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el ectrol um ngscent, mrde@ cevﬁﬁcﬂ%}wﬁ&e@ pmf)pg“ gp rhSL} ga”' ¢

el ectrol um nescent rials as j’ht emitti ng
di odes. Si nptAfiguEationeagh 1&d s elechiraly agmmtqdrtafcteneate bultsima and 6 ‘elata

deri vatiates, bt@dﬁﬂe’cﬂﬂﬂﬁl@b liheé@fd BeAdIrBSied EPthK RRMYIda® dﬁb&\@ 1hifS eh@thus |
| um nescence, g %WE ¥1 e 52 {; ated pol yners have a so been used as
el ectr.ol uni n%egg T BISiaYe Q3 aheen di sclosed in, for exanple, Friend
et al, .35 U S. Pat «'thucﬂn, M?qei,gﬁl, orgieig ectivat lagdr.is Siﬂxcﬁncﬂ%atb@ﬁireeﬁ 488, 109, and
xrgP?alets 2' cle%mgéitﬁlohﬁla?faygﬂr M98kt BAL 5 %he SRRIAGRELRD: tfzﬁ%rs%gfigh The or ganl ¢ o
T transmitting so that light can pass through the electrical contact layer. The organic '
25  active layer may generate an electric signaI in response to light through the at least
one light-transmitting electrical contact layer, or may emit light through the light-
transmitting electrical contact layer upon application of electricity across the
electrical contact layers. In the 1atter case, the organic active layer contains an

electrolummescent material.
30 It 15 well known to use organic electrolummescent materials as the active
: maténals in light emitting diodes. Simple organic molecules such as anthracene,
thiadiazole derivatives, and coumarin derivatives are known to show electro-
luminescence. Semiconductive conjugated polymers have also Beén used as
; electroluminescent materials, as has been disclosed in, for example, Friend et al,

- 35 U.S. Patent 5,247,190, Heeger et al., U.S. Patent 5,408,109, and Nakano et al.,
Published European Patent Application 443 861. The organic materials.can be
tailored to provide emlsswn at various wavelengths. However. they frequently are
degraded by atmospherlc gases, particularly oxygen and water vapor. T}ns



tailored to provide em ssion at various wavel engt hs. HoweR&Ogctobbe3003
frequently are degraded by atnospheric gases, particularly oxygen and

wat er vapor. This 28 COctober 2003 sensitivity can severely |limt the
working lifetinme of the device if the materials are not property seal ed.
Typically, the device -is fabricated -on a glass substrate and then
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-of preferably l.ess than 1. m‘&m /brh enbodi ment of the -

i nvention, the deyice conp : (a) afirst flexible
conposite barrier @wacwﬁfﬁlaﬁsﬁgaﬂﬂﬂﬂ@aﬁt impveving egséstamfe ta fi r st

pol yneri ¢ foi;ygeamﬂldahoxlsﬁx@é&egimdoﬁmlé fRkibte &g&ﬁé el Jxﬁ@&eﬂ@é Po (b) at
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e one AL oS P i) v asinct o
~ environmental degradanon pamcularly oxygen and moisture degtadatmn., and
improved durability. The device includes an organic active layer sandwiched
between tivo -eiec;n'cal contact layers, the sandwich being sealed between two
flexible composite barrier structures.” The flexible composite barrier structures
have oxygen and water vapor transport rates of preferably less than |
1.0 cc/m2/24 hr/atm. - '

In one embodiment of the inventibn, ‘the device comprises in the order
listed:

(a) a first ﬂexnblc compos1te barner structure comprising at least one
layer of a first polymeric film and at least one layer of & first barrier material;

(b) at least one first electrical contact layer;

(c) at least one active layer comprising an organic active material, said
active layer having dimensions defined by a length and a widih;

(d) at least.one second electrical contact layer;

, .



active layer having dinensions defined by a length and a width; (d) 'at

| east -one second electrical contact |ayer; 2 28 October 2003 (e) a second
flexible conposite barrier structure conprising at |east one |layer of a
second polyneric filmand at |east one |ayer of a second8faetphesi2008at eri al ;
wherein at | east one of the first and second conposite barrier structures

is light-transmtting; the first and second conposite barrier structures
are sealed _toget he(e)ats@c&{afﬁémeE&%gaﬁfelaa@nér%mmﬁaeaﬁlﬁs&ga&; &g of the
o} ectrical
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ext ended porti ons of t%ﬁ r ?co(Pd elcﬁctrl C contact |ayers.

DESCRI PTI ON OF TR ?\?é@ Al SpCand, eORIPgS GBF%’@F SFHGHES ISt op Vi ew
of an or ganlight-trahsoittingyitioe ﬁld:e:ﬂnd:mcomd tdraposite datriepstrudfingsmee aled a schematic
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3-3 of the la¥sriagd a powiERmo] th em@adélegmcal W@tlﬁﬁseﬁe@wﬂé’mdﬂtﬁ di agram of a
cross- sect |dlﬂleﬂ§10{13 &?haa&f@flayé?emﬁ% Eist 2R aé:doﬁ&!'b@m oﬁfett%!i‘rlérl Is seal ted
igure 5 is_a plot of pee sus, di s n pee apart a
conposi te b%li“t“‘ﬁ"é?s &y F‘lfglsﬁ?lﬁg t%F%éteFl Rettighs %TIE,@F @ﬂSttaBS eé?cgr

el ect r odes aontagt lagetsynmeri ¢ support. Figure 6 is a scherratl c diagram of a
conposite barrier structure being peeled froma support and an el ectrode
material. Figure 7(a) is a pl ot of i ght em ssi on of a polyner |ight
emtting device of the prlags Bl 3 IN&GIS time and after fifty
days of anbient storage. Fi gure 7(b) is a pI ot of light em ssion of a

pol ymer | ght enrfgmeﬂgls@%&@atmﬁ@ﬂho@u&oﬁﬂ&v%aﬁb@mﬁt EGidHie of the

pr esent 'Béff-‘m'%%”t initial time and after fifty days of ambient

st or age. %&ﬁﬂtﬁ’ﬂ ON OF THE PREFERRED EMBODI MENTS The present

i nvention rel at eSigiwe Zisdevhapathaliagrgmatf al ceasstsection 4t liee 2+20sfithé detied, a first
flexible cqmi:q?_\rgq t}a:?(fré‘ﬂ?erdesﬁcrqutséﬂ@d a first electrical contact |ayer, a

| ayer contain east_one, organic active material; a second electrical
contact |ayer; dﬁ@’ € %ééﬁlﬁﬁinﬁtlcéi@%ﬂ‘@ of Bripl ¥iewent ine A13e0f the desieaur e.

shown in Figure 2.

Figure 4 is a schematic diagram of a cross-section at line 2-2 of the device
of Figure 1 after it is sealed.

Figure 5 is a plot of peel strength versus distance when peeling apart a
composite barrier structure of the invention sealed to a pattern of electrodes on a
polymeric support.

Figure 6 is a schematic diagram of a composite barrier structure being
peeled from a support and an electrode material.

Figure 7(a) is a plot of light emission of a polymer light emitting device
of the present invention at initial time and after fifty days of ambient storage.

Figure 7(b) is a plot of light emission of a polymer light emitting device
without out the barrier structure of the present invention, at initial time and after
fifty days of ambient storage.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention relates to a device having at least, in the order listed
a first flexible composite barrier structure; a first electrical contact layer, a layer
containing at least one organic active material; a second electrical contact layer;
and a second flexible composite barrier structure.
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3 . 28 Cctober 2003 WD 00/65670 PCT/US00/ 11534 It is undesSictuberpdeg it is
necessary to be able to connect the electrical contact |ayers of the device
to extern¥O®FeWitry in order for the deV| ce to function. PATHUSKSEISHases
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The term “essentia |s used to . € co
particul ar mater i ‘-‘%eg i the Waﬂ@ﬂﬂﬁylsaﬁlt@@dmthm tbaﬁmplanmgmech ents
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material to de ree at te,r 5t nmat eri al. can no er ormits
i nt ended pur %E% Nifeind By ‘Fa§‘b§t kA ap gnglg © ébl]eéﬂéﬁt Qwﬂﬁﬂlw%t
surface of | ayithouBbrenkings Theteamt“lightrarsmyteing Aisiiftenl@B@ mésh taf iHest surf ace

he 'ngyﬁfs‘%oi‘e’%ﬂe‘%*é“é? o BRE S o AR R Mol iy PR B oy o

"adj acent " rhﬂﬂﬁee%mdtd 0 mesarfowipgtmdabily t@oxwenandrmz&dn wipeky next to
the first Surlfhéf’éﬁ'np‘ﬁes!;éﬁﬁlly B id tiééﬁ ito hfeah &a@% 'cBﬁ‘lp\SsﬂHBﬁ%Fgl t ) al | ayer g
rue that |ayer

i s di sposed between ayer B,.
i s adj acent ™t "t"hai“ﬂnlaé’ﬁy é@?‘f‘g@%y #F0 rorfap ofher megedienys thay demelv one exanpl e

of an organi deteinwﬁdll}mﬁeod&iélfﬁ&nbﬁal fiedioff ghat ndrdienl 'td‘é(ﬁ@%x‘e@ Rt wﬁgcthSt
seenlnfggu es_2 an the devi.ce 1 eélﬁ%&édes 35 a first flex

. conposi t & barti BFC (ff@tll?rlgn% perfory P%‘cm PYPE- contact |ayer 30, an
When layer A is stated to be “adjacent to” a first surface of layer B, it is

meant that layer A is closer to a first surface of layer B than it is to a second
surface of layer B, such second surface being disposed opposite of the first
surface. As used herein, the word “adjacent” does not necessarily mean that layer
30 Aisimmediately next to the first surface of layer B. Thus, it is entirely possible
that a layer C is disposed between layer A and layer B, and it is still true that layer
A is adjacent to the first surface of layer B.
Figures 1-4 show one example of an organic electronic device 10
according to the invention. As best seen in Figures 2 and 4, the device 10 includes
35  afirst flexible composite barrier structure 20, a first electrical contact layer 30, an
active layer 40, a second electrical contact layer 50 and a second flexible
composite barrier structure 60. Depending upon the intended application, the
device 10 can be connected directly to an electrical source 100, 120, as best seen



active layer 40, a second electrical contact |ayer 50 and28 Gutetndobs exi bl e
conposite barrier structure 60. Dependi ng upon the intended application,
t he deviB@@!@ﬁSé@n be connected directly to an el ectrical sawosoh@ss 120,
~as best seen 14 w tl g 303 WD 00/ 65670 PCT/ US00/ 11534 in Figures | and
3. Alternativély g TaRvitte-1 UKy Siice dLdrast B eanneetsd to aleastere er nal
circuit (not s*tcmml)cm:nd (mdteh@.bxy) dné tleergigy be Dparbbf VeVl elRE@GHIL QP L System
(not shown). ﬁ,% Besimyseen in Figures 2 and 4, the first conposite Barrier
structure 20 e;n i nner _surface 24 and is nmade up of two polyneric
| ayers 21 A and 21A8b@ﬁﬁ5@ntlh§!fgur®l2c@dd¥f thee firmyermpdsite darriee straBhes 2@ha22. The
pat terned of i 14 inabiofifa 2 akiGSRAGE ub BYRE flymkfic BARER Adha0eRl (o L he

S

i-nner surface Irst conposite I er ure Rg%t@g{ seen

in Figures | Sdﬁfao% laWé’ ﬁ’ﬁ?&f m@re@em chite pasismgdtfirsiglestripad tcoetant lagero sts of
| i nes across isipiaced dd}h\ceﬁﬂtoahe triner Aefaby/24 bﬂm@rﬁrﬁ%@nﬁi&%ﬁé‘géﬁﬁr 91%])( ond an
edge 43A of - ti(}? &?Bé Y?een I?IEI 40. THg f rfs (TI ectrical contact Tayer 30
ext ends beyord the dr heRdl olfErS P hedirselectyeal capfaptiaygramstenn | As best
‘seen in Fi guoasise Oéhdesmcrashﬁlepmﬂtkeﬂndothsaﬁmdaﬁr%ﬁﬁrektéaamgq&gxaﬁa a{)ayer 50

i s adjacegt t&y.a4 g{}@% f ve | 05|te the
surface 46 a aceﬁ{?%?o v ;3?9&048]]-11% fr%tlheg?i (t'al ﬁ?%@?ylﬁﬁfifé%@g nd§ | ch t hat
the active | prgjhe; @%WEH‘@@C&W Igpenddein arehae 3dediorebseseentini cal cont act
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Figures 1, 2 an nd el ctrl cal contact %8onsi st s

of lines acr c§§%oqdc§u{f%|%e ﬁss‘ﬁfcégﬁacﬁlé’e yef & opRasyty ghe %V@Fe 4élﬂdlaemtetnmmg beyond

ano{ her edge fn'stk;lec&ilcabéomml@eﬂ&@udlﬁt}i@ﬂthé@ctl‘/&laﬁﬁsﬁo lggﬁ%amghgd gures 1 ?nd
co aet t he di mensi'ons o

t he act i ?/g I mtﬁée%ﬁg gr?&%lde%&gacaq ?y e§§é gﬁ“’ﬁ%h&é@ﬁa lgoatact tayer second

flexible corrﬁ@s iAsepisiesn srFigeres ll.l,clmdeﬁl 6he s&conﬁdleemmabcfontamle@@} ahC | ayers

61 A and 61 RBofflsiebi ¥k ablodtofhs Rnoh@edr il abRRILRL I the

I nner surface 64 0 secon ler structuré qn yer 70

It is under s?ﬂ%@%‘ﬁlﬁ gﬁe‘“’e?@é@ F‘?té’élla}@éﬁpaéts heatysgﬂs IIBEIgU&tE ha;d Bxhend
beyond 25 amsycondeleotricabiontael 1a§zaebxa=shag B@ydrﬂ)‘cﬁé dREGRH e Ithe ?‘ﬁh taﬁé 45B.
a

dependi ng, on. e n_ of th nder st 0o lgures 1
-4 have %Oeen %I?%\?\n%gt gsgssﬁrs%‘?éﬁ f %‘?%?Fh?egec?ﬂ‘ddfi?x@ﬁ CORWpOSHSE barsier
exagger at i ngstheine 69dpaadt ipof Mpblﬁnmmmyezamlamrﬂ@oxd@ﬁh&tsh@bf Hf their

ol ative, df MRy Bt S RS! CRERP B ELBNE RS oyl L, gl mensi ons

65, 66 of the second ite barrier ructur :
t he di mensi oFsanRsin eSZVe'@YertWe first corrp03|te barrier structure 20. In the

il yst rated enboditieahddriGodihaBns ERBSical contact layers 30, 50 may extend beyond
25  any one or more of the active layer edges 434, 43B, 45A 45B, depending on the
‘design of the device 10.

} R It is understood that Figures 1-4 have been drawn to represent the relative
order of the layers, exaggerating their separation, and are not an accurate depiction
of their relative dimensions. :

30 As best seen in Figures 1, 2, and 4, the dimensions 65, 66 of the second
‘composite barrier structure 60 can be smaller than the dimensions 26, 27 of the
first composite barrier structure 20. In the illustrated embodiment the dimensions
65, 66 of the second composite structure 60 are greater than the dimensions 42, 44
of the active layer 40 (not shown) in order to effectively seal the active Iayér 40.

35  Inan embodiment (not shown) wherein at least one of the electrical contact layers
is also sensitive to environmental degradation, the dimensions of the composite
barrier structures should be adjusted to also effectively seal the sensitive electrical
contact layer(s). It is thus understood that the relative dimensions 65, 66 of the



65, 66 of the second conposite structure 60 are greater tsa0ctdner2ogmensi ons
42, 44 of the active layer 40 (not shown) in order to effectively seal the
active layer 40. 35 In an enbodi nent (not shown) wherein at |east one of
the electrical contact |layers is also sensitive to environnental

degr adat i on, SEFREIFCHERETD F SEpetugediihasi the dithensiomsr26s 27 wEithy st shoul d be
adj usted to abspositd Retibmehngea hhevaersid.l Lh&Rl o ont act

| ayer(s). It igfp'?hus) ua(gerstOOd t hat’ t%’g- ?é‘f’fgﬁﬁgkgﬁﬁlgﬂgﬁ%g@%& 66 of the
5 28 Oct ober SBBHEES eloMiCE s s an effsctive seal fouibe dewicsd0and t he di nensi ons

26, 27 of the fir s besosepnén Figurbar Meﬁrstﬁnﬂ%kéﬁ&ﬂgﬂbﬁ%n@rsﬁ g%ggpng as
proyi de an ertect] seal for

the conposite, barrigp .. uct ures, 20, .60 can . |

the device 16?9%‘5%22?“@%@? § eag?cbt&ggmar_ by msans padhspiye daseo A8 ofrisisleitht e
cggposi t eI badmansions of aciverleger240, anekghéh mmfagn&;@ ﬁc{l&%fi‘&%@ﬂoﬂ?ﬂf‘tﬁe of
adhesi ve | aygr,., HteSt skons of .active layer 40, at region
102. Al't houg ﬁfar‘?(g)l?gsgx pli %ﬁ#&g&g f g%n%g%lkf ‘goénp %l’%%?ﬂb?,“@%’é‘“fsi 0sandf9dirg econd
flexible conprodida algdessesuchthaidhe petivedayarid) is Gompictely eakeidpat wiahin tgdoes
such that theakdtddges. | Pfratl. ine o d 0 w.thin-the sealed
edges. Pref eé(?bl (.igt he fLéastghtrll% secogﬁgﬁ%dxfl}%ﬁgiec&s’%gggﬁ AREE Strygfure
structure 2 %\‘?%6%6'3&3@ Uh iRy thataliggnvelppes allporémsalfgixefrsabnd por ti ons
of the firstseemi eeceins chert Liyedl 3630t dke iﬁ%fe%ﬁoafnggﬁn?éf%g} aieor ar ea
31 of the firs eclkd cQnt | ayer. 30 and area ol 1he @econd’
el ectrical .c%oﬁlgﬂgg{a%’%%fg"ﬂ%rﬁ?l%?rf)afﬁhfés_eé’ﬁﬂgﬂé aprerdilayesdlice 10 is a
light-enitting dilsdbe embydimeo wiedeinkeviae datietight- iR anRrelaye 40 i s a

light-emttigdg | Sl Il nescent materjal; and.| ayer
50 1's the r e&gﬁgé"éﬁﬁéhﬁgﬂ‘%’?ﬂé?%%ﬁg%%ﬁﬁ%é?fgﬁf-”egv. BsR GatERg an cat hode)

as the case mesaenaisriel.coddarir 58 iptheriespective ooumempart Ehenbdexi bl e
conposi t e bérer:iaaransde (¢ awatfodef), AnHe 88 ndfyfpd conposite of at |east one
pol ymeric fill T}%jﬁﬁﬁr andﬁ&t | east _one | ayér .of barrier material. The two -
conposi te bar ri er StPTRE et SPUCHESe’ of the sane or different . .

material. At. |edde fmiblotompesitebarcienpiasinires Lo wad 50XROMLGPE ite of at

. _ 3 - - H . : o/ ;
e A B ROt T3 i, T o
di mensi onal |c§mg%ted?%q:r:@g|up9ug$ el ke wadeef thheamper diffagnaadiiil ons of the
LS i e o S B A
pol yesters such a 36&?3;%{3 % Bt ¥ %Fﬁﬁ‘l% ate and pol yet hyl ene
napht hal at e; pol FhepalmsericifiMny 21, A8, 61 QG Bassl B RictifvehGorr e -

Lo MMM Sttt R 0
2, 2- di net hyf xamplegpbsdtable. prlymers inehds maserials cortaimiipaassentially

‘ polyolefins, such as polyethylene and polypropyiene; polyesters such as -

} _polyethylene te;ephﬂlalate and polj{'gmylcne naphthalate; polyimides; polyamides;.
polyacrylonitrile and Eolymgthacrj'loniﬁ-ilc; perfluorinated and partially N
ﬂuodngted ponmers such as polytetrafluoroethylene and copolymers of

_ tehaﬂudrocthylene and 2,2—di1neﬂ1yl-l,3fdioxole; pdlystyrcnes; polycarbonates;
polyvinyl chloride; polurethanes; polyacrylic resins, including homopolymersand -
copolymers of esters of acrylic and/or methacrylic acid; epoxy resins; and novolac -
resins. More than one layer of polymeric filmi can be tsed and combinations of
ﬁlm; with different compositions can be used. The multiplé layers can be joined N
together with appropriate adhesives or by conventional layer producing processes
such as known ceating and/or co-extrusion processes. The polﬁheﬁc films
generally have a thickness in the range of about 0.5-10 mils (12.7-254 microns).
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pol yvi nyl chloride; polurethanes; polyacrylic resins, inciaiQcger 2003

honmopol ynmers and copol yners of esters of acrylic and/or nethacrylic acid;
epoxy resins; and novolac resins. Mire than one |ayer of polymeric film
can be used and conbinations of films with different conpositions can be

oy ven o Whiidted AUE LA AR 1050 0bAC: oSNl MR SRRIOD b e

adhesi ves or by convent i ona Uci ng* pr o
coating and/ &85co--extrusi on processes The polyneric filnms generally have

a thickness in the 1%%@&3@3‘0@@%1&@11@1‘1 i) éﬂ&&:ﬁeﬁéﬁlﬂs ﬁ‘?&d'gﬁﬁé%ﬁ%dﬁﬁ d6 28

Oct ober 2003 When nore (? rSH resen ual
t hi cknesses €23 eﬁ%ﬁeﬂ 3[' Y‘F“’TS eﬁﬁ&@ﬁﬁ?@t‘ﬁi these films mlapla,Gh indiedepol yreri c

films 21A, 2ihvehfidnal ﬁEHBitnee nFat Ebce&-ﬁ;ﬂs thard doynth£@iaP9 2y 'B iﬁi{ﬂll ed above.
addi jives. e, many

-these fil mﬁ%‘% lé% |ll %I!gor vent i onal

comerci al l.y Fyesfe' s O SN 48RS SO PIeX PR thag 1395“3&63!@@% anmqge
agents to prwgethtp when B@y@i&s oiargé tah. finaoms ckekj Mg sizk @ﬂﬁkh%ﬂdi@ﬂ@%ﬁt ored as
a large rollg suc addi cause
irregulariti &S ' e e%:?%ﬁd d%?%ésslg%fze Qé"lmﬁlgn% Aye° fglﬁl'q?gma}/eg talselrial ;. such
irregulariti @@gnﬁyﬂ%wwr@mm@llna tthe bmnbapmpmtepoﬁhehbmf&;@f t he

conposi te  bdrfibetrusiursC Wilide MRS %egﬁ?e[@ V\%’fg@ﬁﬁw'cg%gtg? Oang‘;r:‘ chnéhe

conposite barrier —structur 0

matting agerticiugs %WIWFHH%'@UM% Lg{fﬁ%o fslip andunattieg agerisbor insidvieh wi t h

r espect ]Eo ‘tsneh dpeits e stﬂnlbdmlﬁﬁﬁ:h@f;wbhﬂth fegpéer tothe Bgé“ufea%hclg&fsﬁf@% 22, .62

is ' prefern sl s ‘can be_. use

conposite st?ﬂect Erbéxgleggrﬁ%rbgsﬁs%ésﬁj &é’ﬁ i Z‘hg Ome cases, shpfeatingg can be have  at
| east one Ially*3 of . barrier materlidl 22, 62 sandwi ched between at |east two'

| of polymeric fith@ddoripodikiduch ?(ﬁ%ﬁ’of RS bR ia e of "

corrp05|te str cture 20, very ¥s of
barri er |ongaxay é“?q{éﬁatﬁﬁ@tzéeﬁ%m@hﬂé between at lepsirtarodiyepol yneri

filmfrom: napalgmen"érfdxxezrmyzm mesmha@b&ﬂeeénqwﬁ u?é4b§1:l&1§r materi al

(not shown) y t| one bet meric |ayers:
The barri er C?I%ger can ﬁ'[r Qgp%‘?a‘é‘g PIvRE %@P %’F" Iarisri c filth by
one of the-ma@f‘e’@és‘@scw@éwmmtecb@i bmheme:rmmfﬁo@yﬁncoﬁm&bmeru c film

th b t
can then bedappsd. thé%’n{ méﬁbf@maﬂﬁn?&%éil%nm%%étﬁﬁ géﬁcrg)u%%c i fferent

processes. {he SECﬁ ? %/‘ngg c film f/
conpositio S rRaY itighed pfwesn sy pelymerisdryasst The fﬁamu:n layé cetibs
(25. 4-50. 8 #pplicdomee fiist Liger oNplgneaiofie by dnd oF the BT =0l flq! aver of
silicon nitglide ﬁﬁ laggngtl ma en nced .chem cal vapor eposi tion.
This -layer can pe Gver et capn then beiagpliegrb ydemjadtionoesi n' whi ch
is all owed quhng,cﬁaytmg) pr e;ﬁrmproacssnmv'ﬁﬂxmcom polyfretit GWRday2Y c&iitbd §19-
Al ternati Veﬂmé sa:h@ er 8iffér8ﬂrbomposmon from the first. For example, a polyester film
1-2 mils (25.4-50.8 microns)thick can be coated with a 2-500 nm thick layer of -
s:hcon nitride (SiN,) using plasma enhanced chemical vapor deposmon. This-
. layer can then be overcoated with a solution of acrylxc resin which is allowed to
dry, or an epoxy or novolac resin followed by curing.  Alternatively, the silicon
) nitride coated polycster film can be lammated to a second layer of polyester film.
The overall thickness of the composn‘c structure is generally in the range of about
0.5-10 mils (12.3-254 microns), preferably 1-8 mils (25.4-203.2 microns). Such
overall thickness is affected by the method used to apply or Iay down the
- -composite structure. )
As best seen in Figures 2 and 4, an adhesive 70 is generally apphed to at
least one surface of the composite structures 20, 60, The composite barrier
structures 20, 60 are sealed with the adhesive by bringing the inner surfaces 24, 64
of the structures 20, 60 together. The adhesive 70 should be capable not only of
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nitride coated polyester filmcan he lam nated to a secondsiCaysber @003
pol yester film The overall thickness of the conposite structure is
gener.al | yWoP0{45e70, ange of about 0.5-10 nils (12 3- 254 i cPETEYS00AEHer abl y

1-8 mils (2. ness.is.affected by the
met hod used tc?églg {J@ %teStﬁt&ﬁgeSB &ﬁé’?}i lfuto tseaE’@Pth] at Agas Bgﬁ seen in
Fi gures 2 andPtiopg ﬁmﬂégqtv@alﬁmta@ laysrseilab? gxtapding belyond the dinbesiinsofie
surface of tmeqmy&@@trtwddéﬁﬁma%at§9adr&ﬁze%lép8¥o&%§ Qﬂ&hﬁnner

structures 20,, 60, are seal.ed with th adheS| ve

surfaces 24, GHaceHnexhio lﬂ'&etrlﬁ\“&ce% tfﬁig‘é*m?@?lte hﬂﬁ'@efaﬂH@W@éom shoul d

be capabl e ncﬁdd(wiﬂrytoobr ihsiddd O adtesive BRBS7TOND 00/ 65670 PC7/ US00/ 11534

sealing the two cog,p %&erestb ctures tgq%et her, but of sealing with at |east

the portion of th 2 QAment, an afbgsive comipggers san be MicarRAgatEdydAd t he

di mensi ons ofleastiope ot thevmolymyme filtd. 2114, 618 adjademn s¢ tedctitalayani@iiReaive | ayer

(not shown) u 4 of the first :
@fyort?ﬁad&]b@ﬁ%‘tﬂ%%ﬁar&tggﬁﬂg a)e'mfef 7? fd s%%ﬁa% 456, 2 SRR S hasi Ve

conposite barrjer structure
| ayer 70. |n aghesiNelayenpdmayamwt be pasessaneeisead ﬂmmmmm bmauar peudtaes 2ppr at ed
in at |east 0eg @ﬂw,the polymeric filngs 21A, 61B adjacent to the actlve

| ayer 40 instead E??’Le cﬁ-&%dd' ti to t he separate adhesive | aye I n

such a case, a sepg’“i1 ET: Y&e érse%a‘ﬁﬁ%l’ehﬁﬁmlbég lpeciyan omsgeal t he
conposi te barabhqyonsﬁtrafainercﬁ’shélﬁblyméﬁb ih la9ge LA 61B irdiideaRAteriadhesi ves,

useful as a L. ch | ayer .70) and/or a ~_conponent of one
of the pol yrr;c‘r%‘a?:h lﬁhgrr#saﬁaleé §‘H Y adhﬁT TER@F: L?ﬂ%orﬂéquérﬂc’g?@terscont ai ni ng
essentially p@b?l?@ﬁteladh@b/ﬁster blagiswlolatpnlypmmmepmhcymy@ieﬁns mdﬁ@,hgest ers,

pol yest eg ¢ bl | inel udin P
_pol yet hyFEéne%g%ﬁtsﬁ%{%ﬁ?Pgﬁ:%Wéﬁgy]etﬂ elne % ﬁéﬁ&hﬁdoﬂ%fem et rEhEe i
vi nyl acet at e €0 E’Bldéﬂe%ﬁé’d)o HB?Y&P?WBP@eﬁfanﬂ aeisrelt 45 undarssanddbat, wheiesthander st 0od
that, where TaHhes:@é'h?Sﬂ thdja%h!ﬁrto %] thdrzﬁﬁﬁxmlné DayRr, kﬁ&é&e&&é‘m}ﬁdxﬂ@ layer,

the adhesive uId so.be. lig ransmtting imTarly,

adhesi ve conmp hﬁ‘iy lgché @Bﬁpﬁﬁ‘%%’a an 3bgsTYe F‘?‘BPR“"'PWQ F‘?‘Pﬁ?t%ﬁ)l yneric
filmlayer shmulajhgm{traﬁenmtmgmbhrhieyjca'ﬂmégter bﬁmldﬁ&de&ﬁh&m.ﬁlﬂ;ﬁﬂﬁ?&tfﬁé ng )
property,g %.Igﬁg rnier material ‘useful in the
barrier aye?%%—g[% l#g{){#gwgr’wen can yersubstance that, when -
formed as a conti rkkskarrien W@G@Olsﬁfui mthhb@klnebwmﬂasﬁla@f the iiygarionedn wat er
vapor transpegta gu@&@n@émhﬁ%eBMeaaQaesﬁtHR{oaélﬁﬁﬁfl GTKIHM%EEIE&Q' s an€SS

than 0.2 cc/n2/24 hr/fatm Suitable barrier materials_include mallTeéabl e and
25 crack res{O3¥asT Aradater éff‘%"rtuﬁ‘ﬁﬁpogrréteé’zgﬁﬁﬂ'@ndfo $ymyi2A du/atm oprefesablyf such
material s i dedsulin 0.p@sénYDhhAEtR. rRpivbledatrenlayer B iabitide B14¢Ba118 agg UM NUM

nickel, ¢o PP&fackirbdlstant materials that are capable of ﬂexjng. Examples of such materials

include those containing essentially metals, such as aluminum, nickel, copper, tin
- and stainless steel, as well as alloys. The barrier material can also be any

inorganic materials that are chemically stable to water and oxygen, including
inorganic oxides, nitrides, fluorides, and carbides, such as those of silicon,

30  aluminum, indium, titanium, magnesxum hafnium, tantalum, and z;rcomum and

- combinations thereof. '
Each of the barrier layers 22, 62 shounld be a continuous layer that contains .

a minimal number of defects that increase the material’s oxygen and water vapor
permeability characteristics so that it can no long function as a barrier. Thus, for

35 . example, defects such as pinholes or cracks would be undesirable. It is
understood that in addition to the size of defect, the area density of defect (i.e.,
number of defects per unit area) also may affect the functional characteristics of
the barrier material. In order to maintain flexibility, the layer of barrier material



and stainless steel, as well as alloys. The barrier nater8locsrabe® be
any i nor‘%anl C materl als that are chemcally stable to water and oxygen,
i ncl udi ng¥Oi%MEPY8ni ¢ oxides, nitrides, fluorides, and car bPEEAISOYLIERS as

those of silig@g S|um haf ni um

tantal um an gl ragg(r?lllaﬁirlnﬂmgﬁ c??n% %ar{ﬁ%inéﬁ{}hwpr%ﬂ%%g'c ° BN Warr i er .

| ayers 22, 6208H8w - graerl, é}éﬁ'thwaémVQ adticknesd iaithe rargerifni mal nunber
of defects thasod Al &m\f&h&utﬂ%ﬁélﬂéhb& xﬂét\égﬁﬁ'n@gxﬂ: V@E@Ffoiﬁ@ﬂ% ossi

per nmeabi I|ty char ct. er};astl ) it_can no [ong function 38°% l?}srr i er.
Thus, for crs glé"‘fkﬁﬁhém elsredrapgetes or cracks woul d be
undesi r abbe. I t i SThﬂ'iIiﬁﬁfSﬂmd dflnla?etmvmt@ﬂ(i!ré tomipdsied AtahAR Wby gghect, the
area densi tyI%Ie ngr?xﬁttenélhh?v er .0 gﬁf ects per unit area) al so nmay
affect the fumctiona araé?% rgtl?‘@g%?ea ¥ barrier material. In order to
mai ntain flexibi | ithe spedific ¢hojesrof polypasricifém amtterialmBer?a valitddpend 8@03 VO
00/ 65670 PCThSHGLssh3 ndiBGiaah itk BERoApb eGSR 1 B B3 EEq LhAn

m cron, preferably no greater than n gener a Iayer
my have a t RpCRERLEROSHISHIRR IqayHg@cHs. Misodh ¢¢Crwpqslﬁs?\é5m€rturevﬁ&¢r@bme flexible

metal filos, usetds supPbrt fo.@[h'a&dﬂthnélﬂaﬁ‘ﬁ&hﬁ'uﬁon Itoltﬂx'?a? LQ@E{%/E\Fario%¥er s thicker
he |

~than the preferred ra barri r | ayers of ention are ’
conposi t es CBFR%F%?%&O"@&%‘}S {nrﬂl{%hng ‘éﬁpgf CROFILIGEPEYESIIRE Fe/phyetchepicaly

per meabi | i t y etchivg. dpeoint cases theipolynadricifiifnywitt becthé ol Riyer bﬁﬂm&'c@ﬁup@?ﬁ@” al

wi || depend LfLan h_the, co est ucture
W11 be’ exposoye it RERRRARE (RO bRERSRE, WNEY wicdpERlie chemil 1 €
conposi t e st FigBing-enditioas, HB’@FH&@ jugh g pelyesters, ;!Dibppmdds awd fluariititéd onal :
laykrs, ﬁ“'bo%ﬁ&ﬂsh& réf&neaepbmﬂ&%meﬁa&'mmﬂé RESS r%gingggg%v Onsln come

i nci ud| ng vaB deposi t I.on procgg&ﬁ 3‘6 [ or wet

cases the poPSRASTHAR SiSHSHf {finrster ) @bermqnafém Qﬁa Eﬂﬁl%@ﬁp’dﬂl l;ugha

s':] ructulre whiglaks tranéimm&eldpélﬁmf‘dlﬁtgb@&’ gpﬂ"@@ﬁﬁ'ﬁhﬁmof’d_‘:ftogb@sc)a&ea I S@&.’a ed to .
chemical et mat er ch as te oy|m es, an
f1 uori nat ed ?Hsblr% 3%\99@ B eaﬁ'll%’reé"lapfétﬁa%iﬁ REppe © ﬁ"re eFak W

processing i ¢ mger\)mﬂfmdempomte@tmsmmat 1sexpc$ecﬂ)tceﬁﬁﬂfeeﬂrdch§sﬁng he
polymerig fiifp B@nﬁr Hﬁte)l‘lbmhgﬁldvﬂetchggngm vﬁths%@ﬁ‘&s% E&{H?fléﬂsO%F% grature

(Tg) (e.q., T‘%ﬁ from er,  nor rabl y,
pol yet hyl eneCtfBRPRitraetare 20pr §8inadded as 2 dast layen: Ftlfﬁeﬂr?ﬂﬂemtalhdwgblanybe t he

outer |ayer firthehprozestpps mhereﬁdré btﬁéan ebhéﬁmée‘é f@P&B@%&‘ﬁpBﬂuBﬁ ogher
processing. The arrl er rial. oul d géaar&%glen to wthstand these
r

condi ti ons. P ! (Elbencﬁg?ofl W?TCSEWF%‘I@Z aced apylest laxerds| ast

| ayer, it ofmaphwkdademot undergo any further processing. Therefore, the

range of;schoi ces Wenttﬂ@%ogxﬂJBPﬂé éth.lc?!ﬂ'e 9b s %ﬁ ns]pé%ln ecré}lf tQ aqlghQ%ra%(s)m t’([)usl!gt €

barrier structure 20 or
electrical contact layer, the composite bamer structure should also be light-

transmitting in order to transmit light into the device or transmit light generated by
the device. Any light-transmitting layer of barrier material can be used in this
case, including glasses and inorganic oxides, nitrides, flucrides, and carbides with
30 band gaps greater than 2.5 eV. Particularly preferred light transmitting barrier
-material are glasses, such as materials essentially made of silicon nitrides having
formula (I) below; silicon oxides having formula (II) below; aluminum oxides
having formula (III) below; aluminum nitrides having formula IV below:

SiN,,, wherein w is between 0.8 and 1.2, inclusive Formula (I)
35 Si0y, wherein w is between 1.5 and 2.0, inclusive Formula (II)

AlOy, wherein y is between 1 and 1.5, inclusive Formula (IIT)

AIN,, wherein z is between 0.8 and 1.2, inclusive Formula (IV)

Also combinations of suitable materials can be used.



much broader. 25 V\hen- t he corrposi te structure 20 or -60 i 28atakeento3 o a
light transmtting electrical contact |ayer, the conposite barrier:
struct ur YO8 al so be i ght- transm tting in order to trBOEEWEE/1158ht

into the device. r enerated b t he deyi ce. Any
light-transmitti ngmctélytggé%bﬁ Yare e hats chtéﬁ“Bgaﬂ?e%e‘??icﬁlrﬁoya%ase

i ncl udi ng gl #yseiheants nomsed don a:hglxtrtdasmlmmgrcpdmssna‘ﬁamoen dagmuand carbi des
with 30 band gapsTgaghfkizt hﬁ@re?aréa?l\éast%foklsu}i% fo¥ir %?; srred i

transmitting barrier material are glasses ‘é?lgp%%l@ent ially
made of sili CEREMITIFHEShALSATRY uqeg,q@@ghr(glgn @élnbmemsm q>ﬁt:hn souétrsinhavi ng

formul a (4T) tHeeleoick: @dedmttipo@ittﬁﬁﬁ-xer@ﬁfﬁ(dtﬁﬁ i€ Qécdis @ stipddnt al um num
nitrides havg erlel Wi sS % twegghgméhand 1.2,

La TV bel ow, Si, Nw, .
i ncl usi ve For&ﬂﬁl%{laz %)urers?ge BOERSseqame ds 7’?13%3?@0 f&hééﬁ%ﬂ&mmlaaeleztr@al i ncl usi ve
Formul a (1 1) concDjayemi{s) giercognpositd baneestrdenas ds dsel as b 36 ]!}Eﬁ"t‘é o @bl a (111)
Al Nz, wherei ncI usi ve For Al so

conbi nat i onsgl'd ‘%“3.1 g%ﬁ@ﬁ?ﬂgr%ggssgﬁgnéészna diacclitio g opague ‘{Ig‘ftﬁ‘ﬁé‘rc‘)?wg WO

00/ 65670 PCT]%@@PHE@@mPOSWbWhétrwmpostheéassﬂavucapplfe:dlahdadja@aedm to an

opaque elEct f L bght-transmttin
pag A 4QRiAHng A¥Gical (G uazyeptqﬂagwg{eggo dshid gL ansm 111 2

~conposite barrler Ss‘F‘ gasu% "To -symmari z

four types off™ £ dast gxer anpied @pd it adiacent tean QP&%“Q)@IEGISTGGI eegeendi ng on

t he pl acerrenlaye:rf Thb ehsice of iateialused ih e &ﬂ‘gﬂdﬁ@m lhyers bhdhe jfke barrier
structure isy rt, upon whi ch ditional |ayers dre processed

and is adj acealll{?f'erd‘c’n%?l’“"?E &%{PB%;gﬁg%c{‘qq H@%‘P&&E%%Pmpesm S$Rcrgyer; (ii) the
conposite barri erTT@tIPlelm@filra lage @ 14s 28B s6ipna@1B Mﬂ&he%ﬁiriélima’i&‘i’deQonal

| ayers afe bt dl ra‘gs%gé e | ca act ‘

| ayer; (|5| [ I)O&t)f\ag%%%grrpom tdeté%ggél er ?ﬁ}ﬁ‘g?our &%%%h tf:'éér{" b‘@? gl;!)pl ied and * »)
i s adj acent PrOdycs the desyrd thicknessastandupiformity rindatling snatimg praayeses suwhd (i V)

t he composi ta sb@rdoaﬁﬁgaﬁgp@)t g@ﬁlﬂgseimlgmtlhgyﬁgnlﬁguegg anfln ésmgdj acent
to an opaqueaeetrlfR tact %%_quTECOICE Prarssd®ed in the
|

conmponent | ayerst @S Epﬁ%ﬁfﬁﬁl fa’epr REpeest iSe #pply ql%bﬁlﬁ‘le’pmaﬁereﬁépendent
upon the typi, 62 tcthpobimericsfinu2 1 Arce 218961 Aok BIBY fespdckivaly, By @lvagdr A 218,

61 A 61L,B gp nhi ned t her-
si noy and kribflodlitn 864> Sub biddeics donacchofifcd Vﬁ?oafﬂsﬁﬁswhﬁeaa@gfagﬁa o
thic knesses ealh@ceﬁ Fh@nﬁﬂlt\gﬂpor dwwq‘@ audphysical deprsiingrosessts sueh aspi n |
coating and evapcHtis #r- ﬂgtmgéﬁd usi 03 iR en‘fxﬁr?cteli'&ﬂem&%lrl Q,g]?%prl nting, and

vapor deposition. CE)rocess ef erred process Is t e barrier
material 25°PgR Stﬂar@mb‘fﬂ‘b’r%? egred; s it %Pﬁ\‘-‘sdﬁssi?@m$9_ﬁ€hcrsu stBite (in this
respecti vel )c,asel;);he@d&ﬁﬁérﬁc fln deaoaml @mmm%sandsﬂéboﬂfn@%%?%%bﬂéd ude
chem cal Vaqﬁ'ifo epﬂsthere ynpl%r\]ndeg essennally defect-free layers

2. First electrical contact layer

The first electrical contact layer 30, is applied to one surface of the first
flexible composite barrier structure. This electrical contact layer can include any
material capable of injecting (or collecting) charge carriers into (or from, as the

30 case may be) the active layer 40.

Although not shown in the drawings, the ﬁrst electrical contact layer can
be made of one single layer of material or can be a composite of multiple layers of
first electrical contact layer material. -Where the first electrical contact layer is an

* anode, (i.e., an electrode that is particularly efficient for injecting or collecting
35 - positive charge carriers) it can be, for example materials containing a metal,
mixed metal, alloy, metal 0x1de or mixed-metal oxide, or it can be a conducting
polymer. Suitable metals include the Group IB metals, the metals in Groups [V,
V, and VI, and the Group VIII transition metals. If the first electrical contact layer
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enhanced chem cal vapor deposition, and physical depositi2hOptobee3®Bs such
as evaporation, ion-plating and sputtering. Plasma enhanced chem cal vapor
deposition is particularly preferred as it causes |ess heating of the
substrate (in this case, the polyneric film21A, 21B, 61A, or 61B), and

the coating fd mmalsgmmaasxﬂ&tmg; foded métl @ﬂaémmgyndﬁ m?cﬁgﬁﬂltet 1y
he el ectrical

defect-free S, el ectrical co t act
cont act Iaye%@ SIflcs{méiﬁtplF XZ&EE r8ﬁ8”§‘ﬂ?}‘t“§é’é’ arety %%quW%melﬂnemmlbe :

conposite bamsdder structure. This electrical contact layer can .include any
mat eri al capable 1tHoRb B Gikdt ?Q rrlers into (or .
from as the %asg gra %@ec{tﬂéalggﬂagtgﬁ*& Isg%wg‘lﬂ‘ﬁ #brortersnn i n
t he draw ngs3 tm’éﬂffficf?‘stflﬂ é‘Pté'@Frt@ gxlermgbirewtry | mmdeamodhﬁatrmdﬁeﬁmpne single

| ayer of nat R4t iR&Hp s of
el gct rical C%Jﬁ'tvg{c)t t:éﬁre @n%tti??lgmgﬁi@:e&{cﬁm éolrng%&l “Z(cfc ac?é’l‘aszzg'ﬁllglct | ayer

is an anodefotIpawre sugh exfended paeiongad . ilis susther @Qﬂ%ﬁs‘opdélﬁa’tﬁhﬁl ent for

i nj ecting orcompdsktidn efghdSirgadedtiveg c@ﬁ@égﬁyé}égro&hgf §Q la o%é‘{hegﬁm;{s% exanpl e
materials c 'l oy al oxi ns

ni xed- net al Oicktz%la f%}e &’I?”Eési{r? W?ﬁﬁﬁqn‘éété%gﬁ rﬁéﬁ?ﬁ@ﬁ Whﬁ?ltb%tﬁtsé net al s

i ncl ude the ak@umllcmlmlab'sﬂ@ h@lu:hk&lﬁemehtﬁi@tdﬂﬁmls\ll pa‘z‘ts oﬁl@e\ﬁe deqd the
Goup VIl t oi‘ﬁéﬂstﬂlgf‘argﬁfs%@ed biesii S {'iﬂ sscgleﬁlcgﬁfph%fcg]i; tact \ayer 10 28

October 2003 1s to ansm't oups 11,
-111 and +V Wt be @HM@@éwrﬁ@l!vmmah (nucjxammnumna thamdumta n&gistaﬁd WIer ,

such as pol )éﬂﬂirbmﬂemtap@dg—r%udllﬁﬁq Ab&Hg ontact | aver
30 is showmn,with exte glbaaportl()?]g 31, toﬁg%%{l%%?%{‘eﬁﬂsééels&ggiwté%ternal

circuitry, gy qr§°{5‘ﬁ’8§ 1§ fogichsivecuith theactive lyand0.t Faus, thedistpor at e

ot her neans ebefktridat cmntaatyajaarrumqiolsbimn(thmbl c@éﬂéﬂs%)wx\ﬁf?ﬂk%nﬂﬂ%% Sfui re such
extended' p

f und ood th th osi tion of
the first e?ﬂatgft r ca%j tor#mb?jel ayer Eua s r&?:tFE.’t?g ﬁ{éhecﬁaﬁ‘@ﬁgil%ns 26,
65 of the cHmlest electriss Q@umqtéwsomwstﬁ@ﬂnﬁlmemdﬁﬂ pommetmaym@ first

el ectrical emgeaeapmyﬁgl%gtdr%h&sé% ty BRd S ERCPERAIEL S Y i paf s of the

ext ended pPQLL] th t ar ) gﬁd outs e sea
barri er Iayer%m iegﬁ“‘a cﬁlcésgéﬁt"ﬁ'é?d‘gﬂfﬂpmfmmbepm&s
al umi nun) 't hawsiog snparaedemsbﬁﬁrsmmcmwmmwhm@&m DY allf g[ls a
better condggtmp | ontact. | ayer co osition that
I S coextensive ME‘E%}E&EC{H ve aag(rétﬂ)m%ﬁ’?gg t?“ﬁé ¥y st el ectri cal

contact |ayer co %@ﬁtlc@ﬂ?“tl%ltcoll@%bm%}mw@waplphbdllbya(physi@lkrap(ﬂr 40 may

be chosen t@epmmqfocdggtmét&hﬁ HySika & the sane tine
the first eje trical %a P%er co 0 |t|gé\b| r}e %x ?%1%%‘5 portion 31

may be chos Sltué’nﬁ'ipg{ﬂ Gec P“%ﬁ&ﬁ'&‘h%‘ﬁy %ﬁ@amnlﬁsﬁwwvmrstance to

envi r onment @posmon includes aII forms of sputtering, mcludmg ion beam sputtering, as well
asall forms of vapor deposition such as e-beam evaporauon, A specific foun of
physmal vapor deposition useful in the present mvention is a rf magnetron
sputtering. ‘

In general, the ﬁrst electrical contact layer will be pattemed. Itis
understood that the pattern may vary as desired. The first electrical contact layer
can be applied in a pattern by, for example, pos:uomng a patterned mask or
photoresist on the fiist flexible composite barrier structure prior to applymg the
first electrical contact layer material. Alternatively, the first electrical contact
layer can be apphed as an overall layer and subsequently patterned usmg, for
example, a photoresist and wet chemical etching. The first electrical contact layer .
typically has a thickness in the range of 50-500 nm. First electrical contact layer

_ materials.and processes for ‘patterning that are well known in the art can be used.

11



degradati on outside- of the seal ed device. The varied con®gtfobeipapan be
provided 'by using separate |layers of first electrical contact |ayer
material, or by adjusting the alloyed conposition within a first

el ectrical contact layer. The first electrical contact |ayer 30 is usually
appl i ed by a hh@sdaowl ackiypdayer deposi ti on process. The term "physical vapor
deposi tion" refer ' 1110 roaches car.ried out in vacuo.
Thus, for exanpl e%%ﬂeygﬁ{céa%athggg ﬁ%&%%nsﬁtlﬁg e‘f‘%ec{bmﬁgsacgi"? E’\‘YSF% cHt
sputtering, ibectlghtegifew lﬁé%rﬁggtp&mtélatﬁ@y anpplivel voltagaésuah bs frof iphof vapor

deposi t i on- sugluias dio@) R amyey snRité@tal Mht redoi RS Hdia?lt Qo404 ey gl Cal “vapor
deposition useful in the present .inventionis a iIf m etr on sputtering.
In. general, Sigmel pripor v AR applieddyiasioltagesgush agiin p phetogatetierned. It is

under st ood t IRaniphe afathosdetdoRyts iRTude dodesidugtve ENE dhblcitsihgeCt i cal

contact |ayer, can. applied i.n a pattern.by, for example, positioning a
pat t er ned na?k%’?w‘ttﬁ)ﬁ%ﬁ gﬁ%tg ﬁ%’i’S‘%ﬂ-‘st %@ éhlﬂFogfbegd andiphplovelip sells, es Hrese i er
structure pritams g degspbsd indlarkus, Johi, dcirebiectnd oaleotionbRGbndaWes materi al .

Al ternativel %nd%@%@&w%@ch{c[ gﬁﬁgcom act layer can be applied as an

overal | |ayer and sequéenifTy patterned using, for exanple, a photoresist
and wet chenmi cal - ¥eeredbe actiye layer és lightemiting ahe tayet-witk erhia Yight whypi cal'ly has
a thickness iprcher haBasleke BAnBRQ BThe fbddtal Shasdti ongact |ayer

e BApPAR O Shaba LAELIRR, AR

mat eri al s and pr.ocesses, for ernin at are wel the art can
be used. 11 SHIEREAHLYC Byeranay centainny oreanicislectolyninesteny ew diirey ougamic t he
i’ippl i C?L i ?n. tight-dmitidey ek, -Smlm%ﬁal@ca?%\é%fn(aﬂ%cﬁ@dhle RGteiia sgﬁhtagm tting
ayer that i ; appl i e (sul s -in alight- .
emtting di ogle ‘;?E'%S\réﬁ%gﬁqlggﬁ?faM%fFP%ﬁh%qﬂ}téﬁgﬁai Yan phikeshelener gy and
generates a Usy.dlatnt ¢i5OR,587, tictrhiowant anrtmppbf whichiagsinvmbbags Hepsiahyas in a

phot odet ect k854 derectors. | hot oconductj ve cells,

phot or esi st»gg%c,rfgg_%ﬁ%ﬂ}égn i o.oltafrgafcgélﬁ%k’ %ﬁéggﬁgﬁﬂ?&%ﬁc tﬁ‘ég,‘osﬁnd

phot ovol t ai cdenbed infarigndst gl (U£ tegt 524/63UDi Heater ef all(fk8sPatdhn, :

El ectroni cs 5408,K0%) dlakitsetRILCE. S RHht 5319, 189y ﬂﬂa7r§1e(’:hd_&§6%n|§“o|f%;f dgpe-

1966). Were, -the., active l.ayer i1s light-emtiing, the layer w }P em t

| i ght when asrﬁH]i%(r;? oer%t%ed\élleéeén 3(?6 F tlﬁﬁ’gc"i’ g‘;}ﬁfﬁﬂg%‘ Q{TC?%WS@“&B’{%@@& atgont act

| ayers. The Senenndugtive conjyeaied polgmiersy em exasnploottsatina pﬁlyn@fwm?%;- '

el ectrol un . [ i e 1140 terjdals.. -Such

material s czraﬁl% %gﬂhﬁyﬁﬁgﬁggﬁcgqﬁahtggﬂlalqgg ggg’#‘%@“%ﬁ%?ﬂ#&&@r‘?%ed in, for

exanpl e, TarfE?PeEf‘%.m BIPAFX of agghenmaterialywitkapd avithputadditivey). . Pat ent

4,539,507, tpheferablefant a hyet alons The Mive BroahR 1&%9&&%@%1&‘& a'}ﬁ'{cﬂ.eﬁsby -

r ef er ence. %Eﬁ%‘%ﬁ%‘l"\éﬁ%‘ﬁgamh materials can be polyneric material’'s such as
| ‘

t hose describe &al .- (U. S Patent 5,247,190), Heeger et al-
(U.S. Patent Where the active layer 40 is incorporated in a photodetector, the layer-

. responds to radiant energy and produces a signal either with or without a biased
. voltage. Materials that respond to radiant energy and are r;ai)able of generating é
' signal with a biased voltage:(such as in the case of a photoconductive cells,
phot_orf?gistors, photosivitches, phototransistors, phototubes) include, for example,
~ any conjugated polymers and electroluminescent materials. Materials that |
- Tegpond to radiant energy and. are capable of generating a signal without a biaééd L

a

vbltgge {such as in the case of a photoconductive cellora photovoltaic cell)
include materials that chemically react to light and thereby genefaté a signal.
Such light-sensitive chemically reactive materials include for example, many
+conjugated polymers and electro- and photq-lmniuesccnt materials, Speciﬁc
€xamples include, but ax_‘e- not limited to, MEH-PPV (“Optocoupler made from
semiconducting polymers™, G. Yu, K. Pakbaz, and A. J. Heeger, Journal of.
Electronic Materials, Vol. 23, pp 925-928 (1994); and MEH-PPV Composites
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5,408, 1,09), Nakano et al. (U S. Patent 5,317, 169), the 2®etohst2(0H ti ons
of which are incorporated herein by reference,. Preferred

el ectrol um nescent materials are sem conductive conjugated polyners. An
exanpl e of such a polyner is poly(p- phenyl enevinylene) referred. to as

PPV. The |ight-emttin terjal s. be dlspersedlnamatrlx of anot her
mat eri al , V\)i%lth (ﬁﬁcﬁ)&)sd {Iﬁggal c]%‘f’f%g frgpy Interpsnelratingdiojymer Networkgr al one.
The active bogehialsayel (%ﬂﬁt@l&lg}fod@&ﬂra&zr&h@t&ﬂe%ﬁ) 493L5r)be199?§39e of 50-500
"™ etponds vo ¢ adier SRelnd i BSRRRRE Fhurll G RERa b e bt vt hovy
a biased \aéatrien COMP@W@% frmasoluasrmdnchmvcmomaaﬂhamm mm‘wﬁﬁﬁhgare capabl e

of generati &9 S ) s _in the case of a
R R R
phot ot ubes ry an

el ectr ol ummpgsHeRL rmh%blp@bﬁblewaﬁlyﬁl§ctida%1yg{e?§&g{}g { £od Adl ant. ener gy and

are capabl e of generat a_sigpa t hout "a age (such as in
the case of®°&Y ?ﬁ&@&é’ﬁhﬂg‘?ﬁ WB‘CCE’@YL gaWEnhot ovol taic cell) include

L e e b el

many conj uga :ﬁ% Rk Tl@ BYSS- Aghgstsaen i Higwren &ond At themtien i aI s.
Specific s fgstelechisal comgachbatyer fhad exeetids beyoNEithRiYndnshisocoupl er
e 11O R SO0 e 9B ol G UL B T2
Conposi t es Cirouisy ipthe,faishesyipyiog t h CN- PPV (" Ef ficient Photodi odes from

| nt er penet AatSesgndilbatiiesl ddRtadOlb ¥ . J. M Halts'et al. (Canbridge

group) Nature Vi 376, 8- ayer 40 containing the
active organic £ &rrond e@%ﬁ“‘@z %ﬂ%ﬁg laygt ?@ taHBrA‘T‘-"{ tPélﬂeo@F‘é%tiﬁ pEthe cont act
| ayer 30 f aetivesleyartdOonsitimpghmyt ﬂmwmthmahlngﬁmsecbﬁwéludﬂégi c§ih&- coat i ng,

casting, awepamaagdeame%r 1By & AU GTBE Gl a2 cFRINE (FPP! | ed
directly bxﬂ e deposrtlon roc sses, epen I'ng upo S PHE ®hat ure of the

materi al s ad'leéch fy8¥eidl e to apply an active pol ynmer precursor and

theln gonvert L(Ih&bﬁ:oﬂﬁlel/dﬁf&lcal édﬁ@dc@&brbb’cah)be'&@ﬁétéﬁ%ﬂcoxﬁgﬁnﬁ% Wer 40 : IS
applied o r st ctri.cal. conta but _does not” typically
cover the %{rﬁ lltnF %l QyErme ca%tg? Ot'éléeﬁuf‘%%qflcaﬁ‘%lcé‘gg)lc QTIRIS AR (o5 g’
portion 3ifrem, ahthefcasesmay bekthe activie liyenHa.c Gehaylty, v\tbbﬂetﬂae&éaﬁmﬂls beyond t he

di mensi onsefe&@fichi®nget is‘ﬁecahﬁ:l’i@bé %%549: od% ?.ap‘ihmé Bﬁﬁecgﬁﬁgﬁ' ion with

drive and/of detect] on .. ci rcuit Econd
el ectri cal ¥SHREOF collrd ge}FﬁE"@é&@ﬁ@té’Iﬂéb@fgt eattershteaethodayen bB0 is appl i ed

to the ot hey méePooforni®al having a lower work function than the first electrical
contact layer (in this case, an anode). Materials for the second electrical contact
layer can be selected from alkalil metals of Group I (e.g., Li, Cs), the. Group IIA
(alkaline earth) metals, the Group II metals, mcludmg the rare earths and '
lanthanide, and the actinides. Matenals such as aluminum, indium, calcxum
_ banum and magnesium, as wellas oombmatmns can be used. '
Although second elcctncal contact layer 50 is shown with extended
portions 52 to connect the devrce to cxtema] cu'cum’y, it 1s understood that devmes
B {(not shown) that incorporate other means of circuitry connection (such as vias) |
would not require such extended portions 52. It is further understood that the
- 'g:sompo_si'tion_pf the second electrical contact layer 50 may 'vaxy across the
_ dimensions 27, 66 of the composite barrier layers 20, 60. For examplé, where the
second electrical contact layer 50 includes the extended portions 52, parts of the |
extended portions that are disposed outsuie of the sealed composite barrier layers
20, 60 may-be—contam essentially a matcna] (such as Aluminum} that is more
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active Iayer 40. Al though not shown in the draw ngs, the 28 Cutubeed@d ri cal
cont act 6¥er can-, be made of one single |layer of material or can be a
conposi t eWSFU58 | tiple |ayers of material. . The second el BETAUSeHI1534

contact |ayereGamnig efviffhfntdlge (io&%ﬁﬁﬁ:p %rgxssgﬁél al] glge \é}agetftq:,gqgop@)r

nonnmet al capabl e of injecting (or CO
from as the ?%r@ahﬁ%ﬂtﬁé}a)f?h@mamﬂm@l thayercomen:Qmmthlthg/acthelayaertzﬂme second

el ectrical cortuaahe béoad QIQEtPiQQlecc(n'tac@iaye@&ﬁ%%ﬂé%@t xts*?:%%xﬂeﬁs Qar Licplarly
efficient for ollectin rons or_ negative tth

i
carriers) t heaCE‘éetn]{q}S‘He °<§ﬁ’§r t%ﬁ’toé’lde&eﬁﬁb‘ﬁﬁ@f% bfﬁldvgawgnatt:hmge rAtwor k

functi on tharth¢ feeneffims theebaﬁidrdlecahcaiQ@ﬂta@ﬂ'tayér%ﬁ{po@itﬂ&ntlﬁ ki%e @)?éﬁd Snf anode) .
elected from

Mat ls f t | tact

Mttt bl £8000, Al Skl Al e S o
nmetal's, the (meutprmmmdatatattpn@txtmﬂer@ thiaecalal devia TR aRied doafpobmghde, and
mgnoss um a0 SRSy B RS 1 e D e B el Pt T ca

magnesi um as well as CombinaT T ona CcaR DEC e
cont act | ayercosid beal §WWt®eéﬁﬁt@%ﬂi@bﬁlcalp@mttactdaﬁerSZ to. connect the

devi ce tqoexternarrhelsécwutc:reﬁndat coritadtBERE 3¢ QQEI ﬁ;&hé& £§ﬁ%sm g},(}rSh_O\MW)

that” i ncorporate. ot her cuitry connpetct woul d
not require SUEH B&%ﬂ%ﬁéﬁ%ﬁrﬁe@%zscm@ ejegtrica} chtfiﬁtferveﬂdmd that the
gorrp03| ti onzqfattd:rhﬁi sedsadsel siniveiin abfernbé Acthe FadelecBalBYniel My a.e;roolss the
| mensi ons site harri For ‘exanpl e,

where the se?cl)%gﬁa? % ?%H‘fsa%at“b? a%ﬁéﬁ t%ﬁﬁ%ﬁt?&é@‘tq?@eéwmcbort i ons
52, parts of lase Tllfa(seemﬁefdeancallcontact lager gpieally hpos thicloiessin@e ¢ingehe seal ed
conposite barsmsgnn}@ygg lally. a mater o
(such_as ‘A ur g S5 A 80, W%&*P S A
PCT/ US00/ 1153% gg’Pért‘Qﬁ'tmt Fodwmsednnent al  degradati on. and/or is a better
conductor than tha gedensd oﬁﬂﬁ%&édlﬂaéle&ﬂﬁl%ﬁtal:ﬂﬁﬁér &1@1@&%{ t%ef%

ec cal cont act

coext ensi ve h.the ti S second e
| ayer corrpos\lﬁlr}:l nﬁwf‘ﬁg?ﬁ’l g&)@%ﬁﬁ% faygr \ﬁ-gt %St"ﬁg" cﬁcfﬁkﬁéeqtféﬁrcon@chlayerbe
chosen to pr 8t csentet petien 52 atlotafor thaportrictibh fQdriw aRl/bNgt&didg time the

second elgct 'Eiir&ﬁ'!rl' onposition in the extended portion 52 may
" be chosen to prowg g?@ghégﬁg‘en%uctlw ty and increased resistance to

envi r onment ée@%é’ﬂl 8YEE de of the seal ed device. The varied
conposi tion, can hes Hﬁ@é\&i Q%v@ﬁbﬂ?eﬂ@ﬁﬂ Al gigﬁé‘ %fecﬁgmﬁ%(égﬂgs e#%ct rical

cont act Iayer gaoul d be all oy one second el ectrical

er
contact | ayean“i’Lptl% dﬁf& c@b%?t YET ot shewm) %Wﬁ%fthetﬁéV@tleqﬁscals;gaﬂabyampl i ed
by a physi caB0uapthe acdmjlaﬁerttmaﬂ f@cﬁnfa@@aecmaal anan: anspi€ as@oPBeehCt i cal
0

FOTLECL L8Y bl ddh hfion BEBE BleEHkss 35, 40 SRR reabb ) Seren |
active layer 40 and the first electrical contact layer 30. Similarly, a layer (not
shown) can be placed between the active layer 40 and the second electrical contact
layer 50 to facilitate electrical charge transport and/or electron band-gap matching
between the layers 40, 50 or reduce chemical reactivity between the active layer

30 40 and the second electrical contact layer 50. Layers that are known in the art can
~ - be used. In addition, any of the above-described layers can be made of multiple
layers. Alternatively, some of all of first electrical contact layer 30, active layer
40, and second electrical contact layer 50, may be surface treated to increase
charge carrier transport efficiency. Furthermore. additional barrier layers (not
35  shown) can also be placed between one of more sets of the layers 20, 30, 40, 50,
60 to protect them from adverse processing conditions. |
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Simlar processi ng techniques can be used to pattern the g28Cmisbeebeg3ri cal
contact 'layer. The second el ectrical contact |ayer typically has a
t hi cknesd¥Q A/45A¥ r ange of 15 50-500 nun. Second el ectri cal PEFAISA¥LISBayer

materials and pr O‘Tﬁ§§§§icé(ﬁj’f’mﬁéhtaﬁrf8} h obSld W&Q_n{ Fﬁsezé%ré%‘;)az{]}ebe used.

A portion 52 of the secon trica cont act o layer yond the
di mensi ons ofYt4fle P @frft. Sen® 1B isprefesghly dagrmimsd hythialankimgfthe goalebect ri cal

contact | ayeprovfl?cﬁnoﬁHbﬁc@%ﬁtﬁﬂﬂﬁdei@@t&éd&@al@ﬁ@ﬂeb@}y"s for the connection to
drive and/or dete t|on 20 ci rcwtré %?‘H finished device. 5. Oher

optional |ayers | t*P&CXHSHAE% O ’étm‘f dgraces of thepnyamtion @ndet r oni ¢

dfavi ces, I'a‘-or fabeicategd by firdtlapplyingemn fikse e&ctrﬁ:yihéor(tmlla}&haﬁmbm]l}}ﬁhg\ﬁgEhet he first

electrical c f tive o.facilitate

el ectri cal ﬁ%‘gﬁﬁ?ﬁﬁ%ot‘f‘ Qgﬁ@%gtro ° t‘éa flrlﬁﬁlsﬁg’%ﬁséh@qgéﬁﬂﬁgp@m BT the

| ayers 30, 4@0@rﬂ1¢émeéclﬁhm¢abmnta@merw ty between the active |layer 40
d the f | h

and the first el eghg fcﬁﬁs‘m Q@ia}@le% ﬁﬁﬁfra%%eang%%tﬁfés%ndﬁglzﬁ{a&%r T?,"ﬁl shown)

can be pl aced between the act ayer e secon cont act
|l ayer 50 to PEEFILIRVEBHOR| ectrical charge transport and/or el ectron band- gap

mat chi ngio between the | ayers 40, 50 pxangEiuce chem cal reactivity between
the active | ayer :l)*ﬁ gq and the @econ% electri gﬁ_{ .cont act Iayer 50. Layers
that are known - nlPhiPloNing examples arealiustyative gF fhe; igentiony bytiof Hamiting.

above-descri bed | ayers can be nade &XAMALIDIe Iayers Al ternatively, sone
of all of first e r,: 40, ..and second
el ectrical cont ac%ﬁ%g%ﬁgﬁ %E“é?tﬁ‘?‘?%’gg tagg(gfneg vt'lo P?}é’Fsg%fsfg EE,I’r‘iiarge
carrier trandfunfilmpairier @ftg&Nx Qﬁ@}ma@ommnmmwmmwe electrayers (not
36 Bhown)s capychdti reSorhac@ IR meﬁ@o%ea ®B0IRIR (568 Snigf n§ R AFHE 2 20, 30,

40, 50, 60 t tect themfr ocessing .con I ons
Oct ober 2003]3 ’6‘5‘%‘37‘6’@5@?‘ %ggfﬁ‘gé‘z;@ %ﬂ@ém BfEdfadePpali s for each
of the Conpodermbalsﬁand CZiIﬂnan?ZIncZ@BllnﬂﬁgtoﬂQDEﬁ(Prl&]t&deﬁasltlﬁﬂ- B S

preferably dgt n the dlng a, device with
hi gh el ect roop b(%ﬁﬁe?{)l E‘Tg&gérltgog ﬁ%aﬁ{éﬁ 70@0&&1@ mgleghlaf oni ¢
" devi ces of tPEUp.nPUANg depqsttwnba St@dﬁ@mbmmdnmers (scsnn) aﬁﬁi}m, 08 secnﬁl rst .
el ectricgy CQF‘A@%d h@x&r 8, Ryl eg&r‘ﬂﬂté& e &
under st ood t hat s m%%‘!r sslr Hﬁfo{tlje cg%& ﬁhegjrﬂssgaf rom t he second
el ectrical ctitaned H*,ggrs R H’F@PI"‘@W H@‘"@&%ﬁ?p‘? GHgy Wbtltﬁ thegnagmetiai n
features andfidldwaridgerded abdig 90pr@aRE teot@yRAim o thdrdsMRL EShdliien |
fol | ow ng exf%%ie@t%on Irn%tllazll %nuét %sln}i/ae fon:[e Sur éi)%rs]itnlo(r)trf)roc?uced a%tiNl Iﬁlrpnt 'ng.

about 840 A thick, as determined by atomic force microscopy (AFM). Chemical

25  depth profiling by X-ray photoelectron spectroscopy (XPS) revealed that films

- were essentially SiN, (x~1.15) with some oxygen (~10%) and presumably some

hydrogen (not measurable with XPS) incorporation. The oxygen transport rate
(OTR) at 50% relative humidity through the coated PET film was evaluated with a
- commercial instrument (MOCON Oxtran 2/20 made by Mocon, Minneapolis,
30 MN) and determined to be 0.012 cc (O,)/m2/day/atm. For reference an uncoated
film of Mylar® 200D has an OTR of about 24 cc (O2)/m2/day/atm. Therefore the
SiNy coating provides a barrier improvement factor of 2000X.
EXAMPLE 2 |
A second flexible compos'ite barrier structure was formed with a 200 A
35  thick film barrier of SiNy. The SiNy was coated using a microwave ECR plasma
onto 0.002 inch (50.8 micron) thick Mylar® 200D PET film. The gas flow
“conditions during deposition were 2 sccm of SiHy, 98 sccm of Ar, and 20 scem of
N at a microwave power of 100 W. The deposition lasted 30 minutes. The OTR
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EXAMPLE 1 A flexible conposite barrier structure was forn2dOsidber padd/est er
filmandw@ebkigrofi | mbarrier of SiNX The SiNX was coat edpgsiusan/as34

m crowave el ectron 15 cyclotron resonance (ECR) plasma onto a 0.002 inch
(50.8 m cronpfthe SN, fcohed PET poas substguestie detemaiptd todleat e (PET), Myl ar (r)
200D suppl i e@ pyodo, ym2dy/agnt de Nemours and Conpany, Inc. (WImngton, -
DE). Prior to deposf‘tion, the chanber was evacuated to a pressure of
1.5x10-7 Torr with a turbo-nol ecul arEXAMBLEBuring deposition, 2 standard

cgb! tct cgnt i tmet teL s Tﬁ@@i&nﬁb ik _ilgﬁisﬁéﬁes% @‘I—'Rré‘fa(ﬂeﬁi;ble&romggﬁe @Qri?_xgégl\%cﬁ]{re N2 were
adm e N . e apper. e pLasna was stal sSin 0

n cr onave’ po%@‘r’mﬁtacl?“lf?ée W@ﬁhk‘?’é‘“%ﬁ’@nﬁﬁgﬁgﬁ?&teg% ' IHOWgt§ WPSt ed to
about 900 Gausstinghomaenghadicalpddnsagelehichsdhabmeroatshdriepropdties! ectron

ti inth . h d.a Si fil t 840
e s BTSRRI R CIBE Bl o S e,
profiling bybxX-migypowsvetpbasnecthamicslp@apar dxepositror KP3Y), mas dahiestedbat i | ns.
wer e essent i ahlyared P%&(aisd é.oﬁégi(n%(%b.s%ﬁmnyﬁﬁa@ﬁgh{gr% J gﬁgarll B@ﬁe%wzﬁb' y some

hydr ogen (not _neasurabl e .wt I ngor Epgn_atlon. 1€ 0X ransport rate
(OTR) ~at1G09:3MePid3- FommaM it Jaul giFbe hrsniggiat bad apmele rabbeneod] andal uat ed
v'\;th a fpmm@b@awaﬁtmgm@hdss@mt bﬁamon&z‘t&@omgmz : nglyg%/'ﬁ’\?as -
nneapol is, er m : . CC . ay/atm For
ref erence anpgﬁr-é Oégg?l-qﬂg{ﬂi‘r‘?sb‘fe _a?f“??%‘ﬁi@“‘éﬂe%ﬁ‘ﬁ‘%*m%ut 24 cc.
(02)7 n2/ day/ ateeqiéntlyefetermindicto bei NX0825at i (O )pr2@aydes. a barrier inprovenment
factor of 2000X. EXAMPLE 2 A seconde{l.ex conposite barrier structure
_was fornmed with a 200 A 35 thick ?f_i.%’\éﬁrzérgr_of Si NX. The Si NX was coat ed
usi ng a ¥ cr owave Thorepmplediussates adleside compesitebargensumeting having oyl ar (r) ¢ -

200D PET fil mmifiRd%as, (4R TRHPET SRS, ithicBRedRRA%bOEAVOIR & nscem of
at .a m crowave pqQwer of 160 W The

‘SiH4, 98 sccmof, Ar, a 20 sccm qf N2 |

deposi ti on | B emigrose e e %%&\ADWW@/&@%%W VithangdRgsi¥sat ed PET
was subsequenting thetmiditisiechiBxabple B, sbahat e BN, Tlihel setediorthe RSidewiraier 2003
PCTI USO0/ I 1534 This exanple illustrates the OIR of a flexible
conposite baﬁﬁ%@é@%@%‘é‘m gleﬂsé’\l;%gﬁéatllsa er?gtuémrsetvly?fct ure. Lam nation of

Si NX coat®ed PET/piNgladbesive/FeN,gPNX. Privatd lagpidatiom inwehdeternshedithatihe, whi ch

wi Il conpront sy gﬁrgiﬁ_r cﬁﬁfg??fg'ﬁ@ns ﬂﬁgﬁn (gléﬁ%?aﬁd?l‘fh (50.8 mcron) thick

with about 1 A coat F‘ng roduc _
0.0075 cc(Oy)/m?/day/atm. The OTR of the laminate structure was'less than
0.005 ¢¢(0,)/m?/day/atm, the lower measuring limit of the MOCON instrument.
EXAMPLE S .

25 This example illustrates the formation of a non-transparent composite

barrier structure using (a combination of vapor deposited aluminum and layers of
barrier polymers is utilized to provide oxygen and moisture barrier)alunﬁnum as
the barrier material. '
A first metallized film was prepared with polyvinylidene chloride
30 c0po_lymér-po1yestcr-aluminum-polyvinylidene chioride copolymer. A roll of
. Mylar® LB biaxially oriented polyester film was placed in a vacuum chamber
where it was unwound and exposed to evaporated aluminum which condensed on
the film surface to a thickness of 400 A(or an optical density (OD) of 2.8). The
) metallized film was then solvent coated with a composition that was essentially a
35  copolymer of vinylidene chloride/vinyl chloride/methylmethacrylate/acrylonitrile, |
over the both sides of the film. The dry coating weight was 1.6 g/m2 on both of
the coated sides. i _
A second metallized film was prepared by coating Mylar® LB film with a
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by m crowave plasma Chemical Vapor Deposition (CVD), was 2&fcivheed0G3
uncoated PET, also 0.002 inch (50.8 mcron) thick using a commerci al
adhesive, 10 3M 8142, from3M (St. Paul, MN). The |lam nator had a single
rubber roll and.  was operated at 48C and 35 psi. The final structure of the

| ami nat ed f PPRCHEETCBRTF FOORTATOS RpLPatphEsinge Mater. Tim dredrroasingtvighd-ami nat ed
structure waes 0usdrRigmnl. yThiepensd peldester @ was (AAB3RcGed 97/ M2/ day/ atm
EXAMPLE 4 i ' l.e i at es flexible.c osite barrier
structure h \9];5%5‘@% %3Wé%an§§{:%@§af&sﬁa§%rl§g ARk %qui phyas ddeteddoat ed
with about 2008 wiaforsiudug Hy9#Qwewmaarel sians spargnhanase Lbinae, | ani nat ed
t oget her wi I Vyati I itions of Exanple 3, .so that the
SiNx films %ﬁge?%%giﬁ Coating Wep Gopile “g‘?‘g%cr%berr%‘i R CrRRde i o, That
is, the strd8¢dpecagtias (rightFrasiOiil ddiedi The Siokp@tRES thé?rilamituen | ami nati on,
it was det epsunatmehatizeihe deidﬂﬂ;ieélhﬁé&%'on%fl%olgﬁﬁ#ﬁqco'ﬁﬁrsihé ko”%g{i d.an OTR of
e r

about 0.0075 / aylatm The OIR of 't anm nate s Shas' |ess
than 0. OOSOE%%(%%&@%#% the | ower neasuring limt of the MOCON
i nstrunent .. EXAM%hEdSp%’T&ﬁ:&n@Weﬁﬁolﬂebt&iﬁﬁﬁ%%&&J%{b@ggigg offa
non- t r anspay,ent rrier sfructure.using (a gombination of vapor
deposi t ed Mé&%ﬂgﬁ?sﬁ%gggm MGS%P%PPMWC&F%HWH i zed to provide
oxygen and ‘pay@eraphkthilio/azetsiy atidfethylencadycol)heopobymicr e Thisab thaheatA f 11 st
metal lized §d ' - M Ly ' chl orj.de. 30
copol yner - p%#??gﬁﬁrg@%gﬁg@poi yﬁﬁ%gﬁ)g}%ﬁ%ﬁn&é’o@ AT A roll of
Myl ar(r) LES93HE&™arghf obpigdited pol yester filmwas placed in a vacuum
chanber  wher e i ThoriSt aiy\EHeBHd BREELBEATRRAS W ﬁﬂﬁ‘[ﬁ?gd%g%h@ I [@e""gi ch

i 00 A{oF an oé i€

condensed an.__the fil.m surface t0.'a thi ckpess of 4 r I

densi t y (0%533%‘* p‘??’%’)c.{h*}?ﬁé‘dh‘-‘ﬁé‘feaﬁ“ﬂ ?‘@HQ‘FiPPBWMQdﬁml@medmr(mhed with a
o E S el v ety R o o e ohe AMALRRs ot e |
sides of the film The dry d(g%%tl ng mevif{aﬂ%e%v@gﬁ%&g%wmim%‘ t he -
coated si dd8e gt 8% Ghas metasalvens hased palyuenshane edlasivd sheh thatthcijgaily| ar (r) LB
filmw th pobesebsrialortioRibingl fel i SREVAIRRLLTF LI o a 1 % sol ution
in water. ﬁfyegt’é}ﬁij cgﬁgi n cdgetl_g%lt V\ﬁ’fhg@(ﬁm to b 2 g r’EE e prinmed

pol yester fiI’mvas TR o‘% A il Thedgsic pvergll lamiaatssirurmrawsecond
coat er st aPPBHingthy a@iwiiveiany iprinkes ddyets: wobyvitiylidireEhlogide Bopolg¥es 0 Ut i-on usi ng
95- 98C wat @blyR&Er SLEARRRAL Holdihd; .coat i bath. . After cooling, the
coating vvag ﬁ’yéplli;ed usl ng aq)lro vé‘]}‘@‘é‘ggér(‘g‘\}%}%°é’88@ﬁﬁb“t%‘eﬁm e . ,
polyviny! alcohol —polyester--polyester -solven_t coated polyester heat sealable

layer, The OTR was measured to be 0.00062 cc/m2/24 hr/atm by an external

Jaboratory. '
EXAMPLE 6
. Thxs example illustrates the bond strength of the heat-sealed composife
barrier structure. |

The composite barrier structure of Example 5 was heat sealed to the
following second materials representing a second barrier s-tructure:
EX.6-A:  0.004 inch (50.8 micron) thick PET (400D)
" Ex. 6-B: 0.004 inch (50.8 micron) thick PET (400D) coated with an

unpatterned, elecrically conducting ITO film 1500-2000 A
in thickness .

Ex. 6-C 0.004 inch (50.8 micror) thick PET (400D) coated with

' patterned ITO lines, 1500-2000 A in thickness (1 mm line

width/0.75 mm spaces).
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The dry coating weight was 0.4- 1.0 g/ n2. The product was28stobsr @60Hhum
vacuum mewa(#ol/g%g as descri bed above on the polyvinyl alcohol side to a

t hi ckness ™ e A(or an QD of 2.8). Athird "plain" or ndiffeVEIoI53y

pol yester fil ThyesngsRat BarienstaReurs kilhe Wbt ? | Labygrafuran
sol ution of athm' X1t uﬁfa% ﬁf esssent idarl |y t‘|c‘:=)"ol y%%?ééﬁ%ﬁg%ﬂegjﬁg%@g?éy& that :
aci d/ et hyl ene§5# 5F3lable f¥sT Yasadiacentrigithe Greond meaterial; andsastiscent t thayer . The
S e e g s Ak taaiedtiu e B

o g/ n2. I i ze TS e .| am nat.ed t ogét her
via a sol ventﬁe éasgs‘%ée %glcégéf?ag?%ﬁ%%&gtl@?erghﬁ SFE\},@E U$IRg 2psmyinelBrapdene

chl ori de |1%yeMaohing Moded8124&0 (rapufatmridrhyPackbgingSrbip sic.f Hymnamagi acent

to the al um nyyh ' i h |1 lLyester film was
then | ami nat ed toéj%ﬁﬁcéblgf(t)ﬁ‘#ﬁ%ﬁonag?nefrt_chg&?lg'( 2&6%\/\5‘%??% Prea R vent
based pol yur eltifice abhtsdennearandidyenll imes indigated helow,eppbring apkasareof t he
- combi ned firséf3oveifil e was adjacent to the plain polyester filmsurface
of the third film qui'e basif): overal| | am nate structure was omtting the
adhesi ve and pri mer® $SISFBHRE DO SEepE AT Hhe heat sl was ewrpplejade the seplsdy est er
: I alhulm' nlwmI - Struptkeswirary bﬁtdarmetﬁ;ﬁlcfneii@k?i (Qmodrgmcile-_ -D@Jeﬁmﬁg% ﬁmplol %?/I nyl
al cohol -poly, =- - nt, coated ,po er heat, seal abl e
| ayer. The ' V\kggsss’n%g’{s%ﬁgﬁ%o%g %ﬁ@ﬁ%‘f%ﬁ'r@y E%gﬁ)/‘%qsrﬁpﬁi’eé? &t er nal
| abor at ory. ERRRLE e sealed suksirarisdo prevest rasleme bhthelseaidinet rBegidel of t he
heat - seal ed [ ' L L ' rrier, structure
CSpHaRER a8 théﬁ%fefén%‘ineﬁto[x]%‘ﬁ I*l%tfcln fﬁﬁﬁ/efsgmgﬁﬁtgﬁ%%gﬁshfodey

of Exanple 5 heagt, sealed to t OW Nng secon
representing ]\:ﬁz&v&ﬁﬁblﬁg}om Bstren Femlarfé:5®é!1d%m)\$cadﬁ vod lirpit vag 8B ni cr on)

hi ck . ) e i D d
thi ck PET5( 406 thExrosthedd sPecdQét to ¥GM al DhcBed{5Cr g%} F%I}}hﬁ{ﬁtéa E?l%%é 9 A) ?(r)]at €d i

with an unpagterned, electrically conducting. |l ' m 1500
t hi ckness. EanEr%11 RO ﬂaf%_%'e}'ﬁg&og%)sa@%}%k PET (400D) coated with
patterned | TO | i nd&e adBBipra0go tofpidtieredi | Tnese _rﬁéasm‘adﬂj'oﬂe;f_erw'teﬂc!ibﬁlgr (by Mm

spaces). 17 P 00 11534 e comnposite
barrier str u_(?:at% d? e; a?gy/% ﬁ)gtﬂgggril@%ﬁggg%?sa C%QS" B AP 4 ﬁ%‘ﬁ%ﬁ&f t he
heat seal abl &1theRIPGas 14 CalerA® ard .Q srsond c Thelresulte aiesummaaribeddp acent to
the | TO layerTabfe thgowecond materi al , vvh'e_n pre'sent. Two 4 x 4 inch (10.2 x

-10.2 cm

TABLE 1
Example 120°C - 140°C
05s | 10s 0.5s 1.0s
6-A 667 gfin. 766 g/in. 864 g/in. 881 g/in.
6-B 1276 g/in. 913 gfin. 515 glin. 358 gfin.
6-C (P-1) 554 g/in. 668 g/in. 624 gfin. | = -
6-C (P-//) 659 gfin. | 923 g/in. 916 gfin. 988 gfin.

These peel tests indicate that the polyester heat sealable layer bonds equally well,
. and under some conditions more strongly, to transparent, conducting ITO
25  compared to bonding to PET alone.

The adhesion of the composite barrier structure to both electrode material
and to the support is illustrated in Figures 5 and 6. As shown in Figure 3, the peel
strength is plotted versus distance as Sample 6-C (P-.1) is peeled apart. The peel
strength varies with regular peaks and valleys corresponding to the different

30 materials (electrode material or polymeric support) that the barrier structure is
peeled from. As shown in Figure 6, the composite barrier structure 300 is peeled
alternately from electrode material 200 and polymeric support 400. If the barrier
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pi eces were cut and |laid together. These were heat seal ed2&Sctogeaz@®nt i nel
Brand 5 Machine, Mddel #12A8-0 (nmanufactured by Packaging G oup Inc.,
Hyannis, MA) with adjustable tenperature and tinmer controls. A one-inch
(2.54 cm) seal was attained at the tenperature and dwell tines indicated
bel ow, appl yithgiuee Hiebended to oily 3k ppport Fataial 400mitneUd@BE crbs OOl af ter the
heat seal ; I I tructures re.cut into strips one
inch, (2. 5\2@26# QVF(AB%%&%%% nd‘l’vﬁgﬂoh%g?ﬁlsﬁlgﬁ?ﬁ?fl RiE yalug, grnuienkesndr ed

Cel | ophane TaP&yst Type 650) was applied to the thinner of the sealed .
substrates to prevent breakage at theEXedViPLEfe. The peel strength was

t hen det erm ned Olﬂg'an In@ft)r n Universal Testing Instrunent, Mdel 1122
(avai |l abl e from I'fét r5 #ﬁ?wtew@ywswtfemmmgm@ (PO&I) davide was used 15
with the cr . " ; 2. i nche 5.1. “per mnute. The
peel st rengﬁ%%%%$% pgﬁr&f fé%"%ﬁ%é#%@%‘?%ﬂﬁg?n Hide barger layges adhesi on

tests to pa{Szapled) bIDcoperesvamhithadshdetich oihentihe Wi bn ntdide g Rar al | el
(//) to the ITOlines. Bond stren_gé hs were measur-ed after seallng at

ei t her 120d3ger Cromagiveragiply Y).. DersSanple 7 dEhiees asiieh Canparativargr i zed in -2

0 Table | bglew. TABLE 1 Exanpl e120C140C 0.5 s1.Q s0.5 s1.0 s 6- A667
g/in.766 g/ﬁ?‘ih". %Fﬁ??ﬁ%@a&%ﬁ -B1276 g/in. 913 gl/in.515 g/in.358 g/in.

6-C (P-1)554 g/i Thé68si@PLEDGRA @/ stlicture of 1S - [in.923 g/in.916
g/in 988 g/in These peel tests indi catke tﬁ%@%lgh%%ﬁy@;érpg?mﬁ‘é%t seal abl e

l'ayer bondsSaapialY jncwsletl 2 glasm dubsderwitioaranpattint taiticiBg ansdd BP& 5 O

transparent. .conducti | TO 25 co red to bonding to PET al one. The
adhesi on of PEHER gﬂﬁﬁﬁ%ﬁ?’&"ﬁ%ﬂﬂ}t&g?'ﬁdpgpﬁ‘ $ashigba pobivesrthadeténiectizy i al  and

to the supagydr 4ng 4 adin B shown,in Figure 5, the
peel streng{,r{dingap)}éél?,t%gﬁlgﬁléfgggﬁmeﬁza lézf%astgvpalsgﬁ%l-@a%%-‘ﬁthias‘gﬁbel ed
apart. The lpgesi( ~ 20 nmhgf & lvervak fictibn egillaad coeakS vt M kE¥Sn o
correspondi 30- tf&({e i f.ferent 30 naterials (el ectrode material or

pol yneric s"ﬁ%}? 2 Pllg'f’“f“ﬂ@' barrier structure is peeled from As shown in
Figure 6, the ccgwm ' : ' J ' eeled .alterngfely from
el ectrode ‘nateri al Zgg%gggeigﬁffn%%%%ﬁ{%gﬁqﬁﬁ‘fAtsﬁéglﬁiﬂyref 8?518 28.

Qct ober 2008 stick PET(polyehylzaa daeplitimlas) aboth 8ixSiupRAshusbatvedd @hed00- it

woul d be expected that the plot of peel strength would have a single

cont i nuous SYBTEGBEvEly oR bath Pdesrutiyp silicon nitride barnier layer about 80 nm thick.

The si-licc_),n nitride layers were depdsited by microwave, plasma-enhanced -
(electron cyclotron resonance (ECR)) chemical vapor deposition (CVD). .'Ihe
condiﬁOns_ during deposition were 150 watts microwave power, 2.7 scem of éﬂane
(SiH,), about 100_ scem of Ar, an(_i 20 scem of N,. :Ihe silicon nitride coated PET
was then laminated to another 2 mil thick sheet of non-coated PET using a 2 mil
| tlnck , cornmercial adhésivé, as described in Examplé 3 al;ox.fe, to form the
‘ composit‘tla barrier strucﬁirc. Sections of the laminate cdmpositc barrier structure,
35 mm X 25 mum, were then cut and used to seal PLED devices of about the same
aregi, using a comme‘rcigl, ultraviolet curabk; epoxy. A good barrier can prevent
device degradation caused by atmospheric gases inﬁltr&ting me'device. |
Comparative Sample Y devices were furtlier prepared as f&llows: similar
PLED devices were also epoxy sealed with a similar PET lmMﬁe, but \\!vithmﬁ -
 barrier layers of silicon nitride. ' .
The light cmis_sion of Sample 7 and Compafative Sample Y devices was
measured four (4) days after device fabrication (storage at ambient conditions) and
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val | eys. EXAMPLE 7 This exanmple illustrates polymer |ight #hPetobag23ode

(PLED)  dewt®6usskiof etime with a conposite barrier structure ?@#‘Wgﬁiékcon
nitride barri enhﬁ%ﬁﬁé aéa?a ée %}gat% it conpares with _that of a device
without the shiteSA RS MATLAEESH F&lﬁgrce%%(ﬁﬁb Friqopditionfordifyy (S0¥en
Sanpl e 7 devi &8s aaBtddvaR hiEAg6AL | ve Y devices were prepared and tested.
The basic PLED device structure 4f both Sanple 7 and Conparative Sanple Y
included a gl ass stigsT(@hshowsia plovof lighspesdot of Satiplet7 flatRNeEa ihauay of
indiumtin ox@@)cov -cgat d \;T}élh about 100 rum each of a

pol yrer hol e- i WPeEHSH§en PapRIE 7diedt sryssioroafterififist (SOhesi (52 )p Glhgreewad ayer .
Thi s was tshen.gQaka ] - Bin: - J '.0f a low work function’
metal and sgoveesged ng'%l ﬁﬂcg&ggéﬁ ﬂlleg%%hg%ﬁilﬁsﬁ%&gﬁ%%erde&'fceé'l um num Sanple 17 _
devices were furt harcohmbs,thapedoratantebf OWeipafativeSahiid PRLRE il t”” thi ck

PET (polyethyl ene terephthal ate) about six inches square was coated

consecut i vel ymakedydifferericEigure Hbhskaws ¢ plot of lighttemission pECohamedtivebout 80
nmthick. Theg, Sili ni-tride..l wer,e- deposi ted. hy m crowave,

ol s enhanca s BCBIOdE Bre Y B 258 Brocitmming ight emission orcs0 |
deposition ( 60EheTrORG 1 el L | td 0 tts mcrowave
power , 2.7"523%_& Zilangﬁt%g?ﬁgr?%o%t 1{§§}ﬁ%g%d%%@8%$,ﬁjf§n§ﬁ;ga§% of N2.
The silidén rembi¢ristoraget ed PET was then |aninated to another 2 nil thick
sheet of non-coated PET using a 2 mi|l thick , comercial adhesive, as.
described in Exanple 3 above, to formthe conposite barrier structure.
Sections of the |am nate conposite barrier structure, - 35 nmx.25 mm were
then cut and uséd to seal PLED devices of about the sane . area, using a
commercial, ultraviolet curable epoxy. A good barrier can prevent device {"')
degradati on caused by atnospheric gases infiltrating the- device.
Conparative Sanple Y devices were further prepared as follows: simlar

PLED devi ces weré€ al so epoxy sealed with a simlar PET | am nate, but

without barrier layers of silicon nitride. The light em ssion of Sanple 7
and Conparative Sanple Y devices was neasured four (4) days after device
fabrication (storage at anmbient conditions) and 19 28 Cctober 2003 WO
00165670 PCT/ US00/ 11534 then neasured again after storing the devices in
anbient conditions for fifty (50) days after device fabrication. Fig. 7(a)
‘'shows a plot of light em ssion of Sanple 7 photodiodes initially {500) and .
then .Sanple 7 light enission after fifty (50) days (502). There was
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5 essentially no change in the light em ssion of these devices. In
contrast, the performance of Conparative Sanple Y devices is markedly
different. Figure 7(b) shows a plot of |ight em ssion of Conparative
Sanpl e Y photodiodes initially (600) and then Sanple Y |Iight em ssion after
50 days (602). The light em ssion was significantly reduced28fGdsberi2bby
(50) days of 10 anmbient storage. J 20 28 Qctober 2003 CLAIMS: 1. A

fl exi ble organic electronic device conprising in the order listed: a) a
first flexibleg;qppRosite barrier structure conprising at |east one |ayer of
afirst polymertc tilmand at |east one layer of a first barrier material

, the first barrier structure having a first inner surface; b) at |east

one first elertricalfiecbBbaghic eRMEdhic deVic@borhRRMk iPIE oRiEL lisikd: | ayer conpri sing
an organic active material, said active |ayer “having dinensions defined by

a length and a w d)hfirgfledble ceasdsitOBerie SERAMe &InGFkink GBtasCRBRIAElorhayer; €) a
second fl exible conposite barrier structure conprising at |east one | ayer

of a second pAYereilw and atdsasimae layer of a first bavderinpjesial dlfe firstdauisneirug@raaging
material, the,gacond ler structure having a second inner surface;
wherei n at Ie%st bnesgﬁ&%he first and second conposite barrier structures
is light- transm th)i ngleasttoas Gisnelédntcal dontitt I@yeel second conposite barrier
structures are sealed together to envel] op the at |east one active |ayer;
and wherein a por t9 Ghleg¥ Snepetive laver compeising pr ereanioatingmateriglsaid aptive Jaygor t i on

of the secondhavﬁ{g%hgﬂsg,%deqﬂpg@)pgle}éﬁyg{dmhﬁnd beyond the di nensions of the
active layer, wherein the first” an second Conposite barrier structures

are al so seal ed todt hat leasttoensbechdzdectricalvontaét lyee first and second

el ectrical contact_,l ayer 2. The device of Claiml,. wherein the first and
second barrier mat2A° (iogg Lpdble composite haeisy PYelEs ORPHENg ?‘@Wrﬂ?’f EV?,OfWQWda

al [ oys, i nor gpslinfierifilgl@nd atiléasiopa Riyér ofik bdcbhlEtSarrier HARKGIRME SecBAd BHrG® Structure

i norgani c fluorides, and conbinations thereof. 3. A flexible organic

el ectroni ¢ del3vég aseBe iSPHyriAse: t he order listed: a) a first

f1 exi bl e- conposi tewl]tk?é'iﬁ Ltgéagi;[%tnfz HEheFSt aqlamohéédggmg{efqaggf& s iRl of a

first polymeric filman east one Ia;er arrrer “materi al
the first barwinemitiitg uct ure having a first inner surface; 21 28 Cctober
2003 wherein the first and second composite barrier structures are sealed together to envelop
the at least one active layer; and
wherein a portion of the first electrical contact layer and a portion of the second
electrical contact layer extend beyond the dimensions of the active layer, wherein the first and
second composite barrier structures are also sealed to the extended portions of the first and

second electrical contact layers,

2, The device of Claim 1, wherein the first and second barrier materials are
independently selected from metals, metal alloys, inorganic oxides, inorganic nitrides,

inorganic carbides, inorganic fluorides, and combinations thereof.

3. A flexible organic electronic device comprising in the order listed:

a) a first flexible-composite barrier structure comprising at least one layer of a first
polymeric film and at least one layer of a first barrier material , the first barrier structure having
a first inner surface;
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c) at least one active-layer conprising an organic active material, said
active layer having dinensions defined by a length and a wdth; d) at

| east one second el ectrical contact |ayer; e) a second flexible conposite
barrier structure conprising at |east one |ayer of a second polyneric film
and at | east one |layer of a second barrier material, the seces®diskdrioons
structure having a second inner surface; wherein at |east one of the first
and second conposite barrier structures is light- transmtting, wherein the
first and second barrier materials are independently selected from netals,
metal alloys, inorganic carbides, inorganic fluorides, and conbi nations

t her eof ; wherei n tdet feast sne stk lsyec cmeprisingposigarec dive ineteridisnidattivedgyear e

seal ed toget her .t o,.envel o the at |east ane active layer. 4. The device of
Claimi1, \Ahergﬁvﬁ?gc?'f’?'?'ton‘f eé’??dgl?yeaa]@?ﬁtﬁ)@iatvé‘gﬁarri er structure and the first
el ectrical contactd) aygéastdng sécoiddlectridapidsiatilisyeng; the first and second
polymeric filnms are independently sel ected from pol yethyl ene

t er epht hal at e, pol$ étspapne Aexible porenesitehagier pioichiratoswrisingiel leagitint haeriofasecond
thereof 5. Th ! i , i g . e barri.er
material s ar eﬁ Ol?ﬁ%&@ﬁ%&%%lg‘k& ézg\tég%(af%%rrﬁa gﬁ&%’i 'ﬁ%‘%ﬁlaﬁwecsé%q%,a %glﬁ'rg%srtrriu EHe
copper, tin, Bdavaigdsessdaineedurfaceal | oys t hereof, and conbi nations thereof. 6.
The devi ce of any one .or nore o} C%ai ns 1-5, wherein the active, |ayer
includes a conj ugRtedin Hoeastnge of the fisskandsecopd fomnepite barriepgirugiues fslightani nescent
di spl ay cont ajflishgigdre device of any one or nmore of Clains 1-6. 8. A
flexible organic electronic device conprising in the order listed: a) a
first flexible conplesdin thebizst andsecandbacieumeatedasge inslepegdeatly bedarsid fomembtalger of
a first polynerigc filmand at. |least one |ayer of a.flrst barrier material
that is selec ”gtai ﬁﬁiro ?5Sh1m°raqa'tlfﬁ1c?{|¥"3%si’ mﬂfgé'ﬁlgﬁ?or%%?”gﬂqoﬁ?ﬁ%n@ ?ﬂSé}Fe,reO{r’i n, stainless
steel, and all oys Wwiedieot first M) skdond borlgtshtd krier SthicSdsUresedlaViofahed 1d dnvSibp
inner surface; b) at |least one first electrical contact |ayer; c) at |east
one active | a%? leshireiagtivedaygh or ganic active material, said active |ayer
havi ng di nensions defined by a length and a width; d) at |east one second
el ectrical contact layer; e) a second flexible conposite barrier structure
conpri si ng at4.| eastTheaeeict afdainof, wheremecond pol yneric fil mand at | east one

| ayer of a second bparyier material, the seco arrier structure having a
second i nner surf ét'f{eﬁ)ﬁglc@inﬂos‘at? gqrggg{ru%@agftﬁg a@t qgopricel copfactipyeiplight-

conposi te bargi ehitdig uctures is |ight-

the first and second polymeric films are independently selected from polyethylene

terephthalate, polyethylene naphthalate, polyimide, and combinations thereof.

5. The device of Claim 1, wherein the first and second barrier materials are
independently selected from aluminum, nickel, chromium, copper, tin, stainless steel,

alloys thereof, and combinations thereof.

6. The device of any one or more of Claims 1-5, wherein the active layer includes a

conjugated polymer.
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transmtting; and wherein the first and second conposite barrier structures
are sealed together to envelop the at |east one active |layer. 9. A nethod
for inproving resistance to oxygen and noi sture degradation of a flexible
organi c el ectronic device conprising at | east one first electrical contact

| ayer having a first electrical contact |ayer outer surface 28@cteter 2003
opposite first electrical contact |ayer inner surface, at |east one active
| ayer adjacent to the first electrical contact |ayer inner surface, the
active layer conprising an organic active material, 23 28 Cctober 2003
said active |ayer ,Qra}vli a .set Ii cfi mensj ons, and at | east one cond

el ectrical cofitact FS%#““H%‘W"W@ 1P GEOBREINS IRV CE 3 any 8Pt Y F10re Bl edims dnder
surface and an opposite second el ectrical contact |ayer inner surface,
wherein the second,el ectrical contact |ayer inner surface is adjacent to
the active Ia§er, f‘%@x‘ CreatC elsepmicsenige ¢omprising pthegrderdistisdiaci ng a first

fl exi bl e conposite barrier structure adjacent to the at |east one first

el ectrical contact | aer ftiflexible gprpgsise bartigs sycfuse compsiging pideasiomp dayprt ef a

barrier str | Si ne. J r of .a. first lyneric film
and at | east on@oﬁgﬁggﬁ%%{%ﬂe ?S&gll['eel aetf ??aet?mtrlr’a%%lgffngtfﬂ,]ﬁtﬂ}?%alsfsff?cg‘{af%) rier
structure havilmginamf, hickdl, dhfofteitim,Sopicaein; stithles siagl, iR fkrdok, ehel it dagignposi t e
barrier structure adjacent to the at 10 |east one second el ectri cal
contact | ayerStyefiehaying ¢ Bstinngr gurfasgcond 11 exi bl e conposite barrier

structure conprising Bt al RS bne 18 elcf¥iell ciacfzdgeond polynmeric filmand at
| east one | ayer of a ‘second IE)arri er materi a1, the second barrier Structure

having a second innet) stieisace,actiedayer congirising asdremmieactiie tlteridl) stidtacta dayer
second conposjite harri.er ructures is 15 light-transmtting, and wherein

the first and®¥BESGRFYEPSATHRGIDLYRilength agd apigthit (1 st and second conposite
barrier structures arg iaf‘l‘é%?@rfé@@{bhﬁ}!le&ﬁ%%&n?a@flgllyﬂe?m pol yol ef i ns, polyesters,
0

pol yi m des, pol yam des, polyacrylonitrile, p met haerylonitrile,
pol ycar bonat es, pol y&)i rytcoohflerbleeymppeitehagtehstresire qoipyising atlldast oheRiverof a

epoxy resins, and novol.ag resins, 20 or erein the first and secaond
barrier naterTalsPd ef‘%ﬁ‘@b@ﬁ&&ﬁ?*‘f onedareredasgeond F*Hﬁ?rr‘f%ﬁt%ﬂa theyseqond bagyigrgy |

i norgani c cardauéte®halin®s @8MHdGndel URftdes, and conbinations thereof, sealing
the first inner surface of the first flexible conposite barrier 25

structure and the secwhatein airleast angof the Grsbdndtatyecone campbsitd taxrieh btesctoasyisdipht-e
barrier struglure. oujtsidde t he di nensions of the active |ayer to envelop the
active | ayer; flﬂgp]gba)P obtai ning the device of any one or nore of Clains |

10 , The method of C &hdRif tHefird: A&l Mt COmMsit@bhrri@ BRucRires Y Lalod tofdtRir 8 1-5,

envelop the at least one active layer.

9. A method for improving resistance to oxygen and moisture degradation of a flexible
organic electronic device comprising at least one first electrical contact layer having a first
electrical contact layer outer surface and an opposite first electrical contact layer inner surface, at
least one active layer adjacent to the first electrical contact layer inner surface, the active layer

comprising an organic active material,
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wher ein the first barrier material in the first flexible conposite barrier

structure I's 30 disposed between the first polymeric?¥iPeHrehRF 24% rd
polymeric film 11 . The method of. Claim9 or the device of any one or
nore of O ai ms Saldsctivelqeerdianingtaesctelcbmandienss pudt atreaseoicadecomi dléntric camdct

fl exi bl ' ' [ uyr I | sposed t ween the second
botyrmrt e f1] maeEhaAnd b Saohh EHERE Coonl ) B SBRRE SuRE e oD RS E SRR
ELECTRONI C DEViefaktridhTddntdyPREME RN dEs51 fade)\WREreT{ WX dal i orlddRiayer inner

" DEGRADATI ON ABSTRACT OF THE | NVENTI ON Fl exi bl e conposite barrier
structures areSyd¥d s alipeept ke prtvedawr.shamethodtcompoigipg dire ens ofpi st ur e

degradation, of an or ganiG, gl eaAQNIC A5 58 thE) Yl A% b &A% el RadSt 1 VO

| ayer conprising an organi
one first electrical contact layer outer surface, the first flexible composite barrier

structure comprising at least one layer of a first polymeric film and at least one layer
of a first barrier material, the first barrier structure having a first inner surface;
‘ placing a second flexible composite barrier structure adjécent to the at
10 least one second electrical contact layer outer surface, the second flexible composite
~ barrier structure comprising at least one layer of a second polymeric film and at least
one layer of a second barrier material, the second barrier structure having a second
inner surface;
wherein at least one of the first and second composite barrier structures is
15 lighf-trahsmitting, and
wherein the first and second polymeric films of the first and second
composfte barrier structures are independently selected from polyolefins, polyesters,
polyimides, polj’amidcs, polyacrylonitrile, polymethacrylonitrile, polycarbonates,
-polyviny! chloride, polurethanes, polyacrylic resins, epoxy resins, and novolac resins,
20 or
wherein the first and second barrier materials are independently selected
from metals, metal alloys, inorganfc carbides, inorganic fluorides, and combinations
thereof,
sealing the first inner surface of the first flexible composite barrier
25 stx;ucture and the second inner surface of the second flexible composite barrier
structure outside the dimensions of the active layer to envelop the active layer;
thereby obtaining the device of any one or more of Claims 1-5.
10 . The method of Claim 9 or the device of any one or more of Claims 1-5,
wherein the first barrier material in the first ﬂexiblé composite barrier structure is
30  disposed between the first polymeric film and a third polymeric film.

11. The method of Claim 9 or the device of any one or more of Claims 1-5,

wherein the second barrier material in the second flexible composite barrier structure

is disposed between the second polymeric film and a fourth polymeric film.
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