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ORGANI C ELECTROLUM NESCENT DEVI CE TECHNI CAL FI ELD
[0001] This invention relates to inproved organic
web@es@bum nescent devi ces and, nore parti cul BET/¥S2009031955
organi c el ectrol um nescent devices that have been
protected to reduce the absorption of noisture by the
device. This invention also relates to a nethod of
protecting FPREHNNIC ELECEROTUMINERISEN DU €
agai nst the undesirabl e absorption of noisture by the
devi ce. BACKGROUND [0002] O gani c el ectrol um nescent
devices (e.g., organi ; , di odes) are
usef ul |navar|ety GTE'W.“ ! i cations and in

[odohp PrERaidbatih @fatddite hmgmed @agam@ SRctbivekinebicsit dyRes and,
hese devices typically Include an organic

moe¢ partmdanlwntﬁ ergaat elm@mlapscan@wmﬁth@éh%@éwea Rrederdrseto
recﬁg aﬁgc;rgtg qé?f; r\ggﬁgﬁg X#, e(/r%é t Z“h%%\%%ﬁ%ﬁ“aﬁo relates to a method of
prétéctiaf e lot:g'ﬁlnnﬁ@éc&fdﬂulﬁﬁfeﬁfehﬁdesf1o&m§amsisthe phddsirbble wbadrption of
organic light emtting diodes (OLEDs) to noisture
moige Ry dks ‘éﬁY“Fes wel | known. Consequently, organic
el ectrol um nescent devices that contain reactive
materials are usually egiceREIROUND L0 extend the
useful lifetimes of the devices. Encapsul ation
[0602pi ¢ aDigpnic rvmltmhsmpwcnu d@mcnxg(eagwbrg@at light enhigting diodes) are
ect r odes ect r.ol um ne mat er.i al
wsuliber ey Jliehing Sy fet e 56 s sl Ehied s P B
resBREOR ANsphays UPRédealcRicadtlpRalP irkludeaR oagehiOélb@rblivhidebent
presence of a desiccant. Various other protective

matear;ﬂé dispesed batvesnisa anpds andercathodey Tha deviessdnasalse penjain

I I |
RSP oA S SRS o M feptiy o
orguhmllﬁgm smitting dipdes (OEEDs)to eldistimeicgendhticteis iveed] krivain.
onprises a |ow noisture perneabl e substrate

Cogs%@nﬂw&wnc @Pqtm&@ﬁmeﬁﬁ@mademcgf that é?flti&&ITWEVé Hiagériaiﬁ are
us{éﬁngfeg&?ﬁggﬁ etdsco %X{ehﬁ e Wefil liFRHRs o tHRERINY elﬁl‘é%ﬁsﬁgﬁon typically

emit structure that is dispose
intodtespesitibhiag fand sdaalmg dhesde@wdemrei:eﬂc@mésmnammrnatenal between

twg a\g‘t??r%‘%% \é/‘?‘fhgatls s Bt Epgf eric o o 3} gg‘%%%%s?ﬂg and a metal

caf SEPOerin ke ﬁl%g’&]ce and dteﬁ@caht gmncﬁlmomelr BEbt&dtive Gyefsoan also be

The protective structure conprises a_|ayer of boron
indwdeddo furthen nedune copindt of Brerreicsive mpjasials Witk fmoigipioy, t he
inorganic barrier |ayer has | ow

SUMMARY OF THE INVENTION

[0003] In one embodiment, the invention provides an organic electroluminescent

L‘"

device that comprises a low moisture permeable substrate (e.g., glass, metal, silicon, or a
protected polymeric film) that supports a first electrode, a second electrode, and a light
emitting structure that is disposed between the first and second electrodes; and a protective
structure that cooperates with the substrate to encapsulate the first electrode, the second
electrode, and the light-emitting structure. The protective structure comprises a layer of
boron oxide and an inorganic barrier layer. Preferably, the inorganic barrier layer has low

moisture permeability.
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noi sture perneability.[0004] The | ayer of boron oxide
may be di sposed over the first electrode, the second
web®ensage, and the light-emtting structure, BCMUS1965/031955
inorganic barrier |ayer may be di sposed over the | ayer
of boron oxide. The inorganic barrier |ayer preferably
conpri ses an inorganic oxide, boride, nitride,
[0094} bi dBhe leyerwif boiodexideminobe disposed overythafitst dectreds; theasscond

clefrorlo Rt e AR oGl e al pE R et i be disposed
ovérithd Ia?éh ofobdH AR, OThERBRIaAR YRS 1426 pR#rabIFRBAIpkisSs an
e

. exanples include silicaon oxide (norioxi de or ~“di oxi de),
inogganiceride berifelatride aerbidenossmigides pxghoride.otr axlyearbidignsuch as

et . ) . Cor | av. . |
s111g6(§1j}] gfarhd%paﬁ%ﬁ 05688 ﬂitﬁd%gqrrc:algorld% a%ﬁn%f){e}fi%la(? ?ar%oﬁ"?&qgoﬁ}/d%;r and

n CORPri si rex ernatin

mefudd stichrak iliaog aluinihganircolbyeitions (heR05] Spdetfickeaigdesiaylude

Ladditionally, onpnisg a huffer layer .to protect. the )

silicog e¥ide fmpppdite Fdiorde)s st ernifides pluinym oilesor sdicon aluminum
e . Q .

oxheThE Al SupeoRnd SRR R0 i comprion

exahspodtethatiug polyhericiand inceganit lagels, t he second

l.ectrqde, and the light-emttin ructure, the.layer
105 b or BiF dsxfeten vy TN BT b raieet tog e of
bodRGxideerd i 288861 Fithahd fiRE cledtY&le, IR YedRd et hBaE IndNE Fhe light-
the |l ayer of boron oxide. The buffer |ayer preferably

emgiting lirgcderea dhe byHelaperanay ke dispasedioer dire frst tlestzads, the second
compound..such, as..t.ri s(8-h 0 ui nol i ne).,al um,nuy
clefRgy i g e Afuhibe SRR he TN A AR S8 il eBposed over

thefHutee Ly @né tHeUsbrghsic Hatier et M B Uikp6RARVESE e dayer of boron
second i norganic barrier layer. In such constructions,

oxidep he bufferdgegr preferaplyccoaprises an enganrsadiellio gampepnd o1 & ehelate
cofp Gt 2 o D BFFOR R QR By comegprirapgyonine
(Cuk)di sposed over the buffer |ayer, the |layer of boron

| de s di sposed over the inorganic barrier |ayer, . )
[oddal " rEhesmehEYS sterBERmEY @gshﬁlpléﬁ& COgFISP & Seogg egrginic bartier
laygfrfrb elgl LBR A RUBEH s, DOLAR 1996k 31? gre[s&g?i%]diész aa? ge first electrode,

iment, the invention r tes to a netho
themeotielodl ¢atigpdarand i@ higly-eatidnigrsthciuian Swdporganie baoeer lafieeis
. et hod ' i, di i.C.. ) .
disppssaov 6 BRPHESENT Medateh Py bUsRSRINSs isnosed o srfhs inpreanic
balPRf [@é:?bﬁ‘d Helstdmtifo QlZiE batHP RiykSis @inbEeﬁov@% &fétlﬁﬁ‘i' &f béron

second el ectrode, an light émtting structure
oxifesposed between the first and second el ectrodes; and

[0@?@' yi 1%n8thef g&ﬁ&&irin\érelt, e HIHOE 18! 1" PRELR Y %ro%cttitr]lg an
organic electroluminescent device. The method comprises providing an organic
electroluminescent assembly comprising a low moisture permeable substrate that supports
a first electrode, a second electrode, and a light emitting structure disposed between the
first and second electrodes; and applying a protective structure that cooperates with the
substrate to encapsulate the first electrode, the second electrode, and the light-emitting
structure. The protective structure comprises a layer of boron oxide and an inorganic

barrier layer.
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substrate to encapsulate the first electrode, the

second el ectrode, and the light-emtting structure.
wabh@eps@becti ve structure conprises a | ayer of PODDUS2IV05/031955

oxi de and an inorganic barrier |ayer.[0008] The |ayer

of boron oxide may be applied by thermal evaporation,

the inorganic barrier |layer may be applied by vapor
[0Q!1§bosi Theolayerarfdoidn axtide mey be eppdisdibtyiteradal gvaporgtionstbs irorganic

ool P e apPs TSR SO G, ol b ABtien B fosly comprises
a b HaYERAMANGS 060Dy thikeritiut@arl &vl Pox\&hbﬂl oP@ap¥® depdsitidny

appreciated with reference to the | owi ng
non-limti ngand not to scale drawi ngs in vvh| ch the
same ref er enBRIEFRESCRIBEIQN QE THE DRAWINGIS,qous
0 t [
o et .%Vé}@%?ﬁ%ﬂa %@ES@“‘&“ aiffedileg Wﬂ’f%ﬁ% e G Fing
nomdigahng amel sattto-gtaleidresdngnin wiaeh the same osfelience symnlidﬁsdemgnate like

ent| on; [001 IS a.schematic, sectional

°fel? %0818 gmgélg Jhé‘i’r‘ﬁg\ﬂ‘ﬂtr?é‘ﬂtm?ypm n organic

[mﬁlogct reIc! {9 §§9&ﬂiaﬁ€ eéébﬁ&aa@@&w&f‘ st QnEJlﬁmbﬁ‘thﬁ%'o?ébmc
12] FIG is a schematic, sectional view of

eleplﬁ@hﬂﬁll@ﬁ*b@ﬂldn‘éln@ agsfording m@am‘@nmrect rol umi nescent

O34 RS S3EFPel BEA FB e BR ofh] fmi

eleptrlugtiddertdeyio® bécording 10 thbaivefyn;be used as a | ow
noi st ur e perneabl e substrate in an organic

0024 ot 1B Biip a sehematigespridenad wiewr ofi athird @nlbﬁélmqw ehen enganic
onal view of a -

eleég@éﬁ%né:hgtgngé ?cﬁgg%l?ect eﬁi&%ol ynmeric filmthat

[0018y beFIak dds aScha:mamWSammhwmw p€ & figst lehdodinkait bAk protected

fn or gani ¢ el ectrol gocent devi ce iecordl ng.to the .
po @bt ey BY use @ 240y SIS ERERRTDE SETHB LI oRZane

eleefroﬁﬂlﬂsﬁ&t%ﬁ@é’h&@%ﬁhn?ie Be Afveh&&t.ed pol yneric film
be used as a Tow noisturé perneabl e substrate
[0014] an 19y &ris e seheamtic stativnaleg ek of a denoind enbodimatit nfa potected

he i nvention; JO0O FLG 7. ch c, sectional .

polyiggeat bRt b G g G oGS DERBLAOIS SPSEIE P piganic
elebirb M iiNRkerTR4viDE adtPRin @t Me iRNABN;St Ur e permeabl e
substrate in an organi Cc el ectrol uni nescent device

[0WSt or diley 6ti® atsei@matw epatiopal vipwof 7 thir] @nbalimentzof a protected

PO R het%n?h‘enathgterﬁg}'/ used a!s & 96w ho?stlgrlefptepmeea eosdu ORAL of an orgamc

electroluminescent device according to the invention;

[0016] FIG. 7 is a schematic sectional view of a fourth embodiment of a protected
polymeric film that may be used as a low moisture permeable substrate in an organic
electroluminescent device according to the invention;

[0017]  FIG. 8 is a schematic sectional view of a fifth embodiment of a protected
polymeric film that may be used as a low moisture permeable substrate in an organic
electroluminescent device according to the invention; and

[0018] FIG. 9 is a schematic sectional view of a sixth embodiment of a protected
polymeric film that may be used as a low moisture permeable substrate in an organic

electroluminescent device according to the invention.
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polyneric filmthat may be used as a | ow noisture

per neabl e substrate in an organic el ectrol um nescent
walewisoss49rcording to the invention; and [ 0018]PEI/G52085/031955

is a schematic sectional view of a sixth enbodi nent of

a protected polyneric filmthat may be used as a Iow

noi sture permeabl e substrate in an organic

el ect r ol um nescent DETAHEDODESCORIRITTON he

ent LED DESCRI PTI ON [ 0019]..Broadl y,. and in

03 BRI R s B ST RPN 6y i

cleBlrS1ahiRisbétit A8vice Bémﬁﬁé{h% £ 1P HRidtfrk PBrnFeabRNuBBr S tHaf supports a
per neabl e substrate tha orts a first el ectrode,

firgt eleghdd e lasecanddectugdel, aad |a|1 el@rﬁmg smgttw rtlaﬂémdlépqsnébeﬁﬂeen
thept?rg{j aé-rg‘itps%gondd e?gcl}%ofﬁ% Sotgctlrvsét 3% ateg {\jﬁé}t tixg ?\?oss%rafb‘ to

en@PSEpRUhAList tleetrdde, te seb@dtcldede, tahe tl‘ﬁ&l@glﬂiénﬁitm@tstrﬁﬁ&re
and the light-emtting structure against the
agiipeldlg wdsrigable abtoprtiosrpL aroisaies (e PToteeiiy sty piaEy qapeprises a layer
ofﬁ&ﬁoﬂ%&%&eeang%ﬁﬁﬁé cﬁaﬂri%YFlg f boron oxide and an
I'horgani c arrle ayer 20] For conveni ence, the
[0G20] st Bireohvadence} ﬁhe fise eiottodd, dot seoals] elegtobdejwnd the light-

Lightem tti Sstructyre that is d| osedt er ebet ween
L SGMRTTCG 18 1P etel I GRarRF Y oS SIS AN VD efggred to
here &AL <Ot HRIRAREHess” Qf the r(‘)19%a?i’i[cgélé’dtﬁ)lummescent assembly of the

ectrol um nescent assenbly of tThe organic
orgmemleattoamnnnemahtOEIOEI_e)ncdebhﬁmontplmeg@s being onematignally arranged

i ti | h t hat
sugl BBt hAREnE 4 P B SUP R T BF e Fos shian LR FPgRpitied by
thd Reti@nffinklsatctaye. R 1 dh@iiteAg stidhere $pickltyldognpribBean organic
light-em tting structure typically conprises an

elwtrglalnunescéﬁrﬁémt@mdmnﬁi@f, daasitongwf drd Adectrodagityaically gan transmit light
e ?ttec{%‘ﬁth‘g'og% O s di géehymgéﬂatransmt light enitted
y e icelec

Sl nescent materi al . [0021] The

[00717 Ot eTHe \é(ﬂo&bﬁv&itwcﬁue’bér@aﬂy yefesfie e lhyaertdfeofoalymideca‘nd the
bor gn_ oxi and the inorgani¢ barrier |ayer,

inqrggre¢ Bargieh sy ptathesg lypsropprEatng Witk fhst! HWén?}éﬁ“FFe%%néable substrate
to ?ﬁ&ﬁ%ﬁ%& ghé @pe?ﬁfoggﬁwnﬁgoﬁeﬁtg 6f ﬁ?}%%ﬁ HQH@é ﬁg ) ﬁggtﬁ'iat?%‘gf 18

evice apsulate" 1t I's nea
mganothatcthe peotedtrvtecstrucmrefmﬂ thehmbsimdas toldotivelylsurotnd/ed enclose the

surround or eng] ose the posed isture sensjti .
ex B BESIEF STREIS SUHEEA% GF F OPEHHER APTPBReni el theDEL device so
as @@f@dﬁ@e 96l 82pdfhnd RBAHSiStutd YR coRIPRSINsErbES bmesap&a&mhapt

coul d be absorbed by the operational conpoOnents.
combne:mu AB Qﬁicdﬂ:\dw@comngtte tharmmtuomdlah ageduced ellubt—ydto absorb

o A R bl
[0022] OEL devices such as organic light-emitting diodes (OLEDs) may degrade in

the presence of moisture and the reactive metals used for the electrodes in such devices
may corrode when exposed to moisture. These and other organic electronic devices such
as light valves, liquid crystal displays, thin film transistors, and other electronic
components, will benefit from being protected according to the invention.

[0023] Turning now to the drawings, FIG. 1 shows an organic electroluminescent
(OEL) device 10 comprising a low moisture permeable substrate 12 that supports a first
electrode 14, a second electrode 16, and a light-emitting structure 18 that is disposed
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[0022] OEL devices such as organic light-emtting
di odes (OLEDs) may degrade in the presence of npisture
wW@nwens@9r eacti ve netals used for the el ectrodeSI/US2005/031955
such devi ces may corrode when exposed to noisture.
These and ot her organic el ectronic devices such as
light valves, liquid crystal displays, thin film
betive@ilthe Firqifadd secvideldrabdeal ecprotsttice smmnﬁ&nn@rlsmglal layer of
benefit from bei ng .prot ect ed e};:cor din

borpp pide 29 rnd o @RI EanfY PHIIRGIaNEHF4 OPFALS it 1ﬁ§5{sm°’ﬁi“€-§ pegmeable
subRfRg 2 48 er?cragapht‘é LGBl T, A6 ﬁ@lec@%l 6.08Mi l%gt-%lﬁg’{mg

conpri'si ng ow npi sture perneabl e substrate
stnstypp @8 (ise. Ahe ppsm’atlahécbmpot@nmf QEIS éc\omll@l ectrode 16,

alight-emttin o that is
oo poduBerideronietes PELUeHE 10 % habirdpplutie dogice also
mcﬁfd% £656N& pall RYGhH R LINCAETR dab LdtEimBnicay@l with ﬂ@@remuoate U4 and a
and an inorganic barrier |ayer 22 cooperates Wt

contmpmb%ﬂw is ipelaririasl eommpricatianevily sgcgnd glegiyadn k- eTyplcally,
coqt?cré %%d Z 1sta% goqﬁj%u fuc o e&{i@&%ﬁﬁ)tnr qq?ﬁ]eeﬁech%ﬁg 14, and contact pad

e operational

26 CONRNAA O, Qiﬁbr&_:én elastision cfBpconf @R24HATD6.f rcthis dvantpit Wlll be
connecting OEL device 10 to. a ovver pl t he de

undarsigod il Baderiahes i Meproiaeive ATERiTe Jadinp s Roupdry Rpteen first

elegﬁ’%ﬂy‘w téoﬂ&c n Af 'aﬁ&fhe@oﬁﬁ&di‘?g&wjeén seHdd B1eeRBAALE and

ectrical conmuni cation with second
comh&(phd ade T1|16 peﬁp&mryc af thy prcacmxva@truqim a@d thestwep boundaries are

cont b trode 14
rengragned Y Gedkedamenes pad 10.gemerobedt Flffur kB R eamefow
coﬁ%o%&cﬁf‘i )El, 63iEO U inlBIG. 1 Mhrd Sich: }?ﬁl\hﬁ&l by tHe dUobéraﬁ@ of the

derstood that the periphery of the protective

prcm:crtlycswcéu@smdrsebsttalfﬁal%oundary between first el ectrode

d d 24 d, t.he b
0BS5GBl R Boferel kS TR A oS RS Rty
mdRérod] Bfat s\6RfiSdieniBt resictaning nﬁdi@uie\mnbtﬁiseﬁﬁrthaﬁﬁt i3 rsﬁltable for

represented by broken |ines 28 and 30, respectlv Yy, .
supperimahe pperytiomnal C@W@C’@?j’é? eftand Wl devies ahaielles gpy egher materials,

co%?g’%ec %h%/érq%{erﬁllla}mag § eC &E{ﬁy bﬁ‘lﬁ&v@é otr% %rogectlve structure.

ive structure a strate
OHI2devi€¥a 2ficAly' ﬂequrpnoﬁdcumeﬁpmrmmamt@msnxbmrodtﬂm levedsithat can be
and may be praqvided. b mat er i

meggyresl bY epmmereialdy %\faéﬂﬁgletesulﬁﬂegftw a ﬁé‘ﬁ’:‘@ﬁé’ﬁ NRSON
(MotdellnSchﬁrﬁ ylhéﬁgiw r g M@@C}?‘P@%ﬁﬁm@ﬁﬁk typlcally capable of

ice, as wel s any oth \
mdBiirérigd rbisture penpoaation stermilor ab Sy ‘sgromaisqurg m;etﬂmfgiay §gim*/day),

the CEL device or, the uct.ur.e.
peaawleegatpw low 35,1 x#@ &fmﬁéﬁﬁwaﬁ?% S g EsERRle et
Ac%% "lfnli}?n(ln%?é ﬁer&@%le'%[istpa@e HRASpreRFatly has a moisture
CI al avai | abl e equi pment such as that provjded
pelmeaﬁm@k: of less than 5x10™ g/m“/day, preferably less than 1x10
even more preferably less than 1x10° § g/m*/day as measured pursuant to ASTM Test

Method F-1249.

g/m /day, and

[0026] Within these guidelines, suitable low moisture permeable substrates include
glass, silicon, metals and metal foils (e.g., aluminum, copper and stainless steel), and

polymeric sheets or films that have been treated to address any inherent tendency of the
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(Modern Controls, Mnneapolis, MN). Wile MOCON
equi pnent is typically capable of neasuring noisture
w@enresi4don rates as | ow as 5x10~4 gr ans/ squarBCT/US2005/031955
net er/ day (g/ n2/day), perneation rates as |ow as 1x10
6 g/ n2/ day have been described as a desirable target.
Accordingly, a "low noisture perneabl e" substrate nore
polynef ¢ aimsynihmasistureras diseursecdomoreefally belowah eonjfunttesswith BFGS. 4-
5x1 O 4 g/ n2/ day, preferably less than 1x10 5 g/ n2/day,
and even nore preferably less than IxI1O 6 g/ nR/day as
[002@?5 Ur gigkt BHA S8R efe@tr&ﬁ-gw-gﬁ§ b6 Wymécfoﬁnédzéigche k&2 Rilaterials or
hin these guidelines, suitab | ow noi sture
difpwentwadi¢rials ubgrieatydbey ar@lf@medglsmleoémwlwnndwéma Ingaterials such

os BT R85, bl o g e RRER AT YRS afbave
disbeR e thnti@oaditbti®s poBiers, vdidng, fbeaxdenly ¢old, blatpomhypaladium,

tog transmit noisture as discussed nore fully below n
alugyRgnealeiB . apimp tigauum nitgide,[ipdipm tipxide, fawaln§ daoigle, and
0 r
poRafift DR b SRR ERclBler 12, ol e 400 IATRLG cloctrically
colﬁdlrcmag massriajoemeltiplé byt yFom«dmpﬂe Itig: eimtlexibairmy Emnhtde@slayer of
net al s, | oys ta{l i C ound oxi, des,

al a%

AR A ey Ph EF 052 1Ay, e %B’é’P&P plumirginy'a layer of
ah&ﬂﬂgﬁ%ﬂ‘ﬁaﬁ? ¥ IR el G A 9netd1 Ay B 4AIRY Btec@iRhBly conductive

platinum palladium alumnum calcium titanium
organicalayermMiethedsdier piepatingithe electoaded éncliide, byl aye nof imited to,

oxi de, and,polyani]in Fi rst, and second. el ect rodes.
sodiiingsv A GRSt i oL Sl S RO e e
théimbERdad gn@ﬁn@lahalpnbmkmg@rpmc qenmglanpl e, the

el ectro i ncl ude I'ayer um num and a | ayer
(0¢8] gol I;lghtaema%@g stgcturg |18 inean terfosingle tayer oopuliplmianieriand
tyﬂlc%ng{cgﬁ allrgl ag ?@a@t @e%rllgaq"i' ?é(t%’lm?x{neE%eﬁ&ﬂfgﬂ{%mvégﬁ%b%ggld?’e

flubfdgednt oi\@lidmpﬂ&ei&ht Buepble grgmblee 11ﬁillﬁiétar mt&lsmbmhla q8M) emitter
but are not |[imted to, sputtering, vapor

(e-Bagapnprbimasic etterns P Mloped RpMEp A lrﬁht ﬁ@ltﬂ@g d@écarngenr_, alight-
en‘H{tftnggy %erkﬁ%&oﬁ%@ﬂﬁ?rdr@ﬂl&ﬁied"ﬂﬁ’ pﬁ{%to‘}g g%ﬁﬁ@ fnescent

emtting structur
meaemal g Be pryied atoneol in @irebihatjonrwitlamy dsthm arghriy or inorganic

contains at | east one organic .electrolu cen
megiials that argiinofiopd) ar doBdUialignlde @R REgagie E‘H’&‘P@%CE%‘PSPIW or
devidbt abl e exanples include a small nolecule (SM

emtter (e.g., a non-polyneric emtter), a SM doped
[0¢291] y rreUsefal $Mgdh¢ctreiumm$wgntd"eatdmatlsrmcluda cha@ttmudﬂimg; charge

bl(@:ﬁ’c%‘?ﬁd g%l],d&}?f&l?ﬁp e ie EF org%{lor%etghﬁ%ompour%ﬁ sucﬁ as N,N'-bis(3-
methylphenyl)-N,N'-diphenylbenzidine (TPD) and metal chelate compounds such as

tris(8-hydroxyquinoline) aluminum (A1Q). Typically, these materials can be vacuum
deposited or coated from solution to form thin layers in a device and, in practice, multiple
layers of SM materials are often used to produce efficient organic electroluminescent
devices since a given material generally does not have both the desired charge transport
and electroluminescent properties.

[0030] LEP materials are typically conjugated polymeric or oligomeric molecules that

preferably have sufficient film-forming properties for solution processing. “Conjugated
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mat eri al can be provided alone or in conbination with
any other organic or inorganic nmaterials that are
wo eoved@sml or non-functional in an organic  PCT/US2005/031955
el ectrol um nescent display or device. [0029] Useful SM
el ectrol um nescent materials include charge
transporting, charge bl ocking, and sem conducti ng
polmﬁr&r(ohgbmeﬂg atvdsoatea? teifer to (pnbimems:lsr digomeashaving a delocalized -

eleg{mjl s,yg{eg} e::, e%m:i'lg%lbggqe@a gr §Ecﬂ1 }gtg grls %?% 1!ggrlngr% TPD)
serﬁ%bﬁfu%ﬁﬁ‘% afd éﬁ%gg&% %Wﬁveaa{ﬂdrﬂe 0 e(cRafde-cal¥eld £18hg dhe polymeric

_ese e vacuum e osited or coated from
or sligomeriorchein. fExempldry nlassey of @ltahleimmateélabnacludm

ro B A5 g Ot s B gt o

knéieY bEREer AeslSpe, Sihd/@pdTRinefsi cibldgds q{eaédfy Sdivstsie DBPs b@valso be
both the desired charge transport and

modgeglprlyslopad.éspeesad Wbﬂlcfb@mp@& ysma@aotq_ﬁplwaﬁteéﬁ mafegials,
ble%crl ed \tx/}q? agt%; (% o mcﬁg%g%naﬁ With 241139 ?Elf)ﬁ %ctlve_ materials,
era [

F ey *hat pre su ficient f orm ng
anth‘h@ﬂﬁéIl es for sol ution processing.

[0034] yﬁﬁ g}% gcg;}%pg(r)qqxgﬁ!@l o rgl;lrl -Ieggofl.;q%é %ggcstﬂrertg{ c‘g)éiiu?%?] solvent
solﬁ?{éﬁ §PEh $PmbiREaRe & %‘BEHQ@S@ ONBoratt§ thPERBioSprBfuce a

I'goners are sem conducting and can Support positive
pobynttrio it dnie sithen g eutsstatei tyrreacionred prdsarspospesiesi Ot

for%yll%o e étﬁp(ﬁ%?llg}gge Eger,r%ﬁﬁ{@ﬁ gé:tteﬁlzlg ,rw.f() f F@ﬁlﬁt}nag?scree%l%%ntmg,
the?ﬁ'ab’l(éé@ rpﬁnﬁﬁg BhbRIMIgraph®! Pttt e RAS ex @i cdatiflg.

terials now known or Iater devel oped, and
[OQS@] pol &hhm*nghmot shasyrdsspatatel e of F1GE lighjtemitimpstragirel Suay

opﬁ?naﬁ aﬁ%h%g&eg%eﬁwggsr Ogllgta?ir? qb‘?%e fgn% oﬂglrl (fg ch%%‘ehole

traf§JdrElatdry s &BEtEIn tednSportliaype b B6l: i ebhorﬁlayer\/ &n elrectron inj ectlon
non-active materials, and the |ike. [Q031

layentedhalablockiag layer.rackastron hlasking) eyt and ihe ilkfh gThese and other
laﬁtﬁ{ aé} rg?tgnglg cgrgﬁc%ﬁ%rg thl(? aﬁé}l g‘ﬁﬂfe tRO L:llégt!rcﬁf]c ?{%’E F \%15& to

evapor ati ng
chida@@tiesdf e OBEdevict.i de extamipte, Smdiuaymrs andmbietinktcen by used to

achier o e PR NoLeEh emaPad dspied Grvife icioniep gilosived
br%h%at%% ) Iﬂl?c}]th%(ifk%e !Acﬂftio%tﬂ? ﬁ)hofolﬂﬁ{lﬁ'i@éceﬁﬁﬁgteﬂﬁl's Mdy ¥ present to

ogr aphi ¢ pat't extrusion coating.
coh B light ému‘@h bymlne @iganin ek:epaluaﬂ@syent mafdri@ls to,another color.

light-emttin cture 18 nma tionall t ai
0w pr Epersample adle tver fryeemebe P%‘&?ﬁ%&%ﬁ’r’]ﬁ%@? gther layers
of E R ASndtti8! sBucture and the first or second electrode to facilitate the injection of

holes from one electrode (e.g., the anode) into the OEL device and their migration toward
the recombination zone. A hole transport layer may further act as a barrier for the passage
of electrons to the anode. Materials suitable for use as the hole transport layer include a
diamine derivative such as N,N'-bis(3-methylphenyl)-N,N'-bis(phenyl)benzidine or N,N'-
bis(3-naphthalen-2-y1)-N,N'-bis(phenyl)benzidine, or a triarylamine derivative such as
4,4 A"-Tris(N,N-diphenylamino)triphenylamine or 4,4',4"-Tris(N-3-methylphenyl-N-

phenylamino)triphenylamine. Other suitable materials include copper phthalocyanine,
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transport |ayer, an electron transport |ayer, a hole

injection layer, an electron injection |ayer, a hole
whbweksag | ayer, an el ectron bl ocking | ayer, apdI/ukmos/031955

i ke. These and other | ayers and materials can be used

to alter or tune the electronic properties and

characteristics of the OEL device. For exanple, such
1,315a3es(4- dm‘mbnyiatrrincb@enylbimnzdm&s wﬂdatompommdsl savle asthdssdaserbed in

o E¥ty el T ReRERBRIS R, fATRY DER AR Rt ¥ Sobricg.

“cmgé ‘I’Hﬁ@i{d}ﬁﬁg ©BlyniERd 8d MoRcHBY GRRsRPE3&HbobI of ABVAICEd
emtted by the organic el ect rol um nescent

Eleﬁﬁ@réﬁ maql BhetenigriMatedeals end Bevicen 833 Natwe (edcartpl 233- %\741@061)

ns yer et 0 h
o0 B 45 o 5 BB S5 R B Bt
layexs of @rdipht-eheiting edectine dndchd filstbescthirl dlogtreleit® factiftate the

hol es from one el ectrode (e.g., the anodee into the
injeoften @ leeteonsrmdhely mlw@qnatpwaﬂfdsﬁleﬁ/m@nmé fon zone. 'The electron

ol 0TRE 8, BALEPRE o CpREELOAIBRNLE FRIRS LY ERL
Prezedite th/holes frahsrescliit@theeathode arskthaslethenshivbre reachmg the anode

ort r includ deriyvative sugh as
witk R By e i ey Hgvaog v Sgim SHA Ssen AT 0 oGy transport
laydPh¥y be formed using the or[ganometalhc compound tris(8-hydroxyquinolato)
bi s(3- napht hal en- 2- N, N - bi sﬁp enyl ) benzi di'ne, or ‘a

aluminuen;yl, pishe-(4€t, ilxdanpthylegly&)pheagf) 1,3,4-oxadiazol-2- yl]benzene 2-

N A S —

descFib&NRNY. HAOhBE - et &X. MhcrEhiol. Syh. MBS, ar (189 P) and gl dBrazulevicius, P.
copper )
Strpbrf%&“é?él@mrmnfﬁpogmgﬂqu@emaad pdesplantilagsss e Aanylbrokadh

MBS B SOTR U o AB LRI LSRSL HPS MR 10,2
(200)1)/ G azul evicius, P. Strohriegl,
g& Transporting Polyners and Ml ecul ar d asses,

lﬂiﬁﬁh dbolkh spningiedAeistenes oo hi te amieqiw&sgﬁ%rq\m@nssq Roron
ox@ggaé&fﬁsl ud Jlnal"#aﬁlc %ﬂlégf} £97) Sevidtal a%;)?éiw.tgg £ aggzgsg&t)lated with

Y, ctron transport Tayer
usipgbmton(mx&té ih¢henpresent nyentidme althaangk niswidlf bet mﬁlerstood that not every

[ ttin ruc and . the firs
ad\opEhee PO e LR b FATECled i Bt B AIoR it ICBRATGH 2 baeg Oxide
layEIh B roR bR th& b &Eﬁl@ﬁl&ﬁ dnltR oﬁ?e?@ff@ lapRiddaB héﬁf]&mt‘fﬂfﬁstructure 18
el'ectron transport |ayer can further act as a barrier
as frooptichBy pb;as(aqearxsparhmtl ghass{lidse mmertaétwmdlema?ﬂae\aémtmous for

OF e SOATe o RES b AR i Episdtf Fetogh I 1T hlB0g

str@d@e! mhdﬁm&?mﬁmmﬂ xide @ay@ﬁﬂﬂa? gedmlcg hrrtefcht ¢ bEIME OEABevice
el ectron transport |ayer ormed using the

to dhsgrbrropistuas, Mhstlss mgpmﬁddntemaily@uﬁpa fabgigaiom or fowy the ambient
|

en{ro§ sl Wy ot wishifie o b Pud it 3 BRSRYR Eo, i il ot the

boﬂon%xide] segveh ?ébemo%turé by Péﬁ@ﬁh@ wﬁh )‘ﬂ tvEeld Borffic acid, a relatively weak

1-di net hyl et hyl heny oxadi azol e; _and
amé,othp soliyform of wh1ch 1s not kely to be detnmental to the OEL dev1ce This can be

represented by the reaction of one molecule of boron oxide with three molecules of water,

B,0s + 3H,0 — 2B(OH);. Additional reaction products in the form of evolved gasses or

liquids are not liberated.
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described in CH Chen, et al., Mcronol. Synp. 125, 1
(1997) and J.V. Grazulevicius, P. Strohriegl,

WO @and92r ansporti ng Pol ymers and Mol ecul ar QPEBEBEER05/031955
Handbook of Advanced El ectronic and Photonic Materials
and Devices, H'S. Nalwa (ed.), 10, 233 (2001). [0035]

Wth continued reference to FIG 1, the protective

[0036] UCIBYrEn 60idB alss @Ffchndepaingrbetssihg uévantFeatint inag lbg dnsimble
barrier layer 22. Several advantages . are SSOCI (ii
denpodimgyepn flappplisation: dor ermMe horasetde PRy gﬁ @PB#F ight-

emﬂ ﬁg%ﬂ%@l‘g%tm}@y] sevdfl ﬁ%&ﬂﬁ(ﬁlﬁ:& %g:ﬂlr(félﬁ?ﬁouﬂ@ﬁng V:ﬁéﬂ‘ncal vapor

necessar | cted Tn each
delaﬂﬂiolnpdbcttmm tidaat ddpnmdmp,candttmmal baporation naplleroadl,ﬁe fe.g., vapor

Bor on_ oxi be d t
comg e BB o e el I MR Rl cepie
to @e[még'e%ﬁ’ HROEnd@b@rSapblikioRBidthdd®Isuch iy phtteityg. DBesirably, boron
advant ageous for CEL devices if this la %qt needs to be
¢

oxlblcen bovapoadspasited aty accensphle Fate pRdgm ¢onglitions (e.g.,

T M P T
101% $¢UTesr), Whe Wigibut shappadsigistofideedrhpyositivni (eg;., discoloration of the

fabrication, or fromthe anbient environnment. Wile
sowree maiesiBng t o be bound by a particul ar theory, it is

[063%1' evﬁgoh%?kdetlgﬁt b lel‘ogﬁfbg Gn m%sgﬂﬁ%f AR @’EEQEVQE! that is

cting w orlcal,areatlvey
intemddd tabe grotédie] smlinsd rrfomtlrre erhnsahission aisd wit bé détednyinedbpthe

d
TR e b St o0 o 8, G iy
deﬁ\%{gﬁ% @gﬁﬁé’hﬁﬁreqf MROEE , dePREBNdisBIFRErditond B Pich3he OEL

reaction products in the formof evol ved
degias slikety tol hecpxipdsedatuging ise, lokhise iaam@{ss@n%] th@prodeetiys plaecture,

al.so offers cetaln roces ant th
B R ot e e R
m&@tﬁ%r@%ﬂn‘i’s%ldﬁ&yﬂlt@c@%' beGeips hiahé expenbd Hredlidedctank@rency,
18 by several technlques I ncl udi ng sputtering,

reditvedriflexibilitapod inwpassil cown Witiie tesoguiselines bapsxidedayer 20 is

h
SO0 R PORGAIES {fay K§R s e
abdiptot SEMbREGE by e (f)BE QeVibe, Jelatiepioi tht eanie@OBANGRY e filiad dpes not

nore energetic application nethods such as sputte
hape giertwinnyoxide lyar. MMperspeaificly, thehoronerde HY@%S&FG%@Q%

praxé@%cg ARINAL D URAR!so R A & IRl rErRfu mf tut 500 A t0 5,000
A%ﬁﬁle;ea@ﬂlogawpieferaalyabwt3moesésw5gomAabout 10 6 to 10 4

rr and wit f d
(0p&8ly. | SEseBinedo s bithe Motk SBiE AP apRptse oorganic

barrier layer 22, which cooperates with boron oxide layer 20 to protect the OEL device.

Inorganic barrier layer 22 may provide protection against exposure to moisture, oxygen,
and heat and/or mechanical impact, although it is most often included as a moisture and/or
oxygen barrier. In this capacity, it is preferred that inorganic barrier layer 22 be selected
to further protect the operational components of the OEL device from moisture absorption.
It is also preferred that inorganic barrier layer 22 not be reactive with boron oxide layer 20
or other layers adjacent to the inorganic barrier layer. In certain applications it may be

desirable for inorganic barrier layer 22 to be deposited or otherwise applied as an optically
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[ 0037] Boron oxide layer 20 is provided on that
portion of the OEL device that is intended to be
w@e@bedi4erl agai nst noi sture transm ssi on and wWd¢T/UR®05/031955
determ ned by the individual application. The
t hi ckness of boron oxide layer 20 will also vary
substantially , dependi ng upon the nature of the CEL
cledean mspamitsma:lemlmhmhmayﬂm ddoamthgeohs fdmpﬁﬂatidaﬂvhereiﬂsis layer

lj ke to be e use, other ers present
ne‘?‘iﬁ tp héalibl%‘? E@ﬁnﬁ@é}t hg@'e“?@% SRR @/f or optical
[0039 NS PARGR&Y of GRdrialShey b&SmbRYEd ad thb ﬁiﬂ?gaiﬁc bzﬁﬁ%ﬁﬁ?&s
resistance to noisture transm Ssion w1 7increase,
Profenrérhiperganicthiaeriastapen wt@falme@llud@metad amﬁp‘amm@yntndes metal
uce flexibilit ea t
Car&tﬂ%&é’ﬁ? ABiHdsr Bt eRy OFga%S 5 E f}?lasv%‘ergi’ﬁ& s shffeon
oxile$ aehiay 8ilich) LR S oifesWick Bs alammatitanﬁuﬁ Bkiakd @RS as titania,
sufficient to reduce the absorption of noi sture by t he

indiyrp opilep,din oxidgsaindipan $p okide, @hishmopxidgjiceriuphetide) géebium

f | :
o oY k6, 0505, QL Gl €12 k! i,
botadni rikide sAuminuabetktnithide Ailicn A yhitddeAborvarox ypited & zabdnium

out 500, A to 5,000 A apd even, nor ref er.abl y ahout
oxgmtsi@ %ta{nanso%eng\ 2P samPnalipny thergels Indiyg i o sifcon oxide,
f
BRI BBtk e B SR SR AOUARE i e
mataiads. TG inorgpniotenier idyer Oy bdepplésd. or iformregarsing tbdmlqums

N TR T T —

sptdiing} @hagoratioh (B1S treéi’itiv%fbr b%ﬁé&dﬁéﬁr@éva@of%bﬁ) 'éh@tmcal vapor
and/ or oxygen barrier. In this ca acity,

depyséticss plating pad thee ke g Meaterisbssuitable fpmiperganie h@m@éas@é £edepend
pa@Lon;%t Breorée %mr%orsl { Uch gpg Elgc%jnrdg@ % 0%18}9,@? DR ?ncf}lfnofglaﬁlc oxides

(e.py; 6kided @K’sﬂﬁd’bﬁ‘,ﬁ alu@m@a 6t Coribinkti@is therydd] skl a@@ihcbﬁ monox1de
reactive with boron oxide |ayer 20 or ot her

siliga diogile, elgminian pride 9a filicomalupmigym pxide) are Iqﬁlt%éﬁetf'éll A urther

r
o SRR g R i AR e
usiopPlasalal Brhhreesd ChienticaAnspar BBPOSME(IPE&DVDMHUC]]] asrtpsdéescribed in
advant i%eous for applications where this |ayer needs

UpPatent 9 8:006, 107 §evilt 1ight fromlight-enitting
[0 MA}E Iu g;rg o‘&1%r ﬁ&g&ﬁﬁlentb‘lﬂ’oﬁ‘éhﬁé YarAbr 1'5%1@2' rﬁ%}f vRﬁd bya

as the inorganic barrier layer
multilbygrenonsirzéion cemptisiygs forret apapile| aﬁemat:ngjﬂtdymna land morgamc
0 netal nitride t al bi , t gl
B O I P T T W ——
1n6r§§1{1§ Bﬁme?}a%r' a1§d 1he HBR MK A8 verS e bé‘sfmS é)ldn‘}lﬁe (ﬁle’ﬂﬂh&fy’mes
oXi des such”as al umina, titaniumoxides su
potyiestarsi ﬁuomnachdtmlmerdawylbms, oydlatenss, ¢npmlyaik3ﬂcncso Multilayer

construc%Tl oﬁjsrrr]ng;( e pl’eparegl Q%%f%"%ﬁ:” (n Lob) llgrmer multilayer) process, or

other techniques in which the layers are applied, as appropriate, by sputtering, spin-
coating, thermal evaporation, chemical vapor deposition, etc. Suitable examples of
multilayer constructions are described in, for example, U.S. Patent No. 5,440,446 (Shaw),
U.S. Patent No. 6,497,598 (Affinito), European Patent Publication No. 0 777 280 A2
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oxi de, boron carbide, tungsten carbide, silicon

carbide, alumnumnitride, silicon nitride, boron
WORE06H08192 al um num oxynitride, silicon oxynitrPCBEDS2005/031955

boron oxynitride, zirconium oxyboride, titanium

oxybori de, and conbinations thereof. Indiumtin oxide,

silicon oxide, alum num oxide and conbi nati ons t her eof
(Matozole) YOI (d/3900p rAelf @attelle Mrorogiahlnstitnés)y anelrU Safetent Publication

RO en IRl Ao et e T T 11

[odlﬁj al I tyd mebkagds &&&fd%%ﬁﬁc BaHEL BYérD W@ dso vﬁ?bﬁ&%ﬂ@ﬂy
pl anar nmagnetron sputtering), evaporation

dep@slugtugwe U nagtmg off ﬂm{)Ebdnvm,ap@ﬁfarq/@h yondeﬂm'ﬁ%@ yhich the OEL
|
de%}u‘? fsggﬁegpp teﬁ‘ﬁgsreﬁgﬁfa% Pﬁ%? ﬁggrsé’rr&gﬁt ‘g‘ th e‘#&a’!"ﬁ"? pigacture,

reirehidfts FHOs Rk W@sﬁMy, oostidiat Astlayes ﬂhﬁlhtb@ﬁmdrdases resistance
pl ay, but glass and ino ni c_oxides (e.g., oxides of
to BOISe HaAnISHPR Wil inoresserIhBeh Rt ﬂh?e?xgemse of gigdyicgds transparency,

recﬁlc%zd ﬁQ)ﬂb %l Hreasbd | &é‘s Pyt e %lgg#ﬂﬁ}eg H‘Eﬁ'?a’ﬁ?]cdﬁarﬂér layer 22

I con a m num oxi de) are quite
is ﬁxrampﬂ esarnéfféctioe ghckinesshay mibich ik ayentsa thiskheds suffididrit $o increase
ent| ude mat erl al s fabricated
e BT Hee Faiseiet BERBU A TPty ML Dy d/or
me{cg 1%}:&9 il cki@ C}elaﬂvéJtOShe Eaheadvidothai R Botlimbe G lpRveetve

anot her enbodi ment, inorganic barrier layer
strﬁ@ureet’;atbaclpd@\thd argapiccbamiért ayeay dfore sprsifiaatlyi the inorganic barrier

R B ayStdeT S Bicns R Rt & b AR SR ety

abbt 18 ¥mab 40hen, MRk %{/érﬁllnérd]ﬁ%ﬁﬂab%bﬁ’b@t B aruch ke30 per gam c
barrier layer, and the ric layers may be,
IOWAnpl Ehe em’e@dxmntrqﬂth«t %moyébwn & FIG. doWhﬁ@t@don oxide layer

?%alt 1&18¥|%a}e1& 211{‘1"168‘% 6955 gﬁcz thgroge%?lle)%ﬁ g%ﬂlbaaﬂgﬁ? of the OEL

dev1|85’|€1 e.(dncachifg lmﬂiﬁﬁremﬁbdiuﬂt@y €He)infrgagie Harried layet hﬁbre
technlques in which the |layers are applied

engppag the Boropwxidelexes) pHgs @ﬁplﬁ@ég@qt@gjs ] h}éraﬁpgement permits
bo?o a&&@éﬂ‘fa&gﬁo nt:(j) :%t%rq g&lneé{ ‘ﬁpﬁ’ﬂ :’ailgn gﬂﬁhuo'ﬁg eISWu{ gptlhﬁut the

er cons ruct are descri be

neéd)’fo 1Bl avdild &mﬁ’@ ﬁllflho]bb andbothésidiar deftrandhat fle@iently
Patent No. 6,497,598 (Affm to), European Pat

acRRTBPATY AP IoRaSItign ?@dwtbsmmsWW@}SS}HOI%%%%%%%P also
reéﬁ%%&o?g%ﬁé Sllr\{lﬁ%fsblg% 8}1(? flthé 14 E{@x) that¥ndt éﬁc&ntgﬂteﬁ%)achmg moisture

0068143 (Silvemail, et
(re{lﬂ%l¢ thieHeromoxike hgfsr)oﬂ"hlsrwraggcmmtkahorpeﬁmts lagren o2{dle layer 20 to

so vary. bst.ant | al en h ature

proyice e iR R lBsS e Ging PR PR Y e GRE i vice
[OMﬁ CElpy ARYd & teFId. ke !aﬂotﬁé} A oHRAE 8¢ atl OFT NMbvike&iccording to the

Iayers present In the protective structure,
1nvent1on is 111ustrated The embodiment of FIG. 2 is similar to the embodiment of FIG. 1,
except that an optional buffer layer 32 has been interposed between boron oxide layer 20
and the operational components of the OEL device. A “buffer layer” refers to a layer that
separates the protective structure from the operational components of the OEL device,
though it may be electrically active. The buffer layer may perform a wide variety of

possible functions. For example, the buffer layer may provide a smooth surface on which

to deposit the boron oxide or other layers or it may provide an anchoring or priming layer
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requi renents for optical transparency, cost, etc. As
| ayer thickness increases, resistance to noisture
WO e@n®si48si on Wil | increase, but perhaps at thRCEKRENSTE31955
of reduced transparency, reduced flexibility, and
i ncreased cost. Wthin these guidelines inorganic
barrier layer 22 is provided at an effective
that mprivesshe adhesionioflany subseqrentln farhied kayess Bhef uffer éayer tay

great§ t he bf|lté of the OEL devy&~ to resi %o I
Proferc S5y Tormed dayers from Zraction jth g ngrgginys barrier layer or
theREdIARMi €t éﬂmﬁfétbufﬁ} Payelr Bhapérf&int & 6§iﬁ:a§ﬁﬂ@t1(%9 Vifcally, the
t hat does not have a protective structure that
buﬁferdam éssalshencapergfech by theapppasationagfshe pecsive structure and the low
Lf1 |norgan|c barrier layer is
mo%ﬁggg?%%ﬁ%b %s;ula%/tlﬁla €d at a thickness of about 0.5 mmto

[004@] NMMBuftet ¢ayjer 82 afazibe)fombiufion aSvideviudet} Of fﬂﬁterﬁlbdb@ih%ﬁgamc
nor e prefer bly about 3.5 mmtqg 30 mm £0042 The

andpreaNiferid GF atial oictior vilk e tHlpRReed by %;palilculahféaneﬂon or
H&%r’ché)cxthgﬁ dﬁf@rﬁ%}er@m‘teﬁdé({‘foeé'e%d IR %xJ W@rs%i{t%ﬁ%nn a

ayer he” operati onal conponents
ponﬁen o€ the((DEIe devieawilbbe hdjagentrioi the huﬂerdmym;mhienals ttheg are not
rrier countering.the on

X e Ao oL YRRt ciot P SN A ARG TRt With e layers

might b8 PETERE. Mﬁfe?i'afsstheﬁ%ﬁﬂﬁe f3ddds tpk@v)f&’é' arPledtAcdIl active layer might
depoSited in an essentially continuous |ayer, "but

alswbc inslitded lae thedwdfer tryer, god expsiplesinolude Eepper phthplionyryites(CuPc),

P el ek DI eb S T RRT RN i

naﬂl’ﬂ{aﬂérﬁl vl - bistpldngDbésdind QNI), &id(8- Byl P&iThslsied Bluminum
and is the layer that first encounters encroaching

(AlQ), goldhs silicere mempyides dic. (The thigkunss ebbuféer layresd alscrldrsgends on the
fun%{l&?ﬁ'%\.e e rl];uﬁ%l' fAQIFLp i 'iﬂﬂ:rﬁcﬁg k&? £ %ﬁ{ &1?0 gé/s% 1r12tge tra%&a of about 500

provi ne o ensé”rnre

Atal:zamom heve genetdile Hebd fod@w kebe ude®43] Tur ni ng now to
anot her enbodi nent of an OEL device accordi

[00651 th eTqrﬁ% RONGA HIG. 3 anoder smbempreofcmtidh deviee aqcording to the
I
1nvt'§#t§n i 11'h§st1§{eﬁ1 ThE e[‘r@]phil?&[nayer ngﬁ Emﬁ{) ar [ e enboBiEERbE FIG. 2,

an opt1 onal een 1 nterposed
exdept thetean dqmonml sexordhnbwmc baftieatayet %haximeaumtenpabed between

f the, i buffer | ayer" fers,
b“ﬁ‘ifqu §§ AEpn. Qs )é?r?;é %ﬁ%or@r%?r@@[“i"\bé“%% ?"”r}’ﬁ Eﬂ‘? s similar to
i
il R e SOFRAE Bl P 2
aprrlmyblpéecv $ezonl mcmgamc banelelayerdﬂ e sirthlodinfienh of FISh<3, offays the

s ot oL DR T RE AP ORCIHR gy SRERTD P e fsecond

inokdaniBWarREA¥Ge4an anchoring or primng layerthat
| nproves the adhesi on of any subsequently forned

[004éL/ er dt wEhpreishskrmentipaed that/lopr woistwe nerynesblgsubsiwin 13may be
prqvbl g?glg:,p%\f%g’ng ﬁﬁnmtha?ﬁc;tble%ﬁ] tr\ématteg td elxq résg % ?nrﬂegenp %ndency of the

polymeric film to transmit moisture. Such polymeric films are referred to as “protected

polymeric films” and are illustrated in FIGS. 4-9. FIG. 4 shows a protected polymeric
film 110 comprising a polymeric film substrate 112 having a first major surface 112a and
a second major surface 112b opposite the first major surface 112a. A protective structure

114 is provided on at least the first major surface 112a of substrate 112. Protective
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t he boron oxide layer. The buffer |ayer may perform an

optical function. Typically, the buffer layer is also
wenmapsbat ed by the cooperation of the protecP@mES2005/031955

structure and the | ow noi sture perneabl e substrate.

[0044] Buffer layer 32 may be fornmed froma w de

variety of materials, both organic and inorganic, and
strﬁch!&ted(m F@ﬂnpfi@és&ﬁlbyﬁrbﬂwbi%dn dxedd 1ol mﬁmﬂenbrgmnt berrier layer 118.

particular function or functions that th fer la
Prqferably; disesede ng I%téw@lng#@fe hefwpRnesubstrate éﬁ?e?%ff Efﬁtﬁc’f%‘v flfucture

11{1 %e{f%sﬁr?o? 1{11:1 o g @k abilgy S‘ﬁhf: gﬁ)\f% Hi5e WrhdiurR§o 8HuRE B trdnSmission of

materi a at are not oxidizing
magertisouglo theh;ytg stmte:‘. o&mularllyo]lt 1&11Ief§tmcd theat therdbg navingervening layers

SAEEAT T e N
abﬂi%tr b¥SrolcN @ stiicaitt 184 ?cpreaﬁcd tH@ trhh‘i’s%ﬁss’i& bh@oftifré By substrate 112.

' ayer, and exanpl es include copper phthal ocyani ne
[0q4T PC)EIG 4 illustrates boron oxide layer 116 as being intermediate substrate 112 and

indhsihie PrBhlRe 1 REVEYGTES bR RN o? HlcRONY 1:BBS WL be

revdadedished @at 121019§ahlc|‘ﬂ)aﬂ1crha}'a‘e€- phe tythiehrediatdisulestfaldPl)2, and boron

oxisraser 42, BReAOOF B £ RGNS Bl RGRY theJOFEes b Ty and

théljﬁc?e ) g%gg ?aaﬁep Srel ARG é&)ﬂlch Fl‘?at ehd36adhiHdf c%{tyﬁleﬁ‘)ﬁ?d m'o%ture encounter

serve, Bput t nesses In the range o
thainotganfeQrdertlaye? befdde dndoanterigetherbakdnyoidehyénund t o be

(O848 oot Suvaisr 1215 o SRt de B g BESH RanriFtehhavigg length
anH %vﬂlﬂh l%lﬁ dﬁs%r%Qhat@@ sﬁ%ﬁéﬂgﬁéﬁea’c&f thEt'l fBe matb8als tﬁlc‘kﬁésst Pncluded

2, eéxcept that an optional
wﬁi&n dhecbonmpt glai ﬁlm’aanelaetapd ay@bomandrms)llb ﬁéﬂﬂph gmeraﬂim Siéﬁ:ﬂbe a
bet,

SRR BN SIES e Sl FERD A vt
wid L1 8PRYife QibstahfbllY Sxgter thén tiRNHickhdsf Sﬁ&gﬁlatéﬁals are often

di scussi on of inorganic barrier |ayer 22 is applicable
provdekwishd centoal gard abophvwhich the 139@1’1313& wrapped é‘ﬁﬁtb&il windings so

f .Fl 3 offers the,addi nal [
os s it Pt et o et e oB AR 36 Bl b o the
subSERNE.g. rlﬁ&@ﬂ-'%-@olbﬁfddu&[onb aaylﬁi’uoﬁeﬂl mélﬂﬂékﬁllnﬂg opWﬂlons or post-
previ ou;éf/ ment i oned that | ow noi sture pernea P
proegssing handling, stespee andslapping dAlp Belpdndithip the ?qnﬁFH‘twéta film” is

n._treat
oI5 B IR Rac AL Db hETRAR B b
dlﬁ@hMBiEfHaCalfeinhdﬁ natity eqfabr $ieotl thaterdeds drprodica hbmdled in a stack of
neric films" and are illustrated

Rl ndiyiiaklayerns it deqldate EocFRERg Beps defingzgn é%ﬂ%?ﬁr%‘ieﬁbve
St&lCR]? ? gl'ﬁgiiééi fol thghﬁ}éﬁ'ﬁferlﬁlﬁ Sheblfed ¥ 3918 dhlcEthlg #FBE Bperation.

[0049]  The term polymerlc” refers to homopolymers and copolymers, as well as
homopolymers or copolymers that may be formed in a miscible blend, for example, by
coextrusion or by reaction, including, e.g., transesterification. The term “copolymer”
describes materials that are derived from two or more different monomeric units and
includes random, block and graft copolymers. Polymers suitable for providing substrate
112 may be any of a number of known polymers such as thermoset (crosslinked),

thermosettable (crosslinkable), or thermoplastic polymers that are capable of being formed
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a second maj or surface 112b opposite the first ngjor
surface 112a. A protective structure 114 is provi ded
woeoan3dsenst the first major surface 112a of sSPOBFUSHDE031955
112. Protectivestructure 114 conprises a |ayer of
boron oxide 116 and an inorganic barrier |ayer 118.
Preferably, there are no intervening |ayers between
intg @ iy Hmhldh@cayialtep (1nclediu17g\maet]$atcrylatbsr sieh b pohandihylmethacrylate),

pofygﬂe (gﬁh@%@wg il LS?L er%f%;p 1tjlectl e st r ct urlﬁypes of
vasaBStheRbe), pﬁ;ymhypﬁryohdoheg §ol§rﬁﬁfd€§ b8 arr'i@ets 1561? {%éiﬁleﬂ@

i nt ervenin ers between boron OXi ayer
sulphigely aneulBnes, rhenelafpemaldaisydegesinsh pelliass cthsut #hd o o
d
GX%IIH@ ac%il{ﬂogé( acoe]tq,tg 2 IS]t%gé Xc%%?/é él{[j[glg r g‘ic(]_:) lllti_rggel[ug%s%%e D thanes,

pol@es;téﬂs l@ﬁjr Iéﬂ:lilﬁplebrﬁn’lp Cethylentetelplithalale) Spdis (dikyl6ge naphthalate))
pofy r medi at e subst rate 112 and inorganic barrier |la

bopdgenelyoleting (fpepeannie nobsthylen, Brlypmpylene.welych oropréne,
p01y?sY)ﬁ 51h8 Y filytBEa RN ﬁﬁgnes gs@ ﬁlﬁ?&tﬁﬂ%%g&ggfgﬁ%g%% LT

118’|S|nterrrE|ate trate

chlomsqeeﬂea,ymly\dﬁﬁldeﬁe 8herde giolgnvmyldhdmeieppniyﬂtymnb i a1l pihanolic
which th barrier.la t he ron o

resfh(Eat iitinley PO AGTEHO S s ERED B RO e HG sy geRe aofatonitries,

styf@deAhal6i8 afRvRMRE, ol dRSmieNRIERE nglﬁﬁryiﬁag,htﬂaﬁeyﬁr bef ore

encount eri ng t he boron oxide layer 0048] Substrate
polyimereﬂleakq@@leyrmﬂyarylfethemetws ﬂuolrcmolyrsermamhy oemethyletyrahes,

ol pPPhoiEE e chelieTretinid b andSliBres, pplygtpersutfones
polyﬁﬁhdéﬂﬁﬂeWﬁoWﬂhtHaMmﬁ@ﬁ aBPbol¥in ?hdéﬂe'cﬁlorﬂé@ a tape, a

ri bbon and a roll, which ﬁa@nera |y describe a materi al
[085Qht o cg@oma@pahqa@ﬁgt 1 nefiyrherisienble foasubstratpuldSttahevet vigible

hggfl}gﬁ%lgﬁnstsfogr T e%ﬁneﬁft tpaglﬁ ﬁg 0 O?%{::ll g%(%g%tg%%g aha visible light
wanﬂt:ﬁegth af ﬁltéi’éﬂ cImi bﬂ’rﬂr a;mwa@tﬁﬁ wmwrb@d@aableabr he sEbsattb be
the materi al in multiple wndings so

orls%te(t cbwfxaaébr qricates. ﬁrcté%relte@r ﬁr@bléltz@dp sIngaie ggsasnit &reythgelesirable for
suﬂ(%trgfeelth Ity Be ﬁF}lElﬂfet H? %h}rcsh 1?&%%:}%? tglhgjsﬁbggac}g Ylps EEI?B(? wrapped about

pro
a comrta ﬁ)mduue B m@ll hpengitiuttiyde wiridipgssis dpsodibed Sch@ e dhickigsss of

sutfeats 195 i e it the yagededabpiREon o oGl B peric
ﬁlrﬁeliﬁ rhiRardy GHRE g"rﬁlé‘ﬁne%@@f abt&ﬁts bergi g?&‘ fore ﬁgéfgrab}y about 0.05 to

di mensi on ‘that are nore near y equ nat e
0.28memof teite Wsafidl ed i n a stack of rruI t| pI e indivi dual

er at facilitate r srn [ i ch
odsf * PwitEpnistsinge B TP IopPkelve Bruchie 41 cPiatiees a tayer
of béroR oﬁf&% 9t 5fafd a incﬁ%aiﬁé‘bérﬁér ﬁ?&eﬁ% n Qe&éfﬂ%d@@rﬁﬁgés' #Eassociated
0049] The term nmeric" refers to honopol yners and

mgyhmmomé@; atthomgha@ Whlbh@pmdeystewctthetnqt @p@rb';adearﬁagdmﬂl
necesé’arl}fy be re rﬂm:“ted i'edth apglcca%on that 1ncotporactes fhe pgg%ec%éd prylymenc

films. Boron oxide may be deposited on or otherwise applied to the polymeric film
substrate as an optically clear or transparent glass-like material, which may be
advantageous for applications where this layer needs to be transmissive to light such as in

an organic electroluminescent device. In addition, the boron oxide layer may reduce the
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coextrusion or by reaction, including, e.g.,

transesterification. The term "copol yner" descri bes
woraioens@bs that are derived fromtwo or nore dpET/E8MN$/031955

nmononelic units and includes random block and graft

copol ynmers. Polyners suitable for providing substrate

112 may be any of a nunber of known pol yners such as
inhtReat rndaicy(of racpsglmeﬂicefdjn subkteatertastedrtsaiil rmoisture, whether emanating

| | nkabl t I [ |
g}%i}o ;]?lé]l.egf g@/éq%egg?r %%&pgﬁéﬁtqcﬁnqp%gﬁ éﬁﬁt{;ﬁgﬁéd & fBe substrate.
yl a8 I
OS5 | S CLOE L i b s 8?%"1?“%33%
Wil

1 mthabisomsmdeddp dm;pmtecstc(h against meigtere t@nsrmsanegn he determined

byb‘é 951&}({51@ A a%ﬁgtﬁw&%ﬁss 8? E \é{%g deq yer %%gﬁ]?l%o vary

su&ﬁ&nﬁ&lw Héﬂéﬁ&mg RIpEA e fa0iraBf dﬁfa)éﬁﬁcam@ﬁ Ifdilﬁproteeﬂeﬂ lpbl}&ﬁsnc film
ethers and esters éfor exanp cel l ul ose acet at

11@e{1¢1@ﬂu&>@n§ﬁ@matcew wh;theamr@teq@fi@}ymwctﬁlablé|11kelyd§ é>§ exposed

0 r I

oo PSS PO A A A SRS b,
trafplappiay bod aleeifaniqab flyibiity Oﬁth(eﬁ)m‘tec&edam:lymsmc ﬁlm cost, etc. As
1ay§511m?%12¥§{}§§§@¢§%%§%§3 %&eqxtﬂ% qug}iﬁglrgﬁge& 1ncrease but perhaps at
thep ¥194%|o?rr obd or | g}y |r§cﬁl%ed ﬁ@h}ﬁﬂftﬁ%ﬁh‘i’ﬂ&&{sw 86e) |

ofyvinyliden pol yvi nyl chl orid
[0Q5r3ﬂ yst&omn@xlctetlaye) 11@ﬁﬁes1mlilat:torb@mm@(1(l¢ layerel;éaﬁpql the foregoing

ovo and re e re ins Iac tate
R T R e R S A e
[005‘1:] Y OXyiie ?éfé’ﬁﬁg@@ﬂ@d }Sifdt&%ﬂve aphithel 1888%so comprises inorganic
yet her et her Ket ones, " pol yaryl et her ket ones,

bafrien tayepbl %4 meich cqepEates wyitht bayon exivle daves | 16ieinyatiegt pedgeric film

sul%gqaij/ip f@] ﬁﬂgr%gwg Iar(‘:rlg% a)yg{ ng ! gner foonlvé% Sfotef;tlon a% inst e)g)osure to
mAGHED Bk Jh adrddRst arrinet rﬂédhﬁh‘ibﬂ)ﬁﬂpd@tpﬂthbhlgl@ itiiglemst ¢RA5¢Iuded as

For sone appl ications it nmay be desirable_ for
a mmb@tﬁr andéorpxagerpbarace 1a this sansciy.if wyireiereth i ergspic barrier

lay(ﬁ @ %E% %Peg'ﬂnt%al\%\lé@@e ols g Od} tﬁzIt 1?% rléeagﬁ’?et ﬁtl%ggwreigtﬁt Blthé

tradfalskioAoff @fvistire. MEy ake pckfsnréchthbﬁnﬁtyamb foarrsm beter 4 £notde
be oriented, bi aX| ally orjiente and/ o

reanga miEhonot o0He et Lbolymete Hm an i L2y P adiocent to
th{ %%{gcégtl}gﬂa%ﬁérqa ,iaé‘l 2 ag%ggb\?wﬁéadggpe gn@ odBt &tfhchiba to5thEBERneric

out a core to
ﬁlﬁi’ susteate.al @i thinaplicgions ittrp} e ddsivable Gor msrgdms beirise dayer 118 to

ove. The thick f subst 112 ly . oo
begepraiodar ByierHes AP d8an AR A BR FORPRRR PET L pligh may

oL s Ko M S 5 LBl o

1nqmot@.nuscﬂéaﬁolm{1ﬁ6§:t]1t davide. doorgamic beirieefayerehdads signifr @ inorganic

rotective str
bamerQayer 35 and the orggotlrlljé glsclulsgrloﬁ %?Pnorgc’a%?c bamg

Iylayer 22 is applicable to
inorganic barrier layer 118.

[0055] The thickness of inorganic barrier layer 118 will also vary substantially
depending upon the nature of the application for protected polymeric film 110, moisture
conditions to which the protected polymeric film is likely to be exposed during use, other

layers present in protective structure 114, requirements for optical transparency and
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of boron oxide 116 and an inorganic barrier |ayer 118.
Several advantages are associated with using boron
w@z2i0d@36491 t hough it will be understood that noPCEUS2095/031955
advantage will necessarily be reflected in each
application that incorporates the protected polyneric
films. Boron oxide may be deposited on or otherw se
mealpgmidad ﬂexibil'tth ef flelpyotected pélyieris filras coat, etcasAsa}ayer thickness

opti cal | c gar Oﬁ{rt anspar.ent . gl ass I &’F
incGipsn stsipoie Koo R TR T il Digtrease PETRe iregense of
redudsdBikanpReicy, fediBed f18067Nkp %hd’ thokddsdd EHat. W‘iﬁﬁh ﬁi‘ésé %néé’lmes
organi c el ectrol um nescent device. In addition,

lnomﬂnmwbmerdewrd;lérls pagyided @tirectfaréive Huielawss, by ehdelris nesfanta
ra S
thl(g{?rla %s'ﬁ?fri]%ergtrt% @c?%agé téﬂrgzafoﬁlt% 8te' %&Ip% enr?{%mm %of %% tran%ns?mn of
motsourp Oresist thefnt] ARG o mechiandial Mainet] eto0 rdldtdreul itsd datedpolymeric film
052] Boron oxide layer 116 is provided on_that
thaLé?étslneh haste gyl sirictyrefhay B@Hde thefnorganig basrier layer. More
r
P e il B b e PR PRAAI & 1 PRI BEMRR 05
unifth & Otpimh, ahove psefofablyoabont hﬁ inde td 4§ em, aﬂgﬁewnl thoelpsefesadlyyabout 3.5
sug tantially dependi ng upon the nature of the
it ion for protected polyneric film 110, nmoisture
[omEdI tTHé%?an@hM@ﬁtQﬂgHi@ctéH SOIGREREARRN YOBRIWn fnl #16. USwhere
I to be exposed during use, other layers present
borion opidstlexsrilye 1$mtanmtedma‘@ indrganie bqnmer tyent K éndrp@pncmaﬁlm
tran rency and, nechani cal it
subﬁﬁrattegg? élde p%}cwﬁgmng I??IFtH’fe eé'lggl{n%eré e 1ng§ap1§)})é1p16r layer before
endothelAg Hee Bor6H BRIE Sayel)C6ifEt 301€An hdvARigss. UTKis arrangement permits
transm ssion will increase, but perhaps at the expense
borgn oxisdeavad 116 anbpderosigd inaaeswsatiaiy eontipnpus ipyerabw without the
o/ <0 r
nedd rERRE Y A3l iR sciha B S e i Sreqgenty
acddtrﬁa@ﬂy‘s $hpu? depodddsrDahdwthetProc@yses bdcubsSindfRhictblier lhger 118 also
boron oxide layer 116. [0054] Still referring to FIG
resigts 1ppistUER franAENistieny and jis dherlayer ghaf firgt sepunics engieaching moisture

e BAGEg MEy S COBRE A e

to Ibmmdg aniast hag of dafersaV ar redddingmmpispire wankmissioh B¢ polymeric film
hﬁ% g Igz exposure to noi sture, oxygen, and heat and/or
su Afcal inpact, although it is nost often included

[00%5] a npirﬁ%ngrn%v@f&‘#l@ir 5 GERP B dihfeht of d‘;rr%{ycéd%égﬁngégicyﬁlm 110

is preférred that 1norganic barrier 1ayer
is 1Iln$tmt¢tbwhﬂch i¢ miler tthe emboxhnlehmf RIG. afbut @eﬁ&nnp the further

ALt el B B AR Wt o
11680 761 b¥iBe Mykel1 p@&cpéé t6 éﬂ&iﬁoﬁﬁWrot%@ﬁhlsH@e\f HRk Beihg bXPosed

substrate 112, other layers adjacent to the inorganic
to maistirept utaangps Thid eawydmt’pmme he partionlad st usefubin higher moisture
at ach§ ch ﬁmpo a/rrer.i c . . .
environments or where the'bordn oxide layer 116 is to be made available to only resist the
transmission of moisture that has penetrated inorganic barrier layer 118.
[0058] The embodiment of FIG. 6 is similar to the embodiment of FIG. 4 but further
comprises a second inorganic barrier layer 120 that is disposed between boron oxide layer
116 and polymeric film substrate 112. Second inorganic barrier layer 120 is similar to

inorganic barrier layer 118, and the foregoing discussion of inorganic barrier layer 118 is
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filmsubstrate. In certain applications it may be

desirable for inorganic barrier |layer 118 to be
waelewossdserl or ot herwi se applied as an opti cal | pCUSRN5/031955

or transparent material, which nay be advantageous for

applications where this |ayer needs to be transm ssive

to light such as in an organi c el ectrol um nescent
applRbIe8o sdddad GivtzanibBaieLlaybiol0l Thi @mibsdihent IoﬂFICG @6 offers the
|no]éagan|c barrier layer 22, and the foregoin

adéifignal gdvanpastofighang sxhaacwbppicstion ig\Rolymerig ging Sistratgla as a
res‘ﬁﬁ o BQLHE ﬂ{o(i‘ 1&1% birkr {a 1 %@Po% @ L}%géé%enl—g?ﬁ@ -G RERi%ar to the

i norgani cbarrier so var
enmbuotisieanof BIG. 6 e fiatic ogmppses atsb@ndancugmmbam layer 120 like that
appl i i on.for, tected po nEr'c filmil noi St yr
shPhin Kb e TSI TBSERTs bEFEh sgars end 120 FrmmecHs f
en&dgg Slht% o Qe BofOHPRS @S AT 116G 0 4§ B ada&tktﬁfalw PYRES (R B5RN From
protective structufe 114, requirenents for optica
bemg@mpmdémwlﬁlmnéﬁhmeéal f1 exi bil i ty of the
r f i
ﬁ’fé (XN SI-I‘éI‘SE} ; er{sglﬂé aﬁlg)gdlge%t ofL\g P}o?é@?é'd polymeric film 110

is ﬁﬂe@éﬂﬁdﬂ' Vﬁﬁlbﬁ 13 SMnhl'ar forthé eabedimiehf shpahHA F$Ga4 bﬁﬂ”fﬁrthemﬁﬁmSmg an
of reduced transparency, reduced. flexibility, and

opfipral bufedaressi22, it saparaiasdacorgieriyg strieture ﬁfefrgm@nents or other
€ t

la%ﬁsr tjhh nerég é ¥1ng tg)Jog hﬁsegﬁéﬁ\flgg%eﬂt nEtﬁ ﬁlﬁe‘t{c’sgrﬁfgb Ih comp onents or

layenchaes geﬂeheal‘éybﬂebrdsglnted by i‘lséerpﬂﬂeyrmtelra:l 1f2|4|111rFI® 3. e@p’sdmal buffer

transm ssj on of .noi | st rrml
Loy SR SRl 6% (o gREipnal Guiter frusidy 48 b FORESIog NSRS aptional
A structure that
buftet By CHRY ABReaB 10 WG A bRITEY e 192, S} HC
[Oeﬁmm f FE&I9 nylusttdm annamlgadiient hawihicbrboitla fiest ma@r surface 1122 and

f bl b
sedapdRic LSSty it Bt S8R B R il B
pr@@ét?ve%'ﬁﬁf:ﬁf@piéb’ccﬁ‘ﬂ%ﬁn@a RysiBfiberodbxiie 114k b anic barrier

enbodi nent of protected poI meric film2110 shown in
layelr 618 4Thmbedmmnb@f Eiﬁ Q&umitlagy éncludes aisgeandiinengaeic Rewier layer

[ no ani 0 '
120 a5 }ageidc w?@ Eac(hI prg ed ‘ée Scflfu(g%é ﬁh(pu lhy ul; ée éﬂﬁ%eg%}%?d that the
sebdiRl ihOY@hhia Bhafid Myt ﬁrof]in@ﬁ:ﬂ. fan® ﬁfa@fb% eﬁﬁl@dtmfrsml di@ dr ibeth protective

boron oxide |layer), offers certain advantages. This
straetuzgsg @weﬂ@rlqo avhiletRI Go 8 showpsach dayengEboron gxidg 146 as haVlng been

depo n. | er, but
© &H%tetde% é %ﬁﬁ %ﬁ;ﬁqeﬁ yrs’ctﬁﬂg%/%ﬂg ld? %él?na\f ng pi nhol es
[086H ot asug ot |sH<5wﬁ1 af ﬂaetdﬁavhh@, Vﬁﬂ(&ﬁlf&]lﬁtioylablayﬁﬁpﬂcmtmgs can be
g(ﬁ)or deposi tion and ot her processes cause |
tq reptepieg olymeicailgy ! 1ig; o PGy RP Al haBfgnpropertics,
t
pa?rgtﬁ.l% A e'ﬁ?r %@5 of ﬁlt% ﬁl{nhr o%ﬁ%%@é‘cﬁg@ 26 ?ﬁ‘ﬁﬂianﬂ)r example,

oxi de [rayer
viﬁbfeﬂ@&-ﬁ’ﬁﬁﬂtmaiw@ccpﬁllunh‘teslams onelecticdles (eag cof ihdiBm tin oxide);

antistatic coatings or films; flame retardants; UV stabilizers; abrasion resistant or hardcoat

materials; optical coatings or filters; anti-fogging materials; magnetic or magneto-optic
coatings or films; photographic emulsions; prismatic films; holographic films or images;
adhesives such as pressure sensitive adhesives or hot melt adhesives; primers to promote
adhesion to adjacent layers; and low adhesion backsize materials for use when the barrier

assembly is to be used in adhesive roll form. These functional components can be
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incerppapsdiingt ese (mmeleaiﬁhd attemnadst ayele of thgdarrickGaseartdy dd €dn be

ayer 116 so as to additionally protect

BEPH Y E&xposed to noisture at its

[omp es. ThEThSerioh QR LI b b RN fe@éféﬁel t¥ tﬁ@ﬁﬁlawlﬂg’hon-

i gher noisture
hmltaly&@xanme& 0 whic
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m selsisofherwispandiegie

1nﬂh§e§éxff5]|e§5n&/9rt'h919rs&ﬁ’9éc barrier layer 118,

di scussi on_of

envi ronnents or where the boron oxid
bell padeand prrtcatdges exs boyrwsightagiless otheewxse
noi sture that has penetrated inorganic
8. [0058] The enbodinent of FIG 6 is
nbodi ment of FIG 4 but further
nd i nor gBXIAMPRESI er | ayer 120 that
hor.on de | ayer 116 and pol yperic

grﬂa fqlﬂewg%aﬁb@r%%trqné [descxipg mafergpls used
and the
inorganic barrier |layer 118

is
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second i nDeggaiptionfGommercihbSanrcd 20.
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)
rpleH c_barrier lavers 118
| Tokyd K@80K bgyo €apDeliyse Mpaaf a
FQdH’F\ be¥ avers

s stock# 11&)
t N Yeas b aquimmizl 349 Tpr ot ect this | ayer
r%gé QFSH ggfgﬂé’i? a‘{f:ﬂla I—ﬁét sttt Nefton,

-UJCO
AT

taF

)iétlng generical |
n FIG _8. Optio

t Rf Pllg gk ar
eCoynegin a\aslablatf@nbEa%@am Kiodplo koo Roghester,
I AGniktlr8bAwStet $nd3.8 réfléﬁéﬂﬁﬁyfh%phene-
yPwrafs s el %‘fhfﬁéf@r%?r?&/e aneifebie frompAlfa

Hillg

nAbsapUiVeesr 122 is simlar to

)MTDAJIA buf f er
f optional buff

| 4¢e4”-8R3(NSrdethigphboyledoi ng di scussi on
efhengle@iinddiphsn@ppires abilienddpaviilablefedm H.

C mrThf\_'TT_'\f'\fnﬁfATﬁ_l_h_n\'l'l{hf-"rT—hﬁ\_l_'

uffer |ayer 122 wi Q3R CohGruflter, FIUS frad@s ndber OSA3939
Tped Iﬁ’éﬁt‘_ Wy ﬁlﬁltﬁ’lﬂlﬂ okideST TejOor surface 112a and
mﬂ:,:u{\ZLnb:L luc .LJ.i. qtqghg]'ﬁnesyc ric—frtmsubstrate
OLED =~ " ["Organic light-emitting diode
RPM Revolutions per minute
Thermo-bond 845- | A hot melt adhesive film available from 3M Company,
EG-2.5 St. Paul, MN, as Thermo-bond 845-EG with a thickness
of 2.5 mils
HIL Hole injection layer
SR399 Dipentaaerithritol penta acrylate available from Sartomer
Company, Exton, PA as SR339
B -CEA B-carboxyethyl acrylate available from UCB Radcure

Inc., N. Augusta, SC, as BCEA
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protective structure 114 conprising a |layer of boron
oxide 116 and an inorganic barrier |ayer 118. The
weerwoedsqaent of FIG 9 further includes a seconBCT/US2005/031955
i norganic barrier layer 120 associated with each
protective structure, although it wll be understood
that the second i norganic barrier |ayer is optional
\BITRERYE Sbe excl udaticyclio sp@nyeresin abail dblframdadical €hemical
st ructures. Sini | mbhdtsiesMPbtt €. X, af Pelyester EHRR3 130/ er
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etardants; WV s| abithdrstrirg MBpiidder (e tra2s idséignitionrF600
ardcoat nateri al pysi@PbigRILagati ngs or filters;

fsmh%ﬂﬂl'\ﬁﬂ B EFAY $am Blecfr%f{m@ﬂ CAPS S
I ngs or IRY "BGa ?%D‘ﬁég 'ﬁmﬁ: S%ﬁl@%lemgéétmdog

[ I ns; hol ograph E

ressure-—-sensi-ti U.S;OT =

rSlﬁleq to prono Slllﬁ%émpﬂwmﬂxml ac : ’
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&@BT er assenbl y| Pelyethylsee tesepdithiatatadhesi ve roll_form
Tese1fwunct i onal | Aanpeaipentuse cater e hitabde froma¥ asdi SeiknCo.
gne or nore of tNeUSAY, BleBisihgloayBN,Ss Modeh €A 50 &id fitted
gssenbly or can O%ltﬁmllbgqmﬁﬁ a separate filmor

[ -\ |

qog Ty, 00621 T8, TGN, Lol for %wc&ﬁuﬁ%ideﬁé’e RD

raof o

W efererce—to | IUII U T
|ﬁ§$§'ﬁ‘ ch all par &315 | 1_@%31 % 9{‘5@ % a P a5 HSPE
Unl ess ot herwi se| ¥ {Jr 1K= h&@ess—so
dtherw se indica mﬂcronﬂ)p foll owing ahhr evi ati.ons :
deridil iAsthesime er | a| Aneptigallyrcledsshinfmdrainating adhesivieavpilable
our ce: [ 0064] Mat éoinadM Gopfipeny 5. Payli MIN #ss3Mx&ddbl es

but not identified in the foregoing tabl e may be

obtai ned from Al drich Chenical Conpany, . waukee, W.
[09@0 65] Materiakrarefester g @&W&m n@h ;%gg%i Pk farggoing table
queoddtalﬁéd OO RH PR ALFE fkedyio the

eanln procedure 6r to US€: sonication

[0065]61 WE{ thie felbsnihg ﬂaizﬁnﬂﬂ):s aetess qhmvwmmm at gdﬁesubmte&mere
Borer Chemie, Zuchwil, Swit_zerl andg f.or. about

subiobigd i e EO MY g CIeATARA IS ETOR L9 SpagA S8 R pbout
1100F) 888 Ent R 1R D8Sonex 12 NS, Borer Chemie, Zuchwil, Switzerland) for

about 5 minutes; rinsing in warm (about 110 °F) deionized water for about 10 minutes;

S TS5——hr— = ~ (5

[da)

=y

—IrT—'ﬁ'H —hhn V= 0.0 —

n

and drying in a nitrogen purged oven for at least 4 hours.

Example 1
[0066]  An OEL device according to the invention was prepared in Example 1 and
comprised a glass (i.e., 2 low moisture permeable) substrate that supported a first
electrode, a second electrode, and a light-emitting structure disposed between the first and

second electrodes. A protective structure comprising a layer of boron oxide and an
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and drying in a nitrogen purged oven for at |east 4
hours. Exanple 1 [0066] An CEL device according to the
WO pwensddson was prepared in Exanple 1 and conprPGEUSH05/031955
glass (i.e., a |low noisture perneable) substrate that
supported a first electrode, a second el ectrode, and a

light-emtting structure di sposed between the first
inopgadicstrierdaydr ovasrabmdguovidedy mathabe layer of bawon oxide being in direct

onprjsing a l.a of ron_oxi de and anj.nor ganic
corfi itk Gppti S eyl ot IR dviee ity B bEREgERrgstructure and
the IR Q¥IHA dpifdged)n direct contact with the

erati onal layers of the CEL device (i.e., the

(0]
(0067t -Gie subpiEptes meRAULiRg S& a0 KIS pasiarewregstiomed with an ITO

) _ : ' 0
s B R o090 o RBRAE) 2SES (T ORI PR e
avdilablerfafm Delts Tethellsgiesdct., Selsatet NN £ Solafién 62PESOM (3 %
] TO coated gl ass, avail able from Delta Technol

ogi e
solidslwas sgpum) qoalated DRRPM for39iseeand opto tbtﬁéﬁﬁetf%@giwaé dhen dried
ot $530 19 19 oififos Shace AURTN s Rbepith® ST 0B 1D stack was
then defigositad on topogithe REDOEDhgerchy thergrat evapenationi using@ Euum
k .h j af th | .
ChERIGT ALAPPRVHBIELY Shiy Lt VA e bh i O i stk Shas lovided
by ééiﬁsg?fﬂgffﬁé ﬁilbb\xﬁ?é% gy@rs Bahbp ofMRE @Empiaygxlc@ e orddietadeFONPD

stack was provi by depositing the ow ng | ayers

(400 piobher/ A& OSESO(LToalpping( 300 ARt 1ovaerAlS GO0 at 1)/ LiF (7

| 45T (1% dopi ng, 300 A at 1A/
Aaﬁ%@g&aﬁ@%%ﬁ&' Li F 27 Aat 0.5 Al's) A °)
[0068P00 ApitectiveAridture BPHRIOFL. 86@¢LRAS then ﬁlﬁﬂlﬁﬁ%%géﬁﬁng 3000

the OEL device was then applied by depositing .
A ofBaPaendep ohithe sluninemdpyerbnamtol cagansulsts the operational components

n S e e tional . .

of HETHISRHE Hhe PRl et YRRRf halioh UF a7k o6
aprirékinatdlAB S Afs) &opr PuinpRéredinple Soufédes(SSAL0.01EWS RNDS Meithis, Signal

.di npl e source (S8A-0.010W R D. Mathis, Signal H I,
Hﬂé@.)-[0069] Devi ce efficiencies were nmeasured using a

t o- " 3 , t i li.c odi ege

100830 o B n OO G B fesh LB B2y b etod sficon
phatbdibbe (P ESehswndiawthogneo @A) sefbse dnldefipr aicapdulation of the

st[uciure; no subgt antive differences |

% in _de(\{,i fce . .
opgLatiqna gﬁg}gpqﬁg}sé)yot & Brolgetive @Z%lﬂ'p;enozsu stantive differences in device

efficiency were observed.

Example 2
[0070] OEL devices having layers formed from aqueous solutions with and without
protective structure encapsulation were prepared in Example 2. A PEDOT layer was spun
coat at 2500 RPM for 30 seconds onto patterned ITO glass substrates, the latter as
described in Example 1, and the coated substrates were then dried for 15 min at 85 °C
under a nitrogen atmosphere. The green emitting OLED stack of Example 1 was then
vapor deposited on top of the PEDOT coated glass substrates as described in Example 1.
[0071] A few of these devices ("test devices") were then encapsulated with a
protective structure by thermally evaporating 3000 A of B,Os on top of the operational
components (using the procedure described in Example 1 to apply the layer of B,O3) and
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[0070] OEL devices having layers forned from aqueous

solutions with and wi thout protective structure
we@nwap3bat i on were prepared in Exanple 2. A PECUS2005/031955

| ayer was spun coat at 2500 RPM for 30 seconds onto

patterned |1 TO gl ass substrates, the latter as

described in Exanple 1, and the coated substrates were

haﬁ{@ﬂliﬁ;ﬁiﬁlgd cfog_%erlﬂsil Bhno@bf 186 B@y]rg@fusmgfﬁlf(drmgdibnd 845-EG-2.5

at nosphere. e green emtting ED stack of anpl
hoftwel adetey ApSr SEPRIGEE PRI ISBeS hi RELPTEGAPE dand
a5, UL 455 B0 o BRI R CoRAAMAchp AT bin e
Boad 8apE(-25dubt widitndhepvobwotiivet inthudoigaleydryoltthes mal | y

orating 3000 A OB top of th i onal. .

o3 monisth & Sideylcen et s el ule PRl eh hd Afbient

coh@tiGRIbY ofdWedkomfl thOE BERhmaatabe (E]?fﬂxﬁgéé Sl BpikEl PRfe taken
foil on top of the B2G3 | ayer using Ther np- Bon

usidg aSE@OZnisrdsmperﬁStqmlaﬂﬁ]elsA%@: Zeiss, e outfitgdaesh a color CCD

"C ' . C . l.ani i
ey gBaSh HREASR SR RATRE) 0, L DAL R 1 cver
twb gﬁ@l@d’@ﬂ‘ﬁlaﬂ@p@g ’héli‘bﬁzltmaT ﬁjdilﬁlﬁhré}:ﬂﬁ)lr Eﬁ-tﬁstgcnh ebntadldevices. (Dark
adhesi ve but w thout .including a |ayer B2G3 . [0072
speireibyie a S0 degiaduionaldhe e PO EEY iﬁ%%}é&éﬁm]es

; L ¢
oo Q5 LARATINGDln B0 Hhns. Mt BRRoB9 bl o
stdrageamdersirnigient cohditions;ithe amtopdeviGsevdre Svosi coxBidetely covered by

Zeiss, Germmny) ,outfitted. with a_col or. CCD,caner
nofSe e ApReR A Ak 7BOLS) Whikh g s évies shRyed EgelEfkly dark spot
ordeihe t hen taken every two weeks and "dark spot"™ growth

was conpared for the test and control devices. (Dark

spot growth is a sign of degradation of the device by

moi sture.) The control de¥xampledegraded significantly

ati to the test .dexices . After | -
OFBe s SF B St e St Cin RS RALaBR)Btoh Wore prepared
in ERAMPRI3, B 885 coDetthbixtedopifiiue 15k dasesra dqious solutions.

non-em ssive areas (i.e., dark spots ile the test .

A wgmar@@sg H%(M&%BA?@CNQ (318 Pk depipg @09 Dh wagXapRsidepapited on

7 eul ces: W | - B VYR
o SPGBk P ARG LE g 1. T
grédiesattRVOLED skkg Brampledaysthen déposited oy tipsofeiasHIL using the

de;&ﬁ%%%;éﬁtbé&;%ﬁ% ?ggglozib\;])g \:::aé vapor

OBFE°S, A S8 BRI B A psbgaiaon, 1
thgrvesnhamally idegosieEbn sépakhe flufmiamp ethddavdEhest devices were then
enggpggﬁtitetdevgitl?g p%ochcticx)lfe s%cheturlé"blif tﬁgrimr:ll%yteggporating 3000 A of B,Oj; on top
of the operational components and the buffer layer (using the procedure described in
Example 1 to apply the layer of B,03) and hand laminating a copper foil on top of the
B,0s layer using Thermo-Bond 845-EG-2.5 hot melt adhesive. These samples are referred
to as “test devices.”

[0075] A few other devices were completed by hand laminating a copper foil on top of
the OEL device operational components using Thermo-Bond 845-EG-2.5 hot melt
adhesive but without including a buffer layer or a layer of B,O3 . These samples are

referred to as “control devices.”
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deposi tion procedure described in Exanple 1. [0074] A
few of these sanples were coated with an Al Q buffer
WO 2006/034b1000A, | AJs) that was thermal |y deposiP@€dus2nos/ 031955
top of the al um num cat hode. These devices were then
encapsul ated with a protective structure by thermally
evaporating 3000 A O B2G3 on top of the operational
[O(Idﬂcﬁ]rp 0 Hgt%ﬁstmdicbha?dmhé tetitrdl alyeices wede nigert dierep nadaduitdent
scribed in Exanple 1 to apply the |ayer O B2Q3) and
conliiens Wi iraggs al g pwiecs whe than el 512 FOREHqme timg uying the
tecHst ﬁ? ddREHEPIENEN 148 165G rdpae B sggl SroREDRSthY Rest JRBSE and the
sarcrlp es are referred to as "test devices.” [0075] A
cotfitend devies. Alftar lcwselvlistoragmibik eorttplislgvicemnsholedisignificagt dark spot

copper. foil an top, of. the . evice operatjonal.
G eieHie ATy FHO R B fRs ! aafcsS B itd fifeible dartcspot
grovethe Fov e ekt dvdibéauis belleveddhRanadistart dntdrigal€ lebe #as consumed
| ayer OFB203 . These sanples are referred to as

by tholayersif By theeeby depwpeiyatingdhat 8o0Os ey scaEengergatetbat may enter
amcondzl’i ilcggas%g%%%é\é&lsrﬁ%&ges @t?%gg%%\g%c%% vvertgm%%er\{ fee.
taken as a function of time using the technique
descri bed in Exanple 2 t oEzmmpkrde dark spot growth in

test devices and the control Vi.ces. ter 1 week
04T o1 ol e Bantieoid eV et T ReLvaIgn ot § Lo dabeked
inot? Qic B4R Ryd 105 10F 1B, 00 LS b Gedtifd b ﬁ'ﬁnsﬁ’l‘ﬁéihﬁ o%fgl‘r%isture to a

st devices showed negligible dark spot growh.
highhereetivte i esetaltlayes. bed nistogdn atespine gtove dordieokyggn

th [ db | B20O3_.t h )
DlaR TR TR MDRE S 2 23 SHGE LIS P AT Tha, Plesmati
SySteh8! InaNNOEL Bifidviek MNdve Terf DD Gih iohils 8ikr glip SilRErates Qe
sources external to the device. Exa 4

ie TTR e 4 [0077]
plaesd apirenatalghedqy appakseepntaining allQanm xt fquere apspiggdn the

f vapor de i.ted kno ni rriger J [ . 1.
ooffer P Aus SRR L R AR Bl Bl kR Hlove box
andl eherehBmB B Way @RGHAtNEtoCRk ¢0UMoffe (Gl cila ek thdriatly evaporated from

ni trogen at m)tﬁﬁ ere gl ove box, siXx ox‘ggen. pl asnma

a BY enieibde ptsibap cend yniil 20YRAehad bsen eenesitedoxy gen,
S . - 7 | cé
e e Sl A M50 Ty AT kol s
desicest Ba0e $50ekewpd depositaMarougktial 1 (siarto W) ras kguare shadow mask
cont ai ng ng a_ 10 mm.x 10 nm square Qpenin

] in the
at Aot &5, gl (Q&rl I ToRtRPmbRE Bressuie) tron a%mgé%&e%ﬁfmo mm
GNAEP i QS I
s SN oy i o S R Bk B RTRSY 2020 mm
openiagy phcedlsd thanthe original 10 mm x 10 mm square deposition was centered

within the 20 x 20 mm mask. A silicon monoxide inorganic barrier layer (1000 A) was
then evaporated from a tungsten boat at about 1 A/second (5 x 10°® Torr chamber pressure)
to yield three test devices having a glass cover slip substrate and, in order, 2000 A
calcium, 500 A B,03, and 1000 A silicon monoxide.

[0079] The three remaining calcium coated glass cover slip substrates were processed
as “control devices” not containing an inorganic barrier silicon monoxide layer. The
suBstrates were placed over the shadow masks containing 20 x 20 mm openings and the
thin film evaporation chamber was evacuated to 1 x 107 Torr. Boron oxide (1500 A) was

evaporated at about 1 A/second from a tungsten boat to yield three control devices
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a BN crucible at about 2 A/second until 2000 A had

been deposited. [0078] Three cal cium coated gl ass
w@owe3@hi p substrates were processed as "t estPCT/US2005/031955

devices." B2G3 (500 A) was deposited through the 10 mm

X 10 mm square shadow mask at about 1.5 A/second (6 x

10 7 Torr chanber pressure) froma tungsten boat. The
conkBitingoRk20M Arakijacevesdtbisio 1 0tadk Bs Oyene withent the piliacrethonoxide
. b slltadow masks having 20 x 20 mm openi ngs, placed so
nogganfc RaydedaYgi nal 10 mm x 10 nm square deposition was

(0086t erek WnkBl Aevifeinddn¥ 1 d%é@%}_renﬁv@& lofiPtRe elove box and

monoxi de i norganic barrier layer 000 A) was then
storeddp embient air plomg avithmglesserovbogip substedtocnatad oxly sdbrRP0p R

catul e Radicy oL U cal 3t Vb st Bob e wifh fptowing
res@igler, 2000 A cal cium 500 A B2G3, and 1000 A silicon

nonoxi de. q[10()79] The three remainj nég cal ci um coat ed .
[00§iLhss lndhadeviges ,sogtam&@tlﬁﬁlw%}oetkpe piagklayerog the glass gver slip

s Sl | Nor Gani G . o

SRl S5E AT R 0GRS M B S

disappedred afes ksproxintaslyn 20 ehiditexo20r erposyre ahd g catvdurh heyer was
thin filmevaporation chanber was evacuated to 1 x

almgqgt transparent T 3RoY,2-4BOYE500 A) was evaporated at

[00?2E Utr o]]:]acﬁ‘/ cORCANLvick 3l ?etﬁiﬂg? it ﬁféta@l%ir}&rlﬂieeiggeérgﬁc%eafter 2.75

t evi cesconsi sti ng 2000 A cal ci um covered by
horS 00 2if eBp@8Bre, bowever pfstight laheimsthe odgmalip nptidadly clear B,O; layer

Y N e,

derht9'ofthe dAIRTRIIARE wak Hetdbted Slowk Witho BhwasiSar ©0)8fin Blel dlcium layer
substrate coated only with 2000 A cal cium The

but; omgineiabrthe alcinem lep¢roriaimetl aly anetaltie mitreriike sppeananecwben

Wi t he |1 gwi ng. result 0 I n the.devices .
obiéeyrehitiish i el 3B0 Sher s el SRR g petali
mifiOBke Spehranbdst thatfciubDRy&reHad iebdBintiglYevanishiell @oyh the control

degraded; the netallic mrror-1ike appearance

devitesappear ed after approximately 20 minutes of air

oSUufe-.an h .CI 4
OSP4 SRS U A T RESRRP 278 oo
airgkpddurd. A AbmnBIchduSofit @lpobwre inost @f thel ietaRio peidtoatike appearance
after 2.75 hours of air exposure, however a '

. i ght _
in th fest deviepeenineg Alshqugh disee was p slight seductionrn tﬁs'ygﬁwe\l\égnﬁty of

o .
R 8 U BN, 61, B GRITNES it vor
obsaaved itnhd eateinmviagery eA fat abdubs HOingurswf dir exgfosurecthe @alcium layer
hol es in the cal ci umbl agl_?r C . . .
was quite mottled in appearance but still retained its metallic mirror-like appearance in
many areas. After about 119 hours of air exposure, the calcium layer was considered to be
fairly transparent, élthough some small spots having a metallic mirror-like appearance still

remained.

Example 5
[0084] OEL devices according to the invention were prepared in Example 5 to
evaluate the effect of the B,Os layer on the light emitting capabilities of the device. Nine
22 mm square (1 mm thick) ITO coated glass substrates (15 ohm/square, Colorado
Concept Coatings LLC, Longmont, Colorado) were cleaned by rubbing with a methanol
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but, in general, the calciumlayer retained its
metallic mrror-1like appearance when observed through
W b@enb@ss cover slip. After about 54 hours of P@I/DS2005/031955
exposure, the metallic mrror-Iike appearance of the
cal cium |l ayer had essentially vanished fromthe
control devices. [0083] Each test device retained its
soakwed hhthfres cribiﬂlr(b’reeﬂr:it Réphappetexamipe Caf,tIdyC ZUpiiér Baddis Rofer, New

serih PR 4 s el bt SRERLARAD R boogveen

(MICEITRIP 8eies?d 0, TRblcd, VY. DMAS, Balsfobahy Pmmtwa@.@pamcddﬂ Bnto the
optical density of fhe cal ci um | ayer as observed

clearied shemtates@y 85Q0 RBM fox 80 epcands and the Febsratop stese dxetrdeon all0°C
hotgaﬁ)ﬁg ?&% Ihﬂlu{eg %nﬁ?Jh Cﬁl&%é& [ %pheféf e sﬁg aitees5werte ?)ra gd in a bell

r exposure, ayer was qul no
jar type QI dapusttididhagibet dnd thé eystheﬁlmta svavahtet té 6 x 10° Torr. NPD

GO dhrioA OIS BRBELRE 57 G o0l i Ay oA (300, T Al
welge%@ éiiﬁﬁﬂf e@%ok’ﬁeé A tht ertef ﬁ(ﬁéd? &k a ?(5 Flg? eshdfow mask and

aving a netallic mrror-Tike appearance
thesamples mmaﬁracrstﬂerreﬁxa apleebok 08 4pnidined ddhinddm evaparntdomchamber

(et BERC bR p et BB hagr G Sente Prpees

[0085] tt 'Me&s%ﬂﬂn@ésl éaEh @&té’iﬁntghﬁreg Qb sBiBtes We@@th%ﬁ g%ﬁ‘a&@uﬁf&le

(1 mmthick) |ITO coated gl ass substrates

sangien AIQUE08 A, d:di&/@ccadblFG‘ﬁ n&c.é)p‘i A(sge)t ahlggnmn(QOQ_Anb ddsec), and

sitgR{ORER L Kitet) Fefbentiy ehiOgh il bd ofep poted gt about 107 Tor
throhV p@nc@lrculé#sﬁadds)@ﬁﬁék SadHé secbhd %mplé@!@!;@&l%?éé%proximate 1:2

follo m n_oxygen pI as treatnment at

ratl@aiQOSXg%A@gb lighytaworTlupxiflg €h A, 0.01/4/pes) RilEmBem €90gb,1 Alsec), and

. h I -7
sEEUOUER: > 1oy B8 L TR O 10 o
thr@@amﬂ&néadcmhﬂshsm triasit. €l tneﬂﬁdoban@@b B0 AlQQagpcotiatate 2:1

plate. for 20 m nutes under .a n| en at nos here The

ratig, #0 Aed Adseqp fidhipmaRionide (7 4. paid/ S‘j’ ralygp BA, 1 Alsec), and
PO U AN, A AL 118 o
thréitghrl érﬁb&ra%lar]shédcwem)ask afntl nlﬂe@e@%@emnteﬂ gié¢edight whee
poxgee;g né&(gllgslr]ﬁ girggastﬁ%glg:f A q%ﬁ;g;gezr o tfargerly a%hct the light
em*é@ﬁ%%‘ﬁi%#%%t%ﬁaﬁ%ér ER%SS 500, BOC Eﬁﬁa‘ﬁ‘déh' e

Engl and) for the thermal deposition of cathodes.

[ 0085] Three sanpl es eaclExamplaioni ng t hree substrates
[OO\ﬁ/gf € tzgr? BL%beg avrlc% accorﬁmgnto the invention and incorporating a protected

polymeric film was prepared in Example 6. A UV-curable solution was prepared by
combining 80 grams Ebecryl 629, 20 grams SR399, and 2 grams Irgacurel84 that had
been dissolved in 1000 grams of MEK. The resulting solution was coated onto a roll of
6.5 inch wide HSPE 100 PET film substrate using a CAG 150 microgravure coater
operating at 20 ft/min. The coating was subsequently in-line dried at 70 °C and then cured
under a nitrogen atmosphere with a Fusion D UV Lamp operating at 100% power. This
resulted in a transparent PET film substrate having an approximately 0.7 pm thick

transparent coating thereon.
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sanmple, AIQ (300 A, 1 Alsec), LiF (7 A 0.5 Alsec),
al um num (200 A, 1 A/sec), and silver (1,000 A 2
wWoL®en}o4vr e sequentially deposited in the ordeCT/nNs1088031955
at about 10 7 Torr through a 1 cn® circular shadow
mask hi the second sanple, B2C3: Al Q (approxi mate 1:2
ratio, 300 A, 2 Alsec), lithiumfluoride (7 A 0.5
[008/7]5 ec )A pallybh"é't mdamnﬁa%ﬁ(%oﬁlmeimﬂd}smilabla fbns BM/@bmﬁ)dn}O.ﬁﬂer the

wer e se uenti al 05|ted|nthe
traqiro@eéwnafﬂona cstiEpels 1724 g dterw% thr ihegpaly aflemtsﬁi t0 the coated

T S e
thiek lsger)of TROufrllowed (b3CH a@prommatsl(yd)o nna Hdcls lalyemof 1’6& foldoved by

o el S TP b B gAY BB BO S e conta

sm%@@@i’ﬁe‘l@]kﬁlrﬁlsﬁbﬂaf&sﬂ%? DeSpeildridegFose e dyﬁi'gta me&nre of 1
ovvered at 6 volts presence of the B2O3 | ayer
1KY odnowess end agpn ead om@n iffoghiates 9if 69 pepm and 6 scem,

res %]%%I%D? cg‘lifnggsthg &Tbh&d%tl'arg(ﬁhﬂ&? Yate I(ZSF f%%c%n@fo[r Qgﬁﬁig the Ag.

device accordi I nven

ThesRGRbMES ?indngma régsulit@ i aegheBlQieMBanctemff 1iol dhlni@éilu@n‘ee e #60 layers
in Example 6. A UV-curabl e sol ution S pared_b
ser¥erhis AOHE B Arabist eeiagts for e lmle@f’a %ﬁg@yen%éﬂf@ed
OIHT A8 id gacurel 84 that had been di ssol ved in 1000
gr ans ofg MEK. The resulting solution was coated onto a
[0088] | drheq)cﬁymmhash wias thl&PEeelﬁlbfPE’éulttmgrm g whisductivepatiern on the

PRI RDse Aqamplp s ccu emed R Rigge 50 mm x

50%%@ ragt ﬁ&ﬁreh&wmﬂld%ﬁ?ainea féﬁﬂfﬁﬁgﬁélacﬁtﬂ?&%%?g @.2%ckP, The
usion D UV Lanp operating at 100% power. This

samp]s was éttrasoniaally claadrbyrspnieaior inlanwaub@bowt Id O &Y detgrgant

s0 aﬁpr o g?%yglbz}ﬂ% 7ng§ﬁ£}|n?q,\g§} lﬁg@ T CQ%aitgir gl%)ut 5 minutes,
nn%t\é 'tnj(l: ﬁ’gag (Jlﬂé)g.gl 64 W rfo iB%uE ®Hfn dﬁﬁ'dgﬁﬁé {Pdnitrogen

e cut an ent ernglly
putgetionad fd at IEaﬁtMehcﬁmat "Btk E@/AgﬂTéOcsﬂJrihhewEEﬁeﬁ plasma treated for 2
substrate usin aroll-toro | am

Mgt & RaTsEre O 0RT ok QR ey %‘?’ Igif o ?3@59 gt POARY Rgyven A 400
W angm)i % Eiagﬁﬁ ﬁJeXtefLQoft e fcli’dlférl%n vhANEE frglfn] AST, 1he! BANSEa VA, under the

I approxi m mthic ayer of 1TO were
tradeqemtahahModébBS@Oed on the coated surface of the

(0038]) oy Rstenogretics ine® BATRATRSFREND R dRoBRa e per

defds3ad a@i‘fﬁté’&yﬂg R /§ LMD ANES 0?8 01)59& §1‘?ﬁﬂ9 ke @orﬁi@.@ﬂiﬂe pattem on
espectively, for coating the iTO and an argon flo

the BEB fibth saB@rase ébhef grecrcanittinggOLEP stggk of Example 1 was then vapor

deposited on top of the hole-injecting layer using thermal evaporation in a vacuum

chamber at about 5 x 10 Torr. The device structure was completed using the following
sequential depositions over the hole-injecting layer: NPD (400 A, 1A/s)/A1Q:C545T (1%
doping, 300 A, 1A/s)/A1Q(200 A, 1A/s)/LiF(7 A, 0.5 A/s)/AL(2500 A, 25 Als).

[0090]  The operational components of the OLED devices were then encapsulated by
depositing 3,000 A of B,O; on top of the device structure layers using thermal evaporation
(about 3-5 A/s) from a tungsten dimple source (S8A-0.010W, R. D. Mathis, Signal Hill,

CA.) A 2 mil thick protective copper foil inorganic barrier layer was then thermally
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These coating conditions resulted in a sheet

resi stance of 10 ohns/square. The ITO | ayers served as
w@anmdess4and as robust contacts for the cat hodeBCT/U8200$1€31955

subsequently formed OLED devices. [0088] The pol yner

mask was then peeled off resulting in a conductive

pattern on the PET filmsubstrate. A sanple of the

lanciaatdd et 4 temppeinire of eebroxinii¢lf 8e° CRaHg A Hagld 2 eredubBer¥Bller on
was cut fromthe roll and contained four pixels each

topyRi4Re By Qulaperagd gyith Thesmohond|845WEs-21 Thegennies £il yas large
endé]gﬁqg ek aBYuIR M E it ér@asaof\@f@ﬁgﬁ'&% it b&t]t%] g%ﬁe(sé of the PET film

tergent solution conex ot er
su‘t%traﬁe\mmalné}ﬂvex]med m'pi))vﬁe i pahm fiér dectiicalit@stact! FOstdayehidnce, this

is SR 0 AL EPPRYI68 7 o DER P Eiisiapeis &t PlohDgbericiad g measured
us1ﬁ§ i1 'bﬁotoTdiﬁcéﬁ%@o‘fﬁicteﬁ@ﬂ%ﬁpﬁ%ﬁdm% %e{%&% nﬁa@vflﬁ?‘fee ga).

for mnutes at a pressure of 30 oxygen

[0094} e &hewfycts@e@qvmmfﬁ%nmncmpormmg watdtsctq:dwpdymenc film

t |aple, from AST, |
o iR, bk Elieitiof HAPLEE DoVl e dPet et S voder ps
[0092D. [A)G&)@D AN Ty dryfa; 0l Rghs dayRited M EP(AE&ﬁEJeCMQhé BPEG%Im

dopi ng)) .was va&gr deposited at a rate of 1.8 Als to a
Suhsﬁﬁféb@ﬁﬁg%tedhe e OAV‘GWh the device siencenbad beancdepasitedrand using

the%gf)ﬁﬁorf géc(l ticlng]d?f%gé éanfg{)glg %Ee%? pg’qpaallgﬁl %.2.6]' Ege

[000BE hdA muluﬁamtmcsrgama}aemeﬂ Hysogwhddeipleparéed Bytlamhinatng B pair of
vacuum hanber at about 5 x 10 6 Torr. The device

layge psiemt %%%?prefaéa faghiongvithn ersicpladhesve eBardraspambly

S A A, DR R e

Whea/csiplsitde, TheAsminaedinslilobet REANI, badSer/Mad khe foll098)g The

cordBe B o S yDABRB AR TR0 S A B 4 SHAIGY Optical

Adh&‘?vé?‘ﬁkl@ﬁ’oglﬁéﬁ/slﬂﬁd/ﬂ}i §rﬂ§iﬁ[lgl np?ﬂe‘igiailPET%Qé afid Arhssembly

(about froma tungsten source
wag Eﬁmedaﬁde}wmﬂ inDhe fadtowisg pShgpaphs. Hi | 1, CA ) A 2 mi I

L RS RED b PP Db &St it

UVapRESIS Is@ml@;h maswaﬁp@m@a b9 nmﬁg 1<4l &1 @f&lﬁg Ebeé}!;)%zsf aY l5&rams B-
on to er and Ther r no- bond
CFdsnde03 g@mmgac@@bﬂé{ thaichad bm disscrlg@i mr?ﬂ@@ams)MEK using a
|
CARRSSR A RS i e B

Fudién Hrwvmﬁlparuﬁmngtat {0078 b%f folp?@¢'1d§9 }1 For
conveni ence, thls is referred as "OLED Devi ce

[0098/i c SiAlQ Layesthavsr 20 ThemE THease &dm sogied éflﬂﬁe%ﬁﬁnerdl (e,

Layer 1) was then loaded into a roll-to-roll sputter coater and the deposition chamber was
pumped down to a pressure of 2x10°° Torr. A 60 nm thick SiAlO inorganic oxide layer
was deposited atop Polymer 1 by reactively sputtering a Si-Al target (90%-10% Si-Al
target commercially available from Academy Precision Materials, Albuquerque, NM)
using 2 kW and 600V, a gas mixture containing 51 sccm argon and 30 sccm oxygen at a
pressure of 1 mTorr, and a web speed of 0.43 m/min.

[0096] Polymer 2 (“Layer 3”). Using the conditions described for the application and
curing of Polymer 1 but with the CAG 150 microgravure coater operating at a speed of 4.6
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using a photo-optically corrected silicon photodi ode
(UDT Sensors, Hawt horne, CA). [0091] The effect on
wa@lensoss4ef f i ci ency of incorporating a protect eBCT/US2005/031955
polymeric filmaccording to the invention into OLED
Device A was then assessed. [0092] A 3,000 A thick
l ayer OFB2G3 was deposited on the surface of the PET
m/thinl, thegurbabusly epplipdBAI@ ldyeewsuiofacmtanwvitiha EfV-timable solution that

evi ce tr r.e bee t and ' :
Wt BB EEd Py TORLIUTE on STURO Y CRO et tns EEREs156 in 405 grams
meylu@mﬂaar@pﬂalﬁr&qd@myhﬁygr [0093] A nultilayer
i norgani c barrier |ayer was then prepared by

[009Z}i nd#d qm@thg spmp conditions asifbmlaser 3 98¢ fpydrds raspectively, a second
fa tical adh e
SAREE Ry E o L AR el 1P S SR g T il 2 was

co&%&htbp@h@iim t6 fomi BhyerlS, bt Aiekdslye? oPETA 108 &5 depbsited atop Layer
npleted, the lampated nmultjlayer i norcyzjam c barrie

5 10y a1 1 theFRb v BFOsHaR Ay essPiBhly IR esdial Pse(fetymer 1/SIAIO/

PO%&%& ve @Pk%cz)%%@k%@%%%o%%ﬂ g/l glpfé\: CO’alpol ymer

[0098PET Thesesultitgrdssanislgmmusysplidiatd towonmetls aisd Heasnatedogethar in face-

he follown ra 0094] PET base .+ Pol
@wag%ﬂ@?éﬁgwgﬁe&rﬂ% ) v g gt W
mo@gm%a@gére solution that was prepared by m xing 145.5
grams Ebecryl 629, 37.5 grans b- CEA, and 9.03 grans

[009913 ac Fhs m@itilaybrinotgadictmerer dias shinjehiniated)d 2heexpuseBIO; layer
wili RPN G GO BE iedn i ia BUA PSIEHFr P ARy fim

~ inté ONED@evide A0 PR 120 WECidrididR WY Hﬁaﬁﬁ’éd’é’%ﬁn dnd UsHOME same

Si Al O Layer ("Layer 2"). The PET base filmcoated with
propeduyeres employedprevionglsr hlcpmsastlngweemote@@dmlmrm film according to

R TR 5 0L PG SRS A SRR

restilfing gewicd&l O i norgani ¢ oxi de | ayer was dep03| ted atop
Pol ymer 1 by reactively sputtering a Si-A target
(90% 10% Si - Al target commercially available from
Acadeny Precision Materi d%mpeduquer que, NM) using 2

[""'éﬁ“oﬂas%@?@%Do%vg%ﬁ”g%ﬂ‘aﬂ%?é@%ﬁ?@t%ﬁ%d?nﬂ% i Siofkcped
polymesd fitth whspBepatad in Expip8a]. Radiyiowal sﬁmﬁ)lekaf]@iLEiB) Device A from
Using the conditiQns descrjbed for th application a
Exqpple %gﬂfaﬁ p 31 he,SRPPF 10l WasedEnes @dlpsfﬁg&@gﬂawog epoxy
(AaRRE2012 Q%lﬁablen@mgﬁ{lﬁ‘ltﬁ%%l%@fA&aﬁ@éd‘i\/Iﬁten‘aﬁﬁ) vision, Vantico,
previously applie ayer was over coat ed1 nh

Easltl\Eanmng,MB Sie wpoxgnwihalowealdo pneega hedinkss aventl hourgin a N,

atmzdsggerg bfroom élbgr%ZuA'ré gr' c7o?1vgmence t 1l_|s|:;sE :Ise]fsrred £ a%QBL%rﬁ‘B%v1ce

B."

[00101] An inorganic barrier layer was then prepared according to the following
procedure. A UV-curable polymer solution was prepared by combining 2.25 grams UVI-
6974 with 42.75 grams EHPE3150 in 405 grams MEK. The resulting solution was coated
onto a 6.5 inch wide, 100 micron thick fluorine polyester film commercially available
from Ferrania Imaging Technologies, Italy, under the trade designation Arylite using a
CAG 150 microgravure coater operating at a speed of 15 f/min. The coating was

subsequently in-line dried at 70 °C and then cured under a nitrogen atmosphere with a
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MEK, and then cured to provide Polyner 2. [0097] Using
the sane conditions as for Layer 2 and Layer 3,
wo e®podi4drel y, a second Si Al O | ayer was deposi P€rUS100§031955
Layer 3 to form Layer 4, a second |ayer of Polyner 2
was coated atop Layer 4 to formLayer 5, and-a third
| ayer of Si Al O was deposited atop Layer 5 to form
FudiayBrU% Latdpeop@mtingraowo% |pgwan 'Bhis ezhlted inetrangpaelHilm having

base/.Po PoI i Al O Pol yner 2/Si Al O
an PEheH ﬁlﬂ{%’fnﬁg %@9@1‘“ "r‘é?HPg ﬁ‘ﬁﬁeogssenbl y was split
[00'1 0310 TR coleli %hﬁﬂz@as'l@a[ﬂeﬂ atied sbﬁ’tgﬁ‘tch%r érﬂi %@G@ﬁ&ltﬁna&ﬁmber
fashi on using 8141 Adhesivye and a two-roll |am nator

wag mlmmdrdoavnml & pressyiesr ofi 2x3 P gdinire Abel minghick [S@)@mjnom@lc OX1de

nar n nat to th
oA R BP0 505, R ubR AL BY50 e bl nd
18 mﬁfm)qtgbm gt & pesduie 6f PArTak, aiid ived spsediof GtiRchep@hiier IAC90/10
filminto QLED device A Device efficiencies were

targeg a&%%ba%lablﬁ feomy AplisrhPrepision Muerialo cdlguguergite, NM was used as

the@ﬁggtqﬂﬁgnﬁr eviously. Incorporating a protected
poPyneric filmaccording to the invention into OLED

[00Ilﬁ3/]l c dndxgainid banier &iygrsiwére drenligcorparaigd idth erefidusty prepared

songis SO LR PP (o RcioriRs BROY CALERA TP hERE DR Revice

Baprotected polyneric filmwas prepared in Exanple 2.
Addi tional sanples of OLED Device A from Exanple 6
[00he4]le IdpAMmyicerRl wheptepppdby flepdsitings: BOYAghiak dayer of B,0;3 on

the Rt Db T MR SO s i Pt e 1 e Structure

hadVseh ibak. EasB,.a04 ddfosit¥tusing figer@RP&4pbRGoR (L N9Retdhd) from a
cure to hardness over 12 hours in a at nosphere at

tungﬁimrdmig seueUSBA-E81 0o Rl nYlathése Signal Hill, QA)efTéxemé@uwly
oo SRR U5 Bror B I T G0 i

8141r Adiedive@nd A tWY=r6ll 1akihetiop ) aomgilets QILED DRviveB1pr epar ed
b conb|n|$225 grans WI- 6974 with 42.75 grans
[00EHES HER Pevers B wasriopxed by banpinating the greyénusty Rippaged

inoié%ﬁ{;:g%{xg%tlgﬁq tc@ R "'ﬁ%ﬁpm "ds‘ﬁrfaéeorgfl tﬂ%fﬁ?gﬁlfnm gtrgté ﬁ%%'tﬂ@surface

m ConTrerCI 'y "aval erra [
oppositgtheguifechorowhigh elss ddvie! symcturedesd Hebr btil@cey using 8141
Adlqgs?\lregagl taI r%ﬂ t'oA\erfl Ilzfn(lemgtg{' rLi';’huas, OLED Device B2 differed from OLED
Device Bl in that it lacked the B,O3 layer used on the front side of OLED Device B1.
[00106] The samples (OLED Device B1 and OLED Device B2) were stored under
ambient conditions. Photographs of the lit devices (i.e., OLED Device B1 and OLED
Device B2) were taken periodically to compare dark spot growth. Samples of OLED
Device B2 (i.e., without B,0Os on the front side) showed significantly more dark spot
growth over time than samples of OLED Device B1 having the B,0; layer on the front
side.

[00107] The invention is amenable to various modifications and alternative forms,
specifics thereof having been shown by way of example in the foregoing drawings and

description. It will be understood, however, that the invention is not limited to these

particular embodiments. On the contrary, the intention is to cover all modifications,
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CAG 150 m crogravure coater operating at a speed of 15
ft/mn. The coating was subsequently in-line dried at
w(@000@3@md t hen cured under a nitrogen at nospheCEUSED$031955
aFusion D UV Lanp operating at 100% power. This
resulted in a transparent film having an approximately
0.7 mmthick transparent coating thereon. [00102] The
eqlgﬁﬁélﬁ{s‘l aid hltﬁrl;l]\ﬁﬁrrfgh wﬁﬂgiwithmahﬁs;ﬁﬁudﬁd@cop@aﬁ the iramdtidir]p evhich is
eposition chanber was punped. down to a pressure o
defmeddyghergpnendod glgimim Y#iQUR mgd ‘@“Pﬁﬁ‘ﬁ‘aﬁﬁ“&"%ﬁt geocpsspe as well
as NiedEPARIHREs 165k HiEh ﬁ?eg)ré,%ﬁgiﬂi/é%Qn\ﬁqa}%@%%li%mé,%iﬂ be readily
contal ning 20 seem argon an 8 seem’oxydgén at a
apparas saithesobf illiiothe artao dvhichvibb pperd dovehtign is directed.
inches/mnute. A 90/10 target of Si/Al available from
Applied Precision Materials, Al buquerque, NM was used
as the target material. [00103] Inorganic barrier
| ayers were then incorporated into previously prepared
sanples of OLED Device B to form respectively, OLED
Devi ce Bl and OLED Device B2. [00104] COLED Device B
was prepared by depositing a 3,000 A thick |ayer
O B233 on the surface of the PET filmsubstrate
opposite the surface on which the device structure had
been built. The B2O3 was deposited using thernma
evaporation (~3-5A/second) froma tungsten dinple
source (S8A-0.010W R D. Mathis, Signal HIl, CA). The
previously prepared inorganic barrier |ayer was then
| am nat ed over the exposed B2O3 | ayer using 8141
Adhesive and a two-roll |lam nator to conplete OLED
Device BlI. [00105] OLED Device B2 was prepared by
| am nating the previously prepared inorganic barrier
| ayer to the "front side" surface of the PET film
substrate (i.e., the surface opposite the surface on
whi ch the device structure had been build) by using
8141 Adhesive and a roll-to-roll lamnator. Thus, COLED
Device B2 differed from OLED Device Bl in that it
| acked the B O3 | ayer used on the front side of OLED
Device BlI. [00106] The sanples (COLED Device Bl and
OLED Devi ce B2) were stored under amnbient conditions.
Phot ographs of the lit devices (i.e., COLED Device B
and CLED Device B2) were taken periodically to conpare
dark spot growth. Sanples of OLED Device B2 (i.e.,
wi t hout B2O3 on the front side) showed significantly
nore dark spot growth over tine than sanples of COLED
Devi ce Bl having the B2G3 | ayer on the front
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side. [00107] The invention is anenable to various

nodi fi cations and alternative forns, specifics thereof
whawsnspsbren shown by way of exanple in the foPenUsI095/031955

drawi ngs and description. It will be understood,

however, that the invention is not [imted to these

particul ar enbodi nents. On the contrary, the intention
CLAAMS» cover all nodifications, equival ents and

alternatives falling within the spirit and scope of

the invention, which is defined by the appended

claijms. Xardrpasic BREbAMS ddAREE Wﬁéﬁig@m ,

processes, as well as nunerous structures to which the

present R hee mdigaremeympablagbsirae Blag suppotts alfiestredentiiolly, a second

R A R TN —

an®l ectrol um nescent device conprising: a) a | ow
noi st ure pernmeabl e substrate that sup%ﬁorts a first

p ¢ >
el eb} r oda projediveshuctaredbptcogreratgmwith the substratgite engggsulate the
i 8 . f i )
or R Lo R SR i
prateptipe st otarewohipriséea hytisifibatean dxidendamsinb@arictasidrilayet.
el ectrode, the second el ectrode, and the

light-em,tting.structure, wherei.n the protective .
st 1ot ur APESRENT SleStolbmiracen SSVics AOTRE O i Lapherein the
indrg@icgwﬁsr 1R Ha8 Tov B¥@eabifity MOE@ANI C _
el ectrol um nescent device according to claim1,
wherein the inorganic barrier |ayer has |ow
per Aeabi Aintoygarac plspiselumaneseent dgviesr aggandéng to claim 1, wherein the

o5 SF ) ORGSR LA LU Db o o

light-dnsittirgl s@ibtudelend teinsRanic Gatlee tdyepitalispabst 6V the layer of boron
light-emtting structure, and the inorganic barrier

oxidgyer is disposed over the |ayer of boron oxide. 4. An
organi c el ectrol um nescent device according to claim
3’ er ej .1 | @ i i . i. .
morgant Pt BREA A o SIS GRER Altein the
inodgani clearaerclayaticomprisecdmainongdnic wikigleei n t he i nor gani c
oxide is silicon oxide. 6. An organic
el ectrol ym nesce device according to.claim.l, .
wherei n (SRS B OISR A (o oartins PlaipLg, ayherein the
inofisROSE8 RatNRARxide protective structure, and the
first electrode, second electrode, and |ight emtting

structure. ) . ) ) _ )
6. An organic electroluminescent device according to claim 1, wherein the

device further includes a buffer layer disposed between the protective structure, and the

first electrode, second electrode, and light emitting structure.

7. An organic electroluminescent device according to claim 6, wherein the
buffer layer protects the layer of boron oxide from reaction with the first electrode, the

second electrode, and/or the light-emitting structure.
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7. An organic el ectrolum nescent device according to

claim6, wherein the buffer |ayer protects the | ayer
w@Roobos@m oxi de fromreaction with the first ePEDUSIIF)31955

the second el ectrode, and/or the light-emtting

structure. 8. An organic el ectrolum nescent device

according to claim®6, wherein the buffer layer is

di sposedAavesatiheleftidlamirebent dode; actbimpeombdm 6, wherein the

electrode, and the |ightemtiing structure, the | r
buflgr gy sndigpasad oy the é%%§léatr%f?eﬂl%t5ﬁ@n§§ﬁ?°éff>d?’a?§@Ff}ea%ﬁﬁ'
enﬁtpﬁ% HRREERNNS IRRE bt §roh BYRE id dsHsePOsRdh O S erllifer,| A T

of boron oxide.” 9. An organic el ectrol um nescerit
inodgmmicclrraerdeyaiindisposed loaenth8layehedtoren exidebuf f er | ayer

conprises an organonetal lic conpound or a chel ate

conpound., 10. An organi e el ectral um t V4 :

ooy i nri et e Beighebe s AR AR (fherpn e
buffel b2 coRPABds esgahosRtOliclcimpogdnir a chelatd @mpoayeér .

11. An organic el ectrolum nescent device according to

claim 10, wherein the buffer layer is disposed over

t he 19 r sANeIrgRRis glgetrolpmanesesng ﬂ%ryl%q @69?@%4% Ciﬂal ‘?:w@mm the

L G ) Lt i ' LA tar@1hyeer | ayer
prdlt%&lg% gﬁ&%ﬁefg nggéﬁﬁé&@%ggﬁ%ée%@?da@gf’ t he Iaylgﬂgegof bor on

oxi de is disposed over the inorganic barrier_laﬁgr, .
and1ihe decwgahit elscigelninindseant device apperdingtodilaippE®avherein the

ver the layer of bor.on oxide. .12. [ i.C .
ool gy doned o8 Pagen ol aaeo it RS apa the tght-
en¥BRE SirilctiRehe Wisrbhié Barridr ROEES HRBodedUVenihe DuffeslalbiG iR, layer of
al um num copper and stainless steel. 13. An organic .
borsinaxideos dispasssicavier thednaremiabasietiang. aesl begpeangd inorganic barrier
wherein the substrate,i otected polyneric film
layfﬁl.s disrPOS? AT ghe:]lagecrtoggfnabr%aoﬁ(g({seéent devi ce according to
claim1, wherein the |layer of boron oxide is
t r angpar e\it origanit ieatrolemindsesht dyvitdeccotdihg toectitd 1,ngherein the
structure. 15. A methad of prqtecting an ,organic
sulstiaterip s¢laFieth BeReslRssgElis e AGHNTHE COPREF ‘glﬁ%sﬁee&f
noi sture conprising: a) providing an organic
el eggr ol Wy 5&%&1‘&'@ %Iecﬁéﬁﬁﬁf?és&ferﬁ QB¥ES §éc’3_ﬁliﬁ% {PVLIRPL St Hr8in the
per meabl e substrate that supports a first electrode, a
substiatnd apratetted delynend fidml i ght emtting structure
di sposed between the first and second el ectrodes; and

b) plying a protectjve structure that. cooper .

o t 1 o AlpeePs b nGna st s g B UEREL Phepei the
layel 81 B&oRRYLIR 8 ahAPHRNt RNkt Bfitled B ithelzitldnfiging structure.

structure, wherein the protective structure conprises

a layer of boron oxide and an inorganic barrier
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| ayer. 16. A nmethod according to claim15, wherein the
| ayer of boron oxide is applied by thernal

wer@posabi on. 17. A nethod according to clai mBGI/US2005/031955
wherein the inorganic barrier |ayer is applied by
vapor deposition. 18. A nethod according to claiml15,
wherein the device additionally conprises a buffer
I ay éﬁ b eAwmaethot lo€ prtapéng an etganicraddctmviumsinessent deyieraghinst the

b rotectlve structure, and the buffer layer is
a Sé’ ’r Stf”f?ecrq‘?ﬂ? S8eapor at i on.
prov1d1ng an organic electroluminescent assembly comprising a low

moisture permeable substrate that supports a first electrode, a second electrode, and a
light emitting structure disposed between the first and second electrodes; and

b) applying a protective structure that cooperates with the substrate to
encapsulate the first electrode, the second electrode, and the light-emitting structure,
wherein the protective structure comprises a layer of boron oxide and an inorganic barrier

layer.

16. A method according to claim 15, wherein the layer of boron oxide is

applied by thermal evaporation.

17. A method according to claim 15, wherein the inorganic barrier layer is

applied by vapor deposition.

18. A method according to claim 15, wherein the device additionally comprises
a buffer layer between the organic electroluminescent assembly and the protective

structure, and the buffer layer is applied by thermal evaporation.
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