik Breher PG ¥udiiP i iR, dvgll% k4 ARRTEES pYmepOr gani C
barrier |ayers se f ab &4 y at | east one second yrrer | ayer having a Tg
greater than orayeghevingtadl'd dredteratiantdSPEER] totthe oﬁHBPE’é end fisthembexodtedvrihatan

oxygen transm ssion rat t han.0..005 ¢ 0% RH 2. A
barri er assenblﬁiﬁs%%’? ?%{qu'i%gra%%fs?ﬁein%aé?c aﬁ“?ﬁ&?lfﬁ%af%%ﬁc@ %g%mg g of at
| east about 12Qedgnd Belyhebiaydr hefins L piokiyr BHCOTedud1go thet 61 EEPPI] thaherRik n t he
substrate conprises heat- stabilized PET or polyethyl ene napht hal ate. 4. A

barri er assenblagsesblydnsinggn beygeh sammmissivhesteiass thire0 §¥bstmatey ¢@ipLiasds

pol yoxynet hyl eng, | yvi nyl napht hal ene, pol yet her et her ket one, fl uoropol yner,
pol ycar bonat e, §6°| @Q‘a- nmet hyl styrene, polysul fone, polyphenyl ene oxi de,

pol yet heri m de, poly ether sulfone, polyam deim de, polyimde or

pol ypht hal am de. 5A WAnbakgsemblyassedibd i cdadadrwhengn the scbsakmhis sigpeatn t he
first and seco | ayers have a Tg of at |east about 150 C. 6. A
barri er assenbl ngag)eﬁtﬁgpng to claiml1l wherein the first or second pol yner

| ayer conprises a pol yner of cycl ohexane di met hanol diacrylate ester,

i sobonyl  nmet hacr yl alleyried uesenblydbaediig Btotaimnr wiheseif Zrehyshta)combhyes heat-

i socyanurate triacry . 7. A barrier assenbly according to claim1l wherein
at | east one iﬁ@gﬁ’&ﬁ‘%gé—ﬁawagfhy?qnaf}@%}@g’ﬁepri ses a netal oxide.

4. A barner assembly according to claim 1 wherein the substrate comprises

polyoxymethylene, polyvinylnaphthalene, polyetheretherketone, fluoropolymer,
polycarbonate, poly a-methyl styrene, polysulfone, polyphenylene oxide,
polyetherimide, poly ether sulfone, polyamideimide, polyimide or polyphthalamide.

5. A barrier assembly according to claim 1 wherein the first and second polymer

layers have a Tg of at least about 150° C.

6. A barrier assembly according to clazm 1 wherein the first or second polymer
layer comprises a polymer of cyclohexane dimethano! diacrylate ester, isobomyl

methacrylate, cyclic diacrylate or tris (2-hydroxy ethyl) isocyanurate triacrylate.

7. A barrier assembly according to claim 1 wherein at least one inorganic barrier

layer comprises a metal oxide.

8. A barrier assembly according to claim 1 wherein at least part of the assembly is

overcoated with a conductive layer or electrode.
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8. A barrier assenbly according to claim1 wherein at |east part of the
assenbly is overcoated with a conductive |ayer or electrode. 25 9. A
barrier assenbly according to claim8 wherein the conductive |ayer or
electrode is visible light-transm ssive. 10. A barrier assenbly according to
claim1 wherein all of the polymer layers in the barrier assenbly are
crosslinked. 11. A display or illumnating device conprising a nmpisture- or
oxygen-sensitiy t \ ]g.% covered
with a barrier 9a‘isse %Irm%(géég]%glg%{;colr&lgghc\fzﬂnb e \E/?nléllblcén %EH IJrr)fflnnsm ssi ve
substrat e havi rfgcaodegs gnsxél-:etlght tratmmmweequal to that of HSPET over coat ed
with a polymer layer having a Tg greater than or equal to that of HSPET and

further overco i.th.at SI bl sm SSI A anl c
barrier |ayer sa@epa PR 6§f613€]§’la8 O\é\@n% aﬂlgﬁy%fgel? 3 P! ﬁgelly @Yefgm‘ eat er
than or equal Hafrier BREmElY aldSRIsdlink2®

11. A display or illuminating device comprising a moisture- or oxygen-sensitive
light source or light valve at least partially covered with a barrier assembly comprising
a flexible visible light-transmissive substrate having a Tg greater than or equal to that
of HSPET overcoated with a polymer layer having a Tg greater than or equal to that of
HSPET and further overcoated with at least two visible light-transmissive morganic

barrier layers separated by at least one polymer layer having a Tg greater than or equal
to that of HSPET.

26



