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HAVI NG GRADED COVPOSI TI ONS AND DEVI CES | NCORPCORATI NG THE SAME BACKGROUND
OF THE | NVENTI ON The present invention relates generally to conposite filns
havi ng i nproved resistance to diffusion of chemnical speciesMahdlio devices
i ncorporating such conposite films. In particular, the present invention
relates to "‘2@2 ?/mttl ng devi ces having at |east an organic

el ect rol uni neSCéNFHiPeri al that incorporate such -co USEOAHIE and have
i mproved stability in the environnment. Electrolum nescent ("EL") devices,

which may be clggsh RRRIER! Cgﬁﬁ‘.WDﬂﬁ RQ%E%@!@ @’g!ﬁD known in
gr aphi ¢ di spl ay andél magi n R&%EF evi ces ﬁave een prﬂguc
di fferent shapes for nany WFE%N%Q?OM%W SgMEjevi ces, however,

typically suffer froma required high activation voltage and | ow
bri ght ness. OPAGGRGURE ORZHE INVENAKMN EL devi ces ("OELDs"), which have
been devel oped nore recently, offer the benefits of |ower activation

vol t age and hiBiegresént inybutive sdatesgenerallji toicompdsie Slmmliaeingromuiéed resisepceand,

t Eus ft Ihe p{ Oribtaﬂﬁx%n Erpdhemmc&ﬁ&ws%a&im (ﬁﬁ@és'lﬁéé}ﬁo%ﬁg ?éﬂcﬁﬂeate kYR cal Ity a
in filmstrugtur on a substra ass, or ransparen

plastic. A li g‘ﬁf“cg'ﬁft ‘%W&S“P%%?"“S? %ﬁtes #"S}éﬁsﬁy gn%tv’é?ﬁ léﬁ"%n% 1851 Tonal

adj acent senmi cugtfcelestrolumjnescsntamaterial fhibiinshepdralsetuale compositafilnschad dave an

anode. The sé&ffipfRedidatiley il By &fvEofiBent.oe either hole (positive :
charge)-injecting or electron (negative charge)-injecting |ayers and also

COMpI i 5 07 0aNk Kb ffcséthp (ELMP IS Wtk nllhel AR ﬁeg@ Sl el baver may

be sel ected fr.om man nic EL t,e organl c
| ayer may i tséP‘?’g%“b%é’i OWR i FpprC ﬁ?ya gpdriwagipg, ﬁi)"l’"f% L?]‘%

different or gamd?f:&l_mrtbﬁfmnt altapesJonmenyodpplitations: t InongaanEL dEncqsr,BhoeweV%tJ s can
emt el ectrormgledly saffé kv » réq%ﬂ‘édiing@Bcd%@ﬂdﬂﬁ)ltﬁéliin@%&%ﬂ@ﬁﬁes@f onaxe! engt hs

in the visibl e I th

radi ati on" S‘)me?%§§ g ytr#%’e | nt@ #ﬁanéea%?ﬁ %a% ’bﬁen ﬁﬁkﬁé{%sur e to nean
general |y radlrﬁ‘EePWh ey they benslits) of éaFtH’at‘?qﬂOl\F;ﬁ?lgéd fhighes brightness & et

("W") to md- addlftmmrteds@pm mahﬂé@tum; and,nthog, hthe womiks, of wave lvddggpdesd i n t he

range from aboghi3Athsnm to about 10 nicroneter. To achieve white light,
prior-art devices incorporate closely arranged OELDs em'tting blue, green,

and red |ight. TB%iﬁ ﬁqgﬁgaﬁ%%rtﬁmr@ilme t%reptrogx%?"élcon aslrlpgrattla its&tﬁtds(gfa%p\(lyent I onal

CELDs are buil strates because
transpaxent plastic. A light-emitting layer of an organic EL material and optional

adjacent semiconductor layers are sandwiched between a cathode and an anode. The
semiconductor layers may be either hole (positive charge)-injecting or electron
(negative charge)-injecting layers and also comprise organic materials. The material
for the light-emitting layer may be selected from many organic EL materials. The
light emitting organic layer may itself consist of multiple sublayers, each comprising a
different organic EL material. State-of-the-art organic EL materials can emit
electromagnetic ("EM") radiation having narrow ranges of wavelengths in the visible
spectrum. Unless specifically stated, the terms "EM radiation" and "light" are used
interchangeably in this disclosure to mean generally radiation having wavelengths in
the range from ultraviolet ("UV") to mid-infrared ("mid-IR") or, in other words,
wavelengths in the range from about 300 nm to about 10 micrometer. To achieve
white light, prior-art devices incorporate closely arranged OELDs emitting blue,
green, and red light. These colors are mixed to produce white light.

Conventional OELDs are built on glass substrates because of a combination of
transparency and low permeability of glass to oxygen and water vapor. A high
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transparency and | ow perneability of glass to oxygen and water vapor. A
high -1 - 5 MAR 2007 WO 2004/025749 PCT/ US2003/ 024555 perneability of

t hese and other reactive species can |lead to corrosion or other
degradation of the devices. However, glass substrates are not ¢ %ﬁ% @ﬁle for
certain applications in which flexibility is desired. In addi't %

manuf acturing_processes involving large glass substrates are |nherently
sl ow and, the?"@f%‘f"@zw esult in high manufacturing cost PCEPRMBRMESy| astic
substrates have been used to build OLEDs. However, these substrates are

ot | Rer Vi 0uS LLa BN uaggon 8! e BRRe s Y8 0 UEoRBL PUleD! o per

se for the man rove the

resi stance of fiff%%dé iony pfsthe e egGSt OH%W&eﬂla%ﬂ’bM@raf?/aﬁo?mabA‘? f°é R ng
| ayers of pol yapplicatioasih evhichrflexibitity év desired. hdv edditie nmppfm@ﬂlgtproecssmr f ace of

a substrate. h{voﬂﬁx% m@e rglaiygﬁ&&hepmmaﬁerenay %Waﬁwlfﬁeréf@rxefesmeﬁ{

pol yneric | ayer acent I. yer to
reduce the diff 'ﬁ %"Iipﬁtcé)gt %le%g’ yégsﬂcﬁﬁis%tfs ala‘fea?ée%é'ﬁ& t° ﬁ%

channel s made H9¥sYen|thesp gubshatesiare apt imppmviops to OWéana@Fld”thiy’éﬁ’Of’ \?Ser, an .
i nterface betwannod spieibleperi o foRyiRr madithefure 6f Rz dastify OELDs.S Igaﬂﬁrabl y weak

due to the incmdb{% Jésﬁéfangé %‘ la%sea bgﬁa? tto% 'ﬂlldswat& g&h%lté

t hus, are pron am na ere |s nue need to
have robust fi I9¥E™ (ROl ?@d@mcm#%@'@ﬂe beeny appligd t‘eﬁv’? fally
reacti ve nat er satssate.| i hasbead siggested ;haﬁﬁsudhaimwa)teobmlm,lacbelymmhlayérlabtms to

produce fl exi b't@mgil— ddials &' & & i ér Q%&tﬁg%ﬁé &Euﬂéiﬁra’&é@ of
envi ronnent al el enent

n I nve t i on
orovi des a subgﬁgs?efﬁ%waﬁavawrﬁgag%ﬁﬁ 8‘8‘5‘? m%eﬁsﬁ%‘%?ﬁ%f e
t her eof , whi chceramicilangr.i Howeyga tah ntesface betwesnragpoliiverig dayenand £ cemnig la¥sieni cal
speci es ther et iy ughlly wéuk due&d he ghcoRpaibilitesf the adceit rdterabpariahplagers,i on of

whi ch wvaries ?ﬁx@oa?espr@net?'bghﬁﬁﬁii%h ereof. Such a coating will be terned

i nt er changeabl her'er naf t er ‘fusi on-barrier coati ng having graded

conposition," usi on oatin
g?gded corrpong?rgﬁrebg’ﬂe lnF lgg’f"f%bee“ haa'f f"fbﬂsls%%’ ﬁ’g?glvgrredggdgtdﬂfrqmm or
si mpl y " gr aded r#esral ¢avironmenteliarensiiye materjalon & in slse very gpsitable t‘p?’é%’éﬁﬁ“ch

i nvention, the fid 36 rppbduce OEIHlS OEIDsP by AR’ rdbustBh@instldegrhdutiam alubeto aspect
of the present .j ﬁﬂ&ﬂtﬁ@lcﬂn{segl on between the substrate and the coating
is diffuse such that there s a gradual change fromthe conposition of the

bul k SUMMARY OF THE INVENTION

The present invention provides a substrate having at least a coating disposed on a
surface thereof, which coating is capable of reducing diffusion rates of chemical
species therethrough. The coating comprises a material the composition of which
varies across a thickness thereof. Such a coating will be termed interchangeably

[L B L}

hereinafter a "diffusion-barrier coating having graded composition," "graded-
composition diffusion-barrier coating," "graded-composition barrier coating,"

"diffusion-barrier coating," or simply "graded-composition coating."
In one aspect of the present invention, the substrate comprises a polymeric material.

In another aspect of the present invention, a region between the substrate and the
coating is diffuse such that there is a gradual change from the composition of the bulk
substrate to the composition of the portion of the coating adjacent to the substrate. In
this embodiment, a material of the coating adjacent to the substrate penetrates into the
substrate.



substrate to the conposition of the portion of the coating adjacent to the
substrate. In this enbodinent, a material of the coating adjacent to the
substrate penetrates into .the substrate. -2 - MAR 2007 WO 20Q§@@§§§ﬁ9
PCT/ US2003/ 024555 In still another aspect of the present invention,

| east a substrate having a diffusion- barrier coating having graded
conposition ig included in-an assenbly conprising a- device sensitive to
chemical specV8&'WE5M ot ect such an assenbly from at t ackCTHFHOBRAES cheni ca
species. In still another aspect of the present invention, such a device is

an CELD, . V\’hl Cl'ln sHR ey 95?3& oﬁ rprc@%]nt %v%ﬁio%?&‘?&s%bﬁgte%ﬁ 4 Qiffusion-
light-emttin aLIH}a%er _sgﬁtwc e t her ehet ween. #n égt another aspect of the
present i nventiaGifr CoRngReng graded (mpesiien isdnchuied, I fbessemal, LOmESER ®having a
di f f usi on- bar rdegice sasitivetg chemical gpegica deproteospctsin dssemblyTimen pitagk byithesenvent i on
al so provides chemiRhlRPétikor neking a substrate coated with a diffusion
barrier coating having a graded conposition. The nethod conprises the

steps of. (a) Qrewi.di ' b I ot
depositing a clgast%ﬁnagbtﬂ%aﬁ%?gf&{?%‘%ﬁ%ﬁéb#g?%ﬁ%o%%‘g%ﬁ F%ﬁ (%EE&% ﬁ”elﬁés?% bstrate
surface;, and (CPPEFEMRYPAY of cletnfrssrad ah assanichielit-gmitingg layer sanfwiched

subst anti al | y thesbetwsgnus| y such that the conposition of the coating varies
fromthe first conposition to a second conposition across a thickness of

t hE' coating. |1 yen&tothe¥ aspédd 6F the Plesérit enviefitonea OEDN @N$ah@¥iched Uéﬁ&eﬁﬁ)dyd‘ olr
maki ng an ass y | . A, de . . to chem ca ‘
speci es conpr?@@ss’%aﬁhgﬁg%ﬁégs o%l:()ﬁz)gr%%}%?%%ﬁnﬁpﬁgzgﬁﬁég&s 4 substrate coated

with a diffusipgn barri.er coating havin raded. conpasition; apd (b)
di sposi ng ¢ he HEAEERJvepiign e, Byides.s hefhod o makioe 2 plreate foaiefl 7B ¢ o
i nvention, sucdiffusienckarics coafingrhagipg P, graded compositionh othe reatlndr omprisasibe st eps
of . (a) provi ditgg obi(a)lpesiadingda SubbEdis BivingCOsubasleMuifitep(bYlddpbsifhOncdatitig | er
coating havingych atals GOFROSlrkdcdlon () ml QLAY Aelce! 3l &) Shknde, N the
substrate; (c) for_r,n nggan organic lirght-emtting Iayer oh’the [ st

el ectrode; andopwPpsifios of e coating: sprieria] substastiallyo fontipEoslyy §prhc that the

| i ght - em tti ngcongpypsition dfithesdoatidg aniet fiem tieesfiratcbompbsitidhao psesahitonposiéod | on, an

CLED conpri si n&r@spagcqméggoftgé&ﬁ{iﬁ bxdes and an organic light-emtting |ayer
di sposed between the pair of electrodes and a substrate coated with a

di ffusion bar rfnegno(ﬁl%fatajsﬂlgt Qfmﬂiengre&ng ri.t?v%gtgon(,: %nglgt%ﬁ)& ifcc>)rnmaking an assembly
comprising a device that is sensitive to chemical species comprises the steps of: ()
proviciing at least a substrate coated with a diffusion barrier coating having a graded
composition; and (b) disposing the device on the substrate.

In another aspect of the present inventidn, such a device is an OELD, and the method
comprises the steps of: (a) providing at least a substrate coated with a diffusion barrier
coating having a graded composition; (b) forming a first electrode on the substrate; (c)
forming an organic light-emitting layer on the first electrode; and (d) forming a
second electrode on the organic light-emitting layer.

In still another aspect of the present invention, an OLED comprising a pair of
electrodes and an organic light-emitting layer disposed between the pair of electrodes
and a substrate coated with a diffusion barrier coating having a graded composition
are laminated together to form a light source.

Other features and advantages of the present invention will be apparent from a perusal
of the following detailed description of the invention and the accompanying drawings
in which the same numerals refer to like elements.
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are lam nated together to forma |light source. Other features and

advant ages of the present invention wll be apparent froma perusshR jmf the
foll owi ng detailed description of the invention and the L ng.

dr awi ngs gﬁ"‘%‘(@ﬁ”?he same nunerals refer to like el ene%?:&wgﬂz&ggi/IAR
2007 WD 2004/ 025749 PCT/ US2003/ 024555 BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 i L | f jtion apparatus using the

expandi ng Sqmﬁggmﬁg;mp@émWsi tion. Figure 2 is a
schematic di agram of the apparatus of Figure | used in a continuous

deposi ti on.Figagul ds 3 |sehema$mhéugtam; offi mgepositidn apprsptus jusingntheppperdivng usi ng
the radio-f m cal - vapor deposition. Figure 4
shows t he tFleman ﬁ%é conposl %ﬁu&at Ei‘;safriél;igus dept hs of a graded- corrp03|t| on
barrier coating of the present invention. Figure 5 corrpar s the ax

transmi ssi JigWgtdds aischamaticadiaginmn af the appamatysebFigyee 1916 t"h&tc"PEn ted
wth a gradpgogfBRosi tion barrier coating. Figure 6 conpares the water
transm ssion rates through an uncoat ed substrate and one that is coated

wi th a graded- cojrposi tion b r|er ure 7 sho el atiye
light tr angﬁgg@ 1 Rrhsmtic g’\”i° ﬁa%dﬁbnﬁvﬁls @g'lifeﬂ%‘%ﬁ%ar rier
coati ng corplmeﬁhanbmhetdicﬂugboﬁdepbsmont ed substrate. Figure 8 shows
schematically a device used with a substrate having a graded- corrposi tion

barrier co t(;fudc Ftitida-D.
Figure 10 s gg\‘/s% a%%@ec%rﬁg&% nenp{b%%%h%&% I'nc I ng %Jaﬁol e In ect| on
enhancenentbarzigreoating gfithe prasestioventionot her enbodi rrent of an CELD i ncl udi ng
a hole injection enhancenent |ayer and a hole transport layer. Figure 12

shows anot hgjpu®R nibeslmgﬁ@& i o%rge%easmﬁgéidﬁ%f@ tBfvugh e@t wrRBated jseldtiatgamh d

transporting | ows an, OFLD seal ed between a substrate
havi ng a grZh§ QEAPasHion bagrier £qatung.of | ect i ve | ayer. -4

Figure 6 compares the water transmission rates through an uncoated substrate and one
that is coated with a graded-composition barrier coating.

Figure 7 shows the relative light transmission through a substrate having a graded-
composition barrier coating compared to that through an uncoated substrate.

Figure 8 shows schematically a device used with a substrate having a graded-
composition barrier coating.

Figure 9 shows schematically a construction of an OELD.

Figuré 10 shows another embodiment of an OELD including a hole injection
enhancement layer. '

Figure 11 shows another embodiment’ of an OELD including a hole injection
enhancement layer and a hole transport layer.

Figure 12 shows another embodiment of an OELD including an electron injecting and
transporting layer.

Figure 13 shows an OELD sealed between a substrate having a graded-composition
barrier coating and a reflective layer.



---. -.- - 5 MAR 2007 WO 2004/ 025749 PCT/ US2003/ 024555 Fi gures 14
shows an CELD seal ed between two substrates, each having a graded-
conposition barrier coating. Figure 15 shows a seal ed CELD.-havifigMm 00pht
conversion |ayer. DETAILED DESCRI PTI ON OF THE | NVENTI ON The present
I nvention, in one aspect, provides a substrate having at |east a coating
di sposed on t hereof, which coating is capable of reducing
di ffusion ra?g§9%¥ﬂﬁgﬁen1cal speci es through the substﬂgﬁﬂm”WWQ“EBatlng
conprises a material, the conposition of which varies across a thickness
thereof. Such F@g\ﬁ&aw&o@waﬁtdmfséalea%twem‘v& bidstRhidV éaidh RGvitl RpRALd-On to
many devi ces or cor el ectroni c devices, that are susceptible
to reactive clfmPELfon % %@hﬁgrnally encountered in the environment. In
anot her exanpl e, such a substrate or, filmhaving a diffusion barrier
coati ng haV|néWBW%H%ﬂmﬂﬁﬁﬁﬁgﬁpﬁéPIéﬁﬁgéh@ﬁﬁﬂ&@@@ﬂ#W?’be used i n packagi ng
of materials, such as foodstuff, that are easily spoiled by chem cal or
bi ol ogi cal agé?EEILEBrDﬁEQR}PEQi%@F BHEIINVENEIGMVi ronnent. Organi ¢
light-emtting material and/or cathode materials in OELDs are susceptible
to attack by Thegedsentdnweptian, &S oexaspéck, TPovides talvabshitei Havinganleast awoltings oxygen,
wat er vapor, £ ng a

d%HLa9817 s?x'ﬁ ilfeof, Wfich JBEB%CO ﬁléer Xﬁé‘&ﬁed&m& m@skoﬁﬁaxw

gr aded- conposi t | on L on- barrier are ar | eful to
‘extend the Ii fcée‘B‘Falt ﬂ’&%‘%s e Spbptrate ?%%P’éseﬁ&n%tf’él y viabl e.

A barrier coatqomgowiomdﬂwh}yhe@mstacmmﬂmlﬂm theragf. ISechnmechatet pubsepe Sindsi ng
reaction or ra@&mpmtdu;grpr&éaﬁu@& fhasyf dekzﬁsa@érlcmp&ﬁﬁ@* % elév%ﬁcae\&ubst rate or

film Varying tﬁﬁearg eJ ac'{elgtvb‘ie ) prgac}‘l%fe El%?]ﬁagt spﬁmes g(‘)u :1]1 cé)un&a e:dI h G of the

reacting species Fesur MpOsi ti on across
its thi cknessnvirppent. #@B%bqfﬁgat@ﬂle,tsh‘@ goyubsfuatetor |ﬂhvé!mm$m dﬁ%‘é‘@“‘h@f“‘have

di stinct interdoatingshaving ahdedhcohtpesitienpmsadviniizeoislyt Be ussiain pegkaghanefes
abruptly. Such, aﬁ?gucﬁqg\'%ﬁ)‘a&uff&h?t%?mgﬂ ol Ay mslg%lueﬁ%g k spots

in the coating strﬁ{ ur e am natl eaS| occ bstrate
mat eri al s thatn°BE*H ting i thefaviraRgieat gr aded- conposi tion diffusion-barri er
coating are organic _polyneric materials; such as polyethyleneterephthalate

("PET"): pol yd&eyralighi-cmitng matetia and/er cathodq mejprials inBLDs argisseptible to

si | i cone- f unctatiackaby @edive precies eistingdn theahyieminent, Suth s agydely| wdter(vapate by E. | .
du  Pont de ga: &nﬁ@e )$Q Pwo“ 03 16ktsS W @fimk g&ﬁeMp@ﬁu& (made by
du Pont), Api negaf em ca any), Upilex
I e Tan R e

Sumi t ono) ; render them more commercially viable. A barrier coating of the present mventlon

may be made by depositing reaction or recombination products of reacting species
onto a substrate or film. Varying the relative supply rates or changing the identities of
the reacting species results in a coating that has a graded composition across its
thickness. Thus, a coating of the present invention does not have distinct interfaces at
which the composition of the coating changes abruptly. Such abrupt changes in
composition tend to introduce weak spots in the coating structure where delamination
can easily occurs. Substrate materials that benefit from having a graded-composition
diffusion-barrier ~ coating are organic polymeric materials; such as
polyethyleneterephthalate ("PET"); polyacrylates; polycarbonate; silicone; epoxy
resins; silicone-functionalized epoxy resins; polyester such as Mylar (made by E.I. du
Pont de Nemours & Co.); polyimide such as Kapton H or Kapton E (made by du
Pont), Apical AV (made by Kanegafugi Chemical Industry Company), Upilex (made
by UBE Industries, Ltd.); polyethersulfones ("PES," made by Sumitomo);
polyetherimide such as Ultem (made by General Electric Company); and
polyethylenenaphthalene ("PEN").
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pol yet heri m de such as Utem (nade by General Electric Conpany); and

pol yet hyl enenapht hal ene ("PEN'). -5 - 5 MAR 2007 WO 2004/ 025749

PCTI US2003/ 024555 Sui tabl e coating conpositions of regions amorﬁd‘@é%

t hi ckness are organic, inorganic, or ceramc materials. These H s
are typically reaction or reconbination products of reacting plasma

speci es and av@¢0dppeabted onto the substrate surface.

materials typically conprise carbon, hydrogen, oxygen,

p@rﬁ@mnﬁoﬁ@at i ng

and . optionally

ot her m nor el enents, such as sulfur, nitrogen, silicon, etc., depending on
the types of Seuableasvnting Guippsitidns of exgirna atresstthathickesss e o'rganio,rigagamic

o kynes. ol cobpiccltic SARMLAT ThE, SN e iy eﬁél Settacll RoBRkindloh 2052
having up to PEY%S B%ﬁeaﬁ és“}anﬁ?F?j%‘n?@a%Fﬁc#eeﬁ o ‘ﬁ%%@% F?Hfa&‘?l al s
typi cal |y confrganis esdtitie; maietials depicallar bomiprise bearbose ; hydrogeno ndxiyeest | and

t hereof of el eﬁiam @tﬁer%ﬁaﬂoélexﬁén& sdchlaAsulhﬂ/AutrAQén, s\rﬁcen e‘t@ |depén&ng%ﬁd |1 B;

nmet al s of Gr

|1
silicon car b| Ogreac tsossu{ SATES, thg Yt Bue

VB and e earth netal For. %xanple

crpg‘ggsrlff)onﬁé? ron of

pl asmas gener 5?%‘% ﬁlieéﬁmshtloah@m(hsﬂ pllgnes. plkgnesnalloyngs glcehale eldehydes, etheiph as -
met hane or xyhlkkplene cﬁndes mnamxs;ear ha\ﬁhg Qﬂﬁ lbearbdﬁt@ﬁs tIadtgdnicinnd pdrafien s

or &’mg}é{l&?e oxi de.

generated fro@qghk aifr c%]kﬂlé’é”'%o;?d%d

Silicon Ioxycarglbl dggiflﬁl ﬁ&‘f &N&V@M‘Zﬁ@? : metals o
organosilicon T L

hexamet hyl di sﬁrwaHéB (MB’D%DVB mm‘*@m |Fazmp(e|—mm):mb1dccanbe

oct anet hyl cyclegositddantd £¥bseatd %onﬁlﬁatm of ﬁ!h&nﬁds%%ne?ﬁé& #n glime gaitigd from

| f | a
fepos: ted 118 & greatioyunlraflee AEms ohigkl e SRR

car nltrlde can be
%WW aé’trb[rate and

ammoni a. O heﬂepoéléﬂ#bﬁmmiaé!ﬁgs mem@é&oanmlanmyetb@ecﬁdmgwrcﬁdm #da desired
coati ng conpopropylem oxide ESiGER x§cDbidd HiSo Py bd ddpbsited meacm@aiag géreratddt hin t he

skills of thegar) 051&0% adﬁ ur&»?ﬁpo;‘;]\k ! 02 of fet &hc

tai ned by
e reac@déghanber

changi ng the onpo | QNS 0 reacta
during the deg

4‘SHP"aP%actqiMPS§)r oduB?W@Y]Id@Flﬁ%a{‘?}e (HMBRSNhg. ®oating

t hi ckness i s bpgtpnehyléyclatetratibeaneaidgy Silivon aliteidé carDbe) deposited oot plbOGHBO ri m

preferably fr memuﬁonmﬂwhnaqm ARGl Bxy@ftnith

RE @l b6 igpcaRlay from

about 10

be .desi red t 0, chqose a Logking
t hi ckness t ha%rgﬁloeolaﬁ%at gen?‘ﬁ%%éré’mt %gﬂ%}fgﬁg umiug), tagfratq ?“8 % t he
substrate, su&pmbisationy efjreaethrihmay be jchegen to obtain a desired coating 0011113051t10n .

‘The choice of the particular reactants is within the skills of the artisans. A graded

composition of the coating is obtained by changing the compositions of the reactants
fed into the reactor chamber during the deposition of reaction products to form the
coating.

Coating thickness is typically in the range from about 10 nm to about 10000 nm,
preferably from about 10 nm to about 1000 nm, and more preferably from about 10
nm to about 200 nm. It may be desired to choose a coating thickness that does not
impede the transmission of light through the substrate, such as a reduction in light
transmission being less than about 20 percent, preferably less than about 10 percent,
and more preferably less than about 5 percent. The coating may be formed by one of
many deposition techniques, such as plasma-enhanced chemical-vapor deposition
("PECVD"), radio-frequency plasma-enhanced chemical-vapor deposition
("RFPECVD"), expanding thermal-plasma chemical-vapor deposition ("ETPCVD"),
sputtering including reactive sputtering, electron-cyclotron-resonance plasma-
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transm ssion being | ess than about 20 percent, preferably | ess than about
10 percent, and nore preferably |ess than about 5 percent. The coating may
be formed by one of many- dep03|t|on t echni ques, such as plasnma-e nced -
chem cal - vapor deposition ("PECVD'), radio-frequency plasna4bﬂﬁh ed

chem cal - vapor deposition ('RFPECVD') expandi ng thermal - pl asma

chem cal - vapoyodgResilhi on ("ETPCVD'), sputtering incl ugi 2@%2% Lve
sputtering, electron- cyclotron resonance plasma- -6 - 5
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Substrate deposited material as the coating is built up. Although Figure 1 schematically shows

a substrate as a single piece 90, a coating may be deposited on a continuous substrate
in similar equipment. For example, Figure 2 shows a supply roll 120 of a thin
polymeric substrate 115, which supply roll 120 is disposed on one side of substrate
holder 100, and a take-up roll 122 disposed on the other side of substrate holder 100.
As roll 120 continuously unwinds and roll 122 continuously winds, uncoated substrate
film 115 continuously receives the coating material as it passes over substrate holder
100. In another embodiment of the invention, substrate film 115 passes through an
area opposite to many overlapping plasma beams, each being generated with different
or varying compositions to receive a coating, the composition of which varies
continuously though its thickness.

In the ETPCVD technique, the plasma is generated at a high pressure compared to the
regular PECVD technique. The plasma in arc channel 65 has a velocity on the order



hol der 100, and a take-up roll 122 disposed on the other side of substrate
hol der 100. As roll 120 continuously unwi nds and roll 122 conti nuously

Wi nds, uncoated substrate film 115 continuously receives the n@@gbmg
material as it passes over substrate holder 100. In another e i“ent. of
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described above. The substrate likewise can travel opposite to a p]urahty of

deposition stations, which supply varying gas compositions, to produce a continuous
film having a graded-composition coating.

ECRPECVD is another suitable deposition technique. This method operates at low
pressure, typically less than about 0.5 mm Hg, and typically without electrodes. A
discharge is generated by microwave. A magnetic field is used to create the resonance
condition of the electron gas, which results in a very high degree of ionization due to
electron acceleration at a distance away from the substrate. The low pressure
preserves a high number density of free radicals until the plasma reaches the substrate
and prevents normally undesirable severe bombardment thereof.

ICPECVD is another electrodeless deposition technique that can create high-density
plasma at low pressure. A plasma is generated by an electromagnetic field generated
by a concentric induction coil disposed outside one end of the deposition chamber.
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deposition stations, which supply varying gas conpositions, to produce a
continuous filmhaving a graded-conposition coating. ECRPECVD i s anot her
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di scharge is generated by m crowave. A magnetic field is used to create the
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function of sputtering time to remove portions of the thickness of the coating during

- the dynamic XPS testing, which is directly related to the depth of the coating.

Oxygen and water vapor transmission test results are shown in Figures 5 and 6. The

oxygen transmission rate through the coated plastic substrate was reduced by over

three orders of magnitude compared to the uncoated substrate, and the water vapor

transmission rate by over two orders of magnitude. Light transmission at various

wavelengths of the visible spectrum through the coated substrate is shown in Figure 7.

The reduction in light transmission in the blue to red region (about 430 nm to about

700 nm) was generally less than 7 percent.

A plastic substrate coated with a graded-composition coating, which is formed by any

method disclosed above can be advantageously used to produce flexible light sources

based on organic light-emitting materials. Other electronic devices that can benefit

from the protection afforded by a graded-composition coating are, for example,

displays including liquid crystal displays, photovoltaic devices, flexible integrated

circuits, or components of medical diagnostic systems. The term "flexible" means
9.



shows the el enental conposition of the coating, as neasured by dynam c XPS,
as a function of sputtering tine to renove portions of the thickness of
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the depth of the coating. Oxygen and water vapor transm ssion test results
are shown in Figures 5 and 6. The oxygen transm ssion rate through the
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does not necessaAri vary . .monotoni.ca rom one su.rdf Ate o Ae5t her
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Substrate 340 may be a single piece or a structure comprising a plurality of adjacent
pieces of different materials and has an index of refraction (or refractive index) in the
range from about 1.05 to about 2.5, preferably from about 1.1 to about 1.6.
Preferably, substrate 340 is made of a substantially transparent polymeric material.
Examples of suitable polymeric materials are polyethylenterephathalate ("PET™),
polyacrylates, polycarbonate, silicone, epoxy resins, silicone-functionalized epoxy
resins, polyester, polyimide, polyetherimide, PES, PEN, polynorbonenes, or
poly(cyclic olefins).

Light-emitting member 320 comprises at least one layer 330 of at least one organic

EL material sandwiched between two electrodes 322 and 338, as shown in Figure 9.

As will be disclosed below, the light-emitting member may comprise one or more

additional layers between an electrode and the layer 330 of organic EL material.

When a voltage is supplied by a voltage source 326 and applied across electrodes 322

and 338, light emits from the organic EL material. In a preferred embodiment,
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adj acent to the organic EL nenber 320. Preferably, the graded-conposition
barrier coating 350 is disposed or formed on the surface of the substrate
340 adjacent to the organic EL nenber 320 or it may conpl et-él §ARcKHWVer -t he
substrate 340. Although Figure 8 shows schematically a distinct interface
bet ween substrate 340 and coating 350, such a coating nmay be fornmed such
that there i sygoushaie | nterface therebetween, as desq&%%&&gyig.

Substrate 340 may be a single piece or a structure conprisirng a plurality
of adjacent pieces of different materials and has an index of refraction
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res| ?s, IOQI Y ehdbot. p&t%@b?ﬁﬁapgrwmwggﬁe 1dyEr $22RA) %(@?Ié?@{lenes, or
poly(CcycCli1cC olye . -£m 1IN ne r CcO rl ses ., as one
oy %50 or R pid and ABCLRER Hayeda B siichuga p i RS B YA * vio

el ect rodes 322higdyenaia mgigl srlanCh (thickepss &om aboyrd tejabdut @ noi) sek@ged bel ow,
the |ight-eni trhétal Guoless 4R, coRyed b HhickS 18RLoHmIBEr mé@sldiveh efahminamer s

bet ween an el eetfiode (pRg; Ergfodkﬁéﬁ%reéé%rﬁ'g%eogygﬁ %ﬁ%k%dﬁ%iﬁée%}ge%iﬁlve che1¥%en a

vol tage is suppl)ed hy a voltage ’sou . ) ICI 0SS, electrodes
322 and 338, PrigR{ordivleskintoogsanicriayen’and és mpade afa mptpral having phigh wpeky 1 ed
enbodi ment,  -fibktien; %.g\ikta20thin aboutVDs 200D drefe2bifAtbnPAbbuIISAD h3dborrhSHev el ect r ode
322 is a cat hqgguhHneshd ' g ( QS tihiRt O
organic EL | %%?go&%ﬁ;@}?mﬁ%?ﬁg%egﬁ 8??%{ hﬁgo\%ﬁnéi-g% SW V\Df’l%(lﬂ,; unction;
e.g., less t haROSPABY IO Alight/ tangiissien andyAlawsoat deste 8P%I Skt ttpastitied or use
as a cathode dghegethtough. Theigfore, light ehdtiedGeym GraniGelectiBiyminiscentigyer 380 cfn, Zn,
tZL , Sm fEu, t a'ehﬁgi&séabefb%%h tHéfITmaagg%H 18¥er “Iz\da&ﬁ%ah sé%{oﬁé_beatlie%datémt @ihblahs fcg r

e manuf act ur, yer are Ag-My, Al Li, | . a -
al l oys. Layere ol el gey rs{’%uagt%eraélgd%gagera f’stg{p%’ﬁ S {51 0’8%3%%559’%%1’ t hin
| ayer of a met3five g oxidecegdmivg tiy guide apd snixtasd thereof. t 15 addigign, m@erialy or a-
non- metal suaikedar lthd-ancdeneayelsk Goped with elkminumayrefluctihe 3@ iMprovd eharget al |,
such as al um RxEtieR hrodbiy Siflectiole falid g@ﬁ i ' n anode
I nj ecting posi%ji \?g %f\o%;gél ?:carr' e?‘g.ag(gr g’,'l3 S §P%t8%’g%\tfeggg?§]§l§§/@"§30 and
i s made of a %Pﬁlé}ip 193! ¥8PY dPYioRoshemicel yipps drpositiony ion bepmsisted 5
about 4.5 eV, depasitionads] sputtaringn afbthin, sBbstavitioly Bdmsperend ldyercdf a metal is also

suitable.

Although the preferred order of the cathode and anode layers 322 and 338 is disclosed
above, the electrode layers may be reversed. Electrode layers 322 and 338 may serve
as the anode and cathode, respectively. Typically, the thickness of the cathode layer
in this case is about 200 nm.

Organic EL layer 330 serves as the transport medium for both holes and electrons. In
this layer these excited species combine and drop to a lower energy level,
concurrently emitting EM radiation in the visible range. Organic EL materials are
chosen to electroluminesce in the desired wavelength range. The thickness of the
organic EL layer 330 is preferably kept in the range of about 100 to about 300 nm.
The organic EL material may be a polymer, a copolymer, a mixture of polymers, or
lower molecular-weight organic molecules having unsaturated bonds. Such materials
possess a delocalized n-electron system, which gives the polymer chains or organic
molecules the ability to support positive and negative charge carriers with high
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Indiumtin oxide ("ITO') is typically used for this purpose. ITOIis
substantially transparent to light transm ssion and allows at |east 80%
light transmitted therethrough. Therefore, light emtted erO%O@ﬂfinl C
el ectrol um nescent |ayer 330 can easily escape through the -l ode | ayer
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of about 100 t eé{b%%ﬂ“%‘b é‘ﬂﬁﬁ § vigs defpeplized greo §‘“ elECuBt yer, a
copol yner, a rnaleagpolyne bp@dbymaqhgips oExanipiasesrf polybilanes| ace pOMdlghbutIi&Qﬂaﬁ)b c

e 3?225?o2a!g"ﬁg%ﬁﬁ%@‘ﬁ?y%;?g@"“aﬁﬂﬁz’%%ghgﬁﬁ?;%?ﬁ?dgéﬁihI e
0 58’ 8 1 e hil ? sqd_1o o

the ability t e carriers h -11

- 5 MAR 2007 \Wtyayiolsh Eigs H?qus%@s?@ﬂ‘a% ifblﬁﬁolléuﬁlkn&bﬁ%7%L
pol yners are p@b9QNThuésapblysitahaszalitl)gh( Havidg waveinngmsmgxe\mngb &bm aboati32Ge | i ght
in the wavel engf ksanghi #0a0t 380-500 nm); pol y(al kyl fluorene) such as
pol y(9, 9-di hexyl fl uorene) (410-550 nm), pol y(dioctylfluorene) (wavel ength

aE)I p?gk 9- E:_S? 3 | O@Q}(ag%naﬁ%)gwglg?t%oiec&t& welght7les(§ abz)%oigoo g)gtoare ade of a
Bol )}C( pr ar aphe geﬂéylbaeqfquﬂewt%aa% Aisu apnlier thzr;’d 150f suchmaiials if ene)
(400-550 nm). MB ,ﬁﬁns{a@{dfpheﬂyMﬁnqpbmylm:hmmeﬁ@paimwhmb amitdlighiothe or nore

FT ghi hese pol yfBfefengilGafte 1 B80-5Y k€ THS 6Qadi@ EL URRr LB mEPbOrepre®Bbht ed

lower molecular weight organic molecules, such as phenylanthracene, tetraarylethene,
coumarin, rubrene, tetraphenylbutadiene, anthracene, perylene, coronene, or their
derivatives. These materials generally emit light having maximum wavelength of
about 520 nm. Still other suitable materials are the low molecular-weight metal
organic complexes such as aluminum-, gallium-, and indium-acetylacetonate, which
emit light in the wavelength range of 415-457 nm, aluminum-(picolymethylketone)-
bis{2,6-di(t-butyl)phenoxide} or  scandium-~(4-methoxy-picolyimethylketone)-
bis(acetylacetonate), which emits in the range of 420-433 nm. For white light
application, the preferred organic EL materials are those emit light in the blue-green
wavelengths.

More than one organic EL layer may be formed successively one on top of another,
each layer comprising a different organic EL material that emits in a different
wavelength range. Such a construction can facilitate a tuning of the color of the light
emitted from the overall light-emitting device 310.
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Anot her class of suitable EL polyners is the polysilanes. Polysilanes are

| inear silicon-backbone polyners substituted with a variety of alkyl
and/or aryl side groups. They are quasi one-di nmensional mater M4k 80 th

del ocal i zed a-conjugated el ectrons along polyner backbone chai ns. Exanpl es
of polysilanes are poly(di-n-butylsilane), poly(di-n-pentylsilane),

pol y(di -n- he pol y( et hyl phenyl si | ane), and .

pol y{ bi s(p- bu bé&%@%ﬁ?)5|lane} whi ch are disclosed in HCT4RUMAHEF al .

"Near- U traviolet Electrolum nescence From Polysilanes,” 331 Thin SO|Id

Films 64- 70 (0@Gnord Bﬁé&m Ui AR de'ugmdem\ﬁgg%@@n LRRgLS in the

range from abm#o 0 ani c_mat

mol ecul ar wei g 'ioe’?%re?sﬁ C%Bg(ﬁhet pigrall feyicsedid- of Fog exf“&?&e‘bﬁ‘%nber of
aromat i ¢ ‘uni t sadditiena| lsﬁrappi serud Itee impavee ghenipjection (dastin wathelei iajestidns
1, 3, 5-tri s{ n- (4msicaian ¥yas) aauaheey kélecﬁb&ébﬂo?é’&aﬂﬂ%ﬁ%}%ﬁ 65 chithésGito@ ts | i ght

in the wavel g &?&n& EF n%'%e fl'iléo’ %Qdcg%g ﬁ? each o?%hes a?q's CI:S lfegt loal;éﬁmh%osrgn may be

prepared from
phenyl ant hr ac e?féfe’aP]é‘theg’&’rw éi*lhe]t\f’étenal&&&ﬁ%#‘? t}%}ﬁr ¢, are typically low-to-

t et raphenyl butiatimasiste mnkbuiaom@u (lpssiyinasbeyt mm)mme makculed) eThiey may
derivatives. THEBEiQHEhE HeSaAGARHE DL dho Bide 310 B LordEhlons nFh{LER v el engt

of about 520 Sti.l sul ta teria are t

mol ecul ar - wei gff fayn%‘%ang’ %Pg@ﬁ'i“&g & V% §rs@EW°é’sv%H°ﬁr¢FPﬂ§WP"' o P¥um , and
i ndi um acet y| aeehodiment of Whe ptesent rinventidnglas showr lie Figuwe [18,ng thioler mjegiionof

415- 357 nEn4 al éﬁﬁk@m&nalpﬁwrﬁ%mﬂe:%%m@ the%z&ezlaﬁ:r@% hdﬁm%ﬁ)} BmOXIh de} ?r
scandi um ( 4- i col.yhnet hy ne) - ace ich emts
in the rangema]fl %0 # E g g‘ﬁaﬁ?g‘ﬁ a&?%\g%erred
organi ¢ EL mat@ffiEng epent hefoe ﬂwlfal‘llfﬂgq'ft ﬂlendﬁtVF?e biThes, fhedele impgimengt hs.
More than one ehgmament Eyerd fagibtatenthy ifjetiboofdits SoMmaRSGoMe | Spitsbiemaeridlop of
?go; hglr L e?gﬁ['fol' %qg;legﬁjépﬁd§éd§&c@m€lhﬁ &0' {ngﬁggteg cglh aﬁag%s sccg gflte gm ts
tuning of the w5 Défy%f?@“? 5%@ a%# 9. Bypery eniettmromstorntia) M%rrdﬂ &ritting
devi ce 310. - 1Ws( 25 Mﬂa@MP—qmeGM@E&MQ PCT/ US2003/ 024555 Furt her nore,

one or nore additional |ayers may be included in light-emtting nmenber 320
to increase t hm asbthercinbodiynent of theeraser irvkitiolasishewBihFigubol 1, Btnepittng t hese

addi tional | a%ﬁémﬁbe‘f@@() ﬁﬁﬁé&%&l&eb TRO¥Ss A}ﬁa e?h &&mﬂls@s&a bQRedthd10! €

I nj ecti t t t e t t
: ra].JyZ(r: SI) ng ch aageggnr}?cnmnb € cenzent Iiayerr > e orga%?c EBQayer 398 erl?brl]Spor

transport layer 334 has the functions of transporting holes and blocking the
transportation of electrons so that holes and electrons are optimally combined in the
organic EL layer 330. Materials suitable for the hole transport layer are
triaryldiamine, tetraphenyldiamine, aromatic tertiary amines, hydrazone derivatives,

carbazole derivatives, triazole derivatives, imidazole derivatives, oxadiazole
derivatives having an amino group, and polythiophenes as disclosed in US Patent
6,023,371, which is incorporated herein by reference.

In still another embodiment of the present invention, as shown schematically in Figure
12, light-emitting member 320 includes an additional layer 324 which is disposed
between the cathode layer 322 and the organic EL layer 330. Layer 324 has the
combined function of injecting and transporting electrons to the organic EL layer 330.
Materials suitable for the electron injecting and transporting layer are metal organic
complexes such as tris(8-quinolinolato)aluminum, oxadiazole derivatives, perylene
derivatives, pyridine derivatives, pyrimidine derivatives, quinoline derivatives,
quinoxaline derivatives, diphenylquinone derivatives, and nitro-substituted fluorene
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organic EL layer. The thickness of each of these layers is kept to bel ow
500 nm preferably below 100 nm Materials for these additional |ayers are
typically lowto- internedi ate nol ecul ar wei ght (less than at_)(?l” %WO)
organi ¢ nol ecul es. They may be applied during the manufacturé 5&5 e

devi ce 310 by conventional nethods such as spray coating, dip coating, or
physi cal or cu@? Q%ﬁl vapor deposition. In one enbodinent of the present

i nventi on, SR Fi gure 10, a hole injection enhRGTASAF24358yer 336
is formed between the anode Iayer 338 and the organic EL layer 330 to
provide a hig e f rd bi as /[ [y hi gher
maxi mum curr e%ﬁ %)sf gé ? %dg# EJ;S eﬁ'%[?n%t‘sﬁj 32‘\;3@%" e P te%n% nj ection
enhancenent | ef?fé?e“?eam litates the injection of hol es from t he anode.
Suitable materials for the hole injection enhancenent |ayer are
aryl ene- based 4 &flsefiva anetali layer Iavayi be dispgsedamengan’ o@e8r3 328 incisfless

3, 4,9, 10- per ylaapeidatisrermiasddxdy! fiogn the subsinatialig @amparent substrate 340 and direct
bi s(1, 2, 5- thi agliaz @bk @Mﬁ@%&&&,ﬁu Sl Bt total bl Hrlitdiof BRAAY BN Of

the present invention I'ng . menpber 320 .

|
further incl ud’é§h1%1dﬁ‘?9f‘%“ Pr‘&ﬁ%ﬁﬁ‘éf’rtRF gYe el Wﬁré% al§°d?r§?§d’é‘e*lﬁl Hetdleen t he
hol e i nj ect i orfustinanCpewnting diffesion3@Gemtive ¢nvirommateh eleméits, lseohess o8@8n The hol e

: [ anspor t | 3y Ghd 3 b b txﬁtﬁttﬁél&ﬁim@ﬂﬁ eRbneht 0S AR hraﬁﬁﬁ@t h @heAngd éahotckl g

e transpor |l ectr ectro optimally

conbi ned in tﬁggr t&% §'te|§1’_l q?’% 6‘%‘1‘\&?@ riﬁ“@ggﬁ 'ﬁ%fé“gﬁfeﬁfﬁlé{ hol e

transport | aydfyepped arg -‘ﬂllvm glimginzn and allpystthesgsific Hyiag be advantagegusgpprovidet ert i ary

gm' nes, hydr azahiekds that & sufRfent to@ﬁﬂsb@ﬁﬂly@r@eﬁtltueadﬁf&sﬁﬁ,ofbiygaiQidavater _
erivatives, i a Y [0V an am no

group, and pol‘%{tﬂ &l g gsgﬁig tﬁ%i{negﬁsdoegélg‘pgu%é%ut%ﬂ{quuce @Eg}é@%&ﬁ}ﬂﬂ'ﬁ% ch is

i ncor por at ed Iff Wélq‘i 6y Toemecabedimentpfdhe preseghwmvendipn. e OF MeE-addiional o

present i nventlayorm, ofas leeit @wiiffgreti emagerial; ahdhyasi andiffergutmaetal b2 metal gévbpoend,t t i ng

member 320 i NGhdydRForaRd asithe tfRBMe leE@Nt%rfuﬁ%ﬂreﬁﬁUe% thi® ofﬂmﬁﬁ&mex hween the
cat hode | ayer 3¢ nq,at he .or.gani c conbi ned

r O0..Layer 324 h
function of injectin porélnt?ran% %nrl ect ?%ﬁlg % © 'r”ganflof:mgﬁ | ayer
330. Material®d ‘é‘&‘ia! Y er Fagirs ’é“}?é n@ﬂ@@t@ﬂﬂﬁ“‘f?ﬂ“ﬁ@taﬂ r@%ﬂmisr%‘ﬁ%?idﬁtﬁlng | ayer

are netal or gaides, nivddeg|cesbiiss, Sxylitridss, dioxgdabbidiy) Ml berusdfialtfor) this pafposdm
oxadi azol e derivatives, perylene derivatives, pyridine derivatives,

pyrim di ne derm\éa&ﬂaefe:&bo&memifltﬁ@p@@m 10HYR Sas shéWkl BOPBhrk NS, @Iséﬂdif@t i ves,
\(:/I\!l)pgggﬁj 83%923%5%%%%&?0%% 3.@33 gansparelg o%g%%tﬂo{ylﬁegg n;calenglrmayebe dxsposed LA
the organic EL. member 320 before the reflective metal layer 360 is deposited
‘thereon. Examples of materials suitable for forming the organic polymeric layer are
polyacrylates such as polymers or copolymers of acrylic acid, methacrylic acid, esters
of these acids, or acylonitrile; poly(vinyl fluoride); poly(vinylidene chloride);
poly(vinyl alcohol); copolymer of vinyl alcohol and glyoxal (also known as ethanedial
or oxaaldehyde); polyethyleneterephthalate, parylene (thermoplastic polymer based on
p-xylene), and polymers derived from cycloolefins and their derivatives (such as
poly(arylcyclobutene) disclosed in U.S. Patents 4,540,763 and 5,185,391 which are
incorporated herein by reference). Preferably, the bonding layer material is an
electrically insulating and substantially transparent polymeric material. A suitable
material is polyacrylates.

y.

In another embodiment of the present invention, as shown in Figure 14, a second

polymeric substrate 370 having a graded-composition barrier coating 372 is disposed

on organic EL. member 320 opposite to substrate 340 to form a complete seal around

organic EL member 320. Graded-composition batrier coating 372 may be disposed
-14-



derivatives, as disclosed in US Patent 6,023,371, which is incorporated
herein by reference. Areflective netal |ayer 360 nay be di sposed on
organic EL nenber 320 to reflect any radiation emtted away 5fMiRnilihe
substantially transparent substrate 340 and direct . such radiation toward
t he substrate 340 such that the total amount of radiation emtted in this
direction is increased. Reflective netal |ayer 360 al so serves an

addi tional fWRMYM8E'Bf preventing diffusion of reacti VRCTASMOBRAFFENT al

el enments, such as oxygen and water vapor, into the organic EL el enment 320.
Such a diffusign.ntherw.se ca egrade, the.l ong-t.erm perfornmance of the
OELD. Suit abl é’%r%ngél ES ef%fs“?%égﬁéﬁ Saaiy PIF%VE‘?%EI%WO’E{? %a‘ieﬁ%??sgg?um num
and al | oys t h@peist coating AR adjpsent ¢y erammiggBlo msmber 3300 Spaged PelymericsRWERE t hat i s
sufficient to 350batispgradedicgmposition bhrriti@atitigf 372 siag Als@be disppgpdion sefidctivat er

vapor, as | ongn@3 hite 3dd fKpevRe &S nit éﬁ)é%r;g&@% loflahi¥ ¥1E WtGfoer A5,

flexibility of, the. entirge device. |n .on odi nen f.. the present

i nvention, on 'ffna'f’rﬁe?% gé‘ﬁig?l appsiton Ilb%@‘gr 2dpayabe ‘15%8%"?8&“ Yf’gt"égzﬂf“cnat erial,
such as a dif fldromemberdg8 linstead pfbeilg disposed onds secandypolyeefio substthtenfsudhive
reflective | aygp). IR hiddabd) tle séRAMEBstiRAsucREE310) mdy bE sidiRRed0f Oxygen and

wat er vapor into the organic EL nmenber. In this case, the material for such
addi tional 1| ay, . rayer ggsq.i a T V8. . | . ounds,
such as net al zﬁf)egf%é\éééf} S%l&t%?i :} es,tggfz?g‘??g% Bt gécﬁ%ﬁpﬁgaéegﬁ’&éérrq%im ar pi des, may
be useful for %hi’§ GRPI5ANRstween r?rgéﬁ’ﬁt%@e@ﬁffo?j%nﬂ‘h reflgotor H@’%?‘@‘g edfis

i nvention, as cetftgnmtion 1Riyybe aledi@pleawharnili cag offenyseme InMufikctuging wosbstnt i al |y

transparent Oragddtage,Pedpéilly WhERIEL | iRhspaRNcyP Bf Aoale® SQBstraRN 370765 Qisgani ¢ EL
menber 320 bef qr L.he reflective netal 'layer 360 is deposited thereon.

Exanpl es of ma erlg?'s suitable for formng the organic polyneric |ayer are
pol yacryl ates _such as pol.yners _or copolyners of acrylic_acid, pethacrylic
acid, esters IBP“"L@?F%?@B%%%G‘&" the PSSRt SmPtiop tae lightrepiting davice B b further) -
pol y(vi nyl i dersemptides @i liwrﬁcaﬁ@ingyléaﬁriayﬂismsa:ﬂohdhg path @f dightreenittedf from thel al cohol
antj 9![ ﬁor?ﬂ gdigﬁ@edﬁﬂﬁh cPie B1 AN pRVL tn%]o?é uﬂlﬁ)l%ﬂ' lgﬁhﬂ{é{%'frbm. Fog example,
pol yet hyl enet gr.e ate. par ne er nopl asti c, polyner .based .gn
p- xyl ene), ang!}%%{];l/%ér%&% ?‘Q/S'\é{)‘fant’]&?ﬂ(tﬁ%?r&ﬂ%e‘? e %?ﬂaoftsﬁ@‘efm%l&a@;%t i ves
(such as pol yisapseH @) dheopsteairc3d0d i The lightseptiering n@eriabig pmavideddyshoositg3 and
5,185, 391 whi gartiales that raages paizatieth dbeiaomnby bedica0e aE@dmettls chgidbied, the
bondi ng | ayer e%%@xfn!eﬂtl inélﬁde@Barfiﬁ!es%“t%%:iﬁﬁe{eﬁﬁ# Li%.'lfbge)?aﬁglesfﬁp §h§ﬁ'tfe' al ly

al . Asuitable nateri o)

ot her enbodiHRAITE B PR essice T REBHY Rt Qo PPE Faicly, o
second pol ynefite Lghtseatiating @a@rid avdiynty aivgradewiyc disprosd tin e sulantislyr coat i ng
372 i s di sposagfinspanOpdipiék fik-GRARE MaRAS QBPASIHbE diRicdaNatad 30 to form
a conplete s e%ixf’ﬁ{:eoly I:ﬂl}f.gi'med into a film which may be disposed on the substrate 340. Suitable

light-scattering materials are solids having refractive index higher than that of the film

forming material. Since typical film forming materials have refractive indices

between about 1.3 to about 1.6, the particulate scattering material should have a

refractive index higher than about 1.6 and should be optically transparent over the

target wavelength range. In addition, it is preferable that the light scattering material

be non-toxic and substantially resistant to degradation upon exposure to normal

ambient environments. For a device designed to provide visible illumination

(wavelength in the range of about 400-700 nm), examples of suitable light-scattering

materials are rutile (TiO,), hafnia (HfO,), zirconia(ZrQ,), zircon (ZrO,SiO,),

gadolinium gallium garnet (Gd;Ga;0,,), barium sulfate, yitria (Y,0;), yttrium

aluminum garnet ("YAG", Y;ALO,,), calcite (CaCOj;), sapphire (Al,0;), diamond, -

magnesium oxide, germanium oxide. It is necessary to prepare these compounds with
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organi ¢ EL nmenber 320. G aded-conposition barrier coating 372 may be

di sposed -14 - 5 MAR 2007 WD 2004/ 025749 PCT/ US2003/ 024555 on either si de
of substrate 370. It may be preferred to di spose graded- co g %

barrier coating 372 adjacent to organic EL nenber 320. Seco ﬁ% ymeric
substrate 370 having graded-conposition barrier coating 372 may al so be

di sposed on rgf/ e nmetal layer 360 to provide even nore protection to
organi ¢ EL neﬁ@gﬁﬁég%g Alternatively, graded-conpositi®n/BGa¥P¥EFsS372 may
be deposited directly on organic EL nmenber 320 instead of being di sposed

on a second po} lﬁ@ft‘rdb eéybéﬁﬂcatﬁuﬁf%hmﬁﬁnué @R%x ade}bﬁJQhﬁnQﬁé%avet gmsecond
dS

substrate (such as ernati ve secon ubstrate

e el
370 having gr 2885 B &Wﬁ&ﬁ%ﬁﬁ”ﬁ’éﬁ“%’é‘?q ?f?eceéséﬁ' 2 e OBBYA bet ween
organi ¢ EL rrenlt?erst%bl@ma‘ﬁ'dauyetpp'@ctnbﬁsel ayrer aghbOnayTiepssain ceppfapgjete aattmn may be
desi rabl e whersubdtitutiams; efgt eGd Sy Eberabdfihacdl fof np Go BO%COSTthe yaMA H AVES.
especi al 1y whofrldig obh nﬁf@gﬁyreﬁ;mg@@gspg%gas 2 o nidf e oﬁtaﬁﬁjﬁom
light-emtti ngé]hgtx%éséefgﬂ PRSI i Basalse bs ped-psovided dhat ey Akt eri al |
di sposed i n t hmpgaiohs ¢f dhikghitg domt expdsire donlighte emitied ty- thi OELMgndldgi ce 310
11 Dottt o5 ot ophins > Stuteip of AR ef OR) be AGEITALCy piitt da im
di sposed on tH S%B&“r%g?”@d M@“&?@ﬁ%ﬁéﬂ”}t&?@?ﬁ?ﬂl egwesfovi ded by
choosi ng par t'Withese typigally: emie ofder ofiafmctiononfitlebwayvelengh nfithe scatidredlight 00
m crometers. Anpmefefibbdifhentesfomelippgeét ihveahidAlese Pafabé of @& sabaidle dnPeCroneters
in size. For SrrodoRBEned 1 ﬁé%tﬁ%éigﬁ't@énre" white light, the particle size

is preferably on the order o rim ‘ticles of the light-scattering

material may ous ersed S ntia transparent
pol yneric fil n@?&qﬁ%&gngrt e ?c\zélogéh chesat ’t"ﬂ%’%‘%"’&ﬁ%i‘?@%ﬁwﬂ% t he
mxture is for##H ?(}1?36 cemprised phAtelmingspers & P s paterd (emalschkereiy b@ikﬂ ate 340.
Sui tabl e | i ghphasplat')ewhicgisrapable oflabsottigy SpriiciSoftBy EMGadigtionaatiteddyi ndex

mater | al o havery Spyic B saomill Bl il %‘Lﬁﬁe&%@ﬁg’?ﬁ%@rﬂ%ﬁﬂ' radl | P 10
particul ate sd&iPe? F’?‘f&“‘tﬁﬁ?"@%‘@ﬁ 13086, Thps-Haglysion of pucha PLymajerial ?f’&é’%’vfﬁegher t han
about 1.6 and ashongdfieelapef gt |enitedafiep ahe KELEN e ITht harticleasigee tndvieel engt h
range. In adgllhtb@ﬁmnlb%t\#egn HeUAERE %%et}ﬂﬁfcietiﬁ@ thel SHNmefeahddfinl @&eﬂﬁﬁ{eer f[ g—l be
ron ¢ . and AL L. 55 ot ASBRE LA R PRSI,
i 11 umnati on Many micrometer-sized particles of oxide materials, such as zirconia, yttrium and _

rare-earth garnets, and halophosphates, disperse well in standard silicone polymers,

such as poly(dimethylsiloxanes) by simple stirring. If necessary, other dispersant

materials (such as a surfactant or a polymeric material like poly(vinyl alcohol)) may

be added such as are used to suspend many standard phosphors in solution. The

phosphor particles may be prepared from larger pieces of phosphor material by any

grinding or pulverization method, such as ball milling using zirconia-toughened balls

or jet milling. They also may be prepared by crystal growth from solution, and their

size may be controlled by terminating the crystal growth at an appropriate time. The

preferred phosphor materials efficiently absorb EM radiation emitted by the organic

EL material and re-emit light in another spectral region. Such a combination of the

organic EL material and the phosphor allows for a flexibility in tuning the color of

light emitted by the light-emitting device 310. A particular phosphor material or a

mixture of phosphors may be chosen to emit a desired color or a range of color to

complement the color emitted by the organic EL material and that emitted by the

organic PL materials. An exemplary phosphor is the cerium-doped yttrium aluminum

Qo
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(wavel ength in the range of about 400-700 nm, exanples of suitable
light-scattering materials are ruffle (TiO, hafnia (11102),

zirconia(Zr2), zircon (Zr02 Si2), gadoliniumagallium gar neb. MARSIREa5012) ,
bariumsulfate, yttria (Y203), yttrium alum num garnet ("YAG', Y3Al150 2),
cal ci-t e (CaCCB) sapphi re (A12G3), dianond, nagnesi um oxide, ger mani um

oxi de. p@f*@i@ to prepare these corrpounds with -15 - 5 MAR 2007 WD
20041025749 / 024555 a hi gh degree of opti calPGIHS3/924555 ¢,
inpurities that absorb Iight in the wavelength range of interest must be

rigorously mi mzvem tahet (YAGIEESS Stht stuﬁﬁ}le% h%gna%sg@d oneme
st oi chi onetri %al ywﬁﬁfrg ase pure,

atom c
substitutions; %@an‘éles‘&%ﬁ 3R 8%5‘%/19?5 a}i g %g éFQtzt riumin
YAG. Particl és%@%ﬁﬂ&?é)ﬂ (Fi.Oed gl G?eﬂﬁﬁ‘bfmﬁd’éxﬁ@l( ,ﬁﬁ@@(ﬂsﬁ'@ﬁ()as may be

obt ai ned from(“m@&e&@f;%na’mr@x)sg ,ZQ“GmﬂiwhgreO|d’\£<lrm¥y35150 be used,

provided that the from ex i ght
emtted by the JEE{B‘?% Jgé?p%re ors ﬁ rPém%ho Pg[h S?’}B{mn(ifso be
achi eved with lig fp}p&@twaaeleﬁlg%yaagesﬁw Rhput mmg ahout §3fe fidd thebl lzeeﬁ@ear ed

surface (a "dispéctralargibn)landl hn etission oflighencttle warleugth 3angé fromhabed 400 ﬁmt ypically

on the order gf, Z;ut 76 b Qe Ofhe pften AR 5 eBlm! helaeaﬁhbﬁhswé n

one enbodi nen one St rate can

nvent i on
be textured ﬁ‘éﬁt‘&!i‘f @%ﬂ’%ﬁ?@ I"Ylﬁtﬁm%‘eathi é‘}di“Wé‘ thege SSHURHGPSnot her
aspect of the aametslémphpmman alspnke dddiohdliyhlopsicwitit smallngnopats of €f Gachias | ayer

390 can conpr lasau@ 1%%1@ be%@ﬁsgﬁﬁhce(an%d&oﬂmﬁadoehe& ere@lexﬁﬁsx&?r'ﬁien cal | ed
a "phosphor™ )fbll radlaEtM radi ation

n
emitted by the or ggaﬁrle exgﬁglgr%ﬁ%elﬁosﬁlﬁ)ﬁ ﬁ“@{ &t ?l?céelna?;\ﬁ%fegr%’t%ﬁdr ang Pand
emitting EM r &sntadie fhe viaydpregh reeion ob3P niatpcbergOR nindwgelysipressand thedl usi on of
such a PL nuat ektiedtivesan provi'de a tuning of color of light emtted fromthe
CELD. The particle size and the interacti on between the surface of the

particle and tdgenPidiAR! | ogﬂgﬂsurrc MM+I G0, icehes Tere

di spersed in gr rd-al s st of azyer 390. Many

m cronet er - si g?aeygp ‘l‘(?‘?c S? 18b § dgb ‘@ g”sd‘ 16 §lr]%‘h Zirconia, yttrium
and rare-eart gar nets hat es, +per§e wel | St apdard
silicone poly %éﬁ" O’ﬁol y@ “ny S§1PI2 2 §1\§5Pm%7lﬁe]“zs¥f‘r’r| ng. |f
necessary, ot KE@CHWS@EME&?TI raad erlfaing(Q;@lngFaGe@g surMeftt animagresmmpol yneri c
mat eri al |1 ke fagko géﬁﬂaﬂéﬂ; al cohol)) nay be added such as are-used to
suspend many standard phosphors in sol ution. The phosphor particles may be

prepared fromyaL gRking €ChfosRiorP NOSRIGE AR, Sl 0 BBY, CLEW;  and
(Ba,Ca,Sr)5(PO,),o(CLF),:Ev*, (Ca,Ba,Sr)(Al,Ga),S, Eu’

Yellow-emitting phosphors: (Ba,Ca,Sr)s(PO,),(CLF),:Eu*",Mn™.

Still other ions may be incorporated into the phosphor to transfer energy from the
light emitted from the organic material to other activator ions in the phosphor host
lattice as a way to increase the energy utilization. For example, when Sb*" and Mn*
ions exist in the same phosphor lattice, Sb*" efficiently absorbs light in the blue
region, which is not absorbed very efficiently by Mn*, and transfers the energy to
Mn?" ion. Thus, a larger total amount of light emitted by the organic EL material is
absorbed by both ions, resulting in higher quantum efficiency of the total device.

The photoluminescent material may also be an organic dye that can absorb radiation
emitted by the organic EL material and emit electromagnetic radiation in the visible
spectrum.
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grinding or pulverization nethod, such as ball mlling using

zirconi a-toughened balls or jet mlling. They al so may be prepared by
crystal gromh fromsolution, and their size may be controll e@s\)%
termnating the crystal growmh at an appropriate tinme. The Ved
phosphor materials efficiently absorb EMradiation emtted by the organic
EL materi al aﬂg ﬁ{ﬁ/f’%mt | ight in another spectral region. Such a

conbi nati on of ¢ %Pgani c EL material and the phosphofCTHPUHESr a
flexibility in tuning the color of [light emtted by the light-emtting

device 310. Aqggy Lc')sfogcl g{arr&ggegsap%‘&lg efé@& Gl 4 fim 8 ?:g Cd&}QSeHE ?na%‘halPElRﬁl%'s"OV S may

be chosen to e a.range

%er%oa&l con%) mtant t he
col or enittedPBy? Laﬁs&’?‘é?lsﬂ1°°%?rﬂﬂe?‘?¥§t SR FLOBPOTHR ©L o1 gani ¢
PL material s. mntbeuebqutéﬁprq&rddpmthwbmhtewcmqemhyd@bm Ofﬂtemmea’lf um num
-16 - 5- MAR %Gﬁilenélﬂatg@éi Bﬁﬁﬁh%r BeddaUSE QinbrRdpiiadaed ifke thédikhttke gar net

(A8 e Culglh Gk MRS %@?gge‘@w@ﬁ e

one type of r e
(YL. Ce,)3(Al Mtfmg(ma! @d sy oryamclwsz etb@!pe) Yer Dy Zeay §aine,
(" YAG &d, Ga, Cdlip coathid pm&%sﬁ@mﬂmﬁkﬁﬂte( "Th&ybdHe), thehilfeeis Gendoved ok, 0 < y<

abgorgt|<onzo1?ﬂli_)esﬁ?1 fé:éﬁdt %se‘ﬁ% h ra 2%%% %§urn og.hg\t/)v(s)u?n
530 urn (i.e lyte’h BFB’éfe éﬂ“’f?%'@ %%B%H?‘s&e&?ﬁab&’ light in

t he wavel engt fther ﬁhgﬁ)rrhmamoamp @@ialsrhave oeﬁabtmgtmd?i@@ olose (1 tHwse of the

green-to-red spR&ht 340 LRDIHE BganiCH AhRehaPHRS PNME Fargd Hobt®out 1B BER2 and
Th2Al 5012, botl doped with cerium In addition, these cerium doped garnet

phosphors may ‘al'so be additionally doped with smal | anounts of Pr (such as
about 0.1-2 nole ent) to oduce an additi onal nceme red

eni ssion. The A8 'In%&if aghegt ‘gfril?;\erfﬁ?sé%t e o%aﬁ‘fgefsé’ff'ﬁ rg),génaéqnff@dem ly
excited by EMarlzlmSHth‘mq digpeised éulthe samné) Slmyey ddyendiln  egjiother emb®geenrn t o

about 500 nm Byat@hg/Slhd F0GSaytRth difigskr filmd Whick &td pl&Se fifdh BRihge Folidhend
phosphors: Ca @&g 4) 4C12: Eu2+, Mh 2+; GdBO3: Ce3+, . Th3+; CeMyAl 11019:
Th3+; Y2Si Cb +, Th3+; and BaMy2Al 16027 Eu 2+, V\h 2|+ Red-em tting

TG E: K RO o W (A Y e

f | uor oger rranatfb)dbleslub-‘éra@msmh ascp pidispis dirst : previded 2 At G Zraddopmposition
Sr5( PO4) 100 2:taiiecoatiffl is foBaedon & bd{ PUtO e MeriblUstibstrate by a one of
(Ca, Ba, Sr) (A &%%&sﬁ%tenhmques disclosed above.

A first electrically conducting material is deposited on the graded-composition barrier
coating to form a first electrode of the organic EL. member 320. Alternatively, the
first electrode may be deposited on the surface of the substrate 340 that has not been
coated with graded-composition barrier coating. The first electrode may be an anode

or a cathode, and one or more appropriate materials are chosen among those disclosed
earlier for the electrodes. Preferably, the first electrode is an anode comprising a
transparent metal oxide, such as ITO. The first electrode material preferably sputter-
deposited on the substrate. Furthermore, the first electrode may be patterned to a
desired configuration by, for example, etching. At least one organic EL material is
deposited on the first electrode by physical or chemical vapor deposition, spin coating,
dip coating, spraying, printing, or casting, followed by polymerization, if necessary,
or curing of the material. The organic EL material may be diluted in a solvent to
adjust its viscosity or mixed with another polymeric material that serves as a film-
* forming vehicle. A second electrically conducting material is deposited on the at least
one organic EL material to form a second electrode. Preferably, the second electrode
-18-



Yel l ow-em tting phosphors: (Ba, Ca, Sr)5(PX) 10(C1, F) 2: Eu2+' Mn2+ Still ot her
I ons may be incorporated into the phosphor to transfer energy fromthe
light emitted from-the organic material to other activator 40oWR W t he
phosphor host lattice as a way to increase the energy utilization. For
exanpl e, when Sb3+ and M2+ ions exist in the same phosphor | attice, Sb3+
efficiently 3@8%{@ q]llght in the bl.ue region, which is not absorbed very
efficiently b P5M3nd transfers the energy to | 2+ RGIABSOMRES 4 | ar ger
total anount of Ilght emtted by the organic EL material is absorbed by

both tons. €3k bifife| Vel LU LRI G808 it Pl ﬁ@w ce. The

phot ol um nesc mat eri al nma rganl
’E "b’; fietic

radi ati on of PRUteRe éPr‘i‘? g desiredrshaps ?raﬂmgﬁ’daqé’m {The fhickpess
radi ation i n tsh@nd/ elsétivle is lepetota mimimurd, Auch & 1848 Fhad(0 BqWDIQTOYY 0P 5FAY O

PCTI US2003/ 024%e Blectrbiés Rl R RARKicH thit&lafsonihise Hé Si38LiS B nleMbat 300 m f or m ng
pol ymeric mat er| al, such as ©polyacrylates, substantially transparent

si l1cone or o 887 A iR BTRRRMLLh B L st 3 1A ARA! il

preferably Ie§ about ‘wp
pol yneric mat & 981’1’0%!??&0 BbsEan 0. j1be %11"3}!?3%1“%19& depasjtefh b, é‘a&E‘ﬂnﬂl‘ht o the
m xture to adputisting dérephysisat esiot depofitivrh €nfohéd émﬁcﬂhmmgf thepesentinvdntory desi r ed

} grv% . Tgteomaxs}ugﬁan@fay&ma sﬁﬁs{aﬂﬁili}rtf& gﬂﬁ}.ﬁéﬁ s nﬁ]&r}f@m{ aﬁéﬁ%;g{ es g. s
a substrate. 2It((%’lﬁs(’l%t %g lﬁ‘yF‘i ‘?ﬁr{’}g‘“"’?‘@ B%%a fb%’émg ug??efé}?f

di sposed on t rbendmggﬂweremmmaqg aneﬂtmca@(insufﬁm tand chabrtantiallyf mspmxttr | ayer
390 is prefer q:biy)heh@ﬁﬁtehhlanmndmgrlﬁyep ﬁﬁfy%&l&b&ﬂ@w dnB ¥ 1R0BetHss

Preferably, 4! LYJFeL |_al Vs I ef e. i ndi ces
cl ose to those g‘fpgét hde%‘; og#gopﬁ oge@naﬁﬁag?heyeérg'ghﬁ T‘:cfwe e%ﬁ"g“s e., in
the range f r orfPT50 59 31‘04""(’33? lefefy gtrroupnd dhe grganisy rﬁ‘@?n%béf 3the Bisfedly. Be t he

present i nventrcﬂmtlvepmtalllajeeSogaﬂleﬁwﬁndtet@ﬁdeﬂ-gorﬂpdsﬂfonaianaﬂdoatxag fidims phor ar e

di spersed in f agot hﬁg]ﬂ]? I ent cattering
film 390 may %%ﬁ&%luﬁém%e &ga%ﬂ cﬁqnenh%r 6astl %ng b mox%roughened

sur f ace. £ la¥Fé§<‘? &165 FFOE%E’BH@F"“?JFI gay, B%g?ﬂ‘??“efl Wé‘?ﬁrF@“r\%l Yesm"rﬁ}

descri bed. A dayemned flexible substrate, such as a plastic, is first
provi ded. Then, a graded-conposition barrier coating is forned on at |east
a surface of tAheifthrexif lpheicks lof tarebteriby on Phneatafal andia\tradgpeai polpnericechni ques

di scl osed aboViterial is deposited on the surface of the substrate 340 opposite the organic EL
member. Alternatively the mixture may be cast into a tape by a tape casting method,
such as the doctor blade method. The tape is then cured and attached to the substrate
340.

In another embodiment, subsets of layers necessary or desired for the operation of an
OELD of the present invention are formed in separate assemblies, and the assemblies
are laminated or attached together to produce a working device. For example, a first
substrate having a first graded-composition barrier coating, an assembly of an organic
EL member, and a second substrate having a second graded-composition barrier
coating are laminated together to provide a light source having improved resistance to
attack by chemical species in the environment.

In still another aspect of the present invention, large-area flexible displays or lighting
systems incorporate OELDs of the present invention.

While specific preferred embodiments of the present invention have been disclosed in
the foregoing, it will be appreciated by those skilled in the art that many
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A first electrically conducting material is deposited on the

gr aded-conposition barrier coating to forma first electrode of the
organi ¢ EL nmenber 320. Alternatively, the first electrode may be deposited
on the surface of the substrate 340 that has not been coat_eSdMA/Ri Ztﬂ!?l

graded- conposition barrier coating. The first el ectrode may be an anode or
a cat hode, anggapfeRbeTOre appropriate materials are chosen annng&those
disclosed earlier for the electrodes. Preferably, the RGTAEPOMPETE r ode i s
an anode conprising a transparent netal oxide, such as ITO The first

el ectrode mat ghédicaRéRf §b@RhtbnS PO {Rfatiod SRSShd BHdPMeleRCwRIAS tERlte

Furthernore, the first. electrode may be ter.ned to esired

confi guration By oF FHld 35&9?%?@??%%%&?3%%?%{&%&33 ncgeflﬁ ¢ EL material is
deposited on the first electrode by physical or chem cal vapor deposition,
spin coating, dip coating, spraying, printing, or casting, followed by

pol yneri zation, if necessary, or curing of the material. The organic EL
material may be diluted in a solvent to adjust its viscosity or mxed with
anot her polyneric material that serves as a film form ng vehicle. A second
electrically conducting material is deposited on the at |east one organic
EL material to forma second el ectrode. Preferably, the second el ectrode
-18 - 5 MAR 2007 WD 2004/ 025749 PCT/ US2003/ 024555 is a cathode. The second
el ectrode may be deposited on the entire area of the organic EL material

or patterned into a desired shape or configuration. The thickness of the
second el ectrode is kept to a mninmum such as |ess than or equal to about
200 nm The el ectrodes and the organic EL material conprise the organic EL
menber 320. A reflective netal is optionally deposited on the surface of
the organic EL nenber 320 opposite to substrate 340. The reflective netal
may be deposited by, for exanple, sputtering or physical vapor deposition.
I n one enbodi nent of the present invention, a bonding |ayer of a
substantially transparent material is deposited on the organic EL nenber
320 before the layer of reflective netal is deposited thereon. Preferably,
the bonding |layer conprises an electrically insulating and substantially
transparent polyneric material. The bonding | ayer may be deposited by one
of the methods disclosed above for deposition of an organic |ayer. The
reflective nmetal layer is fornmed so as to conpletely surround the organic
EL nenber 320. Preferably, the reflective netal |ayer together with the
graded- conposition barrier coating fornms a hernetic seal around the
organi ¢ EL nenber 20. Furthernore, one or nore additional |ayers of other
inorganic materials may be deposited on the reflective netal
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| ayer. A m xture of particles of a scattering or PL material and a
transparent polyneric material is deposited on the surface of the
substrate 340 opposite the organic EL nenber. Alternativel y5Mach2007ure
may be cast into a tape by a tape casting nethod, such as the doctor bl ade
met hod. The tape is then cured and attached to the substrate 340. In

anot her enYSHYRERCLAIMEIRS of | ayers necessary or desired for the
operation of an CELD of the present invention are forned in separate
assenblies, and the assenblies are |am nated or attached together to
produce a lor ki Adigheemitting &oviceeBa0pdomprRirig: r st substrate having a first

gr aded- conposi ti n,glgrr' er coating, an assenbly of an organic EL nenber,
and a second subSEH éumtﬁﬁygagwswga@&%@mmﬁ fg5 9tb‘é?tl?‘f“’e?urfa@_6ati ng
are | am najd, LO0R{ %Ftrét@ sHfAR¢] éjcqeﬁh&ﬂegcﬁ{saﬂ%ﬂ[)ﬁ&t@ﬁ#fdag bbiﬁ?%ee\’t@&’“ﬁtﬁ%' stance

to attack by chemcal species 1n the environnent. In sti anot her aspect

of the pregedtd-¢commositionrbartiexrcgatigy @a0) doagirising aohi inpigayic and ah organicng  syst ens
incorporate OELDs of the present invention. \VWile specific preferred

enbod! ment B25Tal RESPER e of WHER YR Havanial roptuiiY 8o GREERr egoi ng,
it wll benhappf-eaiated by those skilled in the art that many -19 - 5 MAR

2007 WD 2004/ 025749 PCT/ U82003/ 024555 nodi ficati ons, _subst i tut ions, or
variati ons may aneorgaitie elenioluminespeny §UHL " eysanber (320) fvhindn comprises an argamid scope

of the inwv ion efin in the appende LEB. ~.2Q0.5 rch 2007 WHAT
’s o ver T B8R ffbeRaDetiteh Ao REFAGS T, 358 ind iF disRg MR 1) o
subst ant i afiéxiblt sabstdndiay trafispasdnt sutstrad4840)havi ng a first substrate surface
and a second substrate surface, at | east one of said substrate surface

being coated with a graded-conposition barrier coating (350) conprising an

i norgani ¢ snd - gani 6. L ad [ L 0 ' Vak | e
substantial’ly %}ﬁ%ﬁ%ﬁ}&?g?@é@?)?ﬂcﬁgﬁﬁgz(ghaﬁé’r@gﬁ?} éz::?nrilncpr%?#goa?gani C
(el:%gg; rg! urréubetsdm ly ttankpar ¢ntrfﬂ}ﬁ)(er70)(1&31aw)gd (aé\kzkgﬁlﬁ%%%dw-b%ﬁpomgpﬁ@ﬁmddbaﬁ@_ ! gyer
i spose t ween t el ect rodes and i s disposed on sai
flexible s%ﬁ%‘isﬁ‘gf e‘aqolnysatl‘x\oélﬁbsﬁ&%lht tr@@ﬁélpmaﬁ]@( %ng disposed on said organic

EL member (320) opposite to said flexible transparent substrate (340).

3. The light-emitting device (310) according to claim 1, wherein said flexible
substantially transparent substrate (340) comprises a polymeric material selected from
the group consisting of polyethyleneterephthalate, polyacrylates, polycarbonate, silicone,
epoxy resins, silicone-functionalized epoxy resins, polyester, polyimide, polyetherimide,

polyethersulfone, polyethyelenenapthalene, polynorbonene, and poly(cyclic olefins).

4. The light-emitting device (310) according to claim 1, wherein said coating
material is selected from the group consisting of organic, inorganic, ceramic materials,

and combinations thereof.

5. The light-emitting device (310) according to claim 4, wherein said inorganic and
ceramic materials are selected from the group consisting of oxide, nitride, carbide,
boride, and combinations thereof of elements of Groups IIA, IIIA, IVA, VA, VIA, VIIA,
IB, and IIB, metals of Groups IIIB, IVB, and VB, and rare-earth metals.

6. The light-emitting device (310) according to claim 1, further comprising a
21



2. The light-emtting device (310) according to claim11, further conprising
a substantially transparent film (370) having a second graded-conposition
barrier coating disposed thereon, said substantially transpgaMarth 200/ m
(370) being disposed on said organic EL nenber (320) opposite to said
flexible transparent substrate (340). 3. The light-emtting device, (310)
accor di ng reBectivailayen (36Rhdisposgd onisaidfarganipEb laystisaidaeflecsive Jayer eqmmprisingnt

substrate . i (o i . - 1. group
conai sti g BAalSSEph HEm eRnbut R ulPbEAle, REILEFRER. HiTidigh, 0T 0

si | i cone, metplocaybidess mealoxynitrides) enctdl ogycapbides, amdticaptsinytions sheseof. pol yester,
pol yi m de, pol yetherim de, polyethersulfone, polyethyel enenapthal ene,

pol ynorbonene, and poly(cyclic olefins). 4. The light-enmitting device (310)
according 1.0 ClieMeht-citfihs bBisé{ of Adtobdlfly 1BHif! |, Hnetein $8H SRIEL i om e
group consisting oft organiC, 1nofgahic, ceramc materials, an

conbi nat i dagert(B¥)eomprisSes alihatetialghlectediftam thy glen aasisBIHf pdy@r di ng to claim

a7 oup. consier P SaEL varrtra Papieniins el P TS deBhaRRI | one
t her eof ofih&ksBkSrlfthdEFURN ddpOlynhdrs therdofA VA, VIA, VIIA  IB, and |1B,

nmetals of Goups IIIB, 1VB, and VB, and rare-earth netals. 6. The
light-emtting device (310) according to claim1, further conprising a 21

5 March 20p7 reflective. .l ayer. di sposed .on sai.d organi ¢ EL layer,
cai'd rer ot i veted el Bing ¥Efict CAD ltoRPRER a8 Rt h SRR Fely 5E
consi st i ngapdr (3%0)abmpris&tamateribliRFectedetch thy r%pﬁ;d@ﬁasisﬁﬁgbﬁl,z,q&ﬁl@'{xd@s,

met al oxyni trides, netal oxycarbides, and conbinations thereof. 7. The

| i ght - eni tdiphegylainenrhenyd) phenydaraing} hgnzese.ahanylanthragensy tetrgarylgthengy gani ¢ EL

| ayer (330),,.6 ri i C [ r ogﬁi ShiR9 of

pol y( n- vi(%?f/l m%ﬁ?b@?%ﬁ%%?%@%@ﬁ?@%b ?’uéé’?‘g'ﬁ‘g?‘?’%ﬁﬁlgg/‘legg&é%ﬁ eehy enIé ,

pol ysi | angpicotiandthylkétumsy-bis (E6-<lift-butylphericxides hacamfiumddanabpg-ymer s

t hereof. 8., The |i ht-enlzlti ng .devi ce (310) according to claim1, wherein
said or garﬂl&olﬂmethvﬂs?@nek- 15 d3cctiagsionsts). olumiugy acetylacsiangtes 8aiP®m t he group
henyl ant Fo e S em e B o Ly ene, 1 beneene
t et r aphenyl but adi ene, anthracene, ’ peryl ene, é:or onene, ’ al um num

i e T
gal lium ageksmasnd®, sa@d‘ﬁyéﬂ‘%bm(ﬁ?ﬁfﬂﬂ@&%&ﬂ@ﬁni&% cﬁgiﬁtré_ehgﬂa- em tting

device (310) according to claim urther conprising a li
substantially transparent matrix and being disposed on a surface of said substrate (340)

D

opposite to said organic EL member (320).

10.  The light-emitting device (310) according to claim 9, further comprising particles
of a photoluminescent ("PL") material mixed with scattering particles in said light-
scattering layer (390), wherein said PL material is selected from the group consisting of
(Y1xCex)3ALs012; (Y1xyGdxCey)3AlsO12; (Y1xCex)3(Al 1y Gay)Or2; (Yixy GdxCey)(Als.
2Ga,)012; (Gdy., Cey)ScrAl301; ; CagMg(SiO4)sCl:Eu?*,Mn 2*; GdBOs:Ce**, TH*";
CeMgAl; 10y : TH*; Y58i05:Ce**, Tb*; BaMg,Ali6027:Eu 2" Mn 2*; Y,03:Bi** Eu’* ;
Sr,P,07:Eu** Mn?* ; StMgP,0,: Eu®*, Mn?*; (Y,Gd)(V,B) O4:Eu*";
3.5Mg0.0.5MgF,.GeO,: Mn*" (magnesium fluorogermanate); BaMg, Al 6027:Ev?*;
Srs(PO4)10Cly:Eu’*; (Ca,Ba,Sr)(Al,Ga),S+:Eu*'; (Ba,Ca, SH)s(PO4)10(CLF)2:Eu® Mn?*;
LusAlsO1p:Ce**; Th3AlsO42:Ce®"; and mixtures thereof; wherein Osx<1, Osy=l1, Oszs<5
and x+ysl.
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scattering layer (390), said layer (390) conprising scattering particles
dispersed in a substantially transparent matri x and bei ng di sposed on a
surface of said substrate (340) opposite to said organic ELS 007320) .
10. The light-emtting device (310) according to claim9, further
conprising particles of a photolum nescent ("PL") material mxed with
scattering particles in said light- scattering |layer (390), wherein said PL

materi al 1§ sel@gt : ;54 | . S 34| ;

(1 Ly ey A ShRTE S50 (YD) AROMiSE (0ol o b SRPAERIAS o o
ZGaZ) 012; apGatpanic Pb ndorhdBpdded inGagMpateri) 4Ry 23 %) 2saidvorganic PL material
GdB03: Ce3+, Th3+;, . Ce 111019 : Tb3+; . Y25 (6; Ce3+, Tha+: B Al16QR7: E
2+, Mh 2+; %‘Z@?j ble ng@-?llb,mg 3 loash 6?$§£?2+9 gror,naé}qgﬁg%ﬂ:) %ﬁ?ﬂ W%e,d )
(Y, &) (V, By i &eaitic EL3nabEs Md 2Mifrihe P2adiMititin GRRGHE Shatttum.

fl uoroger manat e); BaMy2Al 16(27: Eu2+; = Sr5(PX4) 10Cl12: Eu2+;

(Ca, Ba, Sr) (A, &) 254: Eu2+; (Ba,Ca, Sr)5(PX)1o(d, F)2: Eu2+, Mh2+;

Lu3A15012: Ge3+;...Th3A15012: Ca3+: i xt t.h f. wher.gin sxsl, Osysl,
Gos5  and D 1y T Nk Sinfine RV B0 FeC et s PineR S8 letie s, )
accor di ng hémbdraBo0)Furthét doipkis€dtédsba Sl dfiodaP RFér (324, I3U0336)didposatat eri al

di spersed in said scattering |ayer (3390) said organic PL material being
capabl e ofbetwessrasiernd said elesiades{33r3% ﬁbanct$al<bngémﬁg‘11dgﬁ@t(3%0)( sgr ) radi ation

emtted ' i ' . i.ttd ng. r.adiat | [ vi si bl e
spectrum %ﬁﬁﬁkﬁf’?‘gﬁ%&é %’[%%S’E@\W@g% %%)a fglgcglc()’rﬁ glk lﬁg& gltolgf) {aitller%? (.)Lla) wherein
sai d or ganjomsibiing dfbsiéeiton(idj2ttionf enhbhheimenoreldcid Srafspottedhincemeat] tiolei onal

| ayer (324,334, 336) disposed. between one of said el ectrodes (322, 338)
and sai d dRissHeRehanteent, and hgle transport sakAnCEmeY | ayer (324, 334, 336)
performng at |east a function selected fromthe group consisting of

el ectron injection enhancenent, electron transport enhancenent, hole

i nj ect i on BaharElenkight-endting kleviee teandipgtd clainh dwhereintthe d@npokitéon of said

light-emtti devi ce, agcording.to cJaim1, wherein the.copposition Qf said
gr aded- corBL FERPSHioR; BaFrict SARinevaFes PSS IHRkocss hHFEIGER B AEFENOTs uch
that a grapb pBicent ddspdsitioR BF ofOHTPRE kbinBonddts SRe Satinb Qleffﬁm%ﬁﬂrﬁof‘%ﬁe the

coating versus the depth of the coating has plural peaks. 14. e

| i ght - eni teoating Hes/ploeal peaksr di ng to claim 13, wherein said plural peaks are
substantially the same height. 15. The light-emtting device according to
claim 13, wherein the plurality of peaks is at |east three.

14.  The light-emitting device according to claim 13, wherein said plural peaks are

substantially the same height.

15.  The light-emitting device according to claim 13, wherein the plurality of peaks is
at least three.

16.  The light-emitting device according to claim 15, wherein the height of the peaks
changes as a function of depth.

17. A light-emitting device (310) comprising:

a flexible substantially transparent substrate (340) having a first substrate surface
and a second substrate surface, at least one of said substrate surface being coated with a
graded-composition barrier coating (350) comprising an inorganic and an organic
material, a composition of which varies substantially continuously across a thickness
thereof; and
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16. The light-emtting device according to claim15, wherein the height of
the peaks changes as a function of depth. 17. Alight-emtting device
(310) conprising: a flexible substantially transparent substsgMaech(BHE0)
having a first substrate surface and a second substrate surface, at |east
one of said substrate surface being coated with a graded-conposition
barrier coati nan(oghic electrsliminescenn("ENLCY gember @20) whichicomptises anwiganical , a
conposition of which varies substantially continuously_acro hi ckness

Uher eof ;  dflalaver @3fkdizmsedBetves v garirades 22 S itdeented on id) renter

(320) mhl (330) disposed between two
- el ectrodes Z‘g %ﬂg%@?ﬂ%&?s Q%Pg%lgse&é ?lﬁzal d flexible substantially
transpar ent subsliereihgaid JkQjble wtbetaﬁtmllﬁtnaﬂpaﬂenodubkteats (346) emmjmidels q
transparent substrate (340) .conprises a po terial Iect ed from
e or oup ROBTRSHSPAgrEkselsoleg drom Messous cophising o nOyeBuE)eSrepRER 66,
pol ycar bo '}ﬂ}%crﬁétéé %913)%arb%ﬁé’cé,3’sﬂ'i&‘ﬁb "bimx? kdsirfsO8Rednémhéimalizcd’PoRPOXY
resins, polyester, polyimde, polyetherimde, polyethersulfone,
pol yet hyI ernsmapblryasten@plymdeymimbemnde mlﬁetbcmylfmml&etbylemmapt)halenga| d

or gani ¢ oo RERe Rt oL oL AP0 A RGP TeFReL b el Hotf e Eepupani
EL layer CouEbtifest ctgaie, Qﬁdn%lamﬁ EdePihiB Gndtérdil, tah@ c&hﬁﬁﬁn@&ﬁﬁé@éﬂ aed &fid pol y(n-

vinyl carbazol e), pon(aIkyI Iuorene) poly(paraphenylene poI si | anes,
deri vat i vewganin EEdayer cmnxarlmswnamales@kctedé{sm aup epasisting of po y(o-

pheny! ant VBCERBER; PALPIRARIEES. doly RFPHAMRER o AOARR derivatives

t et r aphenythbrébf dhiktess tﬁﬂ‘ébﬂ’ aopvlgmen @lierés €2, 3c@is pnefdiphenylaminophenyl)
al um num (pi col ynet hyl ket one) - bis{2,6-di(t- butyI ) phengxi des},
scandi um (RherElaming)- bsneeney hdmiantuacsie) tekiasylethsie coPRaER.GHBNERS:

al um num , 8%

acetyl ac e?tg na‘%ﬂ ﬁ?@&f&ﬁ%ﬁ% aé’hqﬁgééng{ﬁﬁﬁgﬁ%gw ?%Ré(}%lfg?mc o?ﬁgircpgjdﬁ%ﬁyuéet??egm bl e
subst anti aﬂnb{)a G-dinbpmt)phdnogidesy, sedndivn340-metaoxy caly methg tketmbpbisat e sur f ace
and a seco substrate surface, a | east one of sajid substrate.surface

bei ng coat tWia‘P??O%late)P AluEHNYR-ageR aﬁﬁﬁ%@l?ﬂ%“'ﬂ%%@?”%%@&&‘de%m

conpri si ngacgg,lé R)F.l?@[’ll c and an organic material, a conposition of which
vari es subst ant y continuously across a thickness thereof; an organic
el ectrol um nescent ("EL") nenber (320) which conprises an organic

18. A light-emitting device (310) comprising:

a flexible substantially transparent substrate (340) having a first substrate surface
and a second substrate surface, at least one of said substrate surface being coated with a
first graded-composition barrier coating (350) comprising an inorganic and an organic
material, a composition of which varies substantially continuously across a thickness
thereof;

an organic electroluminescent ("EL") member (320) which comprises an organic
EL layer (330) disposed between two electrodes (322, 338) and is disposed on said
flexible substantially transparent substrate (340);

a reflective layer (360) disposed on said organic EL. member (320) opposite to
said substrate; and _

a substantially transparent film (370) having second graded-composition batrier
coating (372) disposed on said reflective layer (360) opposite to said organic EL. member
(320);

wherein said flexible substantially transparent substrate (340) and said
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EL |l ayer (330) disposed between two el ectrodes (322, 338) and is disposed

on said flexible substantially transparent substrate (340); a reflective

| ayer (360) disposed on said organic EL nenber (320) oppositeMaech X87d

substrate; and a substantially transparent film (370) having second

graded- conposition barrier coating (372) disposed on said reflective |ayer

(360) oppaabitentiatly srahshaeng filvh ¢37H)) comipbies a polyaRyic muieiabselectiad flomlthxi bl e

substantlally transparent substrate (340) nd sai d Mar ch,.2007

subst ant i &TPYP 'fqnaw%%?ém ysthyl ﬁmt@val}tgelawppfr x%cr%}aﬁsm?fam ngtgs BHEAL, sel ect ed

fromthe Infdes,
n%ﬁﬁ?}“ &s&@,@lﬁ&h& '}ﬁn&ftongl@ieﬁ%ﬁ)gﬂf ﬁ'ﬂ% O efe? ?owlﬁmdeo PBDZ(I%EM

pol ycar bo | cone, epoxy res ct1ona d epoxy
resins, quojmheesulfopalppﬂyutuéenepapthaibm lpplymdﬂ)pnermohgcbpdig(rcycﬁq‘ alefins); said

pol yet hyl e enapt hal norbon and, | ¢ ol ef.ins sa

First and IUSCBHaSGnddE S8 g FPainE e o BT PER B Bk ompr i se
a mater| a'mdéﬁ%ﬂ&éhﬁ%@l@éﬂec‘! fr%ﬁl ﬁ@tg%h[f édﬂ@"sﬁﬁtf?oi%r@é&ﬁc fif?&ghﬁ&'dé%n% or gani c,

i nor ganl C, ceram¢cC mat er i al S, I ons her eof and sai d or ganl C
EL | ayer au@tpmls,@@daombtn@tmm the@ef @oﬂ@ddforgmmwelegcmmnprmsamaw@ of

Dol 51 | anceleiiRER Itttk v ohpdlflruey wbPRud’ PASEBRIMIES) her eor
1, 2, 3- t r i sdoly(pérafhddfRiY), polysidaies derivRiieRhasdMablers ditecofPivpBlyndms hr acene,

tetraaryl et hene coumarin, rubrene, tetraphenyl butadi ene, anthracene,
peryl ene, t @r@pf;ﬁe?rﬁgtns{n-@ diphenylaminophenyl)phenylamino} benzene, phenylanthracene

L R A A b0 o

al um num méndne,@ﬁmﬁﬁhﬁ@lc@ﬁhéﬂhy%ﬁme) is fXedi(paty])phditdxides}, scandium-
I ndium acetyl acetonate. 19. The ht em ttin deV| ce (310) according to

claim 18, (ﬁup@th@fy-ewﬁﬁymeéhywt@e) aqestlpsrpraterurpgBy A sk ion sai d
substantla%fh}{mﬁr Rad %ﬁ?’%‘B@’ &8 siohset © said organic EL nenber
ai

(320), scatt I ng | ayer rising scattering particles and
particles of a PL materi al dlspersed in a substantlally transparent matri x.

orovi ding 11 opbRet<hiGon dBris (10 peiaia nfiacn bR CORONPRRVI ng 5

first su v d@éf)@ fb 18§y of
sai d subs ?S'r% get;[éei’h%ulr§ ac?(gbel na&lc(%gfdgﬂg&n’% %aﬁ&l[ﬁég?%égﬁgs?%%%%@l t |ton

barrier coeganig EL3semberdpRN)i siidgeattering tayen@A0xcamptising ssatjeningparaclesandl | a

cOMPOS| 11 oty ph WY . YALL 5T aRYBSLANN Bl MRS el 059 @ thi ckness

20. A method for making a light-emitting device, said method comprising:

providing a flexible substantially transparent substrate (340) having a first
substrate surface and a second substrate surface, at least one of said substrate surface
being coated with a first graded-composition barrier coating (350) comprising an
inorganic and an organic material, a composition of which varies substantially
continuously across a thickness thereof; and

disposing an organic EL member (320) which comprises an organic EL layer
(330) disposed between two electrodes (322, 338) on said flexible substantially flexible

substrate.

21.  The method for making a light-emitting device (310) according to claim 20,

wherein said disposing said organic EL. member (320) comprises forming a first

electrode (338) by depositing a first electrically conducting material on said graded-
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di sposi ng an organi c EL nenber (320) which conprises an organic EL | ayer
(330) disposed between two el ectrodes (322, 338) on said flexibl Ph
substantially flexible substrate. 21. The method for maki ng” arch2007
light-emtting device (310) according to claim 20, wherein said disposing

sai d organj ¢ EL .nenber (320 rises. fornmng a fjrst l.ectro 338) by
dopost ¢ | ngemepriigh BaFies boutiok (A0 emiatine S radins bl 1ier CEIORSR bl Bat05 ")
Mar ch 200 %lect@d®,amidtfo@hind alsbédid efedfolB20$8P HeprdRR@ S debdill dedtbealiygani ¢ EL

| ayer (330) on said first electrode; and form ng a second el ectrode (322)
by deposi tGoRducing seaseripl onseidrarganic L lawn@&Mi ng material on said organic EL
| ayer (330). 22. The nethod for making a light-emtting device (310)
according to claim?20, further conprising disposing a reflective |ayer
(360) on s@.d driganethodformraking a (igRCImittopdesided310) avedrdingubslainal | y
transparen ubstrate (340). 23. The nethgod for making. a light-emtting
devi ce (31bthercopmyisig digpogingapedective dayer (300) e s osganis B s8R 28)

subst anti : ] [ ' ted with a second

gr aded-co%é?lﬁe{tg%g@??rsﬁgt{%l ;{%a&%ag)%nﬁ%&rg{n 3&% reflective layer. 24. The
met hod for making a light-emtting device (310) according to claim 20,
further c risj,ng dispasing.a s terin ayer 90) qn a syrface of said
substrate '40§thegr§8¢‘88g@aﬁ‘ ng ﬂg}gﬁta Iqus(ﬁi] ﬁ‘i&?rg}ncglt8§ﬂ8f& > PL

mat eri al %&H&{c%%brismgadiﬁ%ﬁlgaa%ba&hﬁﬁn ieaRESHPE §iln (390) thatis doatedWEh gBL hod
for making a light-emtting device (318) according to claim 20, further
conpri si ngeehskgradedgcamprsmmcbagnicrdoating372)eon sodtaflegtiyedagdr. on sai d or gani c
EL nenber (320) opposite to said substantially transparent substrate
(340). 26. The method for making a light-emtting device (310) according to
claim 20, 24 ur t”flﬁfm@t‘hﬂ@fér&h&l@n%hﬁ@ﬂts@ﬂﬂti@g &RARNI16) Rybal 1B ehshnat e (370)
on said organic EL  nmenber (320), said second substrate having a second
graded- co e1 qogrpristigrdisposiga scaiteringdaver (3D vagrsurfage offsaithsubsizate 6340kaki ng

a light-engtf{i Vi )i Sal rj sing. ..providin

Tl oxThl o Sald dclflerify Ty, %S%gi SR, il dispiesd i agtbth g

substrat e tgahspaes maeixa second substrate surface; depositing a first

gr aded- conposition barrier coating (350) conprising an inorganic and an

organic material on at |east one of said substrate surface, a conposition

of 'said figet DR hefhol 95 g 2 HBhe-Uifitid GeviiiE) 6 tceBldintg 6 Wit US! Y
further comprising disposing a second graded-barrier coating (372) on said organic EL

member (320) opposite to said substantially transparent substrate (340).

26.  The method for making a light-emitting device (310) according to claim 20,
further comprising disposing a second flexible substrate (370) on said organic EL
member (320), said second substrate having a second graded-composition barrier coating
(372) thereon.

27. A method for making a light-emitting device (310), said method comprising;:
providing a flexible substantially transparent substrate (340) having a first
substrate surface and a second substrate surface;
depositing a first graded-composition barrier coating (350) comprising an
inorganic and an organic material on at least one of said substrate surface, a composition
of said first barrier coating (350) varying substantially continuously across a thickness
thereof, said depositing being carried out by a method selected from the group consisting
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t hereof, said depositing being carried out by a nethod selected fromthe
group consisting 26 5 March 2007 of pl asma-enhanced chem cal - vapor
deposition, radio-frequency plasma-enhanced chem cal-vapor Sdfaai 2005n,
expandi ng thermal - pl asma chem cal - vapor deposition, sputtering, reactive
sputtering, electron-cyclotron-resonance plasma-enhanced chem cal - vapor
deposi t i orof pasena-enhaneed chemicebyanos depdsittoms radicrfraquency hlastna-ghhansedr

deposi tion; di. i . ani ¢ EL nber . (320) which conprises an organic
e ayer SRR AR B SR e e A She B g MBS, " et bl o
subst ant i adputerfings ¥¢adotite spubaig, 2R troB49¢lotrantesth o0 plasfiadnhateed ahdriaall y
transparent film (370) that is coated with a second graded-conposition

barrier coAPPhécrosition, s inducivelyreupled plasmargpbanced phgmicalayapos dengsidion;
gr aded- conposi t i: rLi 0 i ! - GONPOSH L] ¢ pay.l
substantial ly dci:lg%tsl %uaéfséaﬁgg;ggegnﬁﬁ&%&%gg.ﬁe%% %Jﬁg&%gt‘n%&%zposi ted
on sai d fi(360) dsghsedpetoveernmtdieldetties (322033 8)wim shideflexitsiel putscansialdy flexjblef

pl asma- enhanced ¢ i cgl -vapor deposition, radio-frequency plasma-enhanced
cheni cal -ﬁ%ﬁ?ﬁ%@%@gﬁrﬁon, expandi ng thernal - pl asma cheni cal - vapor

deposi tion, spug; {130, j rathdy t: 4resonance
pl gs ma- enhancegc11 l%:lﬁdginr‘ll%%aslu? gtgl%gdrlwgfa%g%% %Ilﬁoﬂ r%ﬂp@;/@l} g%l lé/g%}?%%?tgg%d
_;IJ_Ihas mat ﬁnlc“i@?d@ﬂcmmmk_ 't'malbaml _ 'h;ooatd@d'_ tt6_§2) cbrgsa,ic_l a:rgdmc'B(Hmml meabe(320), b?idecnl‘on_d28.27
e net ho r. making. a.li -em tting device, accordi ng,. claim 27,
{urther | CoRFER:FBPASp Jardiy casis hayith 4 S mipiton (R ORERRSBRIAR: o or gant ¢
EL nmenber c&ﬁﬁ%gs@&r@ﬁ!a%ﬁﬁés_@ﬁi@?éﬂ?%hé'ﬁ&in@'d%%os’ité&ﬂﬁBﬁ Fhin (@7(?}"8%2370_) . 29.
A nmethod for making a light-emtting device (310), said nmethod ¢onpri sing:
provi di ng methpd g¢lpsted Faomsthe graupichpsistingrfiaseatenbanist chericaByaPorhavi ng a

first subgtrat.e surface and second supstrate surface. .depositing a first
or aded- coneRlPm HisArTPRS e eoreadit Hshiu iRy BRSSHOE R g an
organi ¢ meghefmallpl@matshem@as-vaguilepbsitei, dpetdpak | RARIVe phtbdithe, Ble@BIHPOSI ti ON
of said first barrier coating (350) varylng substanti al.l%&qontl nuously
across a tickNiRBsissonapes RlaTma-ertlagcebghssiieal vgpaedengsitien. indugtively-coyplad met hod
sel ect ed L}El%ﬁlé—gﬁlaggé&]&leﬁﬁ&ﬂv é&rn(ﬂepogﬁoxri) lﬁg%ﬁ&gﬁ%ﬁqﬁﬂer%g'?m cal - vapor
deposi tion, Ttadio-Trequency plasma®enhariced chem cal -vapor deposition,
expandi ng thermal - pl asma chem cal - vapor deposition, sputtering, reactive
sputtering, el e%t ron- cgcl ot rqQn-resonance pl asma-enhanced chem cal - vapor

deposi ti on?s-and h‘h’&ﬁ@f’ \f@]‘?alﬁ%ﬁ @@-ﬁ%@%@%é@&%@iﬁ&@@%&% .
deposi t i ongyfieS AprhePRsYsHRY Bt VERERE (3607 D0weth Sl oF HHRY £ Gforfr O 92NI C

EL | ayer
(320) and said coated substantially transparent film (370).

29. A method for making a light-emitting device (310), said method comprising:

providing a flexible substantially transparent substrate (340) having a first
substrate surface and a second substrate surface;

depositing a first graded-composition barrier coating (350) comprising an -
inorganic and an organic material on at least one of said substrate surface, a composition
of said first barrier coating (350) varying substantially continuously across a thickness
thereof, said depositing being carried out by a method selected from the group consisting
of plasma-enhanced chemical-vapor deposition, radio-frequency plasma-enhanced
chemical-vapor deposition, expanding thermal-plasma chemical-vapor deposition,
sputtering, reactive sputtering, electron-cyclotron-resonance plasma-enhanced chemical-
vapor deposition, and inductively-coupled plasma-enhanced chemical-vapor deposition;

disposing an organic EL. member (320) which comprises an organic EL layer
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27 5 March 2007 (330) disposed between two el ectrodes (322, 338) on said
flexible substantially flexible substrate (340); and disposing a
substantially transparent film (370) that is coated with a s%égﬁﬁlﬂxn

gr aded- conposi tion barrier coating (372) on said organic EL nenber (320),

Var  es. suBcoURBRERF SSRRR M SRer Gt PR 358 o i R P RBRRE B g

deposi t ed @Bsteaé (B40); ad(370) by a nethod selected fromthe group
consi sting of plasnma-enhanced chem cal -vapor deposition, radio-frequency
pl asma- enhancedlisesingcatubstaniially depepdrentdim @3 Q)athdi in goatftdmfﬁhﬂ lseqoinds ma

chem cal - sp reactive. sputte ele t.ron-
cyol of ron- G- ERRENdon R GRHAEL 78 of REE biebfisd Wepbe Bpof 86 bedia

i nducti vel gm@ewdnqsbmtizinafamaereamrgcmnfgkemxﬁpdsnmﬁm Vafiposubbtaftiallyand

conbi nati ons thereof; wherein said depositing a first gr aded- conposi tion

barrier ¢ 1%0‘(55/5@}05@@th{Cknqség?Fleﬁ@d@Fmgﬂeﬁo%@%% s MBI 4 s carri ed
out such 1t o&‘%elé&@tfgg&tﬂg %du%%oﬁglgﬁlggﬁtp%én@ nh%ceﬁ%hgmﬁ:(?tﬁ%%ﬂ?)g penetrat es

into said substrate an assenbl'y conprising a

devi ce (31d):ppsiﬁai1 dadmtfbmphenqmlmmasmﬂgncwﬂwmabgaporfdep«sxﬂi)cbre espabdirgnt i al |y
transparen@ su atehé: 40 haV| a.first substrate surface and a second

substrate cP Smg ¢ 'VBI?% osé%ﬁ’rﬂ Sg\q[fgmga&eéctgvl;rspg@émgb%lpﬁg)% oat ed
with a fi r@kkﬂfoa%gbrﬁﬁewagrﬁa Qﬂlalii@édél{%ﬁllgé? &gdeﬁaégﬁ% ﬁba}, RPupiRd
inorganic and an organi ¢ material, a conposi |on 0 vart es

subst ant i aplayna-cﬂmmcmlgal%pMpasmm cdndeembidaaoxmhereaﬁd di sposing said

devi ce on said f exi bl e, subs. ant l.exi bl e, substrate 31. The
et hod accor df nEREITR] FiPSBIng e iefeded pmrResiont DpmeyoaibE SRR 1 fom

the grouplegRRsé of bdid siitfstrhicGuifAoeCit ekl odt §i&h@1’{a'i at REQLPOHdred G mstetial
integrated circuits, and conmponents of nedical diagnostic systems. 32. The
met hod acchr&@ld”@atlbg pengtiaicg dntowpid subsirate@48bnposi t i on of sai d coating
material varies across a thickness thereof such that a graph of the percent
conposition of one of the conponents of the coating versus the depth of

the coati ngp.hasAphéthed fop@adkng aaﬁass&hlq hi;bﬁ@in 2GCdRN Tde 11 () Osafd MEMO32, wherein

said plural peaks are substantially t March 200 same hei ght.
comprising:

providing a flexible substantially transparent substrate (340) having a first
substrate surface and a second substrate surface, at least one of said substrate surface
being coated with a first graded-composition barrier coating (350) comprising an
inorganic and an organic material, a composition of which varies substantially
continuously across a thickness thereof; and

disposing said device on said flexible substantially flexible substrate (340).

31.  The method according to claim 30, wherein said device (310) is selected from the
group consisting of liquid crystal displays, photovoltaic cells, integrated circuits, and

components of medical diagnostic systems.

32.  The method according to claim 30, wherein the composition of said coating
material varies across a thickness thereof such that a graph of the percent composition of

one of the components of the coating versus the depth of the coating has plural peaks.

33.  The method according to claim 32, wherein said plural peaks are substantially the
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34. The nethod according to claim32, wherein the plurality of peaks is at

| east three. 35. The nethod according to claim 34, wherein %&@@I}t of

t he peaks changes as a function of depth. 36. A nmethod for devi ce
(320), said nethod conprising: providing a flexible substantially

transpar ergtam%?}g%{ate (340) having a first substrate surface and a second
substrate surface; depositing a first graded-conposition barrier coating
(350) conprising an inorganic and an organic nmaterial on at |east one of
said substyate surface, a conposition of said first barrier coating (350)
varying sulfst antheanethod asrording trslyiny 33, deerein the riwialitysof nepksyis gt least irge.
depositing being carried out by a nethod selected fromthe group consisting
of pl asma- enhanced chemi cal - vapor deposition, radio-frequency

pl asma- enhi#ncedlheahethbd atcovdipgto clainn34, tvitiicin ehetriyhit 06 tHelirakedhapgea a8a

chem cal -vapor deposition, sputtering, reactive sputtering,

el ect ron-c@‘&’t Ogﬁ-ep onance pl asma- enhanced chem cal - vapor deposition,
and i nductivel y-coupl ed pl asma- enhanced chem cal - vapor deposition;

di sposi ng device (320) on said flexible substantially flexible substrate
(340); and6.di shosihygl far pabiiganddavidel (§20)r said pathedtcofmipkising370) that is coat ed

5oy 25 0 el GBS SRR SRRl LD e hag oy o
conposi t i cgubthidd sutfick @fd & Yeoha Riibstlateysurfa@iit i nuously across a thickness

t hereof and being deposited on said film (370) by a nethod selected from
the group consideppsinge fipstazadedwonpasitian bareiei ceating 4pHY) conppsisz ainon,

radio-fre . -enhanced .chem cal - vapor. .depositi op, expandi.n

et v - pi 0¥ B8 A Br OB AT one S i SRS e R RREHPR 1 ng,
el ectron- afyseiddirsibari@SRBAREES SP) dahipeibantRily ehamuoally WeRrs a deaassd i on,

i nductivel y-coupl.ed plasnma-enhanced chem cal -vapor deposition, and

pl. : ! 14,
combi nat i dAgreeh &fid depositing being eastipdeutdysonethed selected fpm the grompeersistingai d
devi ce (32Ma1dcSaaS R D C | $L foldquid crystal
di spl ays, 2% é%sg}?o tgﬁ%ﬁ%gf:@gd}l &%@éélrgﬁﬁ%p e ?E{razdu?r%él?&ggglasélg%png%né: fts of
medi cal di chgmixal-vapaydepesiton, 28pdndidy therm20QTasma&herhhval-nEidr ddp@ion; di ng to
claim 36, wherein sajd device \%@ori ses an organic EL nenber. 39. The
met hod ac cHPUFHE [FCHYSFRRtSHNE. pirsirany elairen-sesensnse plasmacrnbangsd shemisal-

barrier C%&)Bf‘&%ﬁﬁ'ﬁgﬁi eﬁﬁsln%%tiivgﬁ[&ﬂpiﬁﬁ tpﬁdéﬂla%h%&ﬁ@h&n{g?f—gﬁogh(e:po%gion]-he

met hod according to clalm ere conposition oat I ng
disposing device (320) on said flexible substantially flexible substrate (340); and

disposing a substantially transparent film (370) that is coated with a second
graded-composition barrier coating (372) on said device (320), said second graded-
composition barrier coating (372) having a composition that varies substantially
continuously across a thickness thereof and being deposited on said film (370) by a
method selected from the group consisting of plasma-enhanced chemical-vapor
deposition, radio-frequency plasma-enhanced chemical-vapor deposition, expanding
thermal-plasma chemical-vapor deposition, sputtering, reactive sputtering, electron-
cyclotron-resonance plasma-enhanced chemical-vapor deposition, inductively-coupled

plasma-enhanced chemical-vapor deposition, and combinations thereof.
37.  The method according to claim 36, wherein said device (320) is selected from the

group consisting of liquid crystal displays, photovoltaic cells, integrated circuits, and

components of medical diagnostic systems.
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material varies across a thickness thereof such that a graph of the percent
conposition of one of the conponents of the coating versus gwﬁl%g%q%of
the coating has plural peaks. 41. The nmethod according to clai 4 erein
said plural peaks are substantially the sane height. 42. The nethod

accordi ng cla rein. the. ral ity of peaks is.at |east.three.
25 The mettioq. ein#iod HOGEHE 1 D6 heri sl BPRE EomPridl op R

changes asmambéruncti on of depth. 44. A device assenbly (310) conprising a
device according to any one of clainms 1- 19. 45. A device assenbly (310)
conprising a device manufactured according to any one of clainms 20-43. 46.
The devi cesqsserit debaddlodigiolii 38 AT Bl lradlBSlfldangh d_devi ce
is selected from the group consisting o |qU|5 crystal displays, a

phot ovol t abarrieradohting comprésgs ah &brganicand & orgac amepiahent s of nedi cal

di agnostic systens. 30

40.  The method according to claim 36, wherein the composition of said coating
material varies across a thickness thereof such that a graph of the percent composition of

one of the components of the coating versus the depth of the coating has plural peaks.

41.  The method according to claim 40, wherein said plural peaks are substantially the

same height.
42.  The method according to claim 40, wherein the plurality of peaks is at least three.

43.  The method according to claim 42, wherein the height of the peaks changes as a
function of depth.

44. A device assembly (310) comprising a device according to any one of claims 1-
19.

45. A device assembly (310) comprising a device manufactured according to any one
of claims 20-43.

46.  The device assembly (310) according to claim 44 or 45, wherein said device is
selected from the group consisting of liquid crystal displays, a photovoltaic cells,

integrated circuits, and components of medical diagnostic systems.
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