WD 2004/ 025749 PCT/ US2003/ 024555 DI FFUSI ON BARRI ER
COATI NGS HAVI NG GRADED COWVPOSI TI ONS AND DEVI CES

WO NOOBRPORATI NG THE SAME BACKGROUND OF THE | NVENTT/OBR0dbre24555
present invention relates generally to conposite filns
havi ng i nproved resistance to diffusion of chem ca
SDEEUSK)NIBARRIEIE@O@EHNGE:HW GRADRED ICQMPOSSTIGNS AND

films. In I‘f’%gt&ﬁ/%(g’ Ej’lﬁéﬁﬁlf W@M rel ates

to light- en1tt avi ng a St an organic
el ectrol um nescent material that incorporate such

BAGKERQEND @EEP%WEWIIOanroved stability in the

envi ronnent. El ectrol um nescent ("EL") devices, which
}br&%nf:ﬁﬁ&%idcrﬂ @f&te@sgeﬁérhny: fo QBRI s haviAg Gapioved AfsBtance

(BTt FLEPBDIRbAeclss SO LI Io5 PP BHE WRARREDFe films. In

paBilapitel Srétdndigvention rr@afes ao Hghtlemitting dehmmehevmg at least an

caI uf.fer fro u4r C
c\% ‘é 116%0%}1 né Frrllael gr%ﬂ&kegg\% éd g@ Hilms and have
1mpgmedcsta5ﬂ1t§zi en/thc@svtdmnibs ), Wwhich have been
devel oped nore recently, of fer the benefits of | ower

]ﬁgétfo\fﬁ{]?rféghe‘ﬂp @Rikeell WAk ﬁfa&gllig Qﬁ%ﬁﬁédﬂ asaéiﬂieir loPganic or

to si e nan ure, and ihus
ipprganisy ea&vellalﬁmrwt graphic digplaymans lrf@g{fggmrb aﬁfﬁeﬁlcﬁflﬂ’e been
Produbed if dertetém shapdvefdr ﬁfanji a@pﬂb@tlbﬁi eIrﬁ)\ﬂg}iﬁucﬁELgieaﬁfes diowever,

L aam) éuf%ﬁtﬁfs'pglf%ehﬁlr%fﬁalgbg{ 18%mnt \troggﬁgg ﬁefowgongﬁpness On the
(ﬂbem hami) ueriartic | Eyedsm&’else(" "y heitiidhe hawee reen clgvelopsl more
%@e%tl@n oPP4%. vER its %‘10%9&@ Ayl Aiod ‘ﬁi%ﬁ%%cgﬁd Hghe?! Brliffiness in

ositrve c cting or e
a(ddégm ruv esiniply gaanufaqt@r@x mg |thyer theapromaise 00% JRgNe; gddespread
efi{pﬂ@ﬁioﬁs.”ate“ als. The material for the
ifght-emtting | ayer rray be sel ected from rrany or gani c

L rials. The t emtt
v BB s stcatlior oy s s 5P SR gL SRR o gless or
teansphrédteplastic. orgHphteerkittinmtager af an Strgange G- nhmrial fand optional

ar%féag%”' s%nﬁls JERERE 'léﬁJeiss e&@@m%ahe %e%é e{rggcﬂsis . narﬁ%qc)de The

|on aV|ng arrow ran \)
seingédaidgctos plemras undy Ul eithers e. foositive ycfembmectme or electron

({n@%aﬂﬁle M ggg §$ﬂn%r1 éi‘@gnd lal'sg RbmpAsL or2AIR materials. The material

er chan B th closure to mean
fordhsa 1g]@atnefﬁ1at\lﬁgw Bygtatrey é%‘?g%ei%‘ OHRARY, haterlals. The
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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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substrates are not suitable for certain applications
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tliffaisige-batiich coatiag, "t ¢ SHBDPLY S Serdgd-SOMRPSTHAHERAENEr om t he
conmposi tion of the bulk substrate to the conposition
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substrate. In this enbodinent, a material of the

nogltlétﬂgr gsd &%t %hetlg)regerr]l iI?V%?l 151§,aa{ eIl ks Shd gltllgstllaﬂ:eand 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. -2 WD 2004/ 025749 PCT/ US2003/ 024555 In
still another aspect of the present invention, at
wo emg2a4substrat e having a di ffusion- barri erPCDES1008/024555

havi ng graded conposition is included in an assenbly
conprising a device sensitive to chem cal species to
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aspect of the present invention, such a device is an

CELD, . and t he hod c rises the steps of ..{a)
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el ectrodes, and organi c_light- titing lLavgr i.e. . .
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aving_a e | b re | am .0 r :
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of the follow ng detail ed description of the invention

BNgill BRoAEF AERRYIMNBe dpré¥dnd Gfivention, 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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WD 2004/ 025749 PCT/ US2003/ 024555 BRI EF DESCRI PTI ON OF
WA B4DEAW NGS Figure 1 is a schematic di agr am BET/HS2003/024555

deposi ti on apparatus using the expandi ng

t hermal - pl asma chem cal - vapor deposition. Figure 2 is
BRIEF TEHSCRIPTAOMYOR MHE DRASWHNOSr at us of Figure 1 used

in a continuous depositi on Figure 3 is a schematic

' ra f e
P SRR i SORSIERARER SR g e cmpendine
ﬂmmalsphasmchqug@lr‘éamr mﬁloflhe el enental conposition
at various depths of a gr aded-conposition barrier
tiong DicHehRtiprdeaesh dfmienbpastus bf Fig@ed cadpiar£8ontinuous
e.oxygen transm ssion rates through an uncoated
tt"? te and one that is coated with a
gr aded- conposition barrier coating. Figure 6 conpares
Fignere Beits er schematierilmgiann of atdepositioroapyarains using sheeradio-frequency

1! 1; _ ted with a
ch Zd%iélgceaggf glv%}ﬂ)r“ ?cs g(ggtl ng. Figure 7 shows the

rel at ive I i ght transm ssion through substrate havin
Eigwe 4% mieniab AOBRRSIEQN AlcEROIRH e 3 gipdedrepmppsition

Haﬁi&léeﬁn@grbmn@mmﬂlmhﬁéﬁ ate. Figure 8 shows
schematically a device used wwth a substrate having a
r ad

ition barrier .coatin g
RS e orBaRy s RSRE FoRTSrob e el it YBstrate and
ob thgt iscvatddewitleaprdedrenmpositiam b@Ekixdatiogudi ng a hol e
i njection enhancenent |ayer. Figure 11 shows anot her

I@%ﬁancééﬁg;aICSQﬁe %te%gs%ﬂlﬁﬁkﬂ it89heh |aﬁ UnRbREd 5iM3trate and one

'ayer an e transp |'ayer. Figure
that is pesligd wﬁbméadeéwamow@ﬁvbmeaﬁO@sD i ncl udi ng an
el ectron injecting and transporting |ayer. Figure 13

gmw FowEe eREve (ﬂlghﬁhﬂmﬁsﬁoﬁi wshglnh ubanatanavdng a graded-
osi tion arri tin
Baipostion P setEsoRsrg et Rphth Sihdal Bl Al |
shows an CELD seal ed between two substrates, each
Figutien§ shogrs asthemaieatyosidavine bsedr with & cwbstraie Havipgr @ graded-
c{hﬁﬁ@&‘@ﬁb@n&?%e&ﬂlg@)&l) having a |ight conversion
ayer .

Figure 9 shows schematically a construction of an OELD.

Figure 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.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present
i nvention, in one aspect, provides a substrate having
WwWa@eookezawe9 a coating disposed on a surface theP@piis2003/024555
whi ch coating is capable of reducing diffusion rates
of chem cal species through the substrate. The
Figmés’ 4 showpeh SGELD sealedrlicaieent tve sdstipies, ¢achrhaving a graded-
which.varie s a thickness thereof. Such a coated
cgrggg??%l%é lgr%’%hggses in providing protection to many
devi ces or conponents; e.g.,_ electronic, devices, that
Figuge §% shawpt 4 ssialediQELR Deving @ light somvarsiatha¥sles nor mal |y
encountered in the environnent. In another exanple,

DRICATT &5 PESCRIPEION OF THEMBWENTEON f f usi on-barri er
coati ng havi ng graded conp03|t| on can advant ageously
mat erj al s as. f
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|
c&‘ﬁﬁéf %Eémés'u g%ce)% Elﬁé %{Jbsffﬁgét ;)r %gar g ek @ﬁée@ i Ctlhgerlal the
cempgsltlmg of whidhevagiay a¢r©mﬂnckn§smﬂier&§f oXychehcoajsk wibstrate finds
n'sprﬁ\gv?f‘%’ gRBriGHd b8y dS¥es dN&m é)‘éﬁéﬁ/@rg .8, elektéonic devices,

gr aded- conposi tion . di ffusjon-barr,ier

ﬂeaéaenengusmt arlD] EAHTY yF | SPRgie oEmaly pencpppigregy in the

ehb‘l@&lﬁn@lﬂV 16 QfothBitexahfilé] Gch fh%ﬁbsﬂiﬁt@om]ﬁmhaﬁng lal diffusion-barrier

vi ab r coat of t esent

chi Beract By CEpBaTTIHy cr A FuRERS] ot ML) Mckosing of

mxartmhls;tsmch)fas fesistuff) ghatpee easly spoiled by @h@gtoahoebmﬂoglcal agents
e supply rates or changing

ntokAél %en tyr*‘%‘%éﬁ@o%%hﬁ{e%actl ng species results in a

coating that has graded conpositian acr

QepR dRbemiting maépr@b apd/ay caihode ppatspials %Pﬁﬁ%ﬂ?isaweptlble to

aHa88 by Q%acﬁ%’ z&he%t dxiitingi il ttBE Eﬂﬁﬁﬁmﬁn}) sobh @h okj‘é@n water vapor,

Si coatln changes abruptly.

hé(a{% ﬁ#ﬁ&f‘g e’oﬁ‘f%@'ﬁ? Z*’ﬂaas % I, e 8 gaa{éléﬁ ~composition

cﬁff@ﬁ@n—bmrrieh eoatingtare garsiculady uns@:ulx\tmemﬁelxdletha tifonef these deviges and

E&f tﬁelﬁcrﬁ&re o gﬁﬂgﬁaﬁ LRaBiBt (?4 Ib &rtchéﬁ%%Sf‘ Bie prefdn® Fvention

COﬂpO |t|on usi on rrier_. coat |ng
maseb@ rrgqﬂm lmv denogitingi 1ea¢tianees mcgm bipgtipn geoducts of reacting Species

d?l@(% ¥ %Ma%rlﬁtfﬁﬁle F’\h&rl}ﬁ@ﬂﬁ@reﬁat%@uﬁply Fﬂﬁles/ @Cdhhgihg $he identities of

ycar bonat e; I cone,

the PacOnG- PEFIES FOTLP i1 du cepiing, et B & Siaded, aupapsitign Aoross it
tﬁi&kﬁésb affhﬁmd@aﬁtyg &f the psentianéntida dvesnotrimve distingt interfaces at

t H
xgblﬁ]?)tﬁﬂel: &g@gfl 1% o{ ﬁg c%ng}ng(o an%?bagalﬂl é&gga} la?frugjtj c{lan es in
«Gomaitiph, teridpiol 1atro<1ucadmakkspo1lsJBEthma§ng sleecturetwehere delam1nat10n
o%ﬁle\éﬁg LN, gﬁﬁﬁﬁ ls g ?eﬁéﬁt% Iégﬂﬁg a graded—composmon

pol yet'herim such as Utem made by Cener al ectr
diffupiarmppetiesnd coggy ety | e AEIRINt HAERIQ " P‘ERFe}la 5.5 VB% as

AT gﬁérgpm&HS@m'@zfﬁ@@cryﬁtﬂést lﬁcﬁ@cﬁiaten gsilicone; epoxy
rgwgg?ﬁ?léctolng %qc@gﬁélgz%ld%ggx? %ersﬁl% pollgfcaester sugh as E/I%flar (tade 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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or ceramc materials. These materials are typically
reacti on or reconbination products of reacting plasm
waepagizw4and are deposited onto the substrate BCF/{s2m03/024555
Organic coating nmaterials typically conprise carbon,
hydr ogen, oxygen, and optionally other m nor
Seiltahte nba;tmgcmilpcmmom lof wegions darangehe thickriesoare argani¢, inorganic,

of CREAHNGha 1alq hel‘ﬁe}é? RatBfialk eﬁﬁt ﬂ@icsall St ©r rec%mbmatlon

reac nts resu In org n&smlons In
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oxi d tﬁlroma [ c}se aV| to 15 qcar a On.
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tIeOtypes o€ renctaties, Smtabie:i&,acﬁﬁfskthﬁienesﬁo fin deganizr compositions in the

c?%ﬁ‘?g a@%ts n%c or{hr}i%k {i a%eﬁd ssaﬂ%& g 91%?1?01 a’ﬁleh&&ésAethers
alkiyleBe olidBs, axomatids; etan havmg Gpé‘aﬂﬁ hanlven atoms. Flmrgema apd eeramic

céét ﬂgﬁ@ﬂteﬁﬁfsbckﬂl‘é?l‘f}aporﬁﬁrasedﬁﬂeé'Ihﬁ HeOBABidR; BORES: ro"i‘tc@nﬁhatlons
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O e 1 R e She b Bk R el of

GrblpsIPIB, QYRC ahdVee of @i SarioBRa%. tleﬁ e&mmepélnsdfp@arblde can be
energt ed fr m sil ane, t hane,

Red sy aiEais G ecatPgan B JRSPE: HOEh R pge (STH)
aflé@ rmsmtgeﬂwf mafmp] anonas grehaed efl xylenom Biligam axiybarbileecan be

h
BTSN a1 iR LS, R TGy s
p(cmyltﬁﬁ) oxide. Sdizoarmyearbisly cﬂlm eanr bes dq:pgsgqb frpmplasmas generated
frm | €Q b%ﬂlbéirfe c aﬂe&ﬁs&@ posf.ad fd'SO m @ﬁ@e“tﬁ@éfsﬂane (TEOS),

gener at rom si l'ane and anmoni a,

hé&%ﬁhﬂéﬁi‘ pxige ¢ AAMRSQkp osh?xé@etkyﬂ@ﬁ#%a‘ﬁﬂ asrBMDSN),  or
@Qlcftét@dﬁl@xdﬂexalﬂ)e Siflicah Witride ah et dé}iogltah ¢rom plasmas

od
nb f
eERBEH Troonits A58 LRg Spfini SR FRE (R 45, gepositcd
fronoiagdasnia pérerged fiooud arxtueaof almenis tedttate and fremonia. Other
cﬁlﬂbﬁﬂaﬁoﬁg of I?%}C%H g@gsbe ﬁ‘xog,&?g@%b}] TPR3rEd QBath édf?ﬁposnmn
e conp

osl tl on

thechoa,f@cqfathp particatpr |rm0¢>amh@ w@g@t be *ﬂk&rﬂféhe athieny ¢heraded
cOfpesitibh @f (18f cdaBas id raREd® Q:hﬁnélﬂg 1R dBnifRitiond Bf tHeGreactants

toh S il crasiob FEARRORHH t%apzl%?%m B eEB AEiELeTs tom the

cUﬁﬂihgo about 1000 nm and nore preferably from about
nmto about 200 nm It may be deS| red to choose a

(fo%%é n[ﬁlcfcﬂésg l@?f;ﬁcalﬁtal %gqﬁn Fr e su Otlltﬂﬁ to aboll,]lt 10000 nm,

m ssion O Stra

prefaablyt frami gbolut @ﬂtnm tor dmlml 80 om, aafl meete @S@feltahbfnﬁ%oﬂbput 10

2 tP Eh&GR00 Bh TemaPiny deﬁ?e':d 1éabodd Q%aﬁi% ﬂﬁdk‘ﬁ@i&t bhat does not
and_nore preferably’..les n.about percent .

iegads Fly FEPIBIGTDP @:: the su ﬁ%me dEpbES £i%8 ucion in lgh

tfa@@thﬂ;hitbh%m Slkeehthas abbﬁtﬂ(ﬁpﬁﬂélﬁﬁpﬁf‘erﬁd‘l? ness aharvatpat 10 percent
p03| i

ST Sl B b 3 oSSR 5T RAARRS e o
rhdgr depositicas teehnigees, cath \eapplasmepoisinced mh@mE'ﬁP@ﬂBf)deposmon
S}IQE’%{]%“’ ng rhﬁgltﬁ'égl'ﬁ&%gr € éérﬂaeelﬁ{%ﬂﬁécﬁr ' &fmical-vapor  deposition

t rofi- cyc r SO ance pl asma
("RFPECVD"), expanding thermal-plasma chemical-vapor deposition ("ETPCVD"),
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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
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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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over two or gni tude. Light transm ssion at
Q4 ra)gas gﬁﬁ\?@lléfﬁgﬁtsﬁgalb? PetRetyi si bl e spectrum t hrough
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r e \ 8%18%?086(&1 above call\ﬁ)e a%vaxﬁageously used to produce flexible light sources

o0

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
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700 nm) was generally less than 7 percent. A plastic
substrate coated with a graded-conposition coating,
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arrier, coating. ., gs..describe Qve. e .
PN PP LR OIS PG Ay et 340 and coating
3505 pahedcoating hiagrbei foemédsuvhdhairthee tihver slonp bertfaceftherploetween,
suy f the substrate 340 adjacent to the organic
EELeﬁ%%EQ?B.gb. Preferably, the graded-conposition
barrier coating 350 is disposed or forped on tqe )
Sibstrate S46fmashee 8 5ele pieee 9n B SHAFTHICHAMAIESIRE R Pl I 9f @djacent
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: u ur shows schemat.i ca a.distinc
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Prefopatily,ngibsmgte [3d0fiommeid flc bulisteitially draaspasem podfmere material.
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palpevelisrlefin®)1 to about 1.6. Preferably, substrate

340 is made of a substantially transparent polyneric

Diheemating 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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Exanpl es of suitable polyneric materials are
pol yet hyl ent erephat hal ate ("PET"), polyacryl ates,
w@eingozrbnat e, silicone, epoxy resins, PCT/US2003/024555
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All't'lﬁf hhﬁé’ﬂ&ﬁneﬁr&&&f&&&a cdth@itangFhbdecld: érfs 902 @hd)3Bs &3 disclosed

ect um nescent 330 a
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SSRGUTRAIY FREBRE HobSuiRion I BREYES 12080 OIaEHE Sl fgfprials are

dHRBerb 6 BledGSlubiifsice te@as iésired, wavelchptht faage ngrheAhidkinass of the

iré?qsltg\gﬁéia?flerl )3(3(3 Esalr)]r% erab%rr] tkell)ta%etile ?‘gng% 0 a{‘bout 160 i%' Fbut 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 m-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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Al t hough the preferred order of the cathode and anode
| ayers 322 and 338 is disclosed above, the el ectrode
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s{hcgh %ﬁ&ﬁb%ﬁ %@&xﬁéﬁ Mﬁhﬁ}i’% £S5 it MBRan@RRLAT skl groups.

ty to upport posi ti've_ and

Trlneg eﬂr¢ ma@h@mgbn@mmmér@atﬁmlﬁ wiitly idlelocalizegys-sonugeod plrstrons
al%qé/ OBh42EBaRDChaRDI E)&ah)plessw porpliRn&d arp PolyTeiLs-batydsilane),

[ | b
pry( EOR SIS L Wy BB IEof PaBRFlgeaYang) . end
) (Bisep-kitylgheaylgsiiane s watiictasare pdibol¢sed 9ind iFhe Ryehiki uzr alne fNear-

[éggwo?eg%lggﬁcgg@gﬁéeg %g%x}n n;l’gﬁfrsﬁﬁl%)s »( Y8 GG Hhd®Films 64-70
A%®- ﬂ“hsies’pcﬂydlaommhghg hafvungowewéergtm igithe yange Gom Feet 320

nﬂ’f’? b%g Xﬁ@f]ﬂr aphenyl ene) derivatives such as
pol'y(2-decyl oxy- 1, 4- phenyl ene) (400 550 mu). M xtures

Q?t{ga512§§§@r9%%| SR JalaH B WG Tes (58 4oBkSR fiph &% ede of a
5@k lunfber @ﬂ‘aﬁoh@ﬁdunghfalre Amhﬂﬂfcableasém efamsple tofilsheh Mhterials is

S
ST S T
vodveldnigth ranpel b6B8@:590 nsi. d€hepraapis. EL Tayey aksp anajibg prepared from
18\%8 bR e %ht fc' b ﬁ’l’%g Qu&ealts?gféh% ﬁracene tetraarylethene

conj uga o bone chai ns.
o@amapneguhrﬁnqaoueyrgpheaﬁ@gtaém@e,pamymm mlyn%n fsfyasne, or their

d@:ﬁlvwﬁ@s NTRABtMAtEHAIR rg%heraﬂﬂelﬁ{lﬂ light hevidg shdxémieam, wavelength of

é% g&ﬂ%l gﬁﬁ%ﬁ%' ot ;%1? | gl}lalm% the, Jow nelecular-weight metal

dﬂgarﬁtl zukllpleﬁés giich, as' AlleminumJ, galivis] etd indium-acetylacetonate, which

hif bRl e 5 ll%xﬂgm)Pa Y354 308 Siumitih Glolyihi fetone)-

ese polysilTdanes e
HlSMﬁ‘rél(hle)Eh@th efn tpre rasngtshmndﬂm@bw-glz yhmthylﬂ%tone)

ﬁ?@%lﬁ?goﬁ% qflﬂﬁg nifRIre fleAkahg Baé(f' A90-49% QQlll” aFor white light
ess than about 5000 th t rrade ? rge
apmibatione fhe-prstasier orgamic ELapaicnls gre: os £mi ligh Rhfhe Ue-green

WxRHeths0f such materials is
1,3,5-tris{n-(4-di phenyl am nophenyl )

ﬁf&?e”%ﬁ'aﬁ r(r)]ngoo}rga%?cz Eﬂelayer Ilngy b€ rt% edI §ug&ts31k/&ytd?1% 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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wavel engt h range of 380-500 nm The organic EL |ayer
al so may be prepared from |ower nol ecul ar wei ght

woe@e@antv4nol ecul es, such as phenyl ant hr acene, PCT/US2003/024555
tetraaryl et hene, coumarin, rubrene,

tetraphenylbutadiene, ant hracene, peryl ene, coronene,
Forthédgire, orderrinvat iagditional Hewes may e indledegen dight-épitdéng member

S oM Bhe ey, S0 Bampe, s
arditiovall kyewseraghisenvet tal improgarthe inisetiomMelscisen tor giole injection

eﬂil%ﬁﬁgﬂ%layé}ﬁ & ﬁHﬁ‘SV\% dtx?ﬁ'ok' ﬂbféQﬁeﬁMﬂ)(ﬁ@ Bi&@l@?bﬁehal“gﬂs Giko the
OxBaA Eﬁnn&a}’@} Cghgl #B@lﬁypq(gngg@) of thise ?ayers is kept to'below 500 nm,

p?éfél{aglﬁbéib\@t lmttﬁﬁl\ﬂ )M&teﬂrm%( lf&ethew additional layers are typically low-to-
scandj.um oX. co

iR apaigr ol e U i Sty 2650 "tic mojecuigs. They may
ve2pphaBduring the mantfdcture bfjthe deajopl3il @ dyiconyentioral methods such as

N T e

An_ohe or anj c
cdnzbpdimerdyotb thef preserf m@n@@m aﬁeﬁlyovm dnofigtisp 185 a hole ln_]ectlon

eﬂﬂ&ﬁc@ﬁfefn laﬁéic B34 &Y RIrmee 'Héfvi/e%hrtﬁe anddd fa%éleB'SS ﬁﬁ&ﬂ{él 6rgEﬁ1c EL

nmateri a emtS|n f erent vel en
layre 334 te pFtYq R Pighear %@ﬁ%ﬂ%ﬂ% ak 2 eiyep éﬁW&? 5’@5 r'a higher
Iﬁ@hﬁahnpfcuhhﬁt lbefipé theMiailtved of rihen ddvaceoveThls the hole injection

ety el il fiBrion b noh BB GRERIE syioplspuperils

ﬂoﬁyler solardyjettdori excancngernit dayer ging agdrtethased pempeunds 3Pglosed in
If.}g bAEKE %59@8@3)2 éeguch C%@ Y 990 eFﬁeﬁ’éf&Fatanalrb&g?T fcC ﬁlaﬁﬂydnde or

exa ti’onal” [ayers can s
bl%r%@laﬁwdﬂrkﬁﬁmghsﬂé dighipleh or hol e injecti on

enhancenent |ayers) or transport (electron or hole
ﬁlrﬁﬁﬁxﬁpéﬁlb&ﬁﬁﬁhﬁéf 0é pfééétitgﬁﬁenltlﬁh CastShewnGh Gagtire 1 E,thht-emlttlng

e 0 ohe e Ba el FRTPoRdmst 20T SRR e Rgween the

Hod¢ ihjeetien adletincemet! layery 886 aadethtyqigemt | KL |layert 330. The hole
RS S2AOREC e TR o ERSABAN 1R b MBlKcing the
mmrmourcef abéctaons soldhdt deles P@dl?}e%@m/éﬁ@m 1%' noupRiped in the

&%&ﬁc agr, ?@’e@%ﬁpat iNM&terisls PsififaBld For tﬁé H&l&strﬁﬁ’sl oﬁr layer are
Si tion. In one

em cal_vapor epo. of the
ﬁ’@llr}eﬂﬁ%tFﬁHhW 1gRung, Semate W%’Veanllﬁesng‘ yfgzgoe derivatives,
¢a|i‘H)&6Iel Odbnvaggegpcergmﬁlﬁ | &yeatidl6 imidhesleedetiedtivegn dxadiazole
er. and the or e .
%lné'\a}?e‘éeé Vg AR AR &?@d Roe%tﬁb ‘L:I?e\ége{svcz%& §eﬁv\1é1rlés Patent
@0%3%d¢mchmﬂmogpmatedﬂnammbmrezfmn®nt bef ore the
failure of the device. Thus, the hole injection

l?xr L m%ﬁfﬁﬁep Emé@d‘lﬁ{eaf @Pﬂgé gl;e%&ﬁﬁn&éﬁﬁoh rHs%ﬁB\bvﬁ @cli&nalﬁ@iﬂﬁﬁm Figure

e . ano mat er | JQ}

e e B L St b Sahch s diposed
RS s cAhsdd Ryd32N an&ﬁ%é:’afgl%ﬂic gma%erm Euyé’r 38 has the
per net tra rboxyl i c.di anhydri de or
siainecofungioy o BiReEoB ALY CARRu RIS o (he e aver 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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I n anot her enbodi nent of the present invention, as
shown in Figure 11, light-emtting nenber 320 further
WO pki02ies9 a hol e transport | ayer 334 which i s POCEPIRE’024555
between the hole injection enhancenent |ayer 336 and
the organic EL |ayer 330. The hole transport |ayer
dBAtiReas ashdsdlonedtinoUS Rtertt r@ORIBF1 iwigchas émcogprotated herein by
61lgl ocking the transportation of electrons so that
SFEE and el ectrons are optimally conbined in the

organic EL |ayer 330. Materials suitable for the_ hole
At reflngtpermetablayer 36@ mayrheaqhypqg;p(é@pr@gamc EL member 320 to reﬂect

ax?ff [ABRRR Y] @écﬁé@vé‘}efroﬁ’irtﬁé@ﬁﬁs@anhﬁlllf trgﬁépafﬁi‘it B@trate 340 and direct
rrggéﬁ&f H@\Leairrclq,\é{%l sl\l,l\égt?atq: ﬁg(a%&cgqt atglé? rec{;ag;/ atd V? of radiation emitted

119&&9 'dﬁé&io% 1sCiﬁéﬂeX§tHl VRéﬂd@ﬁVd: m@t@lrﬂawﬂ 360 glso wprvesuaﬂ additional

h
R SR U O b o b S v
aﬂleafEervapﬁﬂ) oﬂorlhator@md: BB qicmsntr&ZOL nYaolt 4 diffusipn efherprse can
d%%g es a% Itéﬁa{ d?&{fﬁh‘ﬂl gil’glr’e d%,%% SalﬂLaMé Rgtalefs %l'ie fldctive

|ona 'S dIS osed

ldyet a@earetsﬂ@ercahmman; aax,d@\l Togs theeaof [treaxbe)adiagtageoysdg grovide
athi gknésé‘ﬁﬁ’& is3tufridias tb Bebstd@aly pRYehtURS HifARIdAf of] o&[y@eﬁi andgwater

transporting electrons to Slllhhe or anlc E

vau, a5 MRy destumesniierstagt whuauially Fdfics eﬁ%’?ﬁ‘é‘w of the
cAié ddvases Pl 6ﬂ&@nb@iiﬁénﬁéiéthﬁqiraden0[tgﬁamlm ane gyl reeresadditional

lq}fgfsihgggtl ]:e;éslgs (?8]1@@[“ %lgllter}o ucc)?l%s %n&l%fgm Bga%i' (ﬁ‘zrﬁul-:tgl compound,

vat Ives,
ntigrbeviateden ﬂmmﬂmtme ayed m fuyther reduce @aurﬁ@ |off digfusion of oxygen

agc? At {/%,%f' 1ntoqtlcljk g ;‘E?.bﬂf%mb\éf‘t iTM GRis Hs@NBBYhatHiA0Re such

erivat

stituted fl uor é
additiond J&vea or ta@wswsgéesf/bﬁz@@@scm@éflﬁt&a% \@%ﬂl’%‘ s, such as metal

ol e Rds, cArtillesPatyRitkid6s, 02 3xycaibide) il besiseful for this purpose.
|ncorporated herei n by reference. A reflective netal

@E’?gglga@}l‘}eﬁg glﬂf oﬁr%gd tt%?vegl 1§am & %%%nﬁﬂ?%{ue @ JBondmg

latebSSS&niflaaiﬂbytahnaihsumspmen‘smlgamlcaloéym@@ materi@l magtbe disposed
?xu@ c{rg ﬁtLopf* R 3d 0! fifors UhS trégéc%w@‘}getﬁp fagext B&d id B8posited
al anmount™ o

radiation en1tt ctlo
thereomc Esanplgs oRefataialy suitahiet for formjag thesereanis go é‘i“i?’é ayer are

pr%[e&acﬁqiétéé Q%ﬁlars gf)}#i‘ﬁéré l@f‘ccﬁfolﬁﬁ&}! ohhérfdc aéiflf methacrybi ac1d esters
i v Vi e suc e
B g

péﬂ)f({fiﬂ@l élBolQﬂh eopolgmer afvinglededhobanhglybral galsekmown as ethanedial

‘fl)' F‘%Qﬁ@@ Ppg’yg}}’?@goéLeD rhéhsazelt% @g%ﬁ ﬂ%@rﬁxoﬁ]ﬁ%é n]%ﬁ}étinfzr based on

f-kdes)f and tpoh5ayerb elesigroc rfrang exyg]@ote@np regwli thelr derivatives such as
I{Ow(ﬁlé&g/?ﬁ)bﬁ%ﬁe cl%yécf iIPUGS‘tPe&éht§ 14@0 %B i ﬁh' 5 1 89, ®ewhich are

usi on 0 gen_an

inpaspetatedk hersin By et qﬁ@tcebub%liemﬁw B Si%if?é "Material is an

éléc@ﬂéaﬂ’l'y' inkMa@hg BhE@ substritiaBy Ctﬁéshlspﬁentl polpmerie minehalend suitable
hlsl resenf i nvention, one or nore additional

m%tﬁ’é? spelyagrylaiesst a different material, such as a

different netal or netal conpound,

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 barrier coating 372 may be disposed

-14-



may be formed on the reflective layer to further
reduce the rate of diffusion of oxygen and water
WO a@en2i7ee o t he organic EL nmenber. In this caseCT/UR®03/024555
material for such additional |ayer or |ayers need not
be a reflective material. Conpounds, such as netal
oﬁ))éitliﬁ'smden bf culstaste 37X bltdasy beyyefetred ttedispose graded-composition

% %28 &lﬁ% IE{% #)?? n!['zl E;Qfslee n?@rl%r%@g LS%Q&‘EI polgﬁ’xeﬁc substrate

3701haﬁuw gmd&@porapmtm begnen w@ng 3%3mey alasowtséftp&ﬁ%d en Ieﬁectlve
n{e{eﬁ‘”%gaf 886 8" BAMde nYHﬁJ’ré CorBREGSH b JfgxmbeEgl HBesed 320.

organi ¢ EL ne 320 efore tH e
Adiemativelsly SrdebeoT RO BIFIEH 3 /7 ok de Q?Apﬁggc‘flyf on organic
ENBhembat $2051istcad be bémg digposéden bhecandgsolymeo kybsarieo(such as

yer are pol yacr S rSq:Ql
3%@ EPW%FQSG %e Sﬁf’%‘ Su&b?%a@??%’ degliptinated) o
of these acids, or acylonitrile; poly(vinyl fluoride);
Apetnativelyy kecdad esubsttate |361@)hav1qgogry(lqd-¢gznp®ltm1baryler coating 372

O%Q'é‘l loctthddi! o Iﬁaﬂb&' YXahd (ARRKBPUWBEAS This
o5F S

hane Of Oxaa
Cwﬁ%ﬂwﬁ @Wt be efiﬂﬁtrmiﬁ aWben phcom epffer ( savag mapRgiyring or cost

d(;é‘é BEG4l1yORvhed Xid GR@bparéty RO yoHRIdS stbstiave B70r @dn also
cycl jefins and their derivatives (such as

swstaptiak yi cycl obut ene) disclosed in U S. Patents
4,540,763 and 5, 185,391 which are incorporated herein

Ilbyndthéleerrﬂmhhentmfehepmbém jintendomahe light-¢mitdng desties 3 H) further

C{ningﬁgeﬁ 4 ilﬁﬁtt- ft&L me%\'/ maﬂ:?l ﬁ Fg%daiﬂdthé %ﬁ{)?@héﬁﬂ é%{cte% from the
light-groltirag rdyWae 340 ﬂOnpraWdﬁ HopreemtiSummkight BprofRe. pEes @ﬁ@mple
%}E@ NG5! FfstrdSs %%m&%@t%ﬁg)rl%ﬂlg R 15R£ 390 ofPRhiéid material

strate 370 havin osition. ba
dispasgdnep Hesupsiraie §ﬁ)‘gs dge ll(gﬂ z%:métefﬁg }Fb%*ﬁuégé) by choosing
p@ﬂfé{b%lthﬁ IﬁﬂgéSimbs‘iid f6:8 abé0t I(Dnﬁﬂbmbauﬁmﬁjmmremstem A preferred

}n%,qnt %ﬂd[éﬁ aa?@?geﬁgb tb4 %gcggrgq'e%dg%lz% 1 %@kzﬁﬁﬁ@ for a device
eﬂﬁ@l&/g@ﬂﬁ%ﬁlli)glﬁ@]ﬁé PB4 pEgerably ani thherdes 0f80-66 nm. Particles

o%l‘tﬁé tlirgﬁ{ gcaﬁzgn% !n{atém% R BE %ﬁ%rft@é@oﬁﬁ% 4ji$§RRR8 in a substantially

arrier coatin ég cent . to
tnganens. TRl e BHm SomningaeTipiel psapwﬁrﬂp%e qsed ahovey gd the
dgﬁwél@ gsogy;@g& g%ts cagglle@ whi @ mByabe ldlﬁﬂs” Joﬁéziadsn ﬂ% ABAra@ 4@l Soitable
e a
seatGrBE Bkt %ﬁ%‘%@&ﬁ?@a vl il Sheh B e film
féhﬁlﬁrg, n?lb]glﬁ@l Y, Slgbadﬁpicﬂoﬁhnsfdrmmg Inzateriady h3Ve rafigetive indices
osSi t,e | on LOf, a i
bg}ewg : ?,]b uf Idlsi{) %X%nil a6 élgec cul%e g@a@ﬁﬁ eljleﬁssthgﬁﬂ have a
féﬁmweaﬂde)emmr thantdbioyt &;és@d $hﬁ>el C‘sb@ @EHC@I)’b%%frsaﬁl@nt over the

Q%Efzﬁaﬁﬁexfgglg %)ar%gy R %d&'tlbﬁ” 1? at ﬁr@fereﬁ]lé f1ah ﬁfe' ¥k ¥eat@ARS Rthterial

rate vin gra osifi.on barrier
heonen-txig2nd R B §f‘|§t§§3é’& e ‘?ﬁé@fﬁ HgR O CHROSHE g eormal
a%aﬁelﬁn E‘n\‘lgi;nh%%gsor F@i’y @f dShés dEkigfied @0 n;ﬁnogidleatfisﬁihe rilymination
e abl e en one nuf

Reercrgh i egace ot Hatt apD57ofnen’ R R P pE Slitthleifhtfcattering
Iﬁaaﬁﬁd angbsiitilat €T 1B)ZD ha;fnml HIO,), ZIrcoma(ZrOz) zircon (ZrO,Si0,),
gadolinium gallium garnet (Gd,Gas0,;), barium sulfate, yttria (Y,0;), yttrium
aluminum garnet ("YAG", Y;AL;O,,), calcite (CaCO;), sapphire (AL,0,), diamond,

magnesium oxide, germanium oxide. It is necessary to prepare these compounds with
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substantial. I n another enbodi nent of the present
invention, the light-emtting device 310 further
weowp2Eses a |ight-scattering material di SposeRPCT/NS1008024555
path of light emtted fromthe light-emtting device
310 to provide nore uniformlight therefrom For
achighndbgree ofi @ptical prith] Lusinmtrities dhateabibodi highttin the wavelength

R LI, Pl B e PP AT RotTREELA s o compond
berasteichisimetscablyo putte dphase c buiss i angl  tpair tqosiod aRpERPTA, gromic
sﬁlﬁ‘u ltfofs;| é gm rgc? gﬁ%ﬂg sﬂﬁgtlttlﬂe@qgluhp 18 050% Gf QHEty@ﬂ'rﬁam th YAG.

Pﬁﬁt@}eg:é?rmoged of Bighe re&algplsfl*eu o gsrséslolglll Sssggli%g € obtamed from

SeRdtt Gl T‘@Bl'u{&oélésgbﬂ Coﬁdﬁ% D, tngi 816 be @sdds ppovédet thbl they are
on the order, of. 50

IMPYHIONS 9y HkERigE r%?%r?’gﬁosmy{%ﬁgﬁfz&%? od E’Xuthle OELD and its
pHbsphetss eScitteriag safbliglanbiaylalsp be aetrieyssr Wlth qoplayhepr glass film

hfg}'{]llag} f §u£ﬂerﬁg %?tte%ﬁrgé 50 me‘% Qs‘d{fﬁﬁélfeﬁﬁﬁ 5&9%&9%}%139% features of

urels nto

m@m sxpically orethe stidsrrafisaaption oftha wBYekengih of the scattered light

te lﬁ‘tﬁtuh@ﬁt' 5‘19‘(1{53 I%Eélﬁllﬁvéﬁi%ns ghé darfidvbNéhe substrate can be
ractlveln ex Lﬁant at of the film fornming

t%'ﬂréii Ph?ough?fﬁééopﬁp‘&tﬁl 120§ RS ey ng material s have
refractlye i ndi ces between about 1.3 to about 1.6,
th@rdﬁlﬂg bhéthitrabgpesicof ther pregentdhesntiah, teokighd-shatteeing partlcles in

lzgy%{ Ir?»g Haﬁ %Pi;ng’%g%; glppg'% St} n%g‘ ??qjﬂ" }na?erﬁlng 1155'196' lh%reﬁ? called a

over
"plaosgbor"), whidldlist ¢apableiof ab@rbmefaepca”bp@ of H@tEM@dlaﬂgh emitted by

15 Bldafilc! g o 'vmtgbz? ile s %Jv%l@ngthaf&ﬁgé Hﬁé%ﬂﬁ‘ﬁlh IEM radiation

resistant fo degradation upon Xposu
Mnmg@mace;)fﬁwamﬂt EBNgE o hys, folysin é’gu l?lateﬁﬁlo‘i?iﬂd’-’éo"lde

2V b)) f 1 doldbNAghd RmifisR f@ne nﬂé fORID} herhe amgeclefsize and the

ab
i gio BeYeeR (g LUt af rat Seigele g e O(reels) mefip degormine
howf WRl) panticles ané disFereR) in poilyroentc mzmﬁa& tQdprm t}gafdm omlamm 390.
h?%—gj(ﬁ}li@og}% &%{Zeg%jﬁ?’t gsoé@})mdg% éc‘ﬁt & zﬁ‘éotnid ay‘ctrlum and

m num gar net Y3A1501
rmraarth@m@@@)i hadenhophates( AEPErSy Weéh mngsapgard ﬁlﬂﬁﬂ@spwﬁnﬂs

sﬁﬁ% 48 p ogﬁﬂfméihaylﬁil&éhé’sﬁ bf'l5§1 32. 3312/ S alfy nécesAFE Gth& dispersant

se compoun
ng fsysh /a8 JuBiigctant o @Ho]agwlgénq}pn%&f(ﬁecp&ly(fgmyll @gyohol)) may
He- ﬁlded ngaLl iak i@ ubdthto @h@enda nhanghitandard prosphves| iangfition. The

i totins Pauieliy e be T e FRCRER piebel b pBRG: mhlerhPby any
gmdmg qu’qaﬂeer;mnm mﬁwdna;chwrhaau milbppHrsng lzmcén%rmﬁh@led balls

%g%ﬁﬁlpﬁﬁ ey also %aynt@ip&géfe@ﬁ PR iotd iR drdiR sokiBioh Cand their

eyttrluml tlcles conposed of
sieggnay be certtalleddy terainaiing theagystal grawthsat %ﬁm@prlate time. The

I?Efg?rbd‘ ﬁo§a gglna%}ﬁ‘lg tfideat§ aE@c(Sj;‘rB[Eﬁ/I?@tl@ﬁo@ emfited bgthe organic
i de a

ot 126380 i eBat Kt gErtBeh PR stCTES™ ool dhorehipiono the

&gaﬁlh &] Olaferiahdnd tis phpspisqrhailosvs Be atflexibility mf tuhinghthe color of

lmi% emléed g}g RS ﬂgﬁt\-/ en%ttlng He\?ceo gf@t %p%lcgllalafﬁﬁosfphbmnaterlal ora

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
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havi ng a roughened or textured surface (a "diffuser
film'), the roughened features of which are typically
w@eoolozs7ay der of a fraction of the wavel engt h BET/UR®03/024555
scattered light. 1In one enbodi nent of the present
I nvention, one surface of the substrate can be
okidx tYyre @, o parmeti (REASUCE). pOihep seitdbilg phospbatst eibaged on YAG

Accor din n e c t p e i wveati en,
d??eéhwﬂéc%f’?e egral{a% &beg?}fbl%c{)feggrlen afogg’ ”%%8 %aﬁﬁlé‘aea’fﬁ:‘%gmsou
(AAGEIBCENI §¥5E@k(Al a0 mbteAGHra.CeD, 4Y so Ul alhls.G2,)0:,
(SBAGRSH,8a C"eBE QRelaH, Te)0BiALID | g aER) What oabgr Riongya 1, 0

portiond of tfie EM radi at o%}e tted b the organjc EL
<rrerBandmavisl EOF $Tsplodhe N A% 00 CapRAsoheTPhaRs 2 Ahsprian of
ligﬁtciihi%ﬁé: Q’ﬁvel?@ﬂl ﬁﬁlg@ f%%c%tsilt BoY lﬁhﬁﬁglbhuﬂﬁ_l@gﬁn (ke blue-green

I'ncl usi pn of ;such.a. ri can.prqvide .a_ tuni
sef rabfegionfnd 2 b am o i e Vel ohe ) it o0 om
tcs bt 100 rrhdi.c.| tiecgraet-teredogpeotesd reging). s Refatadephsfsphdre include

thcl d 141G, edikum d ' )
L0 B Al G B B AR 3 s, e cUFinn doped
gainet Plidsphars thayyalso boadditivaaly APradovith small jagegnts of Pr (such as
SR £ SRIEhEIE BRIl el opinsptantl admision. T

ytiriu - ) v e
FRlcsiag F6° ERPPIch O TIRBRES S 6 AR PrERaed ByEm edistion
cR@A(Ei AR (avtishdth xaries bf B0 ainngplabowt 300rimyy pofysilanes and their

ecessary, other dispersant materials (such as a
dgliﬁY"g‘é’Ef'ant or a polymeric material |ike poly(vinyl

al cohol)) may be added such as are, used2+to suspend, "
Greenyeritamgiamiogihosy hoCaMa(SEb),(liBn . Mme ™ p ofFe, Tb™;
c%ﬁ&%mc 055 189 YRGRIEPArS ol HIMARGED, FOC R f

pHor® mat ér y any ’ grinding or” pul verization
met haod, such as ball m |l S| Ly coni az eneg. \ .« o
Redtemitting, phaspheysy | Yr%.r%rl? ‘;lg;aggzggk?méfb %reﬁﬁgﬁ%ﬁ Mn™
(TIOSaB)o;Both framd sol UFMe®.0.8NEF,.BeDy:  siMa* may (inegnesium
ontrol%r%? by termnating the crystal growmh at an
fﬁ‘ﬁfﬂggﬁ? D time. The preferred phosphor naterials
efficiently absorb EM radi ati on errizlted by the orggpic
Bile-smitting al phespherseni tBaMgiftlOn Bnct heSt€P@otFhiEy™;  and

GRS R T e L o e
S i ook b S5 Bl g 0

m xture of phosphors may be chosen to emt a desired
Siidl ethepiond manye indorpabted ihtp theophpsphretd ttdmsfec ehergy from the

epitte { he or ' . |.al - e mi

LS b e o Sl B S8 B
lattiee eer vayrtddpadasptthe pumrgnbtihzatiom For exammplpowhemSh7 #49d Mn

i ' 2ERAEMBL absoRGER i the bl
g S o At dopad it e
ragiPR VhiSh igmet @gmbqﬁ Vf:rgr%ﬁ@gp by e and. franglers the energy to
M?\ﬂ*ié)é:ﬁ@ﬁgi,%h{&g%éﬁ&%o@?éiggﬁd elgg’lt:e)l, by the organic EL material is
AORDRE G g Kol R e usghi effcispeygf e tgighdevice.
(Gd1_XCe) Sc2A13012 ("GSAG') where 0 <_ x <_ 1, 0 <_vy
Fhe photdluminescent 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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< _z<_ 5 and xty <_ 1. For exanple, the YAG (d, Ce
phosphor shows an absorption of [|ight in the

woenehzitgt h range from about 390 nmto about SBOI/WE2003/024555
(i.e., the blue-green spectral region) and an
em ssion of light in the wavel ength range from about

THO @hetiphor partiales uire dBPersed (i adilm-fonaing pelpmene mederial, such as

ectral reglion Rel j
pafrbERuBRatly, REREES ANEREOE o ) HiGpnbt Hitfddon of
les$thar abeuti Wprideretly lessrthast ahombiQmsresnihy velugs qfdhe mixture of
PO LY PRI Sy b Bl il aus
. 1- ] ) [
2t A ity of Uil fATgRAHMAtoRAEIo %%Sﬁ%fwgl- hg ixture of the
ﬁﬁfl\i/lémﬁg_ﬁg n@teritl) Q5H PR6 ?h_bh partioleg isfoined éitd laylapsr iyt spebybgoating,
oo tpesamtnogh oSG ThERFAA, HEATs ¥ fom
tideubytaid aebdissased on e lightemiting spnabes 320. The thickness of film or
GO 5 BN S8 e PR 1500 . ety
tiRafiyRAdrnEaR polmeic, matctials Iyg-ihpetivendised iorsrte: those of the
g e S TR 1 A B 20 o
l@ragnesi um fluorogernanate). Blue-emitting phosphors:
BaMy2Al 16Q27: Eu2+; Sr5(PO4) 10C12: Eu2+; and

AEcB@rdﬁ@, tgf(ﬁlé @Ei@g 6f§ﬂ§§|pré§)2:ﬁt ikuhtion, particles of a scattering material and
, Ba, Sr) (A, - Eu2+, | ] ANy 1
s eIy St o e 5, O A ooby 18 HAERR iment
seatgrihg filmS9Opoayabed diffitser film, ok fsraoplastis filonhavieg a roughened
SEH%%gy fromthe 1light emtted fromthe organic

nat er

rial to other activator ions in the phosphor host
lattice as a way to _ingrease the energ% uticll' ti
O

Armrethod afpmaking, i ERR AT R TRV ERER 15,808 dGofipad A cleaned
ﬂ_%@ﬂ%?eh @ﬁl%i&ﬁfé? kudhhd hGRastiop %ﬁﬁf fp'rcmi&gi | Thehsoptaded-cginposition
in the blue _.region, | i Se not S

g Cpaie SRR T A bRt MEBCRE, 4B yone o
nhany. depbaition @chzqgasrditobosad abowsunt of |ight emtted by

the organic EL material is absorbed by both ions,

A frd lefeicﬁgﬁhy cﬁﬁcﬁf&ﬁﬁgﬂﬁiﬁ%fay 19 RbbéifldCthe StadeiRofn@bdtion barrier
devi ce. e phot ol um_nescent naterj al | so, be an
conigfzeniocTogpen firgelecdiodaos dhe O%mcaﬁfr %Fmr%%iﬁped{* Vﬁ%hveelya the
RECASIHS I mdTEbEddpakitenen (¥l durfateef thersabeld 840 tai bad wut been
[ %?éhe Vi sn%ize spect rum. - 17 .\\O iBO?./ QZ 14324 b d
copted Yadneradeb o SIHGR aﬁﬂ%rs"rﬂqug'p Fite eegecgr de may be an anode
otiasathiodedndrona of imore hppropriage priterraby are cheses rinwing theseidisclosed
as...Rol yacr : t 4 al et o Sidel s
G PR, SURATIOP Il SRR ol S
tB@spapersirastalotxide, sueh ahbkD.afbefirdelectorde Brteriy Pidsrabhy sputter-
&S—: gsg{éﬁA(fﬂso \lj§elﬁatsﬁ’£te. Flgierﬂ'gﬁgblg, ﬂﬁ:ﬁfstt 3lecttbée BIAgSHNPittdrsed to a
desired configuration byr;n}gr exampqe,eetclllirr;g.oAtqeeas?]oﬁé %{'gean}coEL 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
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adjust the viscosity of the filmformng material to a
desired level. The m xture of the filmformng
woreaoe2sh9 and phosphor particles is formed i nt BCHUBRY&024555
by spray coating, dip coating, printing, or casting
on a substrate. Thereafter, the filmis renmoved from
id deathotdes tTHat s‘ec@nﬂelébtﬁmlesmil lnmddpbmtddl ahthe entitet dreayof the organic
The .t.hj r '
ng@]atg clg]g? pa}ttgmed gags%%d %é &“3 gu{;&@ﬁﬁ ﬁl%%iﬁﬁness of the

les
sﬁc@ﬁd@&nctrﬁdefsekqm Ity 2 minirguy sw@rmm@ap@wml te about 200 nm.

TEEE%FJC&&E) & afldYR 6 Iha® ﬁ’lﬁtehﬁlcﬂoﬁﬁ)‘flsé RS ghfic EDGsEMBYr 320.

strate Oan eorganlc EL material; i.e.
in the range frOWl bout

Accor.d g
A ilsaveaBistad ds gptiq yﬁfeég%‘ﬁ‘@ rHAsE °€E}et9f%‘t“’é%lEEfmﬁmbef
330 appé¥ite A subRtratei 340. dhd reﬂ’ecﬁh@ aebd mayrte dtpsgeddydfdrexample,

shilfrPgrr R i eaeb R Re: 1t rd PbafineRy B Bkt ipvepton,
a;ﬂoﬂdMgdayer|omalmbstmglaélyrtmgpwmﬁdnatsmlﬂadeposﬂedren hh.fdor@ﬁmc EL
mqee IRl ) %%6% gié'ﬁreoltd érgﬁ ?J]’lexI Efmétﬁ\i &ﬁed %he?éb‘ﬂ Preferably, the

SCri at e, Su ch as a
bohdisgi leyer somprises pr oslpeteienliyTresy! atlagg and sybstentisdly frapsparent

p? rﬁérﬁ:r mﬁ&ﬁﬁl n Q“h'esbcfn@!ﬂﬁeﬁy@xn iy beLasfosed %fyf @eoPthet iAethods

exl b substrate ohe of D
disslaspd @bgge gqrséqnggg&}/lac%o% OorgRnjc E@{ﬂy eﬂglg Jﬂg‘%ﬂvle etal layer is
eSS h1 BBhpletely sinSowlRiptei drgahioELL ember 320. Preferably, the

P iAo o ioBpEa it oy SRRlPhobEuof e chlhy forms a
Heheetid isead t areluat tthe deganiy Ble norepleesi 2&d  orurtheamengs fOéiléeOT more
ag?%fgg% 1§§’é?§' bf &thér ﬁ%%aﬂ?:%at@ﬂaﬁs g osﬁé‘él‘ﬂnecﬁe Yéflebtive metal

conposition barrier coatl first
layesct r ode may be an anode or a cat hode and one or
nore appropriate materials are chosen anong those
AisEhes e paeadlds sf afs%ﬁttérl‘r% et BTt moarssl akt af tearsparynt pdlpmeric

f t el t d

el SRaesivg e e YRR o B8 TRPUP Paf orbh BB Sl L
membar adteynativelyt &bmld‘e}w giay dut qast intpea. taph dyregtiape casting method,
%&:‘l’i Ly ﬁ{g f&){r |b%431r% hdth&d. Tﬁ@f&%}é %eﬂ% e@ean@ %&5&&8%@ tHeOsiBstrate

esire ation by, r exan'p etching. At
348ast one organic EL material is dep05| ted on the
first electrode by physical or chem cal vapor

[HeRetiet bRBodifiiRht] sGbstd (ﬂgla erli In@ce@my of 9651&ﬂrfayﬂﬂmperatlon of an

LB R ool o T P MBS h3 g el

drelaninated wayttihcheditbgetlea to praduse hwenkingalevindj For ekamgple, a first

AL AN GG ek s
lélencmb@alan§r a:emdtsubgtratmk@wm ajsgcqqh sEAdedgomROsifign barrier

tlh? ﬁﬁ?ed%@&ﬁéﬁo BroviBé &1isR soufeel RN A nﬁﬁ&\fbﬁ(iemstance to
e Pref erap t he second el ectro -18 WO

52'@9 ,bIDE Bemigalspesi SPRVEREISIL 5 5 cat hode The
second el ectrode nay be deposited on the entire area
B stillh@ottfeg age6t 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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EL material or patterned into a desired shape or
configuration. The thickness of the second el ectrode

WO g00k@pi744 0 a m ni num such as | ess than or eqeel/USI03/024555
about 200 nm The el ectrodes and the organic EL
mat eri al conprise the organic EL nmenber 320. A

mogfficatibhsy eubBtt@liorss o platiatieds! shaglegeomiatie dheratot Without departing

surface .of the organi.c EL. ne 0 ' :
S5iLE b adtrors RERRAFY Blipl oL Oetined iR g APORItdis,
by, for exanple, sputtering or physical vapor
deposition. In one enbodi nent of the present
invention, a bonding |ayer of a substantially
transparent material is deposited on the organic EL
menber 320 before the layer of reflective netal is
deposited thereon. Preferably, the bonding |ayer
conprises an electrically insulating and substantially
transparent polyneric material. The bonding | ayer may
be deposited by one of the nethods disclosed above
for deposition of an organic layer. The reflective
netal layer is formed so as to conpletely surround
the organic EL nenber 320. Preferably, the reflective
netal |ayer together with the graded-conposition
barrier coating forns a hernetic seal around the
organi ¢ EL nmenber 20. Furthernore, one or nore
additional |ayers of other inorganic materials may be
deposited on the reflective nmetal Ilayer. A mxture of
particles of a scattering or PL material and a
transparent polymeric material is deposited on the
surface of the substrate 340 opposite the organic EL
menber. Alternatively the m xture may be cast into a
tape by a tape casting nethod, such as the doctor
bl ade nmethod. The tape is then cured and attached to
the substrate 340. In another enbodi nment, subsets 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 working device. For
exanple, a first substrate having a first
gr aded- conposition barrier coating, an assenbly of an
organic EL nenber, and a second substrate having a
second graded-conposition barrier coating are
| am nated together to provide a |light source having
i nproved resistance to attack by chem cal species in
the environnent. In still another aspect of the
present invention, |arge-area flexible displays or
lighting systens incorporate OELDs of the present
invention. While specific preferred enbodi nents of the
present invention have been disclosed in the
foregoing, it will be appreciated by those skilled in
the art that many -19 WD 2004/ 025749
PCT/ US2003/ 024555
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nodi fications, substitutions, or variations may be

made thereto wi thout departing fromthe spirit and
wGee@pm9 t he i nvention as defined in the appePdBUS2003/024555

clainms. -20 WD 2004/ 025749 PCT/ US2003/ 024555 WHAT IS

CLAIMED IS: 1. A conposite article conprising a

WHRS ISSCEA(MED) [Shavi ng at | east a substrate surface

and a coating (350) disposed on said at |east a

ISX %?Hﬁ)ggl?e %ﬂﬁleaﬁ%ﬁlprﬁﬁfgda &ﬂ)@frb‘t@ 34@@%1%‘%9 st 8 is@tAte surface

oSl tlon varil es
agd. tasqcaﬁng 4330) disposed an @e@ 3f least Gswibsirate Swiares saigcoating)(350)

cBRPHLRE- a2 codifty GRABASI t@ @6 %(S?slltﬁ)na(‘(ﬁ'o reHidlD dRies! Sib¥tantially
wherei n sai d ,substr ) conprises a polyneric

cRBimougly actpss § clsn el %Pflgcl e according to claim

2, wherein said polyneri c material is selected from

2t Mhe gbmppsﬂecaﬁﬁéls tatcvgding tpolajatihyheredd edié ptitshratea8B40) comprises
acr .  polycarbonate, silicone, epoxy resins,

aé?qll Ig%rh‘ymfiw gltl onal i zed epoxy resins, polyester,

pol yi m de, polyetherimde, polyether suI f one,

3pdhe erompositee Arisle according fo| gaioy Bomberein syd Ralypeti¢ gnaterial is
sQfe%H Ngbm. 4hd NG 01915’ NRRRIstife 36t ipblyR1Rt&GRI Phehalfe,C Ip@ly'éfl:rylates

erein coating material isS, selected from't
ﬂwoéétﬁsﬁg?f?r}ﬁ’g ep_,quor,e@lgﬁl %hcqnﬁ?ﬁ;@tg gllze &SPYXY Lesins, po yester

p@iﬁflﬁlﬁdeab&yeﬁlﬁﬁnﬁdm’pbryaﬂiefmﬁ‘oné belyediylerondial ey polyndbonene,
wl cl eéﬁ‘icosdl ng to claim4, wherein said inorganic
PRRYCYLC IS nat erial's are selected fromthe group

consi sting of oxide, nitride, carbide, boride, and
4cBinsbéamapasiie srtickeaceofding toeilaimehtvehengin @aldwpetlng materip] ia selected

11 Y@@e\/%gwcéaséé{{ g% %a,’hrlc "’lﬁgr anib Bceréfﬁfc%ﬁeﬁaftls %%%bmatlons

are-&arth netals.
thy Qfﬁ?)ﬁa& te article according to claim1, V\herel n sai d
coating material is fornmed by a nmethod selected from
3. T go@pesieOdticiet dcagrdig P akim- %n\hm‘taﬁdsai‘d‘l gorgatic wap @eramic

it1on fr equenc
roBe 1 lleR ol A B R Con R o5 BB, canpide, e, and
coh‘émmatlahs ttepaf of e]@omnts drGrogpsiilite dllAg IVAeé(aPt, iWia, VIIA IB, and
%étgfs'o[f g}rog gﬁtB{ﬁ VBt M‘rg&@éﬁgﬁﬁﬁgﬁls
asma enhan em ca -vapor deposition
| nduct i vel y-coupl ed _plasma-enhanced cir}iem cal -v

iEhsosampasie agifle asRplingfq elaln d nwhergin sard qqaling m&%&a}le-“efomed
Brd hfdtlﬁ)da@‘lf&tddll R@m!tthe graipRobsisthe be plasﬁlwedhm;aﬂ ich@mical-vapor

di th
Resfied) YRR e RS e AL REL MR GPPTtpy cxpanding
theraml-glasmat chealical1vafior Mp@smlon, s@iteriogatcactivenspudteiing, ¢lsctron-

&Efo%ﬂ- F@ﬁaﬁ&?ﬂlgﬂﬁar gtﬂ'%ﬁ%ﬁyc ch&%gsﬁgon 1nducf1vely-coupled

vapo eposi t1 on. Ite ar
mmwmhagcho:h@nm vapordepestion and combipetiensdheteaf e of
oxygen

7.The composite article according to claim 1, wherein said coating material is formed

D

by expanding thermal-plasma chemical-vapor deposition.

8.The composite article according to claim 1, wherein said coating material is formed
by radio-frequency plasma-enhanced chemical-vapor deposition.

9.The composite article according to claim 1, wherein a transmission rate of oxygen
through said substrate coated having said coating (350) deposited thereon is less than
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t hrough said substrate coated having said coating
(350) deposited thereon is less than -21 WO
wWQOM02257 49 PCT/ US2003/ 024555 about 0.1 cnB/PemRusaop3/024555
as nmeasured at 25 C and wth a gas containing 21
vol ume- percent oxygen. 10.The conposite article
aB@tﬁQI ﬂlcﬁﬁ/(inéde@?] 2dsnndasurddestedsn’Gaaind aithnd g&d amtaiaing 2if volume-
t hrough said substrate coated having said
" 1’(‘3’65’8’?1'1(3(5@(a 50) deposited thereon is |less than about 1
g/ (nRday), as neasured at 25 C and with a gas having
100thepromipmsite artisleaadoprdingit glainy 1, Wherdie admmsﬂsw@ rate of water

ﬂtﬁfo% iyt rsz td &)atédaﬂamng saldf &ﬁﬁﬁ ﬁb sfied ﬁlereon is less
fuse reg etvveen S ét‘% O? and s 1%0_ .
ﬂé?é’a{i RE: dayg,atwdn@aw at ¢ WB& gps, javing 100-percen

réBties hah®it9f both said substrate and said coating.
12. A conposite article conprising a substrate (340)

103, SorfaosyE aiigf Sékiiing oy it} 158l PRl s Btuse region
bfeavveéncsaai sutgtr§t85830) amihwid soatglga(Séehtsmdgdlﬁhsearqgmn c@mpnsmg
oSRURAS b bR <Al MG AR afPcoatifie! ant | al [y

nuously across a ness- of said coatlng, sai d
substrate conprl sing a pol terial; said
1@chcpmgosita tiela comBRENE 8iSH St@ttréég}nﬁ Wing & lgast @ gubstisty surface
aﬁﬂ%ﬁaﬁng'(@%)gcﬁéﬁcﬁed oﬁ%ﬁﬂrﬁthmtaesfulbﬂir&e saufisbe; said coating (350)
conmbj patrons t hereof ;. wherein a. tra%m si;on rate

f
CORPGSIHE 2h COaHE SBpigtialune s PYPROSINM ¢ thg &% d sibstantially
cofthuoIglyep®s iatthidkhdse OE said icsatings sait lvalrstratponeimprBing a polymeric

ot ABLL ”galété&sﬂ&%n{{%@aﬁ% ﬁl%ﬂ@ﬁltg%qngteﬁﬁl%ei@'c{eﬁ ffon¥ eﬁgamc 1norgamc

ccnta transm-ssi O
octenEc onatwaalerandaqmbmatma dherect; ovlsm ﬂrté?méma;sé@per@twﬁ Prygen

tﬁﬁn’ugh s5iakbaehtd %ét&ﬁﬁavtl ﬂudi@@éﬁ 51:1 cPb4it¥dRtEon %Sless than about

avin 100
G-breay /(mélawbrﬁSdeuregr?a iR Agas 2o t@g@géj £ §Shime-percent
&@g@h Salﬁaﬁinﬁhsiorb&‘ata of P(Bdtéloda@eltm@hgld shidosubkthete goateagd with said

t d_ch
Feps 7 255 15 o B T RLGER, LR 4t cEdhd with a gas having
Ifi0epeircamt relatior huejsiityi ehdsqidecqatingliindepaskied wnl sajsl aghsirate by a
Iﬁgtﬁﬁi ClecYeP @ﬁronij &hO ?r&h %onﬁ&iﬂ & NYmd-EhbMe chemical-vapor

Spu er;ﬁa resonance
dspasition, AR ﬁiaéﬁlla-%w Rbemigal-vappr deposition, expanding

tgék%éﬁ tééﬁia)’c}feﬁﬁ&h OIth roﬁ? E}élftfeﬁd gCreastiivabput@fag, electron-
eposi ti an i.nations

sl raswsmfdﬂﬁ%r%a s Ce i RS0 S B S ooupled
Mlagvd-ehhagesl chehtdal-atpor(ddA03ititim \aind gombinatiensst thereof.

substrate surface; depositing a coating (350) materi al

. d
CRA G SETRTS 4 A B AT AhR SRl "
substantially conti nuouslf/ while said_coating (350)
previdingrsubsirate (340) daving at leagiasubgrtosirfacen vari es

substantial ly
depositing a coating (350) material having a composition on said substrate surface;

and

changing said composition of said coating material substantially continuously while
said coating (350) is being formed such that said composition varies substantially
continuously across a thickness of said coating (350).
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conti nuously across a thickness of said coating (350).

-22 WD 2004/ 025749 PCT/ US2003/ 024555 14. The net hod
wW@ewenei7ay to claim 13, wherein said depositi nBCT/BS2003/024555

selected fromthe group consisting of plasnma-enhanced

chem cal -vapor deposition, radio-frequency

Pl Bsometiddanrcediphentlaiat 19 aphereite god idepasiting ispeeiediadgfrom the

h | - L h
é,rglzgr:[m asf? éﬁ?ﬁga.%@}ag%%fgﬁémf%&ﬁg%%rog 'nc?e:ﬂgs@ﬁlgt [k d-Bquency
mmwmhaacﬂdanh@mwhmwn aleposipion, eippodingi thnrmal-Plasma chemical-

\;élgg#&éﬂogﬁb}{ égﬂ‘n @Ljug%iél c at§ L@t@ﬂﬁ% ot ftr%ﬁ ecgbl%%n-ré’s%ﬁ&{ce plasma-

@b@meduchgntcel-wm Henasitiony end@icﬁ\'%cau&l%glaﬁlaﬁ@gﬁ%we chemical-

FePBPUdpRSHioR, andUoBRidtionsBHefdofal sel ected fromthe
group ‘consi sting of pol yethyl enet er epht hal at e,

B P Shethal tor e 6 SR Jaye ptereit SR syl (4B ' Bitprises o

dyieric deterjablsyletthé fram di&‘, gpab ywenkisting) bf poleﬁthyleneterephthalate

S BOFOHRIIE PR LORE 0k 1Ek
1esingl coatpolygsient er i 10 }fllsnl@el ect Q@Yﬁﬁlémmdehe gr Belyethersulfone,
m féléﬂéﬂalﬁfthaﬁé&aﬁb §norfbBAY, 388 pbly(&eflc GRIME). C

rials. conp03|te article accordlng to claim
wher ei n sald i nor nd .cera
ﬁfeTlé%{r@Hmra&ﬁQrfiH@ 9y S SRR B fater fis selfigted from

tha ghiupeonsistingdss, orgadc, m@'g‘ama,aetndaﬂmmlb erabafalof el enents
of Goups IlA TIIA 1VA VA VIA VIIA IB, and |IIB,

Wﬁ"ﬁ'&% 808{1%%%?&3 tak&gdmgcor (ljafﬁ%dl %,/ ?v SE@ ‘ﬁ?fﬁﬁ fﬁhand ceramic

woieprls srnsplestédeGomrthe arq@erfs@mlstmgo@f mdeamltﬂd@e?@fbléﬁ boride, and
&%ﬁlgnﬁfbngfthe?é’df%f“e@éﬁérﬂgof@fcﬁipb HA, Imtaxo wa o7 8, VALK, 1B, and
roduce a djff ‘i i on Tsald
Bpwetaly of GreupsHIRy 1VBa e S{B W%e #Sccording to
claim 18, wherein said diffuse region i s produced by
B Thenrttgdtdcconding foaidiar tirinthentorapssing affectify spandtration of at

I§§§ %.téoa}gsl% S)géalh c%g }ﬁta{e%a% thitd gglhlsﬁgst%fte 0?”?(5 ?fcjdﬁte R fdifﬁlse

e OSI
mgtanbewewgsg@ﬁtub&trﬁdan m@swaéme mat eri al and anot her
material. 20. The nmet hod according to claim 13, wherein

SRiHe aleaRal afé%ﬁﬁigdto(?&ﬁﬁp% tw&ﬁ‘elﬁfsaﬁladlﬂjfus&fb% dog p(r&ﬁﬁ}:d by an

Is carrie n a.conpQsj r eact
é&‘?tléé%g‘?@‘g%fi’é‘ﬁm %‘fﬁ 83“%?% £ Pt (it P e pBiieh p portion of a
matedials Wb Shidatebstratk, And i @pbbsiting ta inigedd enaterial (3iddising sputtered
% rtl sing: &Bé oé k%l ety stantially transparent
¥ip Maketiab ang g AEly | st substrate surface and
a second substrate surface, at |east one of said
2ubbe nethodsyedrding thelaig 13oathertimsaith changingssaid composition of said

coating (350) is carried out by changing a composition of reactive species generated

by a plasma that is directed at said substrate.
21.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
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WD 2004/ 025749 PCT/ US2003/ 024555 graded- conposi tion

barrier coating (350), a conposition of which varies
wGewenzaTed al |y continuously across a thi cknesBCT/US2003/024555

t hereof; and an organic el ectrol um nescent ("EL")

menber (320) whi ch conprises an organic EL |ayer
gladedpordpesiiaebhriiat suatng (360),6 empasdin (f328ch 388 sahgantially

di sposed substantial ly

c?"?t BAPSS ntg?%h‘gﬁs ‘l(g%?‘l“?zz The light-emtting

devi ce (310) according to claim?21 further conprising,
mor@umlmﬁw@mnysmﬁhh%éé) amber (FR0) viugh FRpPIYys gn organic EL
1 EP %gcﬁ §rRel PRARRAI M(P@le@t%dds%ﬂc%ﬂ)l Al 8 gppeed on said

ereo sald substantia é @nsparent film (370)

ﬂ@gb}q:gsugﬂgrg@glgaragﬁpargrg,sab%r@é‘a "D EL nenber (320)

opposite to said flexible transparent substrate (340).
223“h€h16gﬁt4eghttmgrrdéxt1cm Q3 BV amerdiBgd 0p ecemorlii dyrthey cdmpmning a

éﬁ[@ﬁ?@){ eclr sHat dc Ig ﬁ% 39b§ ha%ﬁllgsgab%%@d %aéeﬁ%ﬁﬁ%ﬁlﬁeﬁ barrier

ceatingodismséd timeonhm@ lsduﬁbﬂltﬁ@HB‘ mmmgenﬁfﬁlm (370) being disposed on
szﬁ@ |o¥ ERfhfSeE Eﬁ{o @%@sﬁe 10O fekibleAtBSparent substrate (340).

arbonat e, epoxy resins,
e T
sissanEhly abespartapbutaterd 34(Dcﬂon{]ﬁfsémm§d§igmeﬁn @naterial selected from
e 8595, Gobieing Yord) sﬁ% SebEriph@tai bR i carbonate,

siliebes, i @oxy sresiab,esiliechd: : fopntioradizest GREXIC GeRiS tIPQi)zges@ff, polyimide,

n a bpthalerRd polynorb and
Bl fod, n SO BRIl 6% & T AP E b Al thal o polyuorbonere,
poi@)yliaetsdingl ng to clai m 24, vvherel n said inorganic
and ceramc nmaterials are sel ected fromthe group

qun‘}%' ﬁght[bgm&fngoﬁbﬂ@e (BIO)T ladﬁrdlﬁgirtbl cleim Aorwittecinasuid coating
conbi nat |

z\gq(lalwe iéox@ﬂl}epgrop%corghsamgl %o?g{%{c }no?%aﬁncaceraJmé éatenals
ahd t&nbindBonsahekedB, and rare-earth netals. 26. The
| ight-emtting device (310) according to claim21

ols hl".lrl}en%t %ﬁﬁ%ﬁ%g He %%e gl 1(2 %E&ﬁﬁfngvc@ cl-aners, (3efin SHid PR@shic and

sal l'ective. | ayer
ceramie inedterip %alfmw@ﬂ [ Trom ther equp rcelilﬁlﬁtﬁ’é o Otjfe; nitride, carbide,

b%ﬁﬁé' Aild &Qn%aﬁaﬁ@fs&h&eomf élbnféﬁﬁsckﬁSGrou?E:IHi MiA, rIVdagsVA VIA,
car es, .Ie a

i i ey oS} B b5 B VI e Vo Bl

devi ce (310) according to claim 21, wherein sai d

z&rﬂ&n illghtEd-.mltmm/ afevics 3(3)1 0y cwporilbigs taa clrime 21 afurtbed semptising a

rgtg Wik @;%f ?’atbg) C) g}')%sé sQfd RRL K ELV'I@@rc%laa?e‘ﬂle@ﬂve layer

ar aphenylene anes
ooemrwmgu ¥ gaateriah espbéte ﬁwmttgﬁ E0YMh é@@éﬂtmgafrfpdm&égel r @xides,
h&sl GRldes, B&MRR A4 h{2en 64 Pnitiidbs nedDstRrbades, and combinations

thereof.

27.The light-emitting device (310) according to claim 21, wherein said organic EL
layer (330) comprises a material selected from the group consisting of poly(n-
vinylcarbazole), poly(alkylfluorene), poly(paraphenylene), polysilanes, derivatives
thereof, mixtures thereof, and copolymers thereof.
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28. The light-emtting device (310) according to claim

21, wherein said organic EL |ayer (330) conprises a
woraia/025h9 sel ected fromthe group consi sting 0OPCT/US2003/024555

1,2,3-tris{n-(4- diphenyl am nophenyl) phenyl am no}

benzene, phenyl ant hracene, tetraaryl ethene, counmarin,

2BUiHeehight-enditingdveite! BU0RaccdRdng ad ichiira cHn evhepein whigherganic EL

15 C10) SmRyPRa BAE LTl Ao e BIE FoRitingafded]-tris (n--
digteengliamindpheny) hphepylamino} benzene, phenylamhracene tetraarylethene,
OBIJﬁ'thM NG kéfrgé}?e)ng Pa{d?éh%t ?ﬁ%\t AehR) ?Et?rl?ne coronene, aluminum-

um num acet lum a acet onat

(misalymiiydiet tb}ﬂ{géeqhﬁnla’ftlél phegoxides} i ght e fFandime( {4-methoxy-
yxﬁ@th{/ﬁé@)he)aﬁ@@wtymgetb@atsj ai ndhidudt-bEdylactontd,Si Ngallium-
scatt.er.ing | aye 90) said | ayer (390)
BW%%FTQP?’F& and ip 15?’1‘4?5%"? es dispersed in a
substantially transparent matri x and bei ng di sposed on
29. Bhwr Figltendftingaletice (B $0) acerdifg3w0glainp Bd Jutthertcongaisihg a light-

?%t%‘g?lg ggr(gg(ﬁo g{ld (1%%2)(%(§900H§)${5Lﬂ§%5ﬁ&mﬁ[ }éérﬁaeg ﬁiéb&@ed ina
sphﬂamuﬂllefstransparantpm@trm and rbemediquseqbwn) a watf@?q af sqilxspstrate
(‘Pﬁ(g)tblp%%ﬂett%rshﬂg)r éEEIIﬁénw (s2h)d 1ight- scattering

in said PL rmterlal is selected from

TG NOTIN. S T ——

df¥ phot6limiieyskérl (BPL') Gaxehial; m{xed Iwitle segtSeiddlpadiclss in said light-

SRR e T XN T —

ﬁ%M(;@%Als@leB& M(E@;%sé}gl sO5r 0PR0%; )Egﬁﬁy(}n@@m (Y1.4yGd,Ce ) (Als.
_EaNBP Z} }EQFM' 10 Y (s 1EE Mn 2, GdBO:Ce®, Tb*:
%ﬁé@oﬁ Ely&:%%% g r@pi\&n%/? u?’n K uogol%nr ganai 3)Bl Fu

BuBINGA . G) 254 &NEP,0,:Eu?, Mn2+ (Y, Gd)(V B)O,:Eu*";

i 2 B9) &ﬁa%e’sﬁ?sﬁ%?ﬂ%‘réémaméﬁ“%%égzgi?% Bu
STAPDA)ImlﬁEuZy {CaBa,®)(M,G,5:Fadd  xB3,€a.8r);®D,LHELF),: Ev*" Mn™;
T A SELE A PRVEES: fod i BECBEGROARGRI PLR 29 0 <y <1,0

canpri’si g at’ an organi c mat e
fdzééems‘ed‘-}’lfmsal d scattering layer (390), said organic
PL nmaterial being capable of absorbing at |east a

:qomé th tmiett @CJJEVM?Q} b&:lofdlﬁé/ltc) cla{r?@@aﬁlttﬁ& &gilﬁr%sﬁ&k at least
sal ganlc; materla m 1. N adl |1 O .
%O%gamcs @ate%lelétsmﬁ?c{ ﬁrﬁe é?}%f % > ¢al geganic PL
maréﬁal Beéifig redpatde tod abb@bmgzat leaktea qmﬂ:l(ﬁﬁbﬂ etectyamiagneddic ("EM")

I‘gg ?n F%]itie%) lé}gé'glé 95 S O se Eal%%‘g te\;\igtcét{rr]lgo ne ngahbl? @J‘? L' visible

wleemmodes (322, 338) and said organic EL |ayer (330),
said additional layer (324, 334, 336) performing at

Slﬁﬁé hgtt‘C hil 4R LRS! ﬁﬁ"() § Aol dr@iiy ttbeclaﬁﬁpgp wh&BRl $id Bfkanic EL

ron LnjectiQ

I@ﬁlﬁ %@%@hﬁmhﬁbv@nprﬂ%@F@E qagt?ﬁﬂren@fﬂ%%@ %&ﬁdﬁﬁﬂ%s% disposed
BetRB&EPOhd of BRINEIRO®Ites (323, 338) and said orgamc EL layer (330), said

additional layer (324, 334, 336) performing at least a function selected from the group

consisting of electron injection enhancement, electron transport enhancement, hole
injection enhancement, and hole transport enhancement.
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WO 2004/ 025749 PCT/ US2003/ 024555 33. A light-emtting
device (310) conprising: a flexible substantially

W c@nspEaent substrate (340) having a first subGI/DS1083/024555
surface and a second substrate surface, at |east one
of said substrate surface being coated with a

33r A dight-emittios dévian(3ibay canspristmat i ng (350), a
conmposition of which varies substantially

2 SRRIIOUR Lé’ahﬁ? %53 al%n{ Qibgﬁ?EE%}(g)hﬁ(rﬁ%f ﬁl?f‘ %J‘t?ﬁ ate suﬂface and

organi c e nesce
acsgmndq ESETRE S@rrf@?&n piclegst onepfespid( vat§|55rr§@f§“e@% Qe with a

gtaBa-BbRpbEiAGkEe BartidLoatidd 83 5BHNE coBipelitanpsewhien V%ﬁésdsubstantlally
flexi bI e substa&tl ally transparent substrate (340);

COIEEPHY S61085 ¢ €GBS A8t i al |y transparent

substrate (340) conprises a polyneric materi al
aﬁ@kmﬁceéleétfdiﬂmtﬂeecem (L") erestsr i(32))ofhich comprises an organic EL

asr iﬁ?d}bclégyg({es & rb%P\Pée%a{\% %lectreﬁ’ésygﬁ@y |3§§)e§nd is disposed on said

icone
ﬂsxﬂblmmbetaﬁmmmumparﬁmb@mﬁ(@%),e& ns, polyester,
pol yi m de, pol yetherim de, polyether sul f one,

“@e{eyﬁwu'fﬁ&m@%&%ﬁaﬂ y tIRRPARGE BIRGAR BQG}jccﬁﬂ]%ﬁ’s(eﬁﬁcﬂdlﬁnenc
ef1ns); said Coati1 material is s e Lomthe

AR éék‘% edt i ofther GEOHD:, CPUSHGEni A, FP@Y‘%‘H gneterepnthalate,
pglgfhl&fyla@és@ ;polyatboaaepisilizbh® nq)lckbleilfeemﬁ s1al$he8ﬁ1lndt1m’ragaed @poxy

ayer [ises amtarial selec romt

SHs | 2t | RIE ol y( RONIRIRE ar badls ﬁleﬁjmlde By & &tone,
pphyethiydnkendfthaleree npdlynorbohenep aarab ity (cedlis) jolefins); said coating
n&%ﬁlﬁﬁ id LR %&B ltlYeaéﬂoMfr Sortsi¥Eng OF ordthit! Hofsanid) 8&8Ric materials,

and zog%umﬁg{m ﬂ(en,e(@} g,tmgﬁayd FEHOD Fdniaysr gmgprg,qegrﬁ W@}erlal selected
ez QH@ &liﬁn)ébﬁdutﬁf acgfe; otﬁﬁrv@@nca&wzbﬁm, p6SI9 B lilRorene),
pﬁgzir(]qu}r ny]@gq: ;&)gﬁréﬁmyelsbact:r?va{h%gg thereoq”t mn?tures thereof, copolymers

tidreot, num (B as jnrEtdiphdoslamiadplizing])2, 6- phanylamino} benzene,
ut ¥l )4 henOX|
e BEE Ry ctions: , sQmgTRe: LSSy (Rl Rutadiene

avthsacens, a)lemiq:nq:u m erenstieac eqlgmmt@n—(plcolymethy ketone ¥b1s{2 6-di(t-
bﬁ?l th‘l%ﬁ&é%ﬁ)’ | a6 Cme oy f‘f&)’lﬁﬁ%tﬁﬁﬁ&%hé}qﬁﬁ@%l@cetonate),

[Tght-emtting _device conpr.i Si ng:
afyrginpptacetylasstonate; gallymeacsty iaﬁsﬁoaﬁt@ Adgadingy %ce(ﬂw}onate

having a first substrate surface and a second
3gubsiphiadmitting devie, (380) dodgsisimpne of sai d substrate
surface being coated with a first graded-conposition

akﬁ‘e[g l%lg rﬁ%lgs?%[naﬁg m(afigo%}ent t?s?ﬂm @4bj ﬁ)epvtlr% Eﬂé %ﬁbs}fﬁﬁé ﬁﬁ‘?ace and

nuous acr
aggecondysutistrate| se\&ta‘i:eo lat) &naﬁte@@efmﬁ said EILbS)raWewaé?e peing)coated with a

6h SEOSAfch
PSSR B Ut S i

sybgtaptiafly coptinuouslyserosn e arent substrate
(340); a reflective |ayer (360) di sposed on said
aﬁfcﬂgﬁh@ ekebtroRftigsscént 20BL 'O ppaabéra(320) whicl compbists at erganic EL

layer (3.?5&) 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
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WO 2004/ 025749 PCT/ US2003/ 024555 a substantially
transparent film (370) having second
w@e@does7epnposi tion barrier coating (372) di SpOBES20031024555
said reflective layer (360) opposite to said organic
EL nenber (320); wherein said flexible substantially
at ﬁtﬁﬁ&ﬁﬁile;ﬂttraﬁs{iméﬂtaﬁhn (3%0) havidg ssicdnds \gradedrtoingiokiyion barrier
trans film | y [
chUPRLREES Plahidod I OB B (20) B TPURE ani
npoibee (3RMenet erepht hal ate, polyacrylates,
pol ycarbonate, silicone, epoxy resins,

vﬁig*élﬁ QA ﬂé%{ﬁl% sQpRhdt7HAY t%@ﬁdieﬂt%g?ﬂgarte I@%@) ent&hid substantially
P S

m et heri m de
myaéqrnﬁyf lloh a4 %k FamBHEE ap@PbP ofetIal & 019& fromy dhg group
c@hsi‘sftiﬂgsc)f polﬁs’@h}deﬁe‘téréphtﬁalﬁkeﬁﬁﬂ?ﬁdﬂyl@fe@,dlﬁﬂymlﬁmﬁw silioone, epoxy

gl TR T e
pol}@ﬂmrsulfonmop(gyﬂhyienermpﬂlalmc, polyeeibaehene, and poly(cyclic olefins);
s&ﬁ”ﬂ?ﬂs{‘ Qﬁd g&%n%_ir&?ﬁc?eﬁf (fongﬂ)gltﬁﬁ' érg&ﬁhﬁ% @mt!:ﬁéie(@m) comprise a

'ecte romt
n@aqurga,l smdqg:ndq&ntb/o ssleeted ifram dhe eiow é:pnsmtmg of orgamc inorganic,

cBRhME Jdttdd, uan %%1na@i@h§ {IRASAPARNYI® BPQadeEL Vigfer 2BMPrises a

derivati ves t hereof, m xtures "t hereof
IR of SeETes 3.0 5 [AE (AT RS o ety - vinylearbazole),
p[é[ﬂﬂk&m‘ﬁbf&b) ﬁlﬂij@mpher@m)ll polydilnaes nierivatives thereof, mixtures

FENEHIE M ST T ——
MhmnMMMhmt ﬂ@?hﬂr&bﬂﬁa? dmug{azmﬁnﬂxre{ue, tetraphenylbutadiene,

phe b ym-(picolymethylketone)-bis (2.6-di(t-
Ml (IR o R B T e Rl

hylﬁgm)enom SO ﬁﬁjlﬁd]alél’é mg ymethy etong)-bls(%céylacetonate)

AahinuHA R4t RE R gﬂﬁhﬁrac@%&mﬂhﬁmﬂlﬁﬂiﬁhﬂmﬁm@tmme
35. The | |ght emtting device (310) accordi ng to claim

3(%49& i‘&g %g&?odeiifgg 328 f%?ﬁt)ric}%l%:r %ar ent é‘%@ T copprising a

soatpmmgtleydrcﬁ%;)ahspcmc@ amsaldaubstemﬁ;’élry tf@@pyrentssbsirate opposite to

%){ggf‘ies an ﬁlgfnt( ?Wchﬁérﬁ%afaéf@{ g@d | S e})rrgén scattermg
mrtmlu@sqndmartmkrswftarPaln %@r@h@lsl?ﬁﬁdi ip a subgantialiy ﬂaéla)afen‘f Mmatrix.
assenbly (310) conprising a device (320) disposed on a
6. &éa&h& ta%é?ﬁ;‘lﬁr(m@ﬂ k¥mpfiging mrdenife s(@3hey rdaeltcpese(cBéﬁ)a flexible
id substrate strate.sur
e oer e hathed o] RSB E R R Sub Rt rtace
&db&ﬁkécﬂh& sabgtfate ewrfive] algleasiair&dof saiid kubstrate surfaces being coated

ﬂ?daegrat%gon %kb%ﬂﬁgn %Héreéoaﬁﬁ t (a?’% %ﬁpoﬁ’uon of which varies

cont i nuous
albﬁt@ls'@l]a[ qomlnmggrosm ﬂé@l‘fnes%fhefﬁﬁﬁ d ev i ce assenbly

(310) according to claim 36, wherein said device (320)
3BThé @é\ﬁigé ﬁ%efn‘bﬁf"’(iﬂ@? aBEEReCRNShiRt BEIwhéreln SHid device (320) is

Sl e TR bBisORE oF linad stk fisplaps s Badtotolic cells

iplegtRebcircits, AAddenipoters stinbdiyal(@dghbstiosystensi ng a
device (320), at least a surface of vvhi ch is coated

0 @pg%‘“?er %%g o?ﬁ’\%ﬁ? @ﬁéo‘h’l&g i ﬁé\ﬁ{:e iaﬁ Qea&tgas Qfac of which is

¢datedewith a graded-composition barrler coatmg (350) a composmon of which varies

across a thickness thereof.
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-27 WD 2004/ 025749 PCT/ US2003/ 024555 39. The devi ce

assenbly (310) according to claim 38, wherein said
waelewitozs7¢B820) is selected fromthe group consPGL/USZP0824555

liquid crystal displays, a photovoltaic cells,

integrated circuits, and conponents of nedical

36 Thg ndevide Cassarsiblg n(S 1 0 dccording hndlaimr3&;ra7b&1em@;nasaid device (320) is

sélF%{lcj& gﬁ)rlrﬁ ihd gﬂ)egeﬁn%%tmg%tf ({Hf ta? %ﬁ% Q%%hotovoltalc cells,

nggmtedatrem(ssam corandnsgispitmadigal é@ms‘tlﬁts&ste@ﬁrr face and
a second substrate surface, at |east one of said

4BYD et Fostbkiag @ 12at-bmittife abwee, Shiinéhéd Eshprising:
graded conposn tron barrier coating (350), a

[ ich. . varies sub1 ti .

PEERE dol Gy PRt ey, Rl BHERE P40 aying: a i sppstate
saifacer gaing Gedond nembisteate (sﬁﬁfék)e \amlaabt amapf saidsubsiraie ganfice being

Fork Wt SRS 10 e v

vsutfssubatmtlalhflconheumtmssmﬂunhmw thezeq -emitting
deV| ce (310) according to cI ai m 40, V\,herel n said

ﬁﬁé'aﬁg)réiﬁirlésj tﬁw gllegigtel; € s%ﬁﬂ?lgdr{rﬁ@EL layer (330)
d&p@eqdr g%bmem tegneleettadsy (?12% EN ?J SHicC EPBls: sty Hexivle

sGbstaesi tion barrier coating (340); depositi ng said
orgam c EL layer (330) on said first electrode; and

4&0121{)“ ﬂ}Oélif %?@gl[qﬁ ey gﬁggrg t&%%)degxzé d(]gﬁ)ﬁ)s 'a&do?&ng to claim 40,
vdregeini seidEdispegieg S@@S@t)ganszfméemerhff@OP SPMPERGsEpraning a first
ekéc% 85 tb?rpn&%)gﬁﬁhgﬁ A3 ctREARF Cindbeti ﬁllaféhﬁl Y sald raded-

urt sin isposing a’refl ect
CQﬁlpgéﬁlgn ba@lgﬁ p@at]ggg(ﬁg g@po(sgg)(g)saldocgg@gpflﬁé 861’42?(& on said first

eidénse rliﬂdaﬂokﬁhﬂgf @Béd@).ﬁﬂ edctrddd %3223t‘tgrddéi)6@1}1n% ghisg;fbﬁd electrically
evi ce
Cgeé‘g?@g%at?%ﬂgpg %ﬁrg‘ﬁﬁ{‘ﬁ td&:"g)ﬁ‘prl si ng di sposing a

substantially transparent fi I m (370) that is coated
AR The methed foruaking ddightoniitisg dedee (G4 P) aeserdingto ¢lgim 40 further

c%ﬁ'%?l)s %nd1$€65ﬁrtlg’ gf }eﬁ‘é&ﬁ%eldg@y %560 46 E&Iﬁ 5RERRIES, Qhember (320)

emttin accordlngto
apPasiif t@@affiéﬂbﬂ@%tlallﬁéﬁﬁmaﬁfﬁéu t@&é #y a scattering
| ayer (390) on a surface of said substrate (340), said
SCHid REthog fdrayaking amighi-Sinftgng deice(349) adcoadif tonalbier 42 Further

erse a subst | 1 tra r r'
RS o Br s rya épspt AR Fio) dBb lsbcqgp pich a
sacamlr gtadeg- dompdsmombamerfcuauﬂge(ﬁn):mmd mﬂﬁgtl‘da lepssi ng a
second graded-barrier coating (372) on said organic EL

ARTREh e fhdd Por Iﬁ%&ﬁg 'atl%hE @mﬁﬁhg dsHbstA0 héﬂo} to claim 40 further

transparent su - 28
qo@qgr@gtgob@/og@g@g,sgattenng layer (390) on a surface of sau? ABstrate (340), said

scattering layer comprising particles of a PL material dispersed in a substantially
transparent matrix.

45.The method for making a light-emitting device (310) according to claim 40, further
comprising disposing a second graded-barrier coating (372) on said organic EL
member (320) opposite to said substantially transparent substrate (340).
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46. The nmethod for nmaking a light-emtting device (310)
according to claim40, further conprising disposing a

W@ emaneb7id exi bl e substrate (370) on sai d or ganPCT/EE2003/024555
menber (320), said second substrate having a second
gr aded- conposition barrier coating (372) thereon.

44 TThe nfistidtbfbr freikirpedtigig- emlttirghtev&m(fi 10) agcatding te claBi @y, further

|
cBparp i gE o sdpd Aeef s?%%?@p G5l Gpmnic EL member
(320)ssnicbsebend substrats e Ting @ septhd BRSNS o ATt coating (372)

ce; depositing a first graded-conposition barrier
coatl ng (350) on at | east one of said substrate

urface, a conposition of s rrier coatln
4(73°5methpérf9n making glightrrmitting ae\%fh 311§b ae@ met thed GUEpTisiE
t hi ckness thereof, said depositing being carried out
1@1n§&t fhedble Eﬂubﬂmﬁthllfyrtmnsp&rentgsubslmte @3v0)Having @first substrate
|.asma- enhag{é1 ctragm C?ac vapor deposition,
Hiegng ASHeT SVORTAR ¥ hanced cheni cal - vapor
dep05| tion, expanding thermal-plasnma chem cal - vapor

delperitinigt & dirst staded-eompesitiore hatriey soaing: (350) 0y, ateleast tangrpf said
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48.The method for making a light-emitting device (310) according to claim 47 further
comprising disposing a reflective layer (360) between said organic EL member (320)
and said coated substantially transparent film (370).

49.The method for making a light-emitting device (310) according to claim 47,
wherein said depositing a first graded-compositién barrier coating (350) on at least
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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-
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pl asma- enhanced chem cal - vapor deposition, and

conbi nations thereof. 53. The nethod according to claim
WG 2g04bronei N sai d device (320) is sel ected froPeT/082003/024555

group consisting of liquid crystal displays,

photovoltaic cells, integrated circuits, and
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plasma-enhanced chemical-vapor deposition, and combinations thereof.

53.The method according to claim 52, 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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