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WD 2004/ 089620 PCT/ US2004/ 009956 FLEXI BLE
HI G4+ TEMPERATURE ULTRABARRI ER 5 [0001] This invention
w0 edoags2¢ 0 barrier filnms and el ectroni c devi CBST/US2004/009956
Background [0002] Organic light emtting devices
(OLEDs) can suffer reduced output or premature
failure when exposed to water vapor or oxygen. Metals
and gl asses have been 10 used to encapsul ate and
prolong the Iife of OLED devices, but nmetals typically
lack trans arenc an | ass | acks flexibility.
| nt ensi v m&a%WTUHE Hi. TRABARRIER:
encapsulatlon naterlals for OLEDs and ot her el ectronic
devices. A flexible polynmeric barrier filmthat

[0@0dji bi Thid ihvsntipe FIEaid bariert flmsahe Ele¥@HEFE defideOXygen
woul d be especially useful, but despite intense

i ndustrial effort only linited success has been 15
attained thus far. Referdbrckgromidating to flexible

(OB Deepie et SalS5E diicsCRAT) oar pifferabiced puiga ore
pr?hv\:ghehfgﬁulgt%ﬁqgﬁ@?péégﬁrté{ %étéaé afliﬁd_lr_ gggxg%(en) 'Mécag%gd 2théses have been

usgl aRcEmglateyand frplosy the lﬁf;‘epaf @IZEIS dé:Stmsab redtalaltypically lack

tra%%t%%élcyt%%sl &P&'s%‘ aa]%ssﬁ%agl?l ch@%eflglg? gg{orta erl]rlet )ggtﬁvagztg %nd alternative

albfioreattkials BPOLE; U. i
etk oL i s o

1yt @pbibjied lowy pgrieabilit t0)watwszapgrmi/ m@eﬂ #ould be

S oS R R A s
attgibved thuslfa, Refidencesfelatighio FleRIbiShat e RIS 1ﬁé‘ﬁlﬂ@ﬂ] NeatentQos.

97(4@6053 (Robert Bosch GrbH). The Walther et al
SRS A e al pen 530, 5% @%ﬁn) 4684666 (Trfeger gilah}t5, 686,360 (Harvey,

G BNg S sy 1 OS cSEEEAE, BANSCRogs o i,

6 1@6;2@& (Sheafs dtlag), lﬁgme,mzzqmaﬂﬁm?d 26860 SAAEERRS), 613%813Y0 @A finito),
in.one as(gzect barrier assenbly (sorre i Nes

6 4ﬁéf6é1§ ?@Hﬂff & 2 (49226 Gt et Flarand iOL4N7)598 dﬁ;ﬁﬁm@)n@ S Patent
p%h@ﬁﬂogll‘@osvt)%' Rot/dot 958 A S %‘A‘ﬁiﬂn%f q@@&ﬁ%@;i e(g{r%];f etal.), US

aving a glass transition tenp u
20@27{91150745 édL(Martm ot #lgtandfUNZHL/0156898 Al 16eafpel 9] Pitbp&id Patent

APBEF{‘;{?BQN e(f 74%@3 1% (%{1 50 C&ﬁsgg yﬁ%&lﬁﬂfsllé%pph@ﬂon No.
wohat1 6053 Tt B6Yeh ath rTI%\éXgﬁglg@te? glvo iﬂ‘@\l/tlfelgkl (%F%Ljibeegatbaﬁier

WO 2004/ 089620 PCT/ USZ 04/ 0
asspinght for phssntaiiine s, with feriowed asported ok pyeartsansepaiontred being

bg at ieast one second
0.375 cc/m#/day/bar.

Summary of the Invention
[0003] The present invention provides, in one aspect, a barrier assembly (sometimes
referred to below as a “barrier film”) comprising a flexible visible light-transmissive
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
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pol yner | ayer having a Tg greater than or equal to
that of HSPET, the barrier assenbly having an oxygen

WO e@n®sa6sEi on rate | ess than 0. 005 cc/ n2/ day apCRBSIB04/009956
and 90% RH. [ 0004] In another aspect, the invention
provides a process for making a barrier 5 assenbly

COo ' ﬁj : a) providing a flexible light-transm ssive
mgwﬁ%@ﬂet lgﬂng%Sergln@fg@awé}mcﬂdwe@% sepaxgted) byt af I¢astonessecond
; ; ' i ra)a [ a.T
o ey bR BT ekt 3 oP QTR o RS, i B hssernbly
haS kR PRI ] . o . " LSS e,
e Bt % Ry bl D08 L B ae o 25 U 3Bl g
[09Q4} er ; Inggnofhsr @spegt, shesiovwentidngubyideya prayes fhambligg @ bagier

assEnH %m@f]‘%{{ or equal to that of HSPET atop the first
I nor-gani & er | ayer; and e) formng a visible

| i gl - t provedihg 8iNéRibREEANGrdnRalSRBk '
t he 15psecon% ollnerg}lnagler v?here?p th%wg{gralr?%gfea?&%nor
assenbl §qUrh o tat o5EYRIBTY r ansmi ssi on rate | ess than

0.0 c Hgé 23 and 90% RH. 00 In a

fur ?’ ﬁe r %as pe% ?,}’irs?hglyinhe@ g;i‘}'tef e %)5 rg(%lsa?e& tﬁ#%?ﬂ eqalgp that of
i1l um nEISPET aiqyﬂ@eguﬂmrp, rising a noisture- or

oxy en-fensi tive | ig t source or_ light valve at |east

par £1 al formingy gisike beghtviransmissivafirstanorgaie tririer layer atop the first
conpri sjky ible visible Iight-transm ssive
substra?egﬁ%{ufakgéa Tg greater than or equal to that of

HSPEY ofcemirgpa sstond pblymet layst h@@ig\/ﬂ’g_gaﬁye@ khant3\eq 1Ml 18 that of
Tg greai_ISBE han tgkrp e&ual to that of PET and further
over coa 3iqp the firg daqreaniqbaryies |ayer and
[ight-t ] SSil i: N0, l.e.oarrier.layers, separat ed
by o | T A S ool A R S p B S op the
gr eat er sechahpaymerlagkr t o t hat of HSPET. 25 [0006]
These and ot her aspects of the invention will be
wheispihe berrier esacibly tissteai dxggen tamorissidn ate loal thin 0.005 B&#/m2/day at
23£é%9{190% ver, should the above sunmaries be
constfued as |limtations on the clai ned subject

[0008] t erIn afhitiedt asptos, B inVakkibe brdvided & HispRS o??llhﬁhﬂﬁag%(ﬁ idifce

attached clains, as may be anmended during prosecution.
COPRANDHILLYF6200NET-SBBUDA/ 1 Bho sB6ce @Brlight vides at et ipaially

fodt Fig. 1 ksS.a sch t]jcC -

N T CA————

havi@DOFE ghdager than & equslab B LF HSPETSVeRB&kl AR a MisEPb19fhePlayer
di scl osed | ami nated barrier

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.

[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.
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assenbly; 5 [0009] Fig. 3 is a schematic view of an
apparatus for carrying out the disclosed process;

WO 01039680 g. 4 is a schematic cross-sectional RCBEUSIHNA/@9956
di scl osed OLED device; and [0011l] Fig. 5is a
phot om crograph of a disclosed barrier assenbly;
[0012] Like reference synbols in the various figures
of the draw ng i ndfdeftldeseription thh,filémwng The

O%g'él g‘r:v‘:“ 'lrls Eag%i A c?(gsg ?%%10\?\1% \s ?%ad}scéor?%%%gﬁr S5egbLy;
[08@8]" at E;g ,2 i8 aléherﬂampmmsmsscttlona]andwtolﬁa didcksted f@iindtB&barrier

o gtlon of various layers in the barrier assenblies
¥ U&vi ces of the invention, we 15 refer to the

oo@ ati ¥y, Bagh kel vAReoPin @%
[to]a ho% zontal support oaye@%ﬁgﬁé %F%tﬁggﬁﬁapsed
pregess;barri er asserrbl i es or devices should have any

lar,. ori.en tlonlns e during or after their

t
1R SHieh s @ RS s e s RRREeY oF rrifs e d DuFevies. and
[00E§CT | PRy, 5hea BRStoidiBe@bh 6f£ ai&é%sé@ Belri&OR GG n%1 ; 0@

substrate or other el enent of barrier asse

[0912d i nLikstreisrencosymesle in the vamlsl fagnees of2he dmwiheg ingicatedike
r_.el enen buf not necessaril
elcontsfgﬁgeueggfl%mgl ﬁsp‘%%gé‘[%?ho %CQI %r the other d

el enent. By using the term "separated by" to describe
the position of a polynmer |ayer with respect to two
i norganic barrier |ay @allwbDeSOGIIEmnt o the pol ynmer
er or ga i G pagrier la
[O upﬁ %r&se{)fv@?elﬁta 1|oal§8 o(p 1 PR qpﬁsqnb%@ q:nd the like

no nec ssarl cont
foﬂxhe idcetion afetriou? &yb&Qﬂﬁﬁe ’tﬁh‘néi’sds&ﬁlnﬁﬁé@ of ﬁéﬁEesRﬁ{ﬂ?{e?ﬁ%ntmn we

fer to honopol yners and cop nmers
refxé\e W&E% alaHeosiion 9f gne prmere Ipyars Wﬂé rpweetdo rewrizental support
S ; action,
o oottt i the ol SESEBHELS B0 aRYud R Bcticutar
orituteidai yrepade durmgl ardiisr theirmanafudamre.and bl ock
% ol ypers. The term "cured pal yner" includes both
10413 ¢ Pislae fidetmcriseqaadk dadesrivtiesposivin ofiagr with respec

to a §ﬁH§ﬁ§ﬂe'o‘9 o8y cRAUANEF 5 bak&! a%sén?thlg ro'l3 %eqﬁl/éﬁn%g nye P&FEr to the layer

g yner chains are joined toge cova
as béingratonthdborbdgate ws athlet ylem\tntabwm abcte@é@rirng coftlgR6td ®%itBbr the

sufsAER% e oS, S BrierBestRobOB e degtbe the position
ofgp ?ﬁ@k I8y eCR AR 26863 Bo mbrémalfﬁéﬂ 1hdefs, d?éi}efélfﬁl%{ tholymer

ble in the presence appropriate so
laYFO@1®}llg3§/etws¢m@letlmwg@m¢ hartigglayerabut wftercdssarilp @o@i@idas to either

1no&éa%?csb§rh8rqa§/eel‘nper ature of a cured

[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
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
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pol ymer when evaluated in bulk rather than in a thin
filmform In instances where a 5 polyner can only be
wez@aiswwed in thin filmform the bulk form Tg BEIUS2004/009956
usual ly be estimted wth reasonabl e accuracy. Bul k
form Tg val ues usually are determ ned by evaluating
the rate of heat flow vs. tenperature using
is QPIFGF@}quhara&IteI‘g@é fpiimag lubalityr huremayybe speBadle tim thdgiresent e an
segnental nmobility for the polyner and
ap%ﬁbgmgnfﬁ% |on poi nt (usually a second-order

[0016InSi ByGRingahe WHCIT gt e M&MH@I&e %l@ﬁ B85 Fdh YethPerdhlR I8 cured
fromlOagIassytoarubber Bul k form Tg

polnereshenayabpted ipbubksathenthen nu@,ﬂwg fitm dfqmm mindinstances where a
h
B B R SO B e

estimfateti otiitorawhablenperrad i Bulk fiskni T% qalessysually Yetdetdrh@ibd by
17] By using the terma "visi

eveiugmg the zse of Beatyilow vy renaraturediping, dlﬁfg@ew spargiing calorimetry
Dg@f hé 3et MEn B b s%?ﬁexﬁﬂ%&;lh iloi"'%% polAne n‘g tMe Aflection

evi ce as an average transm SsSi

pomts(us&mlaﬁy peedondrorddr ttdnsitioppattwhich thE‘prnn&fca@be k£a$é change from
nmeasur ed aI ong the nonnal axis. [0018]

t 20
im 2 Héqb%’ statg. Bylk formalg yabies g3 algp by estimafhdwping a dynamic
| 112
m%.?‘&?r’%fd‘%“%? s (ST oetmibh, WAIER HAES SRR hdn e
mddullun dfdhe pajymar 30 f_;meadneof teimperatire aglitbquicacy bﬁtrlbﬁu‘tlon
@%PET Tg = bout 78 ﬁ‘ 5“?” 112.is 20 over coat ed
O Bydsipedre femper Vi%bie g rRpsmispiy e PuRROsh layRR@sssmbly or
de®REAVe fRad it HRfsu FﬁPrETagye? rbgseftrw'l%?le&e\@é’eq{ag %ﬁta@grage frBnsmission

two or nore visib t’-transm ssi ve 1 nor gani
ovpithe ivistble pgmsion of shecdpeaisuth dligs f 2 Bast hBGutaZlﬁ)%,lﬁéhsured along the
separated by polynmer |ayers such as layers 118 and
n0¥2§aX$Assenbly 110 also preferably includes a

BT LA e T S

1102143111@5 sﬁﬁﬁﬂ:@j 12 hade &F SVigvR 1aght &Hhsﬁh%bﬁde %kﬂdl@f)lasuc ﬁlm having
130 that can be ma | ami nati n togeth

assenbl g
a %%I%%lé%%?qt@égbﬁhﬁmiﬂﬁltﬂ (a2 kot 981 EhoSupportiiz fo.

ospEhLd DAL HIONE08% 2 EBSen prsqug et orFSPET
andl h&th'ebbeerba)ajd?d withaws ot myﬁsﬁm@ﬁ&ﬁnﬂﬁsﬁél&ﬁ)rgamc barrier layers
visible [|] transm ssion of at | east about 70% at

suggisas lpyars H’éflép apfly24 ﬁ@a&ﬁiﬁp@f polymeniayers sucitns lpyess 118 gl 122.
A 0SSR pEIEEL RO LB 5 e
viditda ightt mshessivesihagahic batriep tayeetPer at ur e when t he

(0098 g, skt 1 oBieed her ssspmbly da0Y oo adg by laminating
RSSO SN PO RO RO
light-gdnsmagsive adhesive 132.

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

4
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support has a Tg of at |east about 110 C, yet nore

preferably at |east about 120 C, and nost preferably
wW@bookeswseo about 128 C. In addition to HSPET, PCT/US2004/009956

particularly preferred supports include other

heat stabilized high Tg poI yesters, PMVA

rene/acrylonitrile 5 ("SAN', Tg = 110 O,
than é’ﬂ eofarohyrheshyl Iaﬁ’(hy@b’latm(“?l\@f% Tgg 18526). CMore preferably the

sugg(fﬁ/ g n’tg g?té ??b b‘e (§ e?ggr)ﬁ%megef%yéf Peast a?Boutq)20° C,and

méd :piv@fdsrﬁwly%lﬂaﬁtfﬁioﬁﬂ?z&° PV’ adleﬁm-'to mcm gy%c@aﬂ preferred
t her et her ket one (" PEEK", =" abol

sugm pglp@q piberlesapaiabilizehmgh, Tg'[[g) yestens POIM A, |sgmen'5gacrylomtrﬂe

AN TELAIPES st implsi s oA 182 LI o polyethylene

na hﬂnmla@r(ePEﬂJ@ Trg ab@@cqu . DoBox [yﬁ&hby%%*z@mw (rg Egbout 125° C),

= about a- math styrene

powmaphﬂmﬂemr( %TN Tg PAbout l‘Bé ©; m@eﬂ)eretb@ﬂwwué (‘fﬂiﬁEK” Tg=

abpuas: O)pptiryfigatcestis ¢ bisor Tethast bvdush T peworopplymaers (o2,
DY‘NE@)‘NTMZH?E @rFol@ﬁieY 8f ch:x%ﬂh&%gﬁ)pgfleﬁéﬁetraﬂzqﬂ)éoe&%ﬁQnec)and ethylene,

et her sulfone
Tgﬁc‘)h 1427 @), qbel}(cmhate'(‘g)&” digauabod? 55C)C), pollyyi-miethy] §tFeene (Tg

= 00 C d 15 h m de (heat def|ection .
- fefip b Cobolghsels CHRuPE ki R Hrialiienelpiire dgrsbout 105
uﬂi}ﬁ@:ﬁt _EIBS{)% 0 »
C)zg%(}ed():l a?regllég?]gfe&(grred ’% aég{)ﬁ) cat’EJX%\/\Here g?% elg about
21peL), opmtyargﬁulfenepé‘ﬂ’&[ﬁ?umg ZQODDJQ)J;IOW eheesudioneUIRES”, Tg = about
xpensi ve rials nay &ed Preferably the
223 B Gl g g (A b Zbowiagat Cb rolyimdediar abowt 4dg° C) and

po ﬂlapaﬁlﬁﬁg 1201 JerRRAHL teﬁg)oéf 1980 @E‘f_gﬂgrr a%gﬁg%trqyﬁ gﬁl%gér 1981%%1%1 costs

I'rst po yner |ayer ving a
aremm;wlﬁahb stppetts ofadelSPEEPHTemd REN pretddpectalpmeferred For

t f I t I b | oyed.
PO WherE PO A SRR BRELCE Reters B CUPPTE ot gfimats expensive
maeﬂlawﬁw bBER ﬁ?yl%ﬁCPiﬂﬁErléblgrtﬁé ﬁfg?sﬂ hafa %é?%qéff Jb'agt 0.01 to about

first pol yms ["fayer has eat er an t
1M0r¢rmeéar¢ﬂgfabmatﬂ@51aa‘ﬁguw253mm east about 110 C,

1081 or Adics ST Ecdayerauing ke S68 RO eiaRfa (paL of HSPET lies
atd}y 186 SEFRE. TODRNRY 8f &%e{;ﬂlﬁteﬁﬁlsléﬁﬁge Eﬁ’ipfd%@] va?dufmaﬁe

['ayer “i'ncl ude urethane acrylates (e.
mesiopers ®4t OrmsditdNy b, Tgrgolymalts@m e@@Cl&],ly pmfeh'red Preferably the

e des iy Taaf e i Bhnnl PSR, yioto brore PR P at toas

abS@r1t10Mey y@Qnore-ﬁgeféra@BDdi‘leeﬁﬁak@n 150°re nhaetost Efe&‘ér%l% at least about

20Bent aacryl ates (e.g., SR-399, commercially avail

r bmEspecial hmre@@red rrt(glomeaeubm cag (e 3eddp, forp the/first layer include
R A TN

coﬂ&l&alau;davaﬁlablmdm B@it@ﬁ&f@@}% 1&&&@@@& )éia?é @%., (SR—@%
SR- 355 commercially avail from Sart omer

., 10
commgggialy o l@le fmr@ﬁﬁymgepe(l(g; "J;,g U|abgut 88° C), dlpentaerythrltol
pentaacrylates (e.g., SR-399, commercially available from Sartomer Co., Tg = about 90°

C), epoxy acrylates blended with styrene (e.g., CN-120S80, 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
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WO 2004/ 089620 PCT/ US2004/ 009956 di acryl ates (e.qg.,
SR-230, commercially available from Sartonmer Co., Tg =
wW@beunsdbe® C), 1, 3-butylene glycol diacryl at ePCEUS2004/009956

SR-212, commercially available from Sartoner Co., Tg
= about 101 C), pentaacrylate esters (e.g., SR-9041,
conrercially available from Sartoner Co., Tg = about

diaqyylaiss (e.pef | @Mnnlegialty?qvaﬂdzie fiont Sestofeer §o,, BR= agcmt 100° C),
I ab k3 ' S Co,,..Tg =
S ) 1) S LRSSy T e .

Tereubmit 402t CY, peuahdrghkeesdidrd (8. S8R OB, dthmerd@lly adfi0Mle from
103 O, _ethoxylated (3) trinethylol propane
Sagtomgr ?39|= dessahaut §02° Qrpgmacrythwiteldeteaagtylafesiea. | 1285,

FaR \ = Okit _ -ethoxyl at ed (3)

% ri mslta @F%ﬁ%rﬁfgpf%g Stall-rJE ?%lgrr y?é?gs‘la% gut?% %@%ﬁ%ﬁﬁfﬁm&

trieaypiates ¢¢.gl, BR-4d4q comhleeeiiltyoiaiiatit GoBT S&tomer (. ~T@LaWbut 103° C),
103 C ,@%I koxgl ated 10 trifunctional acrylate esters

ethogylted @RirgoeiBylobwapase drizarylpten (g ) SR1454 eammersialbravpilable from

- ab ) . | at
g LT 160 6 SRR AP 0.
SRE454HA,gcommadyciatly 20ailab)e, frdirlﬂ ;Spﬁmhyﬁ (ljglbng @i abdhﬁlé(ﬁ”' @Y, 8iioxylated
tri:%gl:c&é% é?&_yég%%ﬁerg &?&ﬁb@pﬁ%@é@@ﬂy Zyai{ﬁ%grgpﬁg]%g}%rgwr Co.,
TSR By g S T R
frogh ﬁ@ttdﬁaq_:rcﬂlo.df gerapbuit K48 <1) eneopéretylgoly coCdiabbfdates (e_.g., SR-247,
co%l?}lf ?\léag%gl%\r/{allﬁ gglit%geqf, éq(’)'a g gr@éggt? 1?07%%_),’4%ggxy_latgctl) ?4litbisphenol
a GiRBTRRES1a0ds! (¥.ga\(ah 1486 c%nﬁﬁ&@i'ag? 5@&9%% F\i)%%zl ’fgﬁgmzer eBoY%: = about

110 Q), cyclic diacrylates (e.g.
108 bvestyelohéxape dimétharsll dizerydate 0B sCheniCER1E6, chmmeraiatiytivailable

ti 2- thyl) i
ffp Sttt Te2 gboudlSes Nl et 08 er 5523 o
coitheRelAll P#Rsilable fron] SarfordBaUs., B 2 abdut 80P ﬁ)?é}%?c tﬁ%agfﬁﬁes (e.g.,

foregoing nethacryl ates and nethacryl atés o
IRRoA1dgenmpgersially avedable roopUCBGhenficals Terohhort 208 2¢eand tris (2-

by DS R e RS S RATY i Plperom

SattomE0Ca), The: Uy PEr C)Naghlatés of tHe-foreR¥ingith@Rdbrylates and
a

evapaqration and vapor deposition of
methagrdaten el be derseeing apviatesonomer , fol | owed by 25

ssl 4nki ' an el.ectron beam

008! PRS00 Ly SR A8 B B Bonomer o
oligmperrtatthssubstratt had coslirkilgahe eivee®. fofed #d @rﬂyﬁ&f InGHRNEY., by

can be inproyed by cooling the support. The nononer
flagfh evgppigiaR AD &%P%I@BOSH@%% tpdigtienycropdinkable menomatsioHgwed by

i | ' 0 tin .

S LS00 AT IO S By ALl FORLL o pectica
discharge apmtats or ctherasyitatdadevig). , Codrimg eCficissdyi daki ®e impraved by

clut bove. The first 30 polynmer | ayer can_ al so be )
cogliie e SYRPOHp pihgitRRpomer gy alsRsican AlsA §e anplind tgdheesubsirate using
co . . ! 1 L&l

RN ol RSy o B0 LSt T
coating (e.g., electrostatic spray coating), then crosslinked as set out above. The first

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

may also be employed if it will provide a polymeric layer having a glassy state at an
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may al so be enployed if it wll provide a polyneric

| ayer having a glassy state at an 6 WO 2004/ 089620
wERONANSBRO4/ 009956 el evated tenperature, w t hp@I/ghme4009956

transition tenperature greater than or equal to that

of HSPET. Most preferably, the first polynmer layer is

formed by flash evaporation and vapor deposition
el¢V@tdddmpefa§pr@ vodsh glaks m@sﬂmnicmnera@rfggreafas thde ot equsé tb that of
H%]{’%‘t{) Ié[o&' 55 r gbtﬁeyfigﬁt pglglgiegia%gf Ch i %sgfzgﬁzdrgt%osn and vapor
debe{slabm ?dll‘é))med %&%ﬁm@ﬂ il S8l etas aéschbeémo@‘% PotbaSNesY

et al e@ 800 Shaw et a 3‘3 125, 13%Shaw et

4,696,719 1ivh9ffh£672(2§iév@4@tn)a4,8‘}28 6aligost 710u4.97hdA Sfializis),

5, 864 3

5,818 445 R B 1 393400 GRRy R s 5 (OG0 (bR . P 136 (Shaw
ot App I5j4z0446 msmv elMD), 52942@@76&&@@%@'[ M)Te, (E)Ihﬂ {0 QLﬁﬁ],s et al),

Inc.); in D Shaw and M Langl qi s,

6. (S cbrlorad 1 s D Nialine FAgab LT RS pmplicaton No. WO

OS85 oSV RRORKEETAL Y SR SRAM . GLGE A Vapr
Dépperidn Pﬂsmsﬁs (oatiny/Baser ah¥ePolyirier WgebAl,r6th aiterndtiornal Vacuum
Films; An @é‘fz Soci ety of Vacuum aters 36th

C%ﬁlﬁ&&‘ronﬁf‘é@rﬁﬂ OB & e fmdd\éle dl-pigEoip. g9 Bpw HlighSpeed
Prﬁbes§?&%ﬂﬁo%os@hn t@'l“ﬁrn F1 € A Up@ROe! S%@&Sdf{\?eg:u}lm

nprove 't arrier Properties 0
CddastraBBﬁhz&mwél Tmhmdsbeommenoé Piwﬁ&ee:dmgs@)wm #1 B7GhShaw and M. G.

SO ey i b o b el o
Meﬂafﬁﬁe@ ‘iﬁlnﬁl"_—’V m&@%?d/aéﬁﬁrﬂ |C%Bférsc9ﬁﬁ Mﬁaltﬁcﬁﬁeﬁtébﬁf&%nce

Surface of  Pol yester and Pol ypropyl ene Fil
Précdsdinga (E294); ikdd Te Shaw1 B0 Rophiigy M. GALdrighois and €. Sheehan, “Use of

Martin, ., M C, d E. . .
BVl A st o ines it S riEe St iksot PolRySer i balvpigpylene Film
SLf(B@ﬁét@@"_ Rﬁﬂ’Pédh(‘(@%Bnm’J A-fﬁhl'fb @Magtn'f 'M”@r(?szcb (‘f’t?fonadf‘)%nd E.

; fint E.” Gos S, C.
Greonwela (& acaon dep Qﬁlte@alb'mer/metallmml@m/ﬁms fampti@al ayplication”,

TR Shi pigp SR ar e aP55 FDARUAR Yo o € & Coronado,

G QordaffeRCeN. BiRageHian@P. M Ve, “PbBRZe?10xi06 Temeedr Bt eButrier

and continuity of each pol ynmer | ayer and its adhesion
Layerst’ h¥ocigin @ Veguumy Coalgesy3Jth Ahavad Hleghnieal &ionferverng Bygeeedings
(1?@ ropriate pretreatment. A preferred 25 pretreatnment
Géi men enpl oys an el ectrical discharge in the

[0PZ3SeNThe %oathﬁegstaa@ enti@§of égch ﬁzﬂ{rﬁ@nay&@ﬁﬂ lifé@dhesion to the
at nosphere (e , plasma, gl ow di scharge, corona

undrE iR lgyer pesfeshely i prnanesdr by approprgiNEgestment. A preferred
prgt?&?@gﬁgéélﬁ}eg[r ﬁgarr]l?e'lesc%ﬂﬁﬁ Sﬁlhar regbgr@lets&{c tFS%ﬁﬁ'{o”é reactive

ortrlog-rsautifva @ﬁn@ﬁphéﬂe €e.u)) gy g’lgwl cﬁ?ey:hﬁrgﬂmoeonaf disehpigey éieledtric

formation of the subsequently applied polyneric |ayer.
bapperdischanesor alpoppheric prgssure dlgchapg%) chem’ijcal %)/retreatment gr flame

pretreatment. These pretreatments help make the surface of the underlying layer more
receptive to formation of the subsequently applied polymeric layer. Plasma pretreatment
is 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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30 is particularly preferred. A separate adhesion
pronotion | ayer which may have a different
W@ 0vposiced on t han the high Tg pol yner | ayer nmeRCHUSWOL@®9956
utilized atop an underlying layer to inprove
i nterl ayer adhesi on. The adhesi on pronotion |ayer can
o€ tfoi exanple, a 7 2004/ 089620 PCT/ US2004/ 009956 _
RUBIE PN lovear @ mefglagonfinigs fayier suchgn pdaysr agmetahanetal oxide,
mébchtrRR yRfridet i | oy
or netal C@g?(e;%ﬁxr i d e(fi@ Tﬁg@ aggﬁéégé g%ﬁ%%%ﬁ%ﬂ% glf‘ Q?rlg@mess ofa
fetyane(cag.t hocRnay go afoun 50 henyandredrebegthickér @idedredr) t O

10828, o % A St ApmeraPlon and tifkoeh 6L e GFstphlbme layer wil
depéridSih pag dITRE nhtBdeindWut thee éﬁéﬁg@%f the gtg{ ort© pl‘h%ﬁl@ckness

nature and surface topography the s ort.
preferablorie sufficnétaprawidy aismostlf, flefetiefree sunfaoe torivtlizhahe subsequent

BB SELE LR FAAHTEE A gl R LToeT ey v
a thicRngsk ©f a fdve nfnl (espl, 2064 HHRY tol MWL 5 BRI, afid biH GXMGRSr if

of afewnm(e.g., 2 or 3 nn) to about 5 mcroneters,
degirrd- can be thicker if desired. 10 [0025] At |east two

i5i bl ' -tk 1 8sjive i.-norganic barrier |ayers
wﬁsde ar a{gtega%% 8%%@%3}%??&?%%?5% Piegrs Dpiey lvsreseretaied by a
pobmee dayel having balg géattiSkinor do@abloaRat P SISPETS e £ YHBrst polymer
Iayﬁ’l. Ihese | ayers can respectively be referred to as
laye,e Thesp dayfers Gaprgspsridvabube reforraddp as the “firstdoenganic barrier layer”,
“od LA :] a “ ) n ol ynget,. | ayer™. . .
S PR R L UL oo PO p RN 80 B ipnl Boreanic barrer
laylezsyeand potymertieyeps exmetet prodentlifslesiad, inch@inhhd1gmBOlyér® that do not
h I aglfrs that. do not 15 have a Tgv\%r eater than or”equal
aYGA 1 grealy thager pqughie fhat abHSPROwWSferablydio wivieyedsbmieighboring
Pal b [ r ] ' ted . only., b
paif B8 IofantPLAEa oS LBl BB 4 B3Rl 0kR0 Bl ppe a Te
gr @tﬂﬂ diantcmletlhdtto tfat blﬂ:fEH'ETa:ﬂﬂl mmreq)rﬁ’_?_ﬁbl%r (&ﬂy Yy @J}Jﬁl/ynbéfﬁ@yer or
ol.ymer er or er ving a Tg greater than that
lay§¥s %W.a?%érféﬁer%ﬁg%ﬁaﬁ(ﬁggﬁ\‘é- barrier |ayers do not
0028y e tThdifotdific HaEer | | ' : , :
[ ba}/ri er rra? eglraiﬁl gl S caéﬁ'ﬁié@%dnﬁ%‘?}g%f" l%?[felgg%léédA %thaorfil%orgamc

barpigy wiatsrialsevan be glplayed] Bofernast inbrganicibdaser niméridls include metal
et al

nitrides,. metal carhides, tal .oxynitrides
oxifed BT s, et ot eine BhedmiBko meta g Yborder, g
cor¥inatesnsIHEBoR 8. oS slliceR pxﬂleéigﬁcﬂlég‘sﬂ?éh,dﬁcﬁnﬁfdﬁpoﬂges such as alumina
alum na, titanium oxides such as titania, 1ndium ’

titagiyg exides sugh gs tithadn, indith wwides, tinoosidis, ROt oxide (“1TO™),

i Zi r.coni,um oxi.de, ni obi u xi de, boron .
tan%a‘iaip% I%gfgfa %"rﬁ’g@% RXIQS’rrB?IHEm ogcll e?, Bgﬁqnfgrb& gl.}qgétfen car%ldoe, silicon
carbidealmminuid hitiigle silisbh hitQde, Bbiohi ﬁﬁdc,%ﬁ@&uﬂt&imde, silicon

al um num oxynitride, silicon oxynitride, boron
OX\auHidR: harer oX wtitrige rditeamiziy reybiotide, titartimmi axybanideyand cembinations

Lnations ...thereof. . Indiumtin aoxide, silicon

L R NTRCHAC N TN
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
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
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especially preferred inorganic barrier materials. ITO

is an exanple of a special class of ceramc materials
wao bat/ogmeo becone el ectrically conducting w th PEEUS2004/009956

proper selection of the 30 relative proportions of

each el emental constituent. The inorganic barrier

| ayers preferably are fornmed using techni ques
evmwmtmpa;cbhemmh gapfar ldepositica, plating gnchﬂle likec Maesg preferably the
utt ri.n ode or, anar netr
inci s B Sisdi Grtd BH0g abfPnf ack (RIS lring, Fgpanced
baRRAPPeMSs AP QB YDA vEGIh&OHE GddrOAH0 Bier RVIBRASESY @lih)gh energy

chem Cal vapor deposition, plating and the Iike.
depesitiasrtagingquerrach pemgiaring cwarrﬁdeto Jowype ereray @Chmqwuch as

coxg)velnt1 gléaﬁpﬁ%rtgg:rg Ye}%é)g ﬁ?{%\?itloﬁl2’§ ces ?@%ﬁc?tuwhémg bﬂm&ggry, itis

beli®Rt IR itife drtvBed froptieRde Bire @ thd: EhdRASING ¥peciteR@SVihg athe
techni que such as sputtering conpared to | ower ener%

sulvs@@twwglm grsaten kinetig energploasting ©rielowenepir deactign poi result of

cofRADH 30 B 9RERCH SRR o AL BRIt el BB s

adh&idnne teondRASIngdagpeah 88 edtrantad lﬁbgplatreithﬁntsS(H lgs piing
with greater kinetic energy, leading to a |ower voi

prweaamr@hsuah aathOé% GFQCHB?d a@aﬁaa@krﬁﬁsfﬁencvﬁ%ﬂse sk pluay layer.
co gl
(0371 o The et oAV 08 faVHabe RERIYche L) The
degireel chemigab Bdimp(ﬁﬁtl@n andlhwimas b0 egwhahorganinbatrjer $ayehwai$ depend in
t hose descri bed above with re ce.tqg the fir

pap opyfheratpeand surfaesfopeeraphy qf {5? E;%f{ﬂ]?ﬂé’m@dﬂ’?fé‘fld IOE;%? desjygd

o PR o B Pt Rl e oA PRI RS B erably are
suffaientlgrthickhye s Wi bd condpend, amd sufagientyrthithe® asdo ensrathdt the

B S SRR b T SE ST T o
VlsI ?fl]! Hpﬁﬁféﬂhé‘sl(ﬁ%rfd' BxitliBie ToefBFa8 yetha Bhysid @hléléless (as opposed to

iclently thick so as’to be continuous,
thcs offtidatiharknbss) bﬁcem:hsnorgsmc barnzies layer i houtt3e abbmtr Ir50eym, more

es containing the assenbly will
pr%gvgrbarﬁéuhggq zéapjee of wvisible light transnission
[ogsy] fl ﬁ%ad@ihthdﬂﬁb 1ts%"aﬁ4i&rf@mmntdlpomo%t16@bf b GHAGS D (RSvisible
opposed to the optical thickness) of each inorganic

lightxtressmpisdivg/morgagicdinstier 18yarpcantwuised 5o nyrosapush as an electrode (if

bout, 4.t
sulfiy Ehalted T 4 it RaRPhufitsn Toigiin b 1 Higlel vy feayjne o
poRith & a 18Pr@xPbseldtR byicshicing b la3RE tof d RAG MBIt @ce or other
i norganic barrier |ayers can be used for pur poses such
d%@bwwﬁﬁmﬁmrode (if suitably conductive) or a
V in gﬁg gc':ctrc))'gr @%{er ?a%/%rﬁ tgﬂlesgp agtgt@ (t)lg X s?%{)dn'dg%ﬁ (Eng %{dditional

1n@rgh1@&’ Bbrrie® la@fefsﬁdiﬁhot Ghaveisite the emee, and A6 herall ledvemb have the same
el ement. 25 [0029] The second pol yner |ayers that
thickmess aAevarigly of seeqnd gc&)eaﬂdaﬁéﬁﬁanaéw hiep e applpyed. ‘preferred

second polymer layer materials include those mentioned above with respect to the first

polymer layer. Preferably the second polymer layer or layers are applied by flash
evaporation and vapor deposition followed by crosslinking in sifu 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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i norganic barrier |ayers do not have to be the sane,
and do not all have to have the sane thickness. A
wao 2004089620f second pol yner | ayer materials canP@BUS2004/009956
enpl oyed. Preferred second polyner |ayer materials
i ncl ude those nentioned above with respect to the
first polymer layer. Preferably the second pol
layesy €he @frsubéyleerrmca} @nammoedm@ jhiekngshofIbe sscapd pa layer or

B R RBE SR Bfrele PSRt FROIRuhY SR bl tovero.

THe%h‘cﬁihd pélﬁﬁ&tlﬁy%@&lﬂmaies§ph‘éfbrﬂﬂy iaskeieR 36 hidvadt A88Y®h, defect-
asma pretreatnent) preferably also is

freg wplr%wé@ whighor suhsequsnhinorgsaicdrarterdeves sen bo pgntise. J'ypicelly the

A RARAR ST BI04 AR50 B D AEE fmer o

Fopexanigie, dadly &dcofid polyayee ls/eininal haepethickinessaaraboas fii@o about 10
nature and surface topography of the underlying
micgpmstqrsyand cam be duele Ck?é%r‘}‘ﬁ‘er | ayer thickness
fer t rop
ORA,  FRRHS (S Bl B0 PR s EOble S8 s

topedyedanbaiefemred pphd thd “thindpiotyahdrilayedne Bolatilizable (odti)merylate
| ayer or Ia%ers may have a | ower thickness thgn t he

mqnoms He ed foy ape n the thirdpolymer layer With yelstlizahle yerglate

i f
b8 SR RYE ok T 30 MR PTGl ot
(e.Br, dfose atehiionddenbbse mithrrespesteniihe st drmbsecendopalyaet Jayers) and

VO qt‘]i&/ r{ﬁ% pérg afpgq%tgﬂ%tggﬁs E%ang %CIo\gggt,rgz% ?qnmglggﬁdg\dgrge%?g rtngst%referred If

degl%t Meakid bailyrer 1 POROIRLP1A Gsifd &REhtchal Q(Satﬁﬁ%‘?nétﬁods such
he third polynmer "l ayer, With volatilizable acrylate

as mqﬂhmﬁng (hay grayuze oY ogateafg) er sprapnoasingdegalelectosthtat spody

T b al | f €. 0. L .
corfgiens BRCtOSUGVEY i OB ‘PE Iy st 2O Rictgablyho third
poRQﬂléf'TE}fer {s3¥8h&d bR AEsh Xabaratibh ZaPbrEIp6SiMbR BRI E@Qé?ﬁ‘iﬁfn% of a
Having a Tg greater than PMMA bei ng nost preferred.

mehosiar esl destchbect #hove with iesiect lodhefirsg almd tf@oacpmlwwr lre/mrsg A
conyenti o oat ods such 15 as .
pr?téeaé'nent 5? i 4e|sg—&b%§t Plﬁej (e(% o ?;SPB’;PYS‘ZS%%%W@S Pléef%ragly also is
&k peidk & f ﬁnﬁﬂi’cﬁrﬁ&f the @afd ﬂl%m 118 qhe FeditdakeBemital B8mpositi
or efgir%pl e,0 UV radi ati on. : ?dgferabl / t he Itnhl rd postton

angd dhighnsss ofhe thirdpdlpmerlayesywidll @pm%maa@ﬁroemt @natuxmqydrsurface

oY B PR PO P 17 TR B T Sl SHignt be
ex%@ééﬁrﬁld plisHbed dSadaRGhirdhis. aBhd thivg ?3@2%2 gay:egdlé%@l@sse

asma r etreatnment) preferab
pr@fﬁ@gbylé auféimeaﬁ aRyOVigEe retoghh. defeethiseq frfage Bt yibprotect the
[ .gal t
e 4 58 S SR T SRIRGTL 190 pet
lowart thicEnéss dhzﬁ?ltthé éiest polynied Yyepimd :Dérehﬂeﬁt}ml@iesd thamﬂle second
| ayer (s), the hazards to which the barrier assenb

pokyTagitlaysk or aypiss dlar exmeplaght thirmodyarnlayes maydave éﬁlﬂﬁ]ﬂ?ss of
ab-cql]t% ﬁlﬂ't«g gbcﬂﬂ? llb 'ﬁlﬁrcrdn?éfgrg, aﬁlﬁ'c%gg tiicker if desired.

[0031] Preferred barrier assemblies have a sufficient number of inorganic barrier

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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preferably is sufficient to provide a snooth,
defect-free surface that will protect the 25
wapaensdseing | ayers from ordi nary hazards. Typi Rel/Ug20041@09956
third polyner |layer may have a | ower thickness than
the first polynmer |layer and a greater thickness than
the second polyner |ayer or |ayers. For exanple, the
relative lehndity, esrelpaaferablyplyssthaeatmut BIOOK gasddaf at HIliand5100%
nmto about 10 mcroneters, and can be thicker if
relatizes gl ity 0QBtpstreferably tshihan bout A8 @it iley bh§% Gand 100%
suf fici.ent nunber of inorganic,barctier 30 |ayers and
reiie B o O s O Sl sy A pre g BEHCent
traR§Bls 62 Bethenet08 ey hihd TOEIMh) ¥F athéaghabbiit 3076] Rdte proferably at
barrier assenbly will be visible Iight-transm ssive
leaghabowt §9% e preterredat er vapor transmission rate (WTR)

06583 083 5 BK Vel beets a0 el PnheRAP ol

mapuecarabf artiesssédisliesalid inOer}idn. Fowetedayllal 8 ard 1818 move
100% rel ative_ hum di t¥hrand nost preferably |ess than

SupRoBig Welnb%2 ackangdorthihreusheappagtueddd, Teapatatirg-controlled

) Hﬁ% @u{rﬁéls};ﬁ NS RS 20N 118! 10RS 184 1184p ARUET 184ACH 1A %4e carry web
averagli ng the percént transm ssron T between 400 nm

182 past Zddal spyttaxingatppliesiot 185 plasma pétrentor €86 mafromnad leyapatrator 187

o P B baB R 20 8 EHSH Sohorh BBleSrned i Do 17
fronPldsedvBir190) Su&ﬁeﬁ‘éﬂf/@félfyé&rs @r gﬁirm 169§ casseipplied fo WEb 18P using -
invention. Powered rolls 18la and 181b nove

mtiplo passes throwgh apparabmdli80addlditmahapphicgorshprsppateest eporators

80. .Tenmperature-controlled raqtatd druns .183a.and
ond GE5eIEAE doatete oo &dEg % Fonrpdlif 180 o e e R i of rums
188RbAY 189 tdl bhabfPschasitialBékition bF b&ictdl @aidpf lagérs OMph&atus 180
pl asma pretreater 186, nononer evaporator 187 _an

d

caEbp ergioser i 8 Sitablnehagber ot siggyn in kjgi 3) and seripiained gnder vacuum
A ;

or RSt ERSAR! Alnchfilr Y LY G368k, w yonor

duvetnd bBikr ughsspheriit dritgh@ae Sivasintdifeping vithpthavatiows pr&Peatment,

Addi ti onal appljcators, pretreaters, evaporators and
MQIOFEE CPHIIEN GFOBBPKEEANESRUEIEHDPE- t 0 appar at us 180,
X iddal 1apBS" in3k BABbelR1de8 R M rid Aemblies of
w@oﬁenagklgg%e%ﬁg}@?g ag%%gﬁqn%% %?b several pairs of cribHes 0
thé¢ myentgon tdajter atimprds&theic phnysieal encieosed piapertiesuparttilarly at the

chanmbe nat 0 .n Fig.  3) .and i nt ai ned d N
s ahie BAReL R Serleyerar HiREL A T 1, SR isble ight
trdn&a%‘éi@@ tohdicHi S B Y 1LHYERNe. gVBE BIdiMARA bxide‘}‘;%ﬁ_st@ﬁ@’ coatings

ot her at mospheri ¢ _contam nants frominterfering wt _
or tfthas MEamconetargants; LBG stabilizers; ahyaroreresisoat ontgrdcoat materials; optical

bR e B bR b A
phe@ghdphic Asasiohs;ipeismafic fiths hoMeedphicofinisbrainbgds; 8dhesives such as

I mprove their physical or chem cal properties, .
pressunei senditayd adbgsivesa 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
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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surface of the barrier film Such |ayers or coatings

can include, for exanple, visible [ight- transm ssive
w@orvdiogdseove | ayers or el ectrodes (e.g., of i ndP@mUS1004/009956

oxide); antistatic coatings or filns; flanme

retardants; UV stabilizers; abrasion resistant or

hardcoat materials; opti caI 25 coatings; anti-fogging

[003d]er i Hpwsommanpicateonsyit ey etdesienbls to aétgyathpmgpeag@nce or
pe fo}rH&hrcgg) : C%ﬁgﬁsgern%ﬁh 'cﬁ Q§’b esﬁé\/ﬁe}lt ' Cd 'ﬁfg% layer to the barrier

asgemetslp, upplydiens piglmeﬁt@lcﬂaeﬁmg/&sthe surfiet oﬁﬁietbaﬁfﬂé}%&téﬁﬁﬂy, or
ri.ners, to pronote adhesion g%‘g adj acent | ayers; and
inglying & e Ob RIZHIERK &) e G aRUF PhINS tPrials BSodtia Makp ghe barrier

asQBHLY eTh@éf@Jﬁl %,‘mbﬁt cah Qb&Eb HH &k %e mAGRERENLE %Jg]xsl d;]f?féé.%pectrum,

hese func corrponents can I NCOr pora
ingodiog pomonsmf theofifrarhe, ldtnaxéo]ebsttV1h1h§e€spectnﬂn tThe dyarot ipgment can

be R aT it m G tterap B S B be G SRamP o DaBsu rlg orhere the

baf 1R aSRIDI PR MG AR Sfred h&nd?@élwllﬁfe ﬁﬁé&tﬁ%@tﬁer& o alter
t he ap&ear ance or b{;,erformance of the Dbarrier

[083 enbil s baytiehass dan fve tegeied gvith, By edampleprinkapeptheoprinted

ted.. t f
o 5 8 B e PO i PRRLBR B STRFub R B i
adtiyr€is@iond, Gnmiihgd, deCuietict, ofBther RforhfationByaribw ©chifitbsicn be
make the barrier 5 assenbl gtaéThe dye or pignment can

usethtogiit op tharger asprmebly eyush es dor eginmie soken prnting, inkjet printing,
f
thm d?fgéllﬁge}r rfngﬁk,i‘}lgﬁ&g{eggépeg{g oﬁget%ﬁgtlfa%} gfegg)&%%l rTgrr]ltntmg, stipple
primang, lheer printing, ;and sorfdrttyend virlitels\o;\p{quef Inllqceﬁn bk uk&E; including one
arrier assembly, . art y .where the barrier

and BB ABIORTS i o ey dry o LNCaripg s G bisdink, dispersed

uﬂ%t Qﬁ“sooo/g ﬁ{;@ barrl er assenbly can be treated
npl e

for ex , Inks or other printed 10 indicia
[0&1&1 h athe¢ baser assedblies ofithpinayntipnado bt usaieotiniibit iid amsmission

ori.entation information, advertisepents,  warn
of RS BT, O TEBIRINeF Biss Bk VOIED RPAGRA B basier
as%fbh*é? of ﬂ'l%fi‘l‘ijveihﬁoﬂ hdetspQiallyN e RA LS e%Eap%ﬁﬁﬁHE bLEﬁs; £iBht valves

for exanE , screen printing, inkjet printin
su@m@sflrﬁalld enyaiabdisplapy (L6iPs) @gnd bthet eheptrcancs depmast iAntgpresentative

B TN - p——

entn)tmg%ldéfof ide¥ice 200 Eh%ey&ﬁﬂnwarﬂ% Wik, ag Mﬁek@O@ﬁkﬂudé&% v1s1ble light-
conponent jnks, oxidatively drying and UV-dr I nks,

tragsisEiv e Bertich k@emhlyﬁ&rcsféhe inveiion mﬁmgmmqrdﬁoslymrémt shown
i R0 TR B PTGl W sHOKE B Ry

entittingetiucture@206s fgard wnibarrier waeirdly 2 10 m&@ﬁfajcﬁﬁith @isouter ITO
The barrier assenblies of the invention

layetneErre\ 20 sentamsagiluralibegidereas (neh H@L@ﬁxallw shgw in Fig. 4) that
coU rXt@ %o ?tgltshtéﬁncllﬁ%\*éa\&/rﬁglggugﬁuﬁh@% asdL i Eﬁﬁ v&ﬂeﬁ@ﬁ)talﬁ? glectncally

her e represent
energlzed Device 200 also includes conductlve 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

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 to be made with the anode formed by the outer ITO layer of barrier
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encapsul at ed OLED device 200 of the invention is shown
in Fig. 4. The front or light- emtting side of device
wQod4hsiwes downward in Fig. 4. Device 200 i ncl BCBEESR04/009956
visible light- transm ssive barrier assenbly 210 of
the invention having an outer | TO | ayer (not shown in
Fi g 4. but oriented so that it vvould face upward)
as

y 310 Metal $oih 25O snsldesrrien agspmbly 2E0dargqly @r@/@nm%terr wapor and
ox% #:SmfoL 1%3?%Eﬁlh§gtr@&ﬁ%r§§by 210 in contact with

e outer tructure 220 contains a
[0g87r al Thgllménﬂi@ywrllsnc(vm bt deserbed withréfgrenbotonthe folfewgng Adn-
t.hat perat o.emt ownward t hr ug baryi er,
g8 RIS o it v ng Deeteseh i by el il sathorwise
indEMEEE 200 al so includes conductive cathode 230 and
metallic foil surround 250. Foil surround 250 is
adhered to the back, sides and part of the front of
devi ce 220 by 30 adhesive 40. AE openi ng 260 forned
i n adhesive 240 permts a PPlSh 270 of foil 250 to
[0633] def argupgbthyéne Rthakie QNPEN”F lppeH Fil@3Ras OVBledS¥ith a stack of

openlmglnfml 25 o,t shown in Fig. 4) pernmts
acyydaie ard iIndimp Enegifle (WHR) dayersenrsased gransyebiayehatesuating

o Bh o g0k Sl PRI EhARR R The ingyiye tavers were

foleddr dseoll@ssenbl y 210 largely prevent water vapor and
gen fromreaching light emitting structure 220.
lowé

37] (pper Drdy QA mneset 1ang rolkei- B madstbickpetP8 inphwide
V\]EI ?ﬁ@gﬁel 00 PtEﬁ\?ﬁfng '(éo‘ﬁ)ﬁh&gltaﬂg Iavau a'bfg 6199)@6%??[&??1 Flfnlﬂs Tg=

parts an percen es are
120t 6% mas Idedintodirahteechll \E)camplpeocbss[lﬁ)g)&&}nb%r The chamber was

puﬁ%‘s@t it {Rﬁ? Qﬁr%? ?fg? '@1?0% té;érp hézf@%%%%&mrﬂ %Hltmﬁlaalasma

bratif ©ad 600 SR o@rtian h
ok IEE o S ATHRC 08 BB mgEcy 1 b

maamnmnymlaﬂ)admdeﬁféhe filt i chugdet with@rcoativeg drunf dnﬂahtoa@ C.

IRt b e etk s R e AT s useRert yith te

drlﬁrﬁ leinaltteatcaviaid alfaBe o B3 APRMA ad Qédylafe fiittiFe préthred by

120 C) was loaded into a roll-to-roll vacuum

comb@m@g 87%dRBh3Hbeiclic Terydtia fasarmensially BvailabireflomdiEB Ghemicals,

ur Gt s.treated with

Tg’a g@ﬁ@geﬁhgl/agﬁgd{% e;w aI? :b aryl%lg%%%u& T éonap P fntogeﬁ ium
(caainbaitdly availitde &owEUCBNEIREhiodls)0 Then®fy@4is mikflrewes vacuum
mai nt ai. ni ng the backside of the filmin contact wth a

degessed PrépTdp GRFER, PRERNTREARL @ flow Fifgeelf 1O aylmiarthiongh pe ultrasonic
RS ETERL RS, WU 81 RErbILENAES St Sontet o)
int® LarHeated vapsrizatiah eNambdrimamamed yt 258 Gn Khewresulfing promesher vapor
strke)Xm 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
inorganic oxide layer was sputter deposited atop a 20 meter length of the acrylate-coated

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

Indium Products). The ITO was sputtered using 1500 watts of power, a gas mixture
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20 conbining 97% 1 RR-214 cyclic diacryl ate

(commercially available fromUCB Chem cals, Tg = 208
W@E200Mi084528% EBECRYLTM 170 acryl ated aci di ¢ adhBGST/082004/009956

pronoter (commercially available from UCB Chenicals).

The acrylate m xture was vacuum degassed pr| or to

coatlnﬁ; and punped at a flowrate of 3.0

coptpiggh4asscm argem i B0 e AXYLSR 2bp BressUEe 0h3 nalhtorr and a web

S BRI (L EPTRLE A0 el 4 e Lo

acnybateit ai ned at 275 C. The resul ti ng nononer vapor

eam.con | asma-treated fil msurface,
1001y e P o e ifoetipS S8 PR i veleinh socuhgfriats ayer was
coitb(ll AERbsHRRERDE thetan 20\nét&dwe fbn%ﬂh' usir@ RS sdifle éifefﬁl %ondltlons
nmthick acrylate |ayer. [0040] (Layer 2)

as ﬁ}rrl@(wn brbu&mthrtb&se exeaptionss | Hlasmahweatimgntyeas, p@if@dl’nadl a1l a&oow

R o P RD 1 0 e
flowsiaftdwas © @%Urﬁﬁlo IndfoPaed a t o4 et thickAERR4ALS ket Hto% Layer 2.

avai |l able from Um core | ndi um Products The

[0043] ¢ t efLaaen i Thy WEDrastion ¥/ap peaipTRsicrsed. gsisg ﬂi@aameéom@tlons as
for 3%10944 g@@rﬁéﬁmﬁ?f&ﬂg@&% I5tna 6B g&;‘% ng 134 sccm

gen at” a pres

[00113[| i t(djajyer Drtheavsedirecsipe 8ds afaif) r&orsoet ©siag themair& cofditions for
pr ovi d% ﬁ‘;‘/‘i mthick 1TO | ayer dep05| ted atop the
Laz%rﬁeﬁl 4 o l%ﬁcéy atedpyet [Vag c33fed atgp Lk 4neb directi on

I
ed agdlr @r ossl | nﬁlﬁg ﬁgﬁ Wtaﬁ g@%{é‘#e\% i rrl?e%/igé ﬂyvi%nﬂ%g r?léld]ﬁons as
fonIsayngZ tas maﬂhlcbé’ﬂ@rlaﬂ’erms depdsited atopia\ycer Layer 1, but

ese 1.0 Pl asma t.r eat nent erfornmed .
108451 5 oo or, B i et rcetip e Beib B R Witas tf%ﬁ@mefon&wns for

L Igpa/mwﬂ@ﬂl Pel1heR wad Rehtb o R RO, flow rate
a% . 1 T%I:El H}goy{a ded a 1812%?[1 thick acrylate

[004@er "élnwsmayg seV@n 1a3[6® Stagh (not. ag*emng)thémvé)smb) exhibited an
recti rev% §e@t Jngthes i
ke R Eg RO 2307 Cerctrhind® oy Ao RETE thomsrretyer
trangfissien Q&bét@@erﬂtmrh@ﬁ@m(ﬁnmﬁ Pledstred dtay3mr aﬁﬁleﬂf@ndi@hce and a
direction was, again reversed. Using the

Sa
WS Y@pet tmmmron 1pi9\(deterningd Wc?ﬁﬁlﬁ‘ﬁ% with AchFM Hrledahar C and

108 Bt vadeclBy iR 6 pod st aey thutr ¥ stiondimi rate oFa MOCON
PERMATRIAN 3N B83/3 @VV'}“ﬁ}’t@ﬁn%’syﬁelﬂ%c&ﬁﬂlefcﬁ‘dl Vlaﬁ@lb %ﬁ{ MOCON

was deposited atop Layer 045] (Lay
Inepedhd |fﬂmcaisomxhvba®daga>xmgmﬁwsmedmnlﬂsue m@etemmn&hmccordance with

Aﬁ“@'ﬁi 500 g S el g of Hiotnt oSt Mk e gt was
beR§Y 20 t@%%/ﬁi/ﬁﬁ%lo%%et%&%% RS r 40 61 £ MRSEON BXTRAN™ 2/20

oxygen transmission rate testing system (commercially available from MOCON Inc) when

evaluated at 38° C and 90% RH, and below an average value of 0.030 cc/ m%/day when
evaluated at 50° C and 90% RH.

[0047] The barrier assembly of Example 1 was immersed in liquid nitrogen, fractured
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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aver age spectral transm ssion Tvis = 50% (determ ned

by averaging the percent transm ssion T between 400
wop00a08P6Z00 nm) neasured at a 30 angl e of i nci PENU82004/009956

and a 20 water vapor transm ssion rate (determned in

accordance with ASTM F-129 at 85 C and 100% RH) t hat

was bel ow the 0.005 g/ nR2/day | ower detection limt
trapgnissivg ingraAnEOMarT FERKAT R4, spropd nodwnerdgyers 318 and

m 4( i al i Inc). The
2 M R R Bl B a8 B e sl S on rat e
(determ ned in accordance with ASTM D- 3985 and
eval uated with either side of the filmfacing the test
gas) that was 25 bel ow t hEX@)‘FlB cc/ n2/ day | ower
[O(gfr%!‘ec;t AQBydn 1Y sfa@k%va@fpreg)amﬁe@éﬁﬁﬁﬁgﬁe?égﬁlgxalﬁm% 9€But using

nsmssion rate testing system (commercially

SRa%GAD alirteel dorylate MOSOKE (aooimentielly aeatkablediau Satto3gr Co.aasd 50:50
90% bel | 30..GC/l. NP/
et B0 e BB ARbBL 8 SaBa SR PG
isof%%ﬁl@m ﬁia‘éfylgﬁé?ﬁﬂﬂh@slirflg NESlasABESRENI i thé BHHndtioh bf DERAs 3, 5,
a

ractured 30 in and exami ned in cross-section .
andi§i Ahe astioatnd Tepf SRe248Idis 16772 Cobasep en amjagjthraeticygeage of the 62

h Lt i . S t 312, first
C ‘5%59?@?“50%}@?}1%@?%%@5% Cyht "4 VD 2004/ 089620
[0d9T/ Usﬁﬁ)é)fbéﬂ@ﬁg B6ventlyn StAtls Sxhibitdder Partge speviral @ansmission Tvis

!@%ers 316, 320 and 324, second pol yrrer |ayers 318 and o
= @89 measiredptraid omngheee! indigence 3 acWiy 1 (etaripingd o 8nCiand 100%

Fig. 5. Example 48] A seven |l ayer sta .
b Bisapischelam B Qo e s AP R e o PR tesing
R, 368D m xed acrylate m xture (conmmercially available

rom Sartonmer Co. as a 50:50 m xture of SR-351
trinmethyl ol propane triacrylate and SR-368 tris
(2-hydroxyethyl) isocyanyrate.triacrylate) and using
no plasma treatnment in thEEX?E\P#Faii on of Layers 3, 5,

[0650) 7. ABReiERY b RAvaEPr&arsdin I8SEAnSmiskr &s ERABFIE 19But using
an"arithnetic average of the 62 10 C Tg of SR-351 and:

M‘lﬁhB\IEX’E“ @lﬁgolaeth?en@ sgephitoduo(“PHHE) fils grbstialy (cempercially
o B G B T B PR AR e

gl YT RatH@ite (1TRIEGDAY, &hrferdiatly 204 04blRmUEB Chemiddd, Gw= 62° C)
the 0.005 g/ n2/day | ower detection linmt rate of trg)
waspred esethe iLayer kyasylain A mixteeropinng §oB¥oiRRGRAaK 3%

E]%@@’lgg{ﬁl@%?a)@% RERAUIRG i prb BBt AE nIRALEh i@ TRSs2° C,
was’used to form Layers 3, 5 and 7.
[0051] The resulting seven layer stack exhibited an average spectral transmission Tvis

= 71% measured at a 30° angle of incidence, and a WVTR (determined at 50° C and 100%
RH) of 0.036 g/m?2/day.
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MELI NEXTM 617 pol yet hyl ene terephthalate ("PET") film
substrate (commercially available from DuPont-Teijin
wo-pdoams96Iyg = 70 C) and different acryl ates. PCT/US2004/009956
Tri propyl ene 20 gl ycol diacrylate (" TRPGDA",
commercially available fromUCB Chemcals, Tg = 62 C
was used as the Layer 1 acr Ia&e A m xture containing
97% TRPGDA and 3% EBECRY X%%’ S&rylated acidic
adhesi on pronoter Hest $aviled PEESHbsRiRd Tg = 62 C,
used to formLayers 3, 5 and 7. [0051] The
0453, tgrﬁﬁv%@%ﬁ stagl evas prenakedeir Ahpsameomanmea we Eageple 1, but using

Al i Tui = 9% . t .
MEDORLKSL SIS SRATHE P AR AL IRARAS D S @ e
DuPo8d eifhFilads, U'gG3°ar)rR0Ea YRR LA 4\W0-AR0 iR 2628 EBECRYL 170

PCT/ US2004/ 009956 Exanple 4 Heat Stabilized PET
acry{pted cidie afllarsim prametey ot qagly ef Laseatk Jndsing 7epat eplasma

| & i VEL I NEXT
ehip B ATRorRAA Doy TAER fichn ltbab B e e At arygen eas
miztuzd Whiké deffosivimgT apeRSn5;ab@ij.in Films, Tg = 78 C), 100%

- 2 acryl.ate without the EBECRYL 170 acryl ated
[Odaégfdi iﬁmgﬁ{%sw@ Btaglopxhibitad agraverage spectral ansaission
Tvae7%, 2000 o

T m e oB 30 el o FRCERe, BRL SIVER (Blreid gy C ond
10QPARH Y6 0. 006/ W dag. depositing Layers 3, 5, and 7.

[0053] The resulting seven | ayer stack exhibited an

average spectral transm ssion 10 Tvi s=77% nmeasur ed at

a 30 angle of incidence, and a R (determ ned at 60

C and 100% RH) of 0.006 §HBPSR. Exanple 5 Effect of

substrate Tg on VWt shbpdte 19eHeWAV TRUDSE I at es

ving, varjous glass transition tenperatures were
[003 er &f"e‘ﬁ# fl}ubstgatpﬁh@@ng Breus glage fransiti iamperatoegwaiccovered

eovi ; ad S NTM
Wit B 88 Aa 0000 HordRIE e R K et S Rebf el polymer
(SARANENY)2 78 campertiilly available GogaDbw Chehledl T¥iafY) arranged in an
inogé)a%%mﬁwor.&am c oxide configuration. As a o
| g rdbarriet Rglvmerinprgagic oxide qopfiguratiomy As perliamigary step,
£
ol ony g T a1, AP L

substrates were splice er e 0% én
subsiraigy weegplicedTthgetherdinditoeatl to makganingle roli Qe attividual inorganic

oxiElad o B0 P foR byrortsd o Pespibsiaios 1 bl
[005SjadedLaywr 9) Thé Shllcel Boll Rhs 10384 18 a FBSoI1 sﬂft‘?er coater. The

deposition chamber was pumped down to a pressure of 2x10° Torr. A 60 nm thick SiAIO

inorganic oxide layer was deposited atop the substrate films by reactively sputtering a Si-
Al (95/5) target (commercially available from Academy Precision Materials) using 2 kW
and 600V, a gas mixture containing 51 sccm argon and 30 scem 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
continuously coated over Layer 1 using a Model CAG-150 micro gravure coater

(commercially available from Yasui-Seiki Co.) fitted with a 150R knurl roll operated at a

16



10

15

20

25

deposi ti on chanber was punped down to a pressure of
2x10-6 Torr. A 60 nmthick Si AlO inorganic oxide
wo 29081089826 deposited atop the substrate fil ns BYT/US2004/009956
reactively sputtering a Si 25 Al (95/5) target
(comrercially avail able from Acadeny Preci sion
Materials) using 2 kW and 600V, a gas m xture
6.F Bk WEW é}be'éé THE BdIREROTas@REDoRakes OCTHe @xyifE Poionaf the coater at a
pressure of 1 mllitorr, and a web speed of O0.43
temE@réﬁlSﬁﬁﬁS{lj’t(é [0056] (Layer 2) The oxide coated web
[Ogﬁa ggayglg BF’))L’FI% elv @o%g%raé%)o\@%v :raﬁlé)%itlalgo/ﬁae Sl Outd Using
thé sdniedunditngba [’oramifet bl asebend/Bid 10 3fbrgait bride lsyley was deposited
coated over Layer 1 using a Mddel CAG 150 microgravure
atb¥¥F 2( commerci al |y avail abl e from Yasui - Sei ki Co.)
ted HK&UEibn bk cOREA BABlr Aseribly ]’s@aszan determined
1ol 0 1 BE STV ER o Sy S RAtibn e oBRES Bifier Akariply speed
at TREC and Ye0tH Rids Thy sgsoltasredeti qut bhlewcin)T ahlg Iporti on of
the coater at a tenperature of 80 C. [0057] (Layer 3)
The pol yner coated web was | oaded into the vacuum
coater. Using the sanme corgjyjd pns as for Layer 1, a
second Si Al O i norgani c oxide |ayer was dé§03|ted S,
atop | Swisstrate [ 0058] The YWWTR BYVEBc@iﬁe 1000 RH g™ /day
Hﬁ;ﬁ[})lﬁént@ dnbly 28as then deterni nedl76at 38 C
nd 100% he resul{gs,apg set out bel ow gh Table 1:
P'aF P HOP rate Tg, G WITR @38 C/ 100%FH, of n2
PMP (poly nethyl é%tene) 129 4.76
%ng&lﬁmn@4so ta25-20 2.35 PET 3 00823281 PES
(Poly "ether sul phone) 4 225 0.0825 10 1 TPX film
ially ava | abl Plastics. 2
?E%@? Pripcigially 64 Bk G &ﬁb@?qkﬁ@%t}%at ional . 3
2 Colvmenatially wvalehid G dpobmtéFaatidnal. Cor p. 4
C%f\ﬁ;bﬁ B *PeS Subst rat o5 1 n Tabl
u [ e
CO C\?QVG%%IVP@%%WSS aE% E@%“Sse as substrate Tg
i ncreased. The PMP and PP substrates had Tg val ues
[0889low tAseshown by the PET and PES substrates in Table 1, TR values tended to
decrease as substrate Tg increased. The PMP and PP substrates had Tg values below the
WVTR test temperature, and thus 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/
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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WTR test tenperature, and thus their WTR val ues nay

be affected sonmewhat differently than higher Tg
wgenissmees. 20 Exanple 6 Effect of pol ymer |pgEUSHG4/009956

on W/TR [ 0060] HSPE 100 0.1 mm PET film (comercially

avai lable fromTeijin Filns, Tg = 70 C) was covered

with a series of four layer polyner/inorganic

oxi de/ pol ymer/ 25 inorgani @abki2le stacks enpl oyi ng

pol ynmer | ayerr_haw_ng—x-a-r-a-ea-s—g-ﬂl-;-s-s—t-r-anc- ti-on
t enperatures. | The inorganic oxiHermgationo and t he

| polngratientier e|f ortred fron2the ingBedients det out 5

beI iﬂl Table 2,;7m th the anmount ef each ingredient -
bel%g wn as parts by ight in _the fornulation: 17
899 089620 PCT/ US2004/'009956 Table 2 Fornul ati on
| n@rResldeht 1 2 3 4 5 SR-2381 17 1% - - cD406 2 - 17
- 'BC R4506 3 - 3 13 - -3B-CEA 4 3 3 2 - 10 LC242 ®
- EBECRYLTM 629 6 - - - - 85 1-nethgxy-2-
CH2 5 75.6 7576 360 propanol Wethyl etfiyl ketone
EBEB:RZYU.IM%%D 6113.4-113.4 540 |IRGACURE 184 7-1 11 1 &

111m&hox}hg-;xaned| m™.6di acrybate (comp®rcial |l ysavail abl3s0
olomer Co., Tg = 43 Q 2 Cycl ohexane

Ngé'ﬂg% Pﬁétoﬁ’é aCbe%t e esf@rs (coneygial | yrpyail abl esqo
rAﬁ | .1 5 Tg 7 110 C). {3 Isobornyl
gﬂom“rer cially available from Sartoner Co., 'Isg
=88 Q 4 (3-carboxyethyl acrylate (comercially
1 aygil ladkbﬁe(ﬁélctﬁadﬁﬁ@ dJoeiinadisllyCoraflable Frohi SartamerGes) B = 43° C).
2 p@g&%ﬁéxagg él’nlle %Mﬁ&e 28rs (G&Hf‘ﬁ@fc‘fe{l@l il FofPl Stomer Co.,
110° C).
3 Isobornyl acrylate (commercially available from Sartomer Co., Tg = 88° C).
B-carboxyethyl acrylate (commercially available from UCB Chemicals Corp.)
5 Liquid crystal polymer (PALIOCOLOR™ LC 242, commercially available from
BASF Corp., Tg not available).
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).

[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
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/indium oxide target (commercially available from Arconium Specialty Alloys), a
gas mixture containing 30 sccm argon and 8 sccm oxygen at a pressure of 4 millitorr, and

a web speed of 0.127 meters/minute.
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BASF Corp., Tg not available). 10 6 Epoxy novol ac
diacrylate diluted with 30% tri nethyl ol pr opane

wa pi0aosdsk@t e and 5% hydroxyet hyl et hacryl at ePCT/US2004/009956
(commercially available from UCB Chemcals Corp.). 7
1- hydr oxycycl ohexyl phenyl ket one photoiniti ator
(commercially available from G ba Specialty

[0683 M Cellagpr 3 ddd L@ﬁlﬁﬂ} Usirythe salje dduditfony @s fcnrrlmybﬁt amhBayer 2
shown in Table 2 were coated on success ctions

respECH Yy Proqnd Rﬂllél}}ﬁfslﬁ}’ecft‘@slfgﬁ‘ﬁﬁ algDNEN 2 lonfermdayer S and a
5ol Y PasRBbGIed D Bayel SUXdULyeAS. 2 1 NE Speed

e coatlngs were cured using a 6 kW )
[0664]i onThe WHUTR of easinsectiomd] the avaied bdstier zfssclnblﬁu’ssasahenﬂﬁtermmed

st e rati at. 100%.po [.O (Layer 2) The
at éa¢é§¥ 19@@%&53%@%& S?t&élgﬁﬂo}”ﬁ?gﬁ °Shutter coat er
and 20 punped down to a base pressure of 2x10"6 Torr.

A 40 nmthick I TO inorgani c oxide |ayer was deposited
atop the Layer 1 fornulati &@lmél ng 300 Wand 420 V
90/ 1 '

. R @%rg@’%‘/mo!fyg RH, g/m’ /day
Farmelption 1a  gas ni xt ure Tontai ning 30 scc gon and 8

Foehnlasygen at a pressudéof 4 millitorr, @6 a web

De 127 meters/ myngte. 18 WO 2004/ 084620
F%' e‘%’é‘é‘bé / 009956 [0063] (Layer 3 and Layg 4) Using

Fotraulstioe4 Condi tions as for Layer 1 and Lay

HofaRREsR ¥61 Y, a second palyner | ayer was c(b@?ed at op
Layer 2 to form Layer 3 and a second | TO | ayer was

T aeppsite t or r 4 006 The
1O PRRRst SEA 2 BeaeRiii dacPle Holir bbbkt e o

2 \Belynteenf euetl@epm@ume@mpl @e@yhttmeslem@%d:{mm’phéyqtbﬁwlcwate
3 jT_P@ y%%‘r Pﬁbb&ﬁkr%rylate%@ (Pec 4 1}/@1@1’1 lelo;r 153@5' )é”er :_a%/er 1

a ornmul ati on
%WY&/E&&WGP;Q?%M@& 4310 8 63 Fo)r/nul ation 3 3

S 9Bolynter 47 epdyrmeybkacidiaerylate and Peatboxpethyhdcaylaien 5 5 122

0.09 1 Polyner of 1,6 - hexanedi ol diacrylate and
[0085]car bexyedhply Feemnylatbss 1,20nd SHalTabt 3, OV VERcVadisxemied to

di met hanol diacrylate esters and O-car box et hy|
degtsags 2t epolznméﬂfgﬁweep di dBeBehPersLik ﬂﬂatlé tightil, 2 and 5 were

mbds £&HROXHEHTAY hmB&ht¥ bRhfaitifunctional 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
Formulations 1, 2 and 5. Formulation 4 was based on a liquid crystal polymer obtained
from UV curing a liquid crystal diacrylate monomer and thus may not behave in the same

fashion as Formulations 1, 2 and 5.

Example 7
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/SiA10/
polymer 2/SiAlO/polymer 2/SiAlO/optical adhesive/SiAlO/polymer 2/SiAlO/
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4 Pol ymer of PALI OCOLORTM LC 242. 5 Pol ymer of epoxy

novol ac di acryl ate and P-carboxyethyl acrylate. 15
WO 085639626 shown by Fornul ations 1, 2 and 5 i nPAEDF®08009956

W/TR val ues tended to decrease as the polyner Tg

i ncreased. The polyners of Fornulations 1, 2 and 5

were nmade from substantial anmounts of nultifunctional
polyan@ S iR 10/potyrh GOMPET comigneativart Theitafréar estentbdies wieor formed and

was qobserved for Formulations 3 and 4. Formnul ation 3
larpgiated;tpgsihers84olldYof unct i onal nmonomers and thus was

[OW] cr ﬁ%ﬁfgf Wﬁ@PE B0l ﬁﬁﬂ‘[eET ﬁﬁﬁ'(&ﬁnﬁ&c?a@lly%@ﬁﬂéﬂléﬁbﬁﬁﬁeljm Tg

Fornulation 4 was based on a
= m%@)t wibs @atedrith Bodnailatéah 6 (shovm wowm%@lqﬂ)lusqw aModel CAG-

bRt G S AT DR TR R AR P Rl v o
FubiodF60eH batbeGnBas ki BI0YEpoWwE teChrboide b@%ﬁldeﬁtlﬁammtcﬂﬁner 17,

barri er assen‘oldé was assenbl ed usi ng an opti cal

Podythers hasl & 5228k digestdgtgamingd uﬁlﬁgﬂvae@dtfﬁﬂr%@é sqapginggalorimetry
- Pﬁ/ﬁ ?%I'C{,,zer assenbl i es having six |layer stacks on PET
Rt The conpl eted | am nated barrier assenbly
[0068] a Abkep?) VERg thd @nditidhs desetipedfor HeHiAlOipaigynie bxide layer in
Si AL optical adhesive/ Si A1Q pol ymer 2/ SiAlLQ 19 WO
mmw om ek @s@%mpwgmldeplawms depagited @topt-eed -

[o%dj Eﬁir}fgk 9W%ﬁat  op Laﬁm%aégcﬁaecﬁ@ﬁqg% fﬁit‘gg%l‘; 4.6 m/min

toget her as
cobtiny syeed,) LSPE wal cOated withn Hemulatibm i (showmeretovalin Yable 4) and cured

| ab f 0, C ith
to RN BB BTy S P oA PoliEtes 235 69816 T hoe
[OW S %éz%eml CI BRF 34HE €2688) € UsRpdh@sakde ERdkIUH las ﬁrl_llgbyér 2 and

e coating was curéd using a Fusion F600
Ldy@t b rerspmtmgf atsecmd%lﬁm@yer wes gapovitefieatep Lawﬂ to form Layer 4, a

d
se @y BT W st glan FRE T imEieh s g dtnifa Wber of
S&@d)%ds Rhéted (ato@hﬁy@r PeCtorm I[agi@%@]th&b@yﬁfovf@inéﬁ baxgiet Agembly

condi ti ons described for the O i norgani c oxid
hWH}&&PETVPOWqEﬂﬁtﬁﬂ@/ BOl}’@eB@’ShMQ/B@]URWSgW O i nor ganl c
er. was deposited atop Layer 1. [0069] (Layer

Sl%;ib Pﬁ%& tﬁ%n condi tions described for Layer 1 but with
a 4.6 mMmmn coating speed, Layer 2 was coated with
Formul ation 7 (shown below in Table 4) and cured to
provide a layer identified Eabletol yner 2". Pol ymer 2

has a 90 C Tg. [0070] ttayer—=; ;b,yrfy 5.a|u tayer—o)-

Usil-n-g—t-he—saﬂe coRdi--ors—as—FoF _u].,}}lat;ommh,
Ingredient 1 2

EBECRYL™ 629 145.5 -
B-CEA 37.5 -
IRGACURE 184 9.03 -
UVI-6974 1 - 2.25
EHPE3150 2 - 42.75
MEK 972 405

1 CYRACURE™ UVI-6974 triarylsulfonium hexafluoroantimonate (commercially
available from Ciba Specialty Chemicals).

2 Ppolyester EHPE3150 solid alicyclic epoxy resin (commercially available from Daicel
Chemical Industries, Tg = 90° C).
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15 Layer 3 respectively, a second Si A1O | ayer was
deposited atop Layer 3 to form Layer 4, a second
wO 200810800 Pol yner 2 was coated atop Layer 4 torPEDUS2004/009956
Layer 5, and a third layer of Si AlO was deposited
atop Layer 5 to form Layer 6, thereby providing a
barrier assenbly having a PET/ Polynmer 1/Si AlQ
[O(PZ]J] y meTheteSulkingYcBated bmrie?AssGnBlly@ol ovesisplit iata two. roll2 @nd
ble 4 F I
laqg@teg toget l@or mJgp. §a?etelgg I}aqe ! ?Q%;ﬁgﬁgéﬁ o%}@ghgg%e %mmatmg
adfies 6(951‘?1%’%?&% gvailaBie-fom YCS. 311&9’15011—90 foNARHREIMThe WVTR

74 triaryl sul foni um hexafl uoroanti nonat e
values meer ddterintied fov did rdpHleminated @rier 2Bpaehligsay38° C and 100% RH

g gere Puapief DR EVaRT S bt A0De KR o £ Rat. The

reSdl8 kRt ohtBHkSH il Bsble 5 = 90 C). 20 WO 2004/ 089620
PCT/ US2004/ 009956 [0071] The resulting coated barrier

assenbly roll was split into two rolls and |am nated
together in face-to-face fdshloh using 3M'M 8141
optically clear lam nating adhesive (comTer / 2 4
avai l able from3M Co.) and a roll-to-roll m /day
The WTR _val ues were determ ned for the non ER‘% nd
harri er aBapie) Agsembly Genfigurationnno, gy 5 and

PEZ#R olsmer 1 /8a1Q/ é’plsa@@e?ﬁﬁwl@é’oamgé?@lfd@% RH arQal04510(38° O

C/ 100% RH, _Th in Tahle 5
B pvmen WS PR Zﬁmﬁﬁm«a@é slﬁib &L,ersﬁ‘&o? G

optiel iaghesae/ HA1Opobymagt %@A@Dﬁ’e Ol/siaa

pPhinyere/PEY Si Al O Pol ymer 2/ Si Al O o 041 (38 C)

PET/polymer 1/SiAlO/ polymer 2/SiAlO/polymer 2/SiAlO/ <0.005 (50° C)
optical adhesive/SiAlO/polymer 2/SiAlO/polymer 2/SiAl0/
polymer 1/PET

[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.

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:
[0074] (Layer 8) The ITO was sputter deposited 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

with acetone and air-drying, the squares were cleaned in an oxygen plasma using a
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PET/ pol ymer 1/ Si Al Q' polynmer 2/ Si Al O polymer 2/ Si Al Q
<0.005 (38 C) optical adhesive/ Si ALQ pol yner
WQLrmuAs@epol ynmer 2/ Si Al Q' pol ymer 1/ PET PET/ poPgTnE82004/009956
I /St AlQ polymer 2/Si Al O polynmer 2/Si AlQ <0.005 (50
C) optical adhesive/Si Al O polynmer 2/Si Al O pol yner
2/ SIALQ polynmer 1/PET 10 [0072] As shown by the
MICEOURIE™ Berlédd(Eplasmd §8tehd@@ninteréialty avalabeaftorn Meslirds, Inc.) and
provided a reduction in WTR The WTR remai ned bel ow
4 migstes eRpTSUER FHE0FEJsINGWEF ab? WbmilBiorr ¢xyger pressEe ofAnagueous 1%

I o i .
BRI R 508 CARhERIAl A fEFom.
Ba@tECbrpendtion) WaOsSh cBaing 2660 frmo fortIvesebandsioeto the skeaidd/squares.
i3 s o B ot B) it Pk 22
x 1 QR SHé AR oh TR FRIMCALK, abfiyffs JaRhiR % B81dftRE bR¥SsHdEh place,

ROk

(Layer 8) The |1 TO was Sputter deposited using
addiing ashopotmeidianoldo shestop Pbthe glasy elide plasing the clegnesl square atop the

t er s/ i nut b t id 138 hick. .l T
ey Eniis U5 e Bt By idadhedi® bl ke
mc%%ﬁi)%l gh&g tHeQPace @6 thO BRAEdlideand ﬂiddqﬁére%& held thé B§re in

22 mm squares using an X-ACTOIM knife_
place dnring theaspin/capting agrridor. r b ¢ated sgaapovate Gied ongg TQ,C hot

pl%}qlz&eg%g&tﬁ%\ﬁ@a%oﬁb%%}eqne and air-drying, the squares

in an oxygen plasma using a 21 WO

[0@H)4/ 0B8RS 28hidASHubiBE Bddd HARBRFed th/hGRID &l dvapbrbeon etsand@r and
pl asma system (commercially available from Techni cs,
evhauated tamblout4 OrR tout. €Ehecfiofiowingdayrs Sorowhemliyompor-depdsited in

200 m | Litorr ,oxygen_ pressure, An uequs. 1% lids
se@iaPet PRHRSHORSAIHERTN T ERGSBAY iRk GURERIIE @ 1975 m Square
opefiggmercial ly available from Bayer Corporation) was

spun coat at 2500 rpmfor 30 seconds onto the cleaned
[08flar e€.aysr Thé 2245 4 thickdeyes ofi 414047 -trigtNaBemethylphend pNn

cogt er vacuum.chuck .| LESst, placingga 22.:%.2
phERgaSing FRUETERIE:  MToar A QeSS b1 from o Shnds
cd}a{) dopdewith asstefhilé@toleftaplaasQuinods@dihage EFIICNQ Y fcommercially

ne

et hanol to the top of the ass slide, placing the
aveilahde Bams bekeodlase omeCo-nE@%bapaa}ad al igning the

08 e kD SR oSO Bt B8O, | G0
diplegytbeezid e At AplenNPB2) shnitherciatly avsilabte 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-

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]  (Layer 4) A 200 A thick layer of AlQ3.

[0081] The vapor-coated squares were transferred to glove box that contained a thin
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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10 place during the spin coating operation. The coated
squares were dried on a 70 C hot plate under a

woRaoro8sn0 at nosphere. [0076] The coated squar eBCTHESE04/009956
transferred to a bell jar evaporation chanber and
evacuated to about 10-6 torr. The follow ng | ayers
were thermally vapor-deposited in sequence on the

taigeedoptinaqglaflyesaildbloftahn AlfsAssie\Colpskrecoqicatiallydepdsitél 4 about
mm square 15 opening: [0077] (Layer 1) A 2245 A thick

1or 7etynfront§f the squares’ thtauigh (aagtal-seddw akle hgvipg At cm? circular opening

dl%\? c?/ s&lﬁafpgla? ?[t ! Ia&? ed\?\%ll B%sne&ﬂ’\%e)apargsgﬁgtwc?rﬁerﬁ tixél squares.

Grle8ft hgﬁtlw&fe%&&d Wﬁlﬁ&ﬁiﬂ UneJivaRt bangad 1 aﬁg_cg\@rough the completed
conmercially available from Tokyo Kasel

OTBRyloyics apatptacthis (hodTGjmpdenyh sayllisBo0liparkileiC by exthode
pht hal en-1-yl)-N, N - di phenyl benzi di ne
WI?‘%&B%EQI%IXEPC? commercially avail able as OPD7534 from
[0682]W $as d@vlce@@v@e bnca{p@&lﬁ@]i withaygper3bilAs I8 ribed B @pending U.S.
| ayer of tris(8-hydro %gw nol i nol at o) al um num

Pa(fmmhcat@arﬁﬁé@wai 19/3%4,285 f?hlsqi Peﬁ‘?IBPﬁIW Y0025 aprepxigyately 50
M.
x JRNGh YT $hisfio-H3pd Fitm 845 BS thoqma) aminating im (5,06 mn

adhedivelHickhiesk] tHas marked on 1ts release hner side with a 2 x 8 grid of 25 mm
[ 1] benzopy ranoiG 7.8-1]]qui noI i zin-11-one (" C545T"

SHQTES. AOHEY e WOEV%@S G ITeihe CePT Eerhan %awwwg a hand-
heﬁcﬁgﬁ) Ay qrhei%*rﬁ%‘ra"c)&iothét“nu1 ﬂaﬁl%nhtﬂ%geféh@(h/aéﬁ@cd +199 &t}

or coat squares were transferred ove box
apphetimatelyt RiSred st hiene oG0S hinnrtm&kaﬁw il (cmmmetramtﬁg mvailable from

MEMRIFECH SROPYGE PHB it E St pBHaGinec B Ffiien pgocd on 76

x 38000 M&ﬁh%ﬂﬁnﬁﬁhﬁﬂ plgel( &Mﬁhe&i&ﬁ?%a@ab‘l@fr@ﬁtme Q-panel Com any)
commercially available from Al fa-Aesar Co.) 8

wwh theirelkassilinge side aguiactingsherglumingm yate GHhy I@&gm@assembly was fed

thige HrR S0 o espleB e om SOTERF i lel 428 Gglyfl Bminator

(céiﬂm%rdizmyl’ avaflhble fiden Kﬁié@ﬂ'@&pt) dberdeHd a8 apfrbRimaidl dow’ a8 Haminate
havi ng 1 cnR circul ar openi n% 1d| sposed such t hat
@l

the n@e@é@ rﬁéméo HeesCul épiband @fomhthp Hpp thext wim bolg émthsadpgsive.

T G LR BRI S DERLALRY s

250em wealky, dbragdhi ido theeléveDoxrodeinihg theagtedl dnhigitgd®LED
clip and the Ca/Ag cathode with a fine g gld wre
devisss 2T herpemie squeess ofdaraingied Sysfarl aveas trignngd Sdthississqrs tq about 20

mﬁlssqqgt%%{l&lpﬁ& R LORSIAL HanYadhesive layer remained at the approximate

center of the square. The release liner was then removed and the exposed adhesive layer

placed against the cathode side of one of the 22 mm square OLED devices with the 6 mm
hole through the adhesive layer approximately 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
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 corners of

the Cu foil were then folded over the front of the OLED device and laminated thereto in
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Patent Application Serial No. 10/324,585 filed

Decenber 19, 2002. An approximately 50 x 100 nmm pi ece
wW@R003MFIROTher no- Bond Fil m 845 EG t her mal | am ne€T/DHR004/009956

film(0.06 mm 10 adhesive thickness) was marked on

its release liner side with a 2 x 8 grid of 25 nm

squares. A 6 mmcircular hole was cut in the center of
thediaed ndfo gbinamepiphere s thegglavd soxdy pasbidg ﬁmpesulﬁnmadsemﬁ}yﬁhrough a

BHA RO HMedsy 0632 roll Jeinal lmareordPoRmsial TYAIBRC Gy Rose Ar
Incglgfrieff/cﬂ%oﬂ‘f?é G Aoy cmbérs '@gé)@cédm aIMB%@ﬁ&Eﬁ&%rtﬁ the

W th t e adhesive SI e contacting the
ené@slhlateﬂ QI ED MecenhadabrcdiBactBigran22gosed GT@@onmradnumtvmm of the

ate, (co rC|aII avai | abl.e fr
deBsn Ao eRnaiohs SeauaR o tihin Bl BT Wyen purent was
ap?l éan’gﬁemlghﬁkfs enfitted GRatHhbigBEc@ssenbly was fed three
I meS in Succession through a TDE Systens Mddel HL-406
[0683] oI | Vetieusrmaddifigationaend aligrationsed &hl&mvynmwﬂhm @pafeghio those

Cor p 0 I OX]

s e a R g %ﬁ%ﬁwﬁnﬁe@e HBh ook Sentic Shugd not be

redifi@ed @ that wiliieh hh€bd&en¥8 foltaherdimorilip orcitlnstiitive pusfdsdshe
am nated Cu foil was renoved fromthe al um num
carrier plate, cut with scissors into 25 mm squares,
and brought into the gl ove box containing the green
emtting OLED devices. The 25 nm squares of |am nated
Cu foil were trinmed with scissors to about 20 nmm
square such that the 6 nmhole in the adhesive | ayer
remai ned at the approximte center of the square. The
rel ease liner was then renoved and the exposed
adhesi ve | ayer 25 placed agai nst the cathode side of
one of the 22 mm square OLED devices with the 6 nm
hol e through the adhesive | ayer approxi mately centered
over the cathode of the OLED device, and with the
| am nated Cu foil square rotated by 45 with respect to
the OLED substrate such that the corners of the
| am nated Cu foil square lined up with and extended
beyond the approxi mate m dpoint of the edges of the
OLED substrate. The resulting 30 assenblies were held
toget her using tweezers and placed on a 100 C hotpl ate
for about 20 seconds to cause the lamnated Cu foi
to adhere to the OLED substrate. The corners of the
Cu foil were then folded over the front of the OLED
device and | am nated thereto in 23 WO 2004/ 089620
PCT/ US2004/ 009956 the inert nitrogen atnosphere of
t he gl ove box by passing the resulting assenbly
through a BESTECHTM Model 2962 2 roll thernal
| am nator (commercially avail able from Rose Art
I ndustries) operated at about 100 C. Upon cooli ng,
anode connections to the encapsul ated OLED were nade
by contacting an exposed | TO portion on a corner of
the 5 device and cat hode connections were nmade by
contacting the Cu foil. Wen current was
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applied, green light was emtted fromthe device.
[ 0083] Various nodifications and alterations of this
w0 paweosteon Wil 1 be apparent to those skilled PET/URE04/009956
art without departing fromthis invention. This
i nvention should not be restricted to that which has
been set forth herein only for illustrative purposes.
WeZdaid® 2004/ 089620 PCT/ US2004/ 009956 We claim 1. A
barrier assenbly conprising a flexible visible
1l gﬂtba}ﬁéfrh%@n%?%r\‘&nﬁﬁgﬁ%ﬁ%ﬁ1blé“ﬂbﬁ'b[&1g%t Tangnieivesubishar
or equal to tha T overcoated with a first
havid y Fgreréadgréhan & ehlaeh taghai of FISBESvercopted it a Bephpplymer layer
t
e} R arghes Peseotl @ o7 FRE AR huthdrbBloop B8 St feast

tw Gledll gd-tRsiissive asdrg@tiebaeienhgers pejayared by at/least bay sevgnd
a Tg greater than or equal to that o

poliyaner lager hayirm g sronksyithag aipqualye it P% Hﬁ?ﬁ{fs@eg’ﬁﬂ?%ﬁésembly

l.ess than 0.005, cc/ n2/ da 90%
haiag A QFYERSSieATR{FSRBIBE ok &@&@%Cﬁ?ﬂd & figSo% REL
substrate has a Tg greater 10 than that of PMVA. 3. A

2. bar i Bk &SREHLY 2860t @G itd Blain® 1 GHiRkdTh theuBktedte had € Tg greater
substrate has a"Tg of at least about 120 C. 4. A

thapdhatiof PME¥genbl y according to claim 1 wherein the

'substrate conprises heat- stabilized PET or

pol yethyle | SRAD) ¥g of at least
5 LD IR b ot EpsRaEtEnt fyora e
abagliyoxgnet hyI ene, pol yvi nyl napht hal ene,

poI yet her et her ket one, fl uoropol ymer, poI ycar bonat e,

t hyl st I | f ,
4 bxi debarpe véméla?a%?%élng‘%gsi’afﬁétvﬁ%%@@m gl oShifrises heat-
PhiflSlal pol ypht hal am de 6. A
stagg#?g]rﬁgdg?b% y agéﬂgr dtlﬁné1 to claiml1 wherein the

first or second pol yner laﬁm 20 has a Tg greater,
5. t harh barsier skerByliccarding th glaim drwheseia iy subseels campgsaso

e f| r st an
oo RE A iy B g
ﬁl%ﬁl%@ﬁétb! }ﬁﬂﬁ erﬁétﬁﬁl sttjﬁeﬁé @bl?sﬂlfdﬁéep@yﬁhdn@fén% iokRle, polyetherimide,
secon ynmer |ayer rises a ner .o
poby@h@hgﬁhm pdlyrm@m@ie aolalemylp af Boléfgh%alamil% bor ny!
nmet hacrylate, 25 cyclic diacrylate or tris (2-hydroxy

6.6t Yl %am%p %@é@rﬂﬁfgﬁi galldfr (%qr i3 ﬁtlﬁ\gh%emeh@ﬁfs'i bffecBRd® E@@fn\ér layer

accor I'ng nt I rst second -and any

haf b Mghesaterthhrythat of BY®EA. in the barrier assenbly have a
Tg greater than or equal to that of PMVA

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

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

8. A barrier assembly according to claim 1 wherein the first or second polymer layer
comprises a polymer of cyclohexane dimethanol diacrylate ester, isobornyl methacrylate,

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

9. A barrier assembly according to claim 1 wherein the first, second and any further

polymer layers in the barrier assembly have a Tg greater than or equal to that of PMMA.
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25 WD 2004/ 089620 PCT/ US2004/ 009956 10. A barrier
assenbly according to claim1l wherein at |east one
WO p@rgsgeec barrier |ayer conprises a nmetal oxPAEUSZ4/009956
A barrier assenbly according to claim1 wherein at
| east one inorganic barrier |ayer conprises indium
tin oxide. 5 12. A barrier assenbly according to claim
10.1 Wheseliér sdtenhigfatcordiag toncaipahivhebean at least ohaymrganic barrier
conprises silicon, oxi de or alum num oxide. 13. A
MY§a¥WM§ﬁe&§§EWBP%“§ccording to claim1 wherein at |east
one inorganic barrier |ayer conprises a m xed oxide
110f al %‘dﬁi%&ﬁﬁy%bédr&iﬁg to didim A iRkdih af least 98 Moy ganic barrier
according to claim1 having a water vapor transm ssion
layeatamprises fnsléwm tinawid®. 005 g/ n2/ day at 50 C and 100%
relative humdity. 15. A barrier assenbly according to

claim 1 .havi ng .a _wat er r ] §51 : :
5 127 pad o gD Al Ge {80 AR Th AELRA oh@lforshS Saric
layB/Sribrisés siliGon Axidaot lemiggs eridey according to claim1
having a Tvis of at |east about 60% 17. A barrier
assenbly accordi ng tg, cl aiég] ' i er.ei 1at | east g@r{) .
13of ¥hearHeiassnylyjageording i elafp areiprol 2h east g AR darrer
I i §licgssenbl y accordi ng
la}Jtechgfl%l?s{%s%ﬁ\%ﬁ%?ﬁ?ﬁ#%&%\ﬁ%ﬁﬁ {ﬁ\[/lgﬁlﬁayer or el ectrode
is visible light-transm ssive. 19. A barrier assenbly
14acc oy blarrigr asseroblyiaccdrdinigde elaimd|Havinig & Welepwpprirpnsngguaer rate
in the barrjier assenbly are craosslinked. 20 20. A
10 lesh &rani (00 5@/ Bevdsyyat é@%@@éﬁﬁ@o%de]@ﬂ&"? oudiyyi ng at | east
three visible light- transni ssive inorganic barrier \
| ay : I [ isoh
15,7 g BaFEPARBLEY g ERAOCA fIRing AWEGE v Wllnfisdln rat
leﬁﬂ{%@@O?ﬁ%%yyat Q9MPIAndi100% Blatié By a flexible
visible ITght-tfransm ssive support having a Tg greater
than or 25 equal to that of HSPET; 26 WD 2004/ 089620
16PCT/AUsatiensBoableccorlitede elaiyg lshavingss Tyis of aeast ahax 60%.
having a Tg greater than or equal to that of HSPET
at op, {.he. su X ' i sibl :
171 ght DEFsh ERPREI b Ym0 Wheel f cast oy of the asgmbly s
15  oveROatell fdth a conductive layer or electrode.

18. A barrier assembly according to claim 17 wherein the conductive layer or electrode

is visible light-transmissive.

19. A barrier assembly according to claim 1 wherein all of the polymer layers in the

barrier assembly are crosslinked.

20  20. A barrier assembly according to claim 1 having at least three visible light-
transmissive inorganic barrier layers separated by second polymer layers having a Tg of at
least about 150° C.

21. A process for making a barrier assembly comprising:
a) providing a flexible visible light-transmissive support having a Tg greater than or

25 equal to that of HSPET;

26
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polymer layer; 5 d) form ng a second polynmer |ayer

having a Tg greater than or equal to that of HSPET
w@t@p/08dse0 fi rst inorganic barrier layer; and epCT/ORI0040P9956

a visible light-transm ssive second inorganic barrier

| ayer atop the second polyner |ayer wherein the

barrier assenbly has an oxygen transm ssion rate | ess

t 1)aHorghif9 fiegt/poB/nkayayet havifig 3T g@reatet th@YoRIqual thay of HSPET

process according to claim?2l1 wherein the first or

secdiP tBOFYIRSF | ayer has a Tg greater than that of

P%rn%ﬁ% aRidb1e '%ﬁts-iirﬁfsﬁ%s@\l'en&'sf RofaRicPadder WiyRE &lop thdfrst

fi'rst "and second~pol yner layers have a Tg of at |east

abopblyhsd? 145er;15 24. A process according to claim21

wherein the sulstrate .conpri.ses . heat - [ ] PEL,

£0) VErRgE S RE R AR PR UG S b0t &t wtkor

pol \ydpivt Adp i BseRBrganRlayeértieyee! &iar ket one,

fluoropol yner, pol ycarbonate, poly a-nethyl styrene’

pol Yiewhingne/isibledighpranspissie sepribinoragnisarsrlaycy gtop the second
pol y ther1 sul fone, pol yam dei m de, polyim de or

pol AI'%H de. 20 25. A process according to claim

e . . %‘éﬁ@ﬁnﬂﬁi ¥iBR fatk 8%€than 0.005 cc/m2/day at
WI%%%%@S@?%%@%%%&% ohexang 1di rr%t hanol Y
23diCaaidyd9s kst er, i sobornyl nethacrylate, cyclic

di acrylate or tris (2-hydroxy ethyl) isocyanurate

triacrylate. 26. process accordi t | aj
Dpher ApIooats doaaRn AR URTER s P PoeSb Rl Pbifrher layer has a T
grgﬁ%mgﬁt@fm_ oxi de. 25 27. A process according to
claim 21 wherein at | east one inorganic barrier |ayer

conprises indiumtin oxide, silicon oxigde, alum nunl
2%xi s percess ascrsingtel it whersinyihedirsh Ard sseppd pelymsy laygys have
004/.089620 P 2004/ 009956 28. A process according
a?%oﬁf‘tgf‘%%lio%%égéh a sufficient nunber of inorganic
barrier layers are applied and wherein the substrate
24and Aipiedes@mdoribopioctlginl Yinehereamythe sulistrete camprises heat-stabilized
sufficiently high Tg so that _the barrier assenbly is
PET@%yeéwl?rgqﬂaph&i&}?&ﬁpg‘gﬁownsﬁwﬁﬁwo %’E‘*’&i Por

' t
pcg}g%ﬁo g e%lgdte?%‘lg,r fgﬁ(ﬁahlcﬁgl?l%; lﬁ@% bBRRe YolP b dRethyl sg_ﬁﬁne(,:tpgl‘y@ulfone,

A process accordi ng ..
palptienyRie vkide gialyaheinidec pelytetien sléoneopolyamidginide, polyimide or

barrjer .
polwhtk§m1de.
25. A process according to claim 21 wherein the first or second polymer layer

comprises a polymer of cyclohexane dimethanol diacrylate ester, isobornyl methacrylate,

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

26. A process according to claim 21 wherein at least one inorganic barrier layer

comprises a metal oxide.

27. A process according to claim 21 wherein at least one inorganic barrier layer
comprises indium tin oxide, silicon oxide, aluminum oxide or a mixed oxide of aluminum

and silicon.
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| ayers are applied and wherein the substrate and first
and second polyner |ayers have a sufficiently high Tg
W@ ootksde2d he barrier assenbly is visible PCT/US2004/009956
light-transm ssive and has a water vapor transm ssion
rate |l ess than 0.005 g/ n2/day at 85 C and 100%
relative 10 humdity. 30. A display or illum nating
28. deVAC;ﬁocﬁb@ﬂ@crdoﬁdlﬂg toaclami 31 whereirox sﬁﬁyigmmm of inpeganic barrier

sour or |i t val ve ea artiall
lay@r@\a&erm Tt emd whsigin ﬁulasyﬁmﬁﬁr PF@%HH@’OZYH‘% laygrphaye a
sufﬁh%htw gP r’}%}‘o c}?{l’c:cg% téfo é/stﬁ 19% YRk B E@’Lg{/&glrs%ésgtﬁlg and has a

walth Viho tiRREHMTEBIbN kY Blss t}@wmsag/ﬁé/cgy QB5E C bha@n0 relgtiod
to that of 15 HSPET and further overcoated with at

hurhsliyt two visible |ight-transni ssive inorganic
barrier |layers separated by at |east one pol yrrer | ayer
hav'ﬁ;&%a@esg-?co%cﬁﬁ 'FJ Eitﬁ’?ﬂl Qe ﬂi’lggl.ggl fﬁlﬁﬁbé?fo Ea-.lfric barrier
plray ac |ng to c ereln t rst
laysfs aseqphidd pad ymerelﬂ thyaubstnte andTigst adeatend poﬂlﬁnelt lhmrs béve a

s iy WAL e By G e
150 3., A
ol S 8 0l PR 5P S 0 A0

hmﬁgﬂlwet hyl ene napht hal ate, pol yoxynet hyl ene,
pol yvi nyl napht hal ene, pol yet her et her ket one,
fl uoropol yner, polycarbonate, poly a-nmethyl styrene,
30pol ysdisnlaner ilpmipaingsiexivs camprising a@;nm%y@ of H)éygeﬁfs&gsnwe light

B S Sl
fledtble v‘isldlesliéha-ﬁaﬁﬁﬁmmde Rpstratetlavingay grateethan bh equfa[l testhat of
or_second pol yner Iayer conpris

|
HSEFA] oeeseaisd Wlhe pALHST 1APERIISH 22 Sl ﬂY%“sQEk?&PWP that of
Hﬁ’[hﬁ%r%ﬁéfover&ﬁféh'\ﬁtmét %‘efsy fv?bt ﬁsﬂ[e 1t gfh!tﬁraﬁﬁnﬁ&&;i% PbYganic

I'socyanurate triacrylate. .
banize tayelisrsgpirated Ibgianicast oﬂa@pbmerahyet hasng ol grﬁﬂiﬁrgthm er equal to
rr | ayer 5 conprises a netal oxide. 36. A
tha&logbdsgywaccor ding to claim30 wherein at |east one
i norganic barrier layer conprises indiumtin oxide,

3181 I iA@RpRy 'aQ&rdﬁF WL IR 0 X1 RiP thedfirsl of @ecoadipdeyridr layer has a Tg
al um num ~ and icon. 37. A display according to

greateithardDatefiAMY A suffici ent number of inorganic
barrier 10 layers and having a substrate and first

30and § 81%1%9/ a@é)olrairﬁg 1o LANE 3O WAV theFirstnli seé il doYymer layer have a
Tg of at least about 150° C.

33. A display according to claim 30 wherein the substrate comprises heat-stabilized
PET, polyethylene naphthalate, polyoxymethylene, polyvinylnaphthalene,
polyetheretherketone, fluoropolymer, polycarbonate, poly a-methyl styrene, polysulfone,
polyphenylene oxide, polyetherimide, poly ether sulfone, polyamideimide, polyimide or
polyphthalamide. |
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high Tg so that the barrier assenbly is visible
light-transm ssive, has a water vapor transm ssion
WO a608/08%26 t han 0. 005 g/ nR/day at 50 C and 100P€T/US2004/009956
relative humdity, and has an oxygen transm ssion
rate |l ess than 0.005 cc/ n2/day at 23 C and 90% RH. - 38.
A di splay according to claim30 having a sufficient
34nuntredisply aordiapite clamn B0 evherelrbthedirara sacuthdipmiyme: lﬁlyer
subst r at andflrsi1 and second . pol r | ayer ha
CORYBFIFGSA RAAYIGH ofifvgle %angéhfflﬁﬁﬁn%l iachlate e, obg crylate,
g vapor
Tl oy AR Slny 1SR RidflEte 1785 ¢ and
100% rel ati ve hum dity. 39. A display according to
35c | auﬁnd@mamwdmgttm elaiya 8P Mérereis sldptst pnhimorganid eaager layer
co Saws ﬁ light-transm ssive inorganic barrier
1“89%‘? lgg parat ed by pol yner |ayers having a Tg 20 of
at | east about 150 C. 40. A display according to claim
3630 fAidisplay aceiPihp$é Oigind 30 ovhdtedh hivieast ayenobginveiRiriédigyer
barrier assenbly and the |ight source or light valve.
cogprises iadiyp t&y%@wrlwoa@md@ glpmmﬁr@ oXiflR &F éPTHX‘F(h%lei? gihluminum
andQiic6e or light valve conprises an organic |ight
emtting device. 25 42. A display according to claim
30 wherein the light source or |ight valve conprises a
37 i quA display steairdidig $eptlaim 39 Baving a sufficient number of inorganic barrier

layers and having a substrate and first and second polymer layers having a sufficiently
high Tg so that the barrier assembly is visible light-transmissive, has a water vapor

transmission rate less than 0.005 g/m2/day at 50° C and 100% relative humidity, and has

an oxygen transmission rate less than 0.005 cc/m2/day at 23° C and 90% RH.

38. A display according to claim 30 having a sufficient number of inorganic barrier
layers and having a substrate and first and second polymer layers having a sufficiently

high Tg so that the barrier assembly is visible light-transmissive and has a water vapor

transmission rate less than 0.005 g/m2/day at 85° C and 100% relative humidity.

39. A display according to claim 30 wherein the barrier assembly has at least three
visible light-transmissive inorganic barrier layers separated by polymer layers having a Tg

of at least about 150° C.

40. A display according to claim 30 further comprising a conductive layer between the

barrier assembly and the light source or light valve.

41. A display according to claim 30 wherein the light source or light valve comprises

an organic light emitting device.

42. A display according to claim 30 wherein the light source or light valve comprises a

liquid crystal display.
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