WD 2006/ 036492 PCT/ US2005/ 031955 ORGANI C ELECTROLUM NESCENT DEVI CE

_TECHNI CAL FI ELD [0001] This invention relates to inproved organic

el ectr ol urweaeswaassscdevi ces and, 5 nore particularly, topOrgamios319ss

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 an organi c el ectrolum nescent device agai nst the undesirable
absorption of noi Sture()ﬁb%ﬁl‘tﬂiﬁicﬁﬁo Dvi@@P02] Organic

el ectrol um nescent devices (e.g., organic lTight emtting diodes) are useful
in a variety of lighting applications and in the preparation of high and | ow

resol ution displays. These devices typically include an organic

el ectrol um nescent material di sﬂﬁﬁ!@&é@% anode and a cathode. The
devi ces SO LI i - i %i% I H?@ ri

el ectrol mor@LcenﬁH%ahﬁgﬁ?%{%@%gggﬁlé@%{lp |%te$&[3? %@é@n#egicﬁ? %Fﬂ’ emtting
di odes5 ( OkfoRs partioulnmdy,sb biganitedeanindBsdest dwides KROWMe beh prteil y, or ganic
el ectrol um nescent devices that contain reactive materials are wusuall

! . y
encapsul afeyce BleaRsunpidon plangisire by therdsvicse Jhisfinyantion alsp selates fma Bsthadati on
typically__i i 1l oning: | ] .
el ectrol uR{dﬁ%\s{@g\éﬁ%F%@r%l%%%gmvgg%ﬁ?%deg%gép ﬁg?g:g&etss{]rglﬂgggsao 4e sOfand
pol ymer i ¢ nividtekibglibe ddvideet ween a substrate and a netal 20 can and often in
the presence of a desiccant. Various other protective |ayers can al so be
included to further reduce contact_of _the reactive materials wth noisture.
SUMVARY OF THE | NVENTI ON [0003] | BAGKGRGENDent, the invention provides an

organig el ol ymi j t ri -mi_Si: r mreabl e
Sliet 16, o] °! iR CRbro KL B diohoc U drBR: Rebe bl ollss) BE PP
t hat suppaséfs! ia afvaristy ofilightin@asplicaticRenddn theedpaaion odhikhaandilglt em tting
structure that, i s disposed between the first and secaond el ectrodes; and a
prot ect i vEssokiipp displays.t hlgse dgwises wpwalininchide 4B o&gaia slegtolympingitgabsul ate t he

first ele ﬁ&ﬁfd'sé&l}%gﬁ%%@ﬂ m%&fé&adﬁecam%ﬂg ?H@g&h&é&%ﬁ@{‘%&& édﬁ%ﬁﬁt ructure.

The protective s cture conprises a |layer o oron'o e and an inorganic
barrier | aydsturelRestioe akbyodd teateiinlarog aletitolbminesemt rayeialshad shaeptiBilitynafl st ur e
perneability., 1. WD 2006/ 036492 PCT/ US2005/ 031955 . [Q004]. The | ayer of boron
oxi delPray orFanigilighb smiting diede(©OLEPto moatyre dagradation 18 ¥iel kgown.

Consequently, organic electroluminescent devices that contain reactive materials are
usually encapsulated to extend the useful lifstimes of the devices. Encapsulation typically
involves positioning and sealing the electrodes and electroluminescent matetial between
two substrates such as glass and polymeric materials or between a substrate and a metal

20  can and often in the presence of a desiccant. Various other protective layers can also be

(‘ mcluded to further reduce contact of the reactive materials with moisture.

SUMMARY OF THE INVENTION

[6003] In one embodiment, the invention provides an organic electroluminescent

device that comprises a low moisture permeable substrate (e.g., glass, metal, silicon, or a
25 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

30  moisture permeability.



el ectrode, and the light-emtting structure, and the inorganic barrier |ayer
maybe di sposed over the layer of boron oxide. The inorganic barrier |ayer

pref er ablyp 5RERILSLS an i norgani c oxide, boride, nitrigeyuEesdiEes
oxynitride, oxyboride, or oxycarbide, such as 5 silicon or alum num oxi des,

nitrides or carbides; dianond-Ilike carbon conpounds; and netals such as
silicon, alum num or conbinations t hereof. Specific exanples include

silicon g?@bﬂf (nﬁ@q gf 9%9'09?&' besdlﬁjog&iﬂ'oﬁrttﬁé i el@cl: NiDsQepe or

silicon num o e inorganic Barrier layer e a nultilayer
constr ucelectmdeomﬂrths hglgt erhithing muatmpet and &ietmongammrbgnmllwwerdag banitkpbsedr gani ¢

| ayers. 0005 devi y. addi.ti onal e a buffer layer to
pr ot ect lF‘E‘a @‘11' %E’ 06‘&’%‘??? oindEO’"‘ﬁ?“B l%’ﬁ ¥ﬁ%mPF1°'e§tanel ectrode,
the Secomr Jfl@éﬁonﬁg étﬁﬁe tehfhidd, aﬁm trﬁ@ %ﬁgbggggtn g Bide, & ethffer | ayer

may be di sposed oveér t I'rst el ectro ectro and the :
| i ghts ensilitomgr zﬂﬁmumtrum)édest hmdea)oecarbfdehmhmomiehki@cm t:mnmlmdmd over the

buffer |ayer d the in ani c barrier, ef di s OfFed r the layer
of boron Bﬁl%%cgés SHEGR, 13 IQPmloé%Iln B}aﬁ?‘é‘;r ?fl@%‘r i€ 56"11“3 metal lic
COWPOU”O'sﬂiﬁoéeﬁﬁ@Lﬁ%&m&%‘ﬁ%&@e Séiﬁéb]?xﬁufdg %%1? %B%Eé%hﬂl%d A iy ™ num

(AlQ or copper al'ocyani ne '{ CuP protective structure may

addi t i onakidy. d‘hemmr@mwbamﬂdmybrmmﬂ@armulhﬂwer t@rstrudtaynaromplrsing, ) 6dr
constructi ons, buffer |layer (if present) is disposed over the first
el ect r od&xamply ﬁ%@aE%BWPééF‘?B’(%g%y‘?rﬁe light-emitting structure, the

| nor gani ‘fO r| helc@éﬁgnﬁaé(er ﬁe SBHc A Hiseld gf%?iafy@ftolﬁéfﬁﬁﬁthrs e{t'ﬁ%er of

bor on oxi I spose inorganic barrrer layer second
i nor gani boﬂmarmm@rfrdmymtmswuihﬂpmﬁxedelmtmde;ﬂhe stcayd eleofrods mod/or theilgdgt- [ 0007]
| n anot her , enbodi nen i

ventio | ate a od of protecting an
25 or ganﬁwﬂa}laéw%wranﬁhégeﬁﬁt AFERDe Gpes ?‘f%&l%greﬁfp? F%t@giep&wmnﬂg an
organi c i abl e
Cory o, PP Sho L ReRceRuA AR, omEl G Mo L PR B oty

substrate t secon ctro a |light
e tti ngtistbuiter layer, dnd flesnctghet beeier ldyer miy bs tisposdd veenthd lagdeecfbojohes and
applying a protective structure that, cooperates th the substr te to
encaéém grider Hae byifarlayyr pefrighly, copme secmdnganaraiiip gempanyl qrifeshelate

oo e ol T L P B R v o
PCT1US20@54831955 [0008] The | ayer of boron oxide may be applied by thernal
evaporat i[on t heThenpor(r)tgegtrl]\IreCstrucmre may additionally comprise a second inorganic barrier
layer. In such constructions, a buffer layer (if present) is disposed over the first electrode,
20  the second electrode, and the light-emitting structure, the inorganic barrier layer is
disposed over the buffer layer, the layer of boron oxide is disposed over the inorganic
barrier layer, and the second inorganic barrier layer is disposed over the layer of boron
oxide.
[0007] In another embodiment, the invention relates to a method of protecting an
25  organic electroluminescent device. The method comprises providing an organic
electroluminescent assembly comprising a low moisture penmeable 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

30  structure. The protective structure comprises a layer of boron oxide and an inorganic

barrier layer.



barrier layer may be applied by vapor deposition, and if the device
additionally conprises a buffer layer, it nmay be applied by either thernmal
“ evapor at i s mosvARYY deposition. BRI EF DESCRI PTI ON OF THETXRMINGDS [ 0009]
The invention will be nore fully appreciated with reference to the foll ow ng
non-limting and not-to-scale drawings in which the sanme reference synbols
designate |ike or anal ogous conponents throughout and in which: [0010] FIG
1 is a scfi®o8] i c, Tirdeaydrofdbron cxideatiaybd apptied dpigdinabstapoifatian, the dRngaic

el ectrol um nescent devi ce ac%or ding to the inyention; 10 .[0011] FIG 2 is a

schemat i cOArBECIEYTTRRY Is Sl by vaperglracdiien dndetite devighedsitionally comprises
senemite, ! : ! O 5
Ctnanee | TPOER0RAE, fRNL3E APRAIEh M0 S LANPURH 0GR O 1o 2

schematic, sectiona C
el ectrol um nescent device according to the invention; [0013] FIG 4 is a

~schematic sectional vi cBREEFDRESCRIPEIONONEHE DRAAVEINGSect ed 15 pol yneric
filmthat be used as. a |I. noi S e per | e substrate, i n.organic
el ect rbl u[ﬁﬁﬁéls_cer#wd%@@n%ﬁg?&?%%% %pﬁéécﬁﬁ‘ﬁﬁ‘ 6#‘%6{1%@4116 ?—qlé"‘”%i s a
schemat i Cn&@ﬁﬁﬁtﬂ{gadnd‘d’do%%@éalé‘dﬁ%@%% SRR EREe RfferBnddf s?rgr?%ls?&ésigﬂ%XﬁE rec

filmthat nmay be ‘used as a | ow noisture perneabl e subst e In an organic
el ect r ol uoi ameéngens catepineetsdbmogiutgnd m whiehi nvention; 20 [0015] FIG 6 is a

schematic i o i,ew of a.third ephodi of .a protected polyneric
filmthat [q?ﬁ@t ber%ﬁlg‘e 1% SQEMGHF-FEFETE \é‘%’é&%&%ﬁl%ﬂ@&gﬁmé‘% &2 PREAHE or gani ¢
el ectr ol ugRESGEMesEEY 168cAKLIE NG thomvBRidAvention; [0016] FIG 7 is a
schematic sectional view of a fourth enbodi mént of a protected polyneric

filmthat [094Y] be RiGed insscheinatic,soitimal dewer msaduind esmbodimertt ©f am oxganisr gani ¢

26 el ectrol unmi.nescent device according. to the invention; [0017] FIG 8 is a
schemat i cglgéﬁcﬂ}“&ﬁ‘ﬁﬁceﬂ RS ’?ﬁtﬂ@%’ﬁ‘b’ﬁ'ﬂfﬁ‘m of a protected polymeric

filmthat ggaype u3gdsasa &hbRMidRLSIdHEPYIBRTRIRLefbRERAL & ddbraihi®r 9ani ¢
el ectrol um nescent device according to the invention; and [0018] FIG 9 is a

schemat i celsenuliminzbcant éeviad acgosiing to teebwditient of a protected 30 polyneric
[} LAl ey D Eed 82 Bekat IR SLL S O TERDL S, SHOSLI 1t iy o o
PCT/ @00156191%%195 Al Hiat Myt 6D R Mbisture permeable substrate in an organic
electroluminescent device according to the invention;
[0014]  FIG. 5 is a schematic sectional view of a second 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;
20 [0015]  FIG. 6is a schematic sectional view of a third 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;
[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
25  electroluminescent device according to the invention;
[0017]  FIG. 8 is a2 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
30  polymeric film that may be used as a low moisture permeable substrate in an organic

electroluminescent device according to the invention,



[ 0019] Broadly, and in one aspect, the invention provides an organic

el ectrol um nescent device conprising a | ow noi sture perneabl e substrate that
supports irst.el ectrode, a second el ectrode, and a |/ -em.tiing
structure ?1@%?62492& sposed between 5 the first and secollndcilg{e?%2é)g%r3t(l)5 8s. A
protective structure cooperates with the substrate to encapsulate the first
el ectrode, the second electrode, and the light-emtting structure against

t he undesirabl e absorption ohﬁmm@ﬁgcti ve structure conprises a
| ayer of boron oxide and an yer. [0020] For

conveni epgmag] t heBroudlst afd iRk affect, thensationdretiéat madganiand the |ight 10
emtting structure that is disposed therebetween are sonetines collectively
r ef er r ed Slegirolimyingseend deipe comopiasing ¢ lomamoistirp paarable sybstratethet @npds a

o 2oL O LRSS, SRSl LU 05000 o FELGRTARRERR! niTR 11 o

t hese co ei ng operatrana suc el ectric

curreft ketfnermdisaeortl €edtiodde SA paitedtive sirgéthre @operarEwmlithabe Bibstrhte €o
light-emtti ngi structure. The light-emtting structure typically conprises
an or ganicecapsilatedeq it elattredse Bwseonnd etactpde, 4n4d the lightgmitiing streftuich e

ol cct 1 of R P ERIHeRAT PR el RPRB Pbardloils e o

refers tofbhenlorierandfan Mosremiokirsier @pet. t he i norganic barrier |ayer, these
| ayers coo(f)er ating with the | ow noi sture perneabl e substrate to encapsul ate

the oper d#28hal Tamsaveaesedhe i cloeodre thesscomelectivdamnditae belti t is 20
meant of Naidifle RLOMESNEAREUE IS AN DL SHBRALAL R GRI AERLAlY. SurTround
or encl ose exposed, notsture sensitlve surifaces O the opera i onal B
conponenthsred astthe “&fekattiamd] €@nshen@S ot e begubee éMRIEmBSRLREHsCerhbly BBiist ur e

t hat coul d be absorbed by the operational conponents. An CEL device

accor di n@rgapia Hectiohyaimescent (QEL)devisatbess capiponenis beng ppyptionatyiasenges

rel ative device have ' rycture. 25
[0022] * cxshoh R ol FLELER shif B ceRihmt el eh BB B} b BBleaty, “egr ade
in the phesEICHiBngFBL&UIY, ETRNbht-Baitisasiictee Mtiedls isédn drigniel ect r odes
in such devices may corrode when exposed to noisture. These and ot her

or ganPc élesteluginescentvpaterial sandrpt least ane githeadeciredes fypipally car ansait kghép| ays,
thin fil . i . a ther el ec L conponents, will benefit from
bei ng pr c%{é@%‘tg%gga&lcn‘ggrtt%’htlrﬁléle?cﬁgtelhét?ﬁ%lf 30 [0023] Turning now to the

draw ngs,[0631F 1TBOOWBtedfivediBRAIre’ lﬁbﬁﬂ%?ﬁbﬂéffb RRsepdtiof boidaloxidéamidcige 10
conprising a | ow npisture perneable substrate 12 that supports a first
el ect r oddnarganig bamep kiyete fiese layae coeperating with fhigHewangisturappreeshle subswates t hat

Is di SPos§ (ejnc4apsu at% 066(41306%31%%%1 cﬁ)%og%?tggé (h%%;ﬁégevice. By "encapsulate” it is

20  meant that the protective structure and the substrate collectively surround or enclose the

exposed, moisture sensitive surfaces of the operational components of the OEL device so
as to reduce their exposure to moisture that could be absorbed by the operational
components. An OEL device according to the invention has a reduced ability to absorb
moisture relative to the same device that does not have the protective structure.

25 [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 elecironic devices such
as light valves, liquid crystal displays, thin film transistors, and other electronic
components, will benefit from being protected according to the invention.

30 {0023]  Tuming 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



between the first and second el ectrodes. A protective structure conprising a
layer of boron oxide 20 and an inorganic barrier |ayer 22 cooperates with

| ow noi st we 2pwreedbl e substrate 12 to encapsul ate firspeehsdose98ss14,
second el ectrode 16, and light-emtting structure 18 (i.e., the operational
conponents of OEL device 10). 5 [0024] To facilitate connecting OEL device
10 to a power supply, the device also includes a contact pad 24 that is in

el ect ri cabeiGREMARIEH kRRolirdbidionts. oA BRIEANE silunddrdrisfINIBR: pad 26 that

is in electrical comrunication with second el ectrode . Typically, contact

pad 24 i sheronontderROcud anuniygeaie hamiet lysi Bhcapperfatas stithelowtmpistize permealld
~contact pa 6 .S _a_contl nuous nhr oken ext ensi qn. of cond el.ectrode 16.
In this e?)’g’ﬁffr%teil?%weﬁlqapf)‘gaTg%ﬁné&%cﬁgﬁ%g‘g H e?%iroagﬂgﬁpgiﬁgg%g-pnﬁhgg protective
st ruct ur egiel@hirBes (L embosadanyal ketpeants dIGEL dévied ﬁ?t.rode 14 and contact pad
24, and the boundaré bet ween second el ectrode 16 an contact pad 26. The

£

peri phier y[@924} he Tor lacdigate oennecting OB alesicd 10 he 2 pawebopnlatiealsvige @lso

oper ot ondHCRbhpaNEPat oF Teers Borebdel bRRER:LS Wp By Rleads L AHThy ' (e

cooper at i gsht&th phd26 it BYiQ @ ticaBcshmusit sich vt sseuhe bleatkGdclid. TRy, A "1 ow
noi sture perneabl e substrate" neans and may be provided by any material

that is sedmactpehis is & eitignews unbroke extensiontof dusirelestpdn 1 4.lead chatagtoadui t abl e

for supp i.ng _t.he oper.ational conpenen f.a L, device,, as .ywell as any
ot her mat Zé |}Saa| fs,nEm%%ur%p ﬁbgéffe% %ﬁe or' ‘1? ?/Cé’?@ efeﬁg?‘_ﬁle Y% 1510 relv_g]g’ I?Wé L device
or thgy Pr@Iﬁ@@§t¢ddeth§{(mb|95ﬂ15}§br¥]Bﬁth%koté&i#b@ﬁ‘ﬁcthMMeﬁQH the beaRdA EbawREEHEst ON

fromnoi sture in excess of the levels that can be nmeasured by conmercially

alai | abl eclegjtadsridrand saatactiad; Mangihe bpardarphetmenmrecond plgerededifiang! s,

M nneapol | k| ' L I.cal . suring
noi st ure %Ozrrt%y\g%ﬁy\gén ?%%&;8}36 %ﬁgfﬁﬂgg&g%?ﬁge %t%lgérrh%% sa(% gfegt%e Oglpﬁ%iﬁ 63/ n2/ day) ,
per neat i ofepfedtr@ed B btakeh Aines X8 3@ raEBédBylvhaVEIheeIThileShE bpegianl a

desirable target. 25 Accordi G?J y.. a "l ow noi sture perneabl e" substrate nore
pr ef er abl §omRENCHEs 8 QRLudevice M WG b are ancapsylateddasthe gegpesation.of tey o/ day,

pr ef ey abl - day, and even nore preferably |ess than
1x106{53/ nérPgﬁ§§§%§s‘g%e?‘§§é%‘gé‘§°psﬁlra§ght to ASTM Test Method F-1249. [0026]

W thin thp@espui delionescistitié paitieablecubsifaics mafs pel Menbe provitkdtbyaings i ncl ude
30 glass, silicon, nmetals and netal foils (e.g., alumnum copper and
st ai nl essmsategal that 15 gafficgatly fesistent Spawisiurg frapgruggon Kyt it ingstebedar t reat ed to

address agy LA D bpdr SRSHEN EdmMinehfiGr a OFP £ORY 304D % AiyTihEa2024 481955
components and/or layers that may comprise the OEL device or the protective structure.

20  OEL devices typically require protection from moisture in excess of the levels that can be
measured by commercially available equipment such as that provided by MOCON

( (Modern Controls, Minneapolis, MN). While MOCON equipment is typically capable of
measuring moisture permeation rates as low as 5x10™ grams/square meter/day (g/m’/day),
permeation rates as low as 1x10° g/m’/day have been described as a désirable target.

25  Accordingly, a "low moisture permeable" substrate more preferably has a moisture
permeation rate of less than 5x10™ g/m?/day, preferably less than 1x107 g/m?/day, and
gven more preferably less than 1x10° g/m%/day as measured pursuant to ASTM Test
Method F-1249,

[0026]  Within these guidelines, suitable low moisture permeable substrates include

30  pglass, 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



polymer to transmt noisture as discussed nore fully below in conjunction
wth FIG. 4- 9. 10027] First and second el ectrodes 14 and 16 nmay be forned
of the s Lals or different materials. Typicall fornmed
usi ng eIS@?%ﬁ%gﬁ%g?conducting materials such 5 as neté%%&ﬂgﬁP%§§%mnetallic
conpounds, netal oxides, conductive ceram cs, conductive dispersions, and
conductive polyners, including, for exanple, gold, platinum palladium

al um nu al ciu ti.fani t k.t ani um ni tJs.id indiumtin oxid l,uori ne
i oxi a2oBEE 1 it APIsHE e EPdTidie dbitheav R Bl Pt oy 4rmy ' e
single |l gyers of electrically conducting material or nultiple | ayers. For

exanple, the electrodes may include a |ayer of 10 alum numand a |ayer of
gol d, a e8] ofFisdland saeraddleatrodegdf and 1amayibefemed ofahe pareg matgrialgionum and a

R b e P e B

limted GometSHUllbRY, hﬁﬂilli&@ﬂﬁ’%otﬁﬂﬂ@ﬁétilioﬂmesJ agictiveeermlichabidiciidg, inkj et
printing, screen printing, thermal head printing, and photolithographic
pat t er ni éperEBEgodgpniuciine pelymers, tigtuding, doraxampl, galdoplatinepliadayer or

ol cct Fo aiHoREs R KPhERL (i RALRHER BB BE R e i escent

Sui t abl e pakaniines Firficdnd decondslietrbdemnl4enil1e niSMe $ngle tBlkers dfRl@trically
non- polynmeric emtter), a SM doped polyner, a light emtti

dendri mer,
i ght - erPrduchine patgraber uktiple laserdo ererample, Hie eleasodagivgy @%de%ie;%%;nié
el eCtlpo' UG RGeS a%%errr%% §ladl za%gggfbcilcﬂ{@@cgggay%} SFfluinum, agﬁﬁég'ro?a“ on with

any other organic or 1norgantc¢ erral dre Tunctiaon _ P
non- f unctahefialmi dhdaraph @alithue!fRetiielod iinied (et afd apbRYrRAlly Sdueere [ 00291
Useful SM el ectrol um nescent materials include charge transporting, charge

bl ocki ng organer ber Methedstfonprepnmpanihe elsetrerdeg ancdwds; Art are nelpbehi®s such as

N, N - bi s(3-..25 nmet hyl.phenyl )+ N, N d Ny, zidine. (:IPD) _an tal chel ate
Conpounast Eamentardy HBRSR Sy Rl PR e e Bl kb | 7 hece
mat er i al sh&anl hedvaREgdR) and @hesilitiRgrHhicgRat@thd r om sol ution to formthin

| ayers in a device and, in practice, nultiple layers of SMnaterials are

of t edSusd@8038 pr biht-emetting sireture 38 geayi e aingle fayeuen mubipémiayerdend ces since a
i t.er. [l f. t i . ¢h t t 30
o, e GSRALP ofeagCoue bdhe Gee i Shggn anspor

conj ugat efhop@&cyitRE bRosphorebded NBifitableBrbplel @i hideal smAl RbREAk|(SVh axtter

sufficient filmformng properties for solution processing. "Coni ugated 6
(e.g., a non-polymeric emitter), a SM doped polymer, a light emitting dendrimer, a light-

emitting polymer (LEP), a doped LEP, or a blended LEP. The organic electroluminescent
20  material can be provided alone or in combination with any other organic or inorganic
materials that are functional or non-functional in an organic electroluminescent display or
device.
[0029]  Useful SM electroluminescent materials include charge transporting, charge
blocking, and semiconducting organic or organometallic compounds such as N,N'-bis(3-
25  methylphenyl)-N,N'-diphenylbenzidine (TPD) and metal chelate compounds such as
tris(8-hydroxyquinoline) aluminum (AIQ). 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
30  and electroluminescent properties.
[0030]  LEP materials are typically conjugated polymeric or oligomeric molecules that

preferably have sufficient film-forming properties fot solution processing. “Conjugated



WO 2006/ 036492 PCT/ US2005/ 031955 polymers or oligoneric nol ecul es” refer to
_polynmers or oligoners having a delocalized it- electron systemalong the

pol ymer bagghom@ssfspch pol ymers or oligoners are sem congdgiush@sendsLan
support positive and negative charge carriers along the polyneric or

ol igoneric chain. Exenplary classes of suitable LEP materials include 5

pol y( phenyl enevi nyl enes), pol y(para-phenyl enes), polyfluorenes, other LEP
materials agmerm@oﬁfer'k%&écu@&veéf@mq)ow@s 6P0IRINFE hSvifd a BLIBBISed her eof .
Sui t abl e EE s can al'so be nolecularly doped, dispersed with fluorescent
dyes or phlstioonusiisiris sleng thegrodymer backbase e Audupelymisrsag toligemers avn- act i ve

-materials, dispersed with active or non-active. materials and the |ike. 10
(o051 L eperieSBFIoRRE st poh ABbiyt Rodtfiyd SR BEMH RS slopf e lingyls
casting aopgligtidric dhelnutEx@mpdiry tligsck BPsulRbRILEP nferlsSiHPisEs at e and
evaporating the solvent to produce a polyneric filmor in situ on a

subst rat eroly(nhearenvnndengs). eobi(ese-phpudines), pekviaerenes pther HEP oratertalhoeis

i nclude | aser._t | patternin inkjet .printin cr.een LNt t her mal
hoad r i i SR ARGC A Aol et S oRbaR Ry, SHERLI BRL B M b L1
[0032] Al hisdsegluriyQlopsd) Gidpessed it floyestént AyEs orlphokdl@tmesddnt filafdiakt r ucture 18

may optionally contain, and preferably does contain, other functional
| ayers sublengel withgrteve armenssbye mpigyials, digpereadarith eiiveoanepestive mgierials,a hol e
i njection_] Nitee 2D el ectron injection layer, a hole blocking |ayer, an

el ectron Broc ing |layer, and the like. These and other |ayers and materials

can beo usgib3dtp allLEr maferfalénen bl foreledGhtorlightBirdpiag sire@uy cdbting a solvent
cZaracterl stics of the CEL device, For exanple, such |ayers and materials

chn be usélutien offbhlEPanaedd nracsybeiate et iapratipe thesohisate, pradusédi red devi ce
A ; A A S
L e

phot ol um nateri a

t he or ganf@melsioh modthedsied ¢élasdrthceing Bp dtetring el Bigirirg @l Odcreen[pdid@ag, For
exanpl e, a hole transport |ayer rraﬁj&be posi tioned between the other |ayers
25 of t hethergaitheadprinting phetotitographigmattemang prdextpisione@ghes el ect rode to

the o ofVBEE anbREeR Robihsm i e n0T Akt ™ A hor e

t ransport optaytelly tBitainy itdyerefoadily dsesaobfalt, beier figictibhe 1DRESAGR as Phokl ectrons
to the anode. Materials suitable for use as the hole transport |ayer include
a di ani nbagpeprtyaxeran odepdyen dransport layer, a hole injection layer, an electron injection

N, N - bi s(3- : i di NN 3
bt 5( 3 naphEHar SIS e g5 BeS @AM ERg AhPehelic™ Moo cther
derivati vRyeiGRd asaterfbldlcantbeubed S MNeNofiupb eiRydlevionl) frohdtienaddan ne or

4,4 ,4"-Tris(N-3-net hyl phenyl -N- phenyl am no)triphenyl am ne. Qher suitable
mat er 2&l sc}namqt@m@cg;gb%gﬁﬁih SV co gkaiaple, such layers and materials can be used to

achieve a desired current/voltage response, a desired device efficiency, a desired
\ brightness, and the like. Additionally, photoluminescent materials may be present to

convert the light emitted by the organic electroluminescent materials to another color.
[6033] For example, a hole transport layer may be positioned between the other layers

25  of'the light-emitting structure 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'-

30  bis(3-naphthalen-2-y1)-N,N'-bis(phenyl)benzidine, or a triarylamine derivative such as
4,4' 4"-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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1,3, 5-Tris(4-di phenyl am nophenyl ) benzenes, and conpounds such as those
descri bedé )—I Fuji kawa, et al., Synthetic Metals, 91, 161 éﬂ%%?_)_ and J. V.
G azul evitQ dWSOB49%;  ohri egl, " Charge- Transporting Pol YEPRMHBIRBI ecul ar
G asses, " Handbook of Advanced El ectroni ¢ and Photonic Materials and
Devices, H 'S Nalwa (ed.), 10, 233-274 (2001). 5 [0034] Simlarly, an

el ectron_transpori .la osi tioned between the othe |.ayers of the
li ght - en%béa’ﬂﬁ&gtdﬂwidﬁ@ %‘l’iﬁle epzenes. 450 campRRfssPel i3 Hase desctbsdifi tate the
i nj ectiofy phjiehACES é?nSErﬁ’thtzé Beetdis, '9191r6qt('199"‘7)t39&@'\ﬂ%&Bﬁeﬁ@fﬁ@@'&i'ﬂ%ﬁ@% Zone.

The el ectron transport |ayer can further act as a barrier for the passage
of hol es“Clmrghdranapdrtive PolyBreey &t MolgctlaeGhotess Hamiooke af Aidvepcthe cat hode and

th I £ h t. de 10w | [

el gcte r gfﬁ#ﬁﬁé‘é‘&éﬁ g@ﬁ‘&:—ﬁ%@(@%ﬁ%ﬁﬁﬁﬁ?s’ &%l&%@ﬁi?f”a&hn %ﬁ@%{%ﬂou ansport
| ayers mayyong) f OrS’iﬁﬁjlaH?'ﬁ%lé&ﬁn%ﬁ%&&ﬂﬁi&hﬂﬂﬁ%ﬂﬂ@@ between the other

tris(8- hydroxqu nol al um nu

1, 3- bi s[ By¢s-of meﬂlglltmumgetrh«ytul)eptléﬂyd firstigrasedonsixel cittenxlolto ﬁacmtqtbdwzene 2-

bi ph | -4- t hyl et h 3,.4- d : d
f:o'nﬁoﬁﬂégn cib bt Bkt g il Rt ioTy Xfaa)dg?hﬁ\}ée&aﬁiaaﬂ%%%' 8ltof 1967) and

J.V. G a&%@ﬁﬁ%}k&% caIPﬁmia%r %@99551% for t s&ﬁgewﬁaﬁe%fﬂe@gthﬁ’@é ymers and
Mol ecul ar asSes book of Advanced El ectronic and Photonic Materials

and Devi CewentiigShe hla]cw&t:)(tedac)hmg)the 28Bodq ag0thy clephodsiromiredvhingribé moeld

S R R e e A
20 usi ngy tlﬁlg%z 8 T&&eﬁ'ﬁsin@%h@é@%ﬁet&lﬂ&@%b&ﬂvzd tﬁkeshwﬁbxyqﬁndmdt& be {

under st oo not every advantage will necessarily be Treflect ed in each
appl i cat elomindras 1 be@dﬁﬁ@(hﬂehmahbbﬂvﬂpbmyibel 3 HagradiazBb2-yHbenzets 2ray be

deposite o, ligh mtting structure 18 as an
opbr ol 1 iahas-4 g Sk E R b Bhons Dl A atiariey pd P ey d

advant ag %@ééﬁbé@ﬁl C ?ﬁk:heﬁvet(aﬁ%émhlal Syhipy ¢25 rle(@dw {dysy a@ﬂm&ﬁcm gnsm t
light fromthe |ight- emtting 25 structure. ition, the boron oxide

| ayed5 na)‘StrprGIttgi,e“Gha&ee"émd@mt}fngﬂPolymerS@Ed Mtdwul%‘ Ghaﬁﬁeabﬁﬂnﬂbm ot ure, whether

trapped inter durin ri.c rom ie vironrrent.

i 16 not R ST et Pl i et FIH RO LS S0 Gy 1 felPeved t ha
the bor (H)(I de scavenges noisture by reacting with it to yield boric acid,
a relatively"weak acid, the solid formof which is not likely to be

det ri ment@l35] o t Wath@Bhtinkedireferenth LsFIGa A, &epﬁﬂea’twprsauemee@bntgusemmrmactl on of
one nol ecul e oxi de wi th thr | ecul.es of water, 3.+ 3H20 --f
OOy 3. CRGEYeD ALY e DTN 221 HEYHE HSTHRe S GPbee g 2ibes or

20  using boron oxide in the present invention, although it will be understood that not every

advantage will necessarily be reflected in each application that incorporates 2 boron oxide
layer. Boron oxide may be deposited on or otherwise applied to light-emitting structure 18
as an optically clear or transparent glass-like material, which may be advantageous for
OEL devices if this layer needs to be able to transmit light from the light-emitting

25 stru;:ture. In addition, the boron oxide layer may reduce the tendency of the OEL device
to absorb moisture, whether trapped internally during fabrication, or from the ambient
environment. While not wishing to be bound by a particular theory, it is believed that the
boron oxide scavenges moisture by reacting with it to yield boric acid, a relatively weak
acid, the solid form of which is not likely to be detrimental to the OEL device. This can be

30  represented by the reaction of one molecule of boron oxide with three molecules of water,
B;0; -+ 3H,0 — 2B(OH);. Additional reaction products in the form of evolved gasses or

liquids are not liberated.



liquids are not |iberated. 8 WD 2006/ 036492 PCT/ US2005/ 031955 [0036] Boron
.oxide also offers certain processing advantages that maybe desirable

dependi ng wpQood/ddessappl i cation. For exanple, boron oxideppgyshfsapRkied to
light- emtting structure 18 by several techniques including sputtering,
chem cal vapor deposition, electron beam deposition, and thermnal
evaporation approaches (e.g., vapor 5 deposition). Vapor deposition is a

f d
prererredy B(ﬂi%zﬂ Sucﬁéﬁaﬂr?@%cés%l SaG&i Slragfa%%ad&gﬁﬂérom or e

energetic app | catr on met ho utt e i ng. boron oxi de
can be vardepemiarglmonehh alphamtnanchpteamhpleﬂatren umdemaryd:@@rpphei todighit | ons

(e.g., |t|onrat of ab ut. 10 to 50 Al sec, na e achi eved under a
vapor pre§§{’1‘? ul%sbyﬁfv%r trehgayes ﬂ}mgwewérfgﬁml@ﬂ&ewg si gns of
deconposi tdemuial Blectrdl BG4 QEREIRA, /1 théithal é@ap%%bﬁ ﬁ%ta&{e'si‘é%hvﬁww] Bor on

oxide layer 20 is provided on that portion of "the devi ce
i nt endéd td@pct;ethm) oVeperattpagitivmsta profesed mthqdanlsfm ths tamgetandam ik budgeptible

ayer 20 g8 fmdgtdierh ey e SeuapLpn S lhedaich My RURGROE nReHaPhr BSER the
CEL devi C%mdéwaﬁwwpo@eeﬁbsﬁﬂe@@ﬁaﬂ gbcwﬁtm@rét@ﬁn&@kn&eerﬂ@aaﬁw@ (tikely to be
exposed duri ng use, ot her ayers resent in the pr otectlve structure,

requi r ememepositom ré‘ps pEalout A 8 ﬁ%ém maydaeachlewbundas a Ivagcerpr@shm@kxf@b@it

i ncreases Si s ture trans si on but.. per haps
at the ex&QnS%&@f? gﬂ%‘g&”{lﬁg 3?’%31%@’50 P%&‘HE%%%%%%. 1§CP rat%?r‘i‘aoft ‘tr eased
cost. 19V t Rhicé BRRiaQUi del i nes boron oxide layer 20 is provided at an

effective thickness, by which is meant a thickness sufficient to reduce the

2(6 absor ptd®] of Bm‘pgtomd@ layer 2Ads WEVidgd on that peaioatof ﬂ@ ©BLdreice MISOEL devi ce

t hat does., not a e.bopron e aII bor on
oxi de Iayélr‘l m?dsedg é?@ ?}P vinﬁgsﬁma& Swlﬁﬁl%?ﬁi‘gﬁ %eg %dObA o 10, 000
A, nore pﬁmleﬂaalag\pmﬁuﬁ iﬁgﬂﬂcms@om&n didSRerMBRIINIEEvARY, QlietaRialy about
3,000 Ato 5,000 0038] Still referring to FIG 1, the protective

st ruct ur e dgpendingsipen iﬂsfetsﬂfﬂlﬁ@rf MELﬂsvlbarm@letmq ca:gnémone to which Iﬁhfc@Eber at es

Vayor 195° Reneh PaieRS e sraetrBhRhg She. biee b Bt md SRIFEY St 4

heat and/ esquireslea® ifsiadpticAlatisparahdyesse fed. t A ﬁ\y@ﬂﬁickﬁés%(ﬁﬁbréé%@é HekedarRs ta
noi sture and/or oxygen barrier. In this capacity, it is preferred t hat

i norgani ¢ im:artweéranmgﬁelpnmllb@rwbéﬂﬁ perhapseat gy ménseprf@ccb@ﬁd tmlesp@pepat i onal
or o or r oa Tedtaed {8 Fean PSRl S R BN RS Sl R D B oxi e
llayer 20 provided at an effective thickness, by which is meant a thickness sufficient to reduce the
20  absorption of moisture by the OEL device, relative to the same OEL device that does not

have the boron oxide layer. More specifically, the boron oxide layer is preferably

provided at a thickness of about 50 A to 10,000 A, more preferably about 500 A to 5,000

A, and even more preferably about 3,000 A to 5,000 A.

[0038] Still referring to FIG. 1, the protective structure also comprises inorganic

Pl

25  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.

30 Itis 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



or other layers adjacent to the inorganic barrier layer. In certain
applications it may be desirable for inorganic barrier |ayer 22 to be
deposited or ot hervvl se applied as an optically 9 WO 2006/036492
PCT/ US208%) &89884°2 c| ear or transparent material, whi chPGHRYSHE' P&t ageous
for applications where this |layer needs to be able to transmt light from
light-emtting structure 18. [0039] A variety of materials may be enpl oyed
as the inorganic barrier yer.. ferred inorganic, barrle materi al s
{@F’%B%

i ncl ude FISRIYY tb%@ﬁn?é%mn}?ém? ‘ﬁliuplim% © afyaniageons 105 ApRlfelions iy PErides,
met al OXX%% IBS a8 R SRR I5Q) 11%!%&’19&? frubture 4.1 1 con oxi des such as
silica m num oxi des such™as a , trtani um oxi des such as titania,

i ndi um 020039]; t A waety dématariatimay bé empboyeleas ttxamoagamm eetrieelayeri r coni um

oxi de, nio . oxi de, bor carbi d tu gste rbi de, silicon carbide,
al Ui hunPFRETLROTETICEBHeT SeF Pl esl pHiges M Rk fcride.
silicen 8 o ani um
oxybor1 deToRey AR ANk U bR ﬁ%&%“!f’%‘d%%SEf‘*@é’f.’ F.%egﬁﬁéf;. de,

al um numosiiesiatchnd sitioaialmamionsiddseneods a-:immmsptamuai txider @k as gdnianor gani ¢
barrier

terial i norgani ¢ barrier e applied or
f or med ué‘?cﬁ‘&nt"é i LR ese‘ﬁ‘g‘f“&@élog c4 1RRfa H%tzé})lé 1?-?"%1%}‘ %@C&E}% as
sput teri ReideChdon caﬁ@fd@ect gs?én HA& iR REH &) aluSB) %lﬁ%ﬂiﬁg)sﬂm%\ﬁ‘ﬂglﬁ@,t Ion

(e.g., resistive or el eam evapor ati on), chenical vapor
deposi t i dnronplitaide pdumindnt dweynitiike,. sﬂbmh@xmltmdeshomalmbcmlhmde EmorniEni ¢ barri er

Iayer 22 depend art r ot ctlve ion that is.intended to
pl ay; Obutongﬁ P\ F}%‘Wg%ia% ) F‘Ef@ inagons |t efﬁ%ﬁﬁa@gﬂbtﬂﬂ %IIdF’c,SiliLFoné’lx num or
combi nat lgpSnhf&xRRTand SHEBiIAR. dﬁ%ﬁlb&@f‘ﬂ%%laﬂglpﬁf&‘réd Rt B4 It UM num

oxi de or silicon alum num oxi are quite us Further exanpl'es of
i nor gani cmatbmais eTheI inyrgersic bemfenlayenmiehbs appiwdrﬂnfmmadmsingdeclnm;wsl al s

fabri cat ed Enhanced, Chem cal Va or 03| PE- CVD), such
as those*€ EI% Arimr{lf lizingiar UCR @S SRtigBRg ed’)"p b‘@é?nel fanot her
enbodi ”e@fmttérﬂl 5%@51509%1&)%(5 erreélﬁi(f%ror g}%c b B g&aqgﬁ) Rierflical ¥ipbt | ayer
constructfon c npri'si ng, r“exanp ernat|n ol ynmeric and”i norganic

| ayeid§. THepositiwor, gmnngamchﬂleﬂ&enﬁ@atdmmmmbldédr inyrganiy bafridr hgyen? depeakls not ed
above for the 25 inorgani.c harrier .l ayer mer.i c |ayers. may be,
For . exampreD qriBe hyieryF Sinedon b itje i B plab, b BRed T nGreahl S y1 encs,
cycl ot eg‘ié Ewﬁ&d?%fyﬁihé&ﬁ' @Gﬁﬁnuul}/l’.l{' &d ﬁ}iﬁ{o)ns GRSIAT dch 'a%%c!é&ﬁ)ﬁoﬂ@m@ epared by

way of ayer) process, er tec ini ques in
whi ch t heilicay dicscide; elumnpim oglide as smpqm gipminare pxidy) &pgbitensedigh, Fapther- coat i ng,

ther mal eva glregto}" glgrgamcebrgngearllay\é?spl?srefu ?1?5! &bgrglon?;xﬁudes th%e%gls%afﬁ(c%%l es of

20  using Plasma Enhanced Chemical Vapor Deposition (PE-CVD), such as those described in
U.S. Patent No. 6,696,157 (David).
[0040]  In another embodiment, inorganic barrier layer 22 may be provided by a
multilayer construction comprising, for example, alternating polymeric and inorganic
layers. The inorganic layers may be provided by any of the materials noted above for the

25  inorganic barrier layer, and the polymeric layers may be, for example, (meth)acrylates,
polyesters, fluorinated polymers, parylenes, cyclotenes, or polyalkylenes. Multilayer
constructions may be prepared by way of a “PML” (i.e., polymer 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

30 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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30 nultilayer constructions are described in, for exanple, U S. Patent No.
5,440, 446 (Shaw), U.S. Patent No. 6,497,598 (Affrnito), European Patent
"Publ i cati apoMeys09s4677 280 A2 10 WD 2006/ 036492 PCTI USZOO%Q,%%%@MHSS
(Motorola), WD 01/89006 Al (Battelle Menorial Institute), and U. S. Patent
Publication No. 2002/0068143 (Silvernail, et al.). [0041] The thickness of
inorganic barrier layer 22 will also vary substantially depending upon the
nat ure of i { EB% [ ﬁ’?%}pjﬁj ks ' - devi ce
is likel y(%%ﬁg%?g?sl%%@é’ﬁ% use{lég{ er %ﬁfltelﬁjsaé)bérgisl\gﬁr?f@?tﬁht ebgg%i%?lgcti ve
st r uct ur e No: 200R/9@0f8d8 {Sflmmaipet ldl transparency, cost, etc. As |ayer

-t hi ckness j eases, . Lesistagnce to noisture tr m ssion W ll_increase, but
per haps at[b‘?‘ﬁ ex-_@i%t_i%c SSy d‘lﬂ?é@%?%ﬂ%_ %Wﬁpa%mf&%*wgﬁityz and
i ncreased d‘éﬁb’iﬁingwfpbﬂ'tﬂe ARSI OBLIdRORe] NOARTAS cORfidR o WAYSI théDEIL S
provi ded at” an effective thickness, by which is nmeant a thickness sufficient

t 0 i nch eadevie@istlikelyaloi Hei axpowdl dutieg @, othev layerstpueseekingbe protacting stsictureof

noi sture, resist thermal and/or nmechani cal. i ct, etc. relative to the
cane dev SETREERRLT s RATRRan g Bty A 1Yo R os ohise S PGS (e

i nor gani ¢ 1babishge tﬂaﬁé&ﬁ{ssioﬁ@{il@hﬁ;%ﬁé,fﬂu@ﬁérhé{ps 4t e éx@@ﬁé&%'ré‘du@é’d frh@pareh@yer is
preferably provided at a thickness of about 0.5 mto 70 m nore preferably

about 1. 5reduced Aexibihty,and imveasediorse Phthfiethakd guidélings @rEngmbargerdayen2215
[0042] The enbadinent of .the.OEL device.shown in.FIG 1 1ere boron oxide
| ayer 207 BOLA P FLEeE VY g B B 1 ey bicksess SEINEH Gp R HTonal
conmpongnt shebilith@f WL OED Y18 td desi8t trarBRBERAT IR sHTRY, Bdsitt icBNLIOMAIRT S the
inorganic barrier |ayer before encountering the boron oxide |ayer), offers

cértain acheshame smpaty elc. aclktiveyertba sampedavitesthatytpes notdeive e pratyaive20 to be
d ited ] tially. ti | but wit the 20 dt
i bor ous SRR Rl G by inhes SR ey Markhestticaliche WoPRER: FeStuent | y

acconpany |4apRipréBRSS) flooieaRcth MidkaEssRITABERSES nRAGFYSEn, ITAGHE PadtbebRAr ri er
| ayer 22 al’'so ‘resist’'s noisture transm ssion and is the |ayer that first

encount er sbandropmhip # pmmiasd aven meregireferably shout B motwdl wxi de | ayer). This

et onder M Bhanc P Frbrera RO F B ST e oMb PR oot
Turni ng nowid Gtdeniiate iniRhid® i PRRdd t?‘ife l(__)?ééaﬁgl demp6RnecoHndOpy, to the

invention is illustrated.” The enbodi nent o 2is simlar to the

enbodi mendeate @leGendroacking ppistirh ahcoamteopithic amarparbe bireer laggredef@2 has been

i nterposed between boron oxide |ayer. 20 and,the operati onal conponents of
the CEL. dEWRUBISTIAE thY aTaR R Gpvel)y Srie Soxtn 2UYaRAgee FAS ATERssm Beife
prot ecti Veohdiideda Fer 2008k REp RRE B drCRRNRAYTEORERbLEs Bl BE Wt B Ce,

20  need to rigorously avoid forming pinholes and other similar defects that frequently

accompany vapor deposition and other processes because inorganic barrier layer 22 also
resists moisture transmission and is the layer that first encounters encroaching moisture
(relative to the boron oxide layer). This arrangement also permits boron oxide layer 20 to
provide a “last line of defense” in reducing moisture absorption by the OEL device,

25  [0043] Turning now to FIG. 2, another embodiment of an OEL device according to the
invention is illustrated. 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,

30 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

11



30 though it may be electrically active. The buffer layer may performa wi de

variety of possible functions. For exanple, the buffer |ayer nmay provide a

sm)oth surfa which to deposit the boron oxide or of rs or it
provi 23%0%?2%0“ ng or primng layer 11 WD 2006/ OP%T%%OM%SI 3

PCTI U82005/ 031955 that inproves the adhesion of any subsequently forned

|l ayers. The buffer layer may protect any subsequently fornmed Iayers from

reaction.wth the jno anlc barri er t he er. The
bt or Oty ADn S A5 Moaf s BNCRrORd 156 Aot S R {7 | ayer
is also ﬂ&ﬁe@P&HJ @b@éﬁubﬁ(ﬂ E@m@@@d@z@fg%dn@fba@ﬁoﬂ Qﬁh@lﬁ@iﬁ@%ﬂhﬁéﬂaaﬁ‘iéﬂ!@eﬁb? and the

|l ow 5 noisture perrreable substrate. [0044] Buffer |ayer 32 may be forned

from a wihdbowardxede/lapsr. Feduitar byemm@fogmmwptmmkﬁmﬁmméﬁwmaﬂmhet he

act ual ion.w.l |l be infl t he tic r funtlon functions
Chat t oS HPr s enebiolieeh BEGE Costbup s bty st Ay Bedovhar i 1)
forma BRishirdPerticablteubltaidlevi ce will be adjacent to the buffer |ayer,

materials that are not 10 oxidi zi ng agents, not hygroscopic, not acidic, and

t hat ar e{(}@éﬁ} r edbtifoy dayai 8hmalyde doimpgddram am@mfart%y pf whtrieldbotivargnical s t hat

b | 1 t b | uded
o e b obeBlo e B A% S R el k¥ B e 0P i etttk R R Fpey |
4, 4", 4" - tinktaiN-tBatTBE byffaheny ks ﬁﬂtelﬁh&ﬁﬂb's@men@bfr EtRha dm" Pa%x@‘%he(t MDA &

N, N - bi s(3- naphthal en-2-yl)-N, N -bis(phe ) benzi

t ri s( 8- hyotiox pfjiheddEL dewcawdhbmdja@m @Ah@uffﬁgdaxer Isaﬂen@lemamﬂm‘t de, etc. The

h f.buffer | 32 al that, the buff
| ayel 0 sorRrimesPo TS corl W1 RRRAOL B e Hone BRI Wt 00 A7
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t he fore90|ng di scussi o i norgani c barrier |ayer is applicable to

secohd i ﬁzbk@}argptd, Bidicon monb@yie,retcsfl“heﬂnelﬂ@ﬁ&)@‘chuf@nﬂay@r 3% plsp depenfis en thet he
addltlon ivi.n nced on to L dev
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ment i Onemmadoowwa@géhw@b@@ﬁfﬂ%ﬁ@k@béﬁ&ﬂlrate 12 may be provided by a

pol ymeric filmthat hag been treated to address any inherent tendency of the

pol ymer i 0045] m touningmewi to FIGi $tanother Qubddimentafeni@EL devise sacerding rthed to as

‘protect ?I%entlon is illustrated. The embodiment of FIG. 3 is similar to the embodiment of FIG. 2,

20 except that an optional second inorganic barrier layer 34 has been interposed between
buffer layer 32 and boron oxide layer 20. Second inorganic barrier layer 34 is similar to
inorganic barrier layer 22, and the foregoing discussion of inorganic barrier layer 22 is
applicable to second inorganic barrier layer 34. The embodiment of FIG, 3 offers the
additional advantage of giving enhanced protection to OEL device 10 as a result of second

25  inorganic barrier layer 34,

[0046] It was previously mentioned that low moisture permeable substrate 12 may be
provided by a polymeric film that has been treated to address any inherent tendency 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

30  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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polymeric films" and are illustrated in FIGS. 4-9. FIG 4 shows a protected
polymeric 30 film 110 conprising a polynmeric filmsubstrate 112 having a
first maj face 112a and a second major surface 112b opposite the first
naj or surﬁggau%i@gng protective structure 114 is provi 885})‘&% 003031%8%st t he
first ma or surface 112a of substrate 112. Protective 12 WO 2006/ 036492
PCT/ US20051031955 structure 114 conprises a | ayer of boron oxide 116 and an
i norgani c barrier I ayer, 118, Preferabl there are no, i ntervyeni | ayers

bet woen s dHFHER dALPREReS playpbethoren orift bl mnlﬁarg&qurdwé%-npai r the
a1 11y Olprt8RnR) Aleehicd ﬁf%ﬁi&g@@%&%é&fﬁm&&@ 112 BAT AR A Qfruct R STUT e

.through the su rate. Sim IS preferred that € no
i nt er veni g4 laaytes sowdd bapzweém albdrtp nf theipdecdtagatruditfe tancdices dhaaarismissamrdfer

| ayer 118, a t [ he. abi.l tective structure 114
R s gt R S S Brren S Rl iy N timst fa chdph 86 S brstoRing: ety
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i norganic barrier layer however, the relafive position o
| ayers coubiithef protertve stnasureH 14 matedum)ﬂlg mansmﬂsaom pEmolisaye by ktigstiate 112.

I nt er nedi ubs te..112 and boro 0o e.layer, 116,. Preferred .ar those
const ruct ﬁé‘ﬁ‘gﬁ éﬁlméﬁﬂt?ﬂ?ﬂ’@%ﬂ@g El?é'F a8 bl Intgrgediptg st %%th

| ayer are ﬁdr@ﬁﬁ%ﬂaﬁf‘&@eﬁ bﬁ? h8Rel @Gk &él&l@%gﬁi%n%@%&@h% %f@rs%ﬁfa%t er the
i norgani c barrier layer bef ore encountering the boron oxi dé |ayer. [0048]

Subst r at e réveesadsuch fhot | mnm‘amm Halnhmlaﬁy 118 id inferrnedinteanbstatarbl eariddiordravi ng

| engt and dt h at are. subst ant reater, than the
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a length dinmension that is subStantially greater than its width, the wdth
al so bei thtsmbaamthaaNryaméafom encennterimgthelvordonedde lageich materials are

often tha t.ral core ch.the terial,.is.w edln
mul £t o PO o Sl 0 48 R el iR MR B U i e e ra gV ki SRR
protecti V%&%Mﬁ%&s&&s&ﬁﬂ' ah'@@hb’s@nﬁilﬁj #PatSthd ﬂﬁtxﬁaté&algs thlcld?eséohiciﬁdédr 0' |
production), additional manufacturing operations, post - processing

handl ilAg, veithon ﬂrge:oacmbt shi ﬁﬁlnmgareAltqm, anbbtmdmﬂi amoﬂlhwﬂudlrwncnaﬂs: dm;crnbé aa "filn

| ongt h- andlrt i A BASE el iendEe s s donefe TerCly R 2R 875

of ten handliggh i Wi é%ﬁbEtaHﬁally%ljeﬁtblpﬂhé‘n tHé(ihﬂéla%@' ShAVRhiSribake Jf%l litate

processi ng steps durin rotective 25 structure is applied to the
subst r at e providedshidlea céntdll ooreeabsuinw]uah th@tm&ibmzigs Wya;p@ed) p‘emaitlpwwmdﬁmgM@] The

ooty miF  BFIE BTOpAsE T CaY Ty BF RGN HTTH G B RRP BRAPEE 1 or

exanph@, R¥pstrate (e.g., in roll-to-roll production), additional manufacturing operations, or posi-

processing handling, storage and shipping. Also included within the concept of a “film” is
a sheet, page or panel, which generally describe a material that has length and width
dimension that are more nearly equal. Such materials are often handled in a stack of
multiple individual layers that facilitate processing steps during which the protective

25  structure is applied to the substrate in a sheet-fed or a similar sheeting type operation.
[0049] The term “polymeric” 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

30 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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coextrusion or by reaction, including, e.g., transesterification. The term
"copol yner" describes materials that are derived fromtw or nore different
nmononeric units and 30 includes random bl ock and graft copol yners. Polymers -
sui t abl e W@R00pH3s#dZi ng substrate 112 may be any of a nREHER206FIRHIWN

pol ymers such as thernoset (crosslinked), thernosettable (crosslinkable),

or thernoplastic polyners that are capable of being fornmed 13 WO 2006/ 036492
PCT/ US2005/ 031955 into a film including acrylates (including nmethacrylates

such as pubpdduhincididgecrylhtas 6)191udipgIngﬁ:blh&rﬂauas:mmhiaagobmqlwhmybthaaiy@cbdf)oI s),
| th all t th
o yvi ny PoRgls Gich Bfete B PR, fobey Dt Boes, SHSr b BT ShEPELEH phi de)

pol ysul f eagsts o), pél ?hﬂ?i ﬁ%ﬂf&né@ﬁbl@hmﬁﬂpb}j}aﬁﬁ&s%&?r e% Knesters (for 5
exanpl e, cellulose acetate,” cellul ose acetate Butyrate,

ni t r ocel Isulphigiey pohyshljencahenelsformpldelysetresins, ¢élbrosexcairens ald ?ﬁtﬂr%/(f()lat hyl ene

1P LS Bl (L SNSRI e PELYFLTBRE: St o

pol yi sobyoklaam, (fd@@kmhﬁ& ﬁglwaﬁﬁeﬁ@ﬁe}e%nﬁmugal Iya? (QRfERS AdpheaeRL)RY| ene, poly

(p- chl orostyrene) |nyI|dene fl uori de, yvinyl chl'ori de,” pol ystyrene,
etc.), pirehskibonates, pelsm n¢ {for emiplmlyeﬂim@ieakoiapmwbmlwlycaerm)ane :

I I t hydrid
Pl yoxy reehpioRheRne i SR ARed R enbEitoro et RE B narde Bhnbs,
pol yaryl Q:hlb%éfﬁbﬁbgel%ly\flh*l Q1R Py ABS %olyﬂﬁlyl’clﬂorﬂﬁt ﬁM}rst?fe)ﬁE%’i@? pheiflleyar yl at es,
pol yphenyl ene ‘oxi yet herim des pol yaryl sul f ones yet her sul f ones,
pol ydfi depsitsdéer, eXpmp;epmmzrlmndmsale snsms};@lemdacetmaestmng’mra@sutnles, [ 0050]

F gt be d abl te 112 to h (

Vs ble. ORGSR s OB oS MR Bal PR o ot ~at 1 oast about

70% at qaowe&iehétﬁeﬂcétems pARNO] BRIk ok ﬂﬁﬁrgﬁcﬁﬁhers dﬁblght&ﬁéth?pﬁj/rbﬁ&t ions it
or

may be desirable f esubstratetob oriente i axially oriented,
and/ or heatyastlatos, |p|olz5@heny1¢nesm@sc1@£dw1wmmdnamob@rﬂs@fomasg ipelyethersutfohest r at e

112 to be IeX| ble, b t.that s ate 112 can be w apped
about 20P 3@811% Iinides %’&%ﬂ%f aﬂ%%"‘rﬁﬁ?@pﬁ%@orﬁ “frdi ngs as descri bed
aboves The OSdr]' CkF'S&Ss%n{éfa pRSHIDHE ﬁtrﬁ‘a)ﬂ@ezdésﬁaﬂlé‘&"&%hystﬁtecf@tt%%abé( abRgple nt ended

application for the pro ect ed polyrmeric film but for many uses a thickness
of about llghomansmmmmiforrmampl@reeﬂrwamswnacﬁ@uieaﬁ abautt7@%,01t251anbic lightqui t e

useful . [005 t contlnu reference to p ve structure 114
conpri ses” %‘i’ei%gﬁ IBtgregs IBS a@(l}c orisllfimﬁ?’ig g‘ﬁmﬁahl?r ﬁfh %’(Taﬁ Q% ayer 118.
Sever al %&Haﬂﬁﬁaﬂf &ﬁﬁé@%%?ﬂeaﬂé’raﬁhﬂs‘&' DOsoRRY @ABesOit itk bedkhasigfori t Wi | ]
be understood that not every advant age W |
substrate 112 to be flexible, by which it 1s meant that substrate 112 can be wrapped about
20  acore to produce a roll having multiple windings as described above. The thickness of
substrate 112 is largely dictated by the intended application for the protected polymeric
film, but for many uses a thickness of about 0.01 to 1 mm, more preferably about 0.05 to
0.25 mm is guite useful. '
[0051] With continued reference to FIG. 4, protective structure 114 comprises a layer
25  of boron oxide 116 and an inorganic barrier layer 118. Several advantages are associated
with using boron oxide, although it will be understood that not every advantage will
necessarily be reflected in each application that incorporates the protected polymeric
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

30 advantageous for applications where this layer needs to be transmissive to light such as in

an orgaric electroluminescent device. In addition, the boron oxide layer may reduce the
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necessarily be reflected in each application that incorporates the protected
polynmeric filnms. Boron oxide may be deposited on or otherw se applied to
't he pol ymagbGodsidsfagorsubstrate as an optically clear or tﬁ)?'?ﬁf&%o‘i}ang

gl ass-like material, which may be 30 advant ageous for applications where
this layer needs to be transm ssive to light such as in an organic

el ectrol um nescent device. In addition, the boron oxide |ayer may reduce the
14 WO 200 5@%9: ' LE RS e film
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upon t he batheiediovidusheppipplior dfhcothidkoesspf bowatoxdiedayey rié 6 mdll faisormaryl 10,

e
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protected polyneric film cost, etc. 10 layer thickness increases,
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| ayer 116. [0054.] Still referring to FIG 4, protective structure 114 al so

conpri ses thermxpgansiod rddicbdiransprrehay,eeduted flexihility) apd dpeeastdsoshi t h boron oxi de
| ayer 116 rotect pol ri .l m .substrate.11?2. |nor ic barrier |ayer
8 Ty ol R ealRdi RS I TR oech il e B e BiegBAOEn hew

and/ or  meglaisfRl o oA Snidela M@g@%l{dﬁﬁle%%roﬂf&m laj¥¢yded as a noisture

and/ or oxygen barrier. In this cap , it is preferred that inorganic
barrier [eipdf 11BilbeefemipetoElbld prajeative strustere 144 atshabmiprises inbxgasic be

strongly tesistant.to the 20 transm,.ssion of S e. It is also preferred
Chat Thor GERIEE B8 HEE P Cop e o ot pRde B el U Birreisriah B telihy or
116, pol yggsshsiefzithm i i &tﬁ&q}tﬂi 7s) iidor gani ¢
barrier | g?‘é?,ﬁtealr%g ﬁ%?&ﬁg?ﬁ‘gﬁt eﬁ‘ glisrrr}ggyg%wgfrﬁgt?ache to et}x eg%-glt€rreri C

fi | m substroathere, dxygery dndi heatagmd! draatchamsaliimpactydithodglsit isimbost dften inclodegiaasi ¢

barrier layer 118 t be deposited ar otherw .se | i ed as an gptically
clear or @iSEEAAor Ry e SaFticn, iR GHS FARICIDS 11 PEAVER U8V SRR | cat i ons

L, L1 AL R, RORERE R ol 00
i nor gaNi c transmission of moisture. It is also preferred that inorganic barrier layer 118 not be
reactive with boron oxide layer 116, polymeric film substrate 112, other layers adjacent to
(‘ the inorganic barrier layer, and any components formed on or attached to the polymeric
film substrate. In certain applications it may be desirable for inorganic barrier layer 118 to
be deposited or otherwise applied as an optically clear or fransparent material, which may
25  be advantageous for applications where this layer needs to be transmissive to light such as
in an organic electroluminescent device. Inorganic barrier layer 118 is similar to inorganic
barrier layer 22, and the foregoing discussion of inorganic barrier layer 22 is applicable to
norganic barrier layer 118.
{0055]  The thickness of inorganic barrier layer 118 will also vary substantially
30  depending upon the nature of the appliéation 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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barrier layer 22, and the foregoing discussion of inorganic barrier |ayer 22
is applicable to inorganic barrier layer 118. [0055] The thickness of

i norganic barrier layer 118 will also vary substantially 30 dependi ng upon

t he nat uME0 aW060¥E%%ppl i cation for protected pol ymeric fg¢ﬂpﬁ@@”ﬁﬁﬁ%ture
conditions to which the protected polyneric filmis likely to be exposed
during use, other |ayers present in protective structure 114, requirenents
for optical transparency and 15 WO 2006/036492 PCI/ US2005/ 031955 nechani ca
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barri_er Iayer before encountering the boron oxide |ayer), offers certain
advaﬂpagé§1Ofﬁﬂgnarrangenent permits 15 boron oxide |layer 116 to be
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| ayer 118 al so resists noisture transm ssion and is the | ayer that first
encount ers§bsREr dadhe-nenareaching BolsuretaeIRiErs the REZABHIHIG:RTE P@% Thi s
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defense" Th re ure r‘ansm ssi on nmeri ¢ fate 112.

[ 0057 Tllfoftimgudwwyérq 1EIt65be Gepaited trem eemﬁdnlﬁwﬁmabuﬂapémbwmupmey meric
film110 is illustrated which is simlar to the enbodi nent of FIG 4, but

of f er i ng NeprbtofrigoroRsly avead, Aerrappinheles W@%ﬁi@ll@é@fm@rthatafmuembe
cncapoul ok gy A HbBHERE g bR PSR RO e e g
resists moisture transmission and is the layer that first encounters encroaching moisture
(relative to the boron oxide layer). This arrangement also permits boron oxide layer 116
20  to provide a “last line of defense” in reducing moisture transmission by polymeric film
substrate 112,
[0057]  Turning now to FIG. 5, another embodiment of a protected polymeric film 110
is illustrated which is similar to the embodiment of FIG. 4, but offering the further
advantage that inorganic barrier layer 118 encapsulates or seals lateral side edges 116a and
25  116b of boron oxide layer 116 so as to additionally protect this layer from being exposed
to moisture at its edges. This embodiment may be particularly useful in higher moisture
environments or where the boron oxide layer 116 is to be made available to only resist the
transmisston 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
30  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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to moisture at its edges. This enbodi nent may be particularly useful in
hi gher noi sture environnents or where the boron oxide |layer 116 is to be

‘made avai l\gBl,godRsRR! Y resist the transm ssion of noistuyr (8 <
penetrated I nor gan"?c barrier layer 118. [00581 The enbod?ﬁg'ﬁqsg@?mgﬁ% 6 is

simlar to the enbodinent of FIG 4 but further 30 conprises a second
inorganic barrier layer 120 that is di sposed between boron oxide |layer 116

and pol yner.i il msubstrate 112. . Second, i nqrgani c.barri I 0Ois
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i nor gani ¢ daioh@radvarese dil@ving ehBand€d gRARGLHOS &AS et HHAQUBIHREIPD%s a
.applicable to second inorganic barrier |ayer 120. The enbodi nent of FIG 6

of f er s t haesulicddiseqomdanorgams reatse layer 10, i Thy corfiedimey of FdEetis somilndo e yneri ¢

filmsubstrate. 11 of nd._Lnorganic. barrier | . 120, The
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conpri ses sfowR GPPIL. I OTIRNMNCFI0AT] in6fgahie befriet Betsl K@ dndabozosh@awtdn FI G 6.
Thus, in FIG 7, inorganic barrier |ayers 118 and 120 cooperate to

encapsul ateacapsulgislr sparhproide layasy Hi6 sops taeddigonally aefeet toisdavey figrot ect thi s
| ayer from_. hej 0, i re at its edges. [0059] Turning now to
TP AR T el

FIG 8, a tected polyneric film110 is presented

which is gogddiar TemidEen@wRORIGTS) hndhe\whbodintenof #phéctédipdieriec amp1isi ng an
10 optional buffer |ayer 122, that separates the protective structure from

c g nponent §s Bresetadewhich ingieviar torthe eabedinsaishewntin Fifp. 4 hbtsli@ffb@lrﬁonyﬂﬁmgrﬁ@g gn
ot er dfloe it B GORRERP M yPoraos BEh B SRS HohPLonpdBRE ST BHE S 0¥

offt i onal liaiebethal Y escudd toandublegudnily Faeididnthe susshenNsirh Ripbeaas or buf f er
| ayer 32 is applicable to optional buffer |ayer 122. 15 [006 J FIG 9
i 11 ust r at dayesnbeinhernersally Topreapntehbpesferenqemimenglj 134 18 IF o% eOntigna! bwlder second

o 2 L T Pk A AR5 b Byt v @

i nor gani ¢ vagker 1agér 32 i3 ¥pplickb to Dptiomirbeterteydr 108, FIG 9 further includes a
second | nor&ani c barrier layer 120 associated with each protective

st r uctldr e,[0860) houkkE: % illuptratesnn embnsiens dewhishtbofihBrsp mains srface Hae gadhi ¢

ctr et ur eoveieg Ay B8E 1 PLOtfn BR, AEAE 1 P e R pN BB T 16 5

havi ng begfiote@fieapattusd B dinpriieng NQy@dTherdadsxideer 16 Av@Snorghis bhgieon! y
optional . [0021114 Though not shown in the draw ngs, various functional |ayers

or coat i ndayecdh¥.bEhe embledimest piidGe 8 dethep ficludss B sedond incrganie bargier lyeror
| pr oye PI%8 SRk a0 Wi Qlc%aplrot%ét? eestcrtui:t%?d, although it will be understood that the
20  second inorganic barrier layer is optional and may be excluded from one or both protective
structures, Similarly, while FIG. 9 shows each layer of boron oxide 116 as having been
( encapsulated by the inorganic barrier layers, this is only optional.
[0061]  Though not shown in the drawings, various functional layers or coatings can be
added to protected polymeric film 110 to alter or improve physical or chemical properties,
25  particularly at the surface of the film. Such layers or coatings can include, for example,
visible light-transmissive conductive layers or electrodes (e.g., of indium 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;
30  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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25 particularly at the surface of the film Such |ayers or coatings can
I ncl ude, for exanple, visible |ight-transm ssive conductive |ayers or

el ectrodes &Eﬁg., of indiumtin oxide); antistatic coatings or films; flame ’
r et ar dan?® ¥f%bi | i zers; abrasion resistant or har dcpﬁﬁszr%ﬁ’@i’?:’él s;

optical coatings or filters; anti-fogging materials; nmagnetic or

magnet o-optic coatings or filns; photographic enulsions; prismatic fil ns;
hol ographic filns or inages; 30 adhesives such_as pressure _sensitive

adhesi veBcoiporiad inta eneprpeere wéthe gitermppidayess pf babpasier assablver 428 b&dj acent

| ayers; : | ize materials for use when the barrier
assenblygﬁgﬁ?gy%gaﬁggggpﬁ%ggﬁ%gébe roll form These functional conponents
Cﬁn be 1EMMM]ZPGﬁkﬁﬁﬁﬂ?Bnﬁ@IEUSZQQﬁﬁ@ﬂ&&ﬁg%ikﬂﬂmmamﬁg&ﬂﬁﬂbw?gxgme or nore of
t he outermpst |ayers of the barrier assenbly or can be applied as a

separ at e{lmltMﬁ Fainpieas inghich ald perts adeperoepiages ¥ bivyaighaumlase OSEE? bed wi t h
referencg tQidshe following non- limting exanples, in which all parts and
percentages are by weight unless otherwise 5 indicated. EXAMPLES [0063]
Unl ess otherw se indicated, the follow ng abbreviations describe materials
used in the exanples and/or thei rEXAMBEESAbbrevi ati on

Descri ption/ Co rci al, Sour ge NPD . . . .

NN - bi s( i&ﬂ?{ébhf@l@%%-ozhwwﬂp%catsqté%epﬁélﬁwygtf@hﬁw%s despEbp msitsials R H w
Sands Co | : .on oxi de, 99.9995% 200 ppm H20, avail able
from Al ahzéggiﬂ?lg aﬁ‘l’rﬁ.ﬁ%‘fj%"ﬁ/ﬁé’as stock# 11160 AlQ Tri s(8-hydroxyqui noline)
al um num avai | Alibreviatiom H W SandsDé&eriptiod/GurmercifllSdurée T Counarin

avai | abl e fingep East man Kodak Nipis(3 RagiBaEED-vl)-NW'ass(bReiVbefzigde T FTCNQ
Tetraf | uor ¢-t et racyanoqui ”%Uaﬁ?&l@%ﬁlﬁ.‘w.'Sﬁiﬁk@oﬁ’,q{ﬂaitéﬁjﬁﬂo Kasei Kogyo Co.,

Tokyo, Japengﬁﬁb@“ﬁﬁ\—nrﬂ—un € o gAY timophene-
pol yst yr enest fonate avai | aﬁﬁéhforoe i %3 ’ﬁ,%ﬁéﬁ

S" PEDOT VP Al

4083 Li F Lilthium fuori-de |-0gd esat, WardHill, MA s stockr JL160, o o

AlQ Tris(8-hydroxyquinoline) aluminum available from H.W.
Sands Corp, Jupiter, FL

C545T Coumarin available from Eastman Kodak Co., Rochester,
NY as Coumarin 545T

FTCNQ Tetrafluoro-tetracyanoquinodimethane available from
Tokyo Kasei Kogyo Co., Tokyo, Japan

PEDOT A mixture of water and 3,4-polyethylenedioxythiophene-
polystyrenesulfonate available from H.C. Starck, Newton,
MA as PEDOT VP AT 4083

LiF Lithium fluoride, 99.85%, available from Alfa Aesar,
Ward Hill, MA as product number 36359

Al Puratronic aluminum shots, 99.999%, available from Alfa
Aesar, Ward Hill, MA

MTDATA 4.4’ 4”-tris(N-3-methylphenyl-N-

phenylamino)triphenylamine, sublimed, available from H.
W. Sands Corp., Jupiter, FL as product number OSA3939

1TO Indium tin oxide

OEL Organic electroluminescent

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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ward Hil |,
avail able fr

4, 4", 4" -t iy bbeFosemi hy| phenyl N- phenyl am no) tri phenyl amygyy b{};l,

avai I able fr

| TO Indiumtin oxide OCEL Organic el ectrol um nescent

om Al fa Aesar,

omH W Sands

MA as product nunber 36359 Al Puratronic alum num shots,

R 030

Ward Hill, MA MIDATA

Corp., Jupiter, FL as product nu

OLED Or gam C

99. 999%

100 (thickness=100 microns) or HSPE 50 (thickness=50
Mmicrons)

8141 Adhesive

An optically clear thin film laminating adhesive available

light-emtting diode RPM Revol utions per m nute Therno-bond 845- A hot nelt
adhesive fil e 1o Ly oV
Ther no- bond Ef?%%%oth a thAgJX#' 9? UEJ ?ﬁﬁo pa lal(:ﬁ/('lﬁ‘reuc(fﬁ‘il on | ayer
SR399. D pontlanar: oo MITINSERS, Fo Bolydster BOPE31Bh €6
pent I6 bL Ot |JU| E \1 OTTT Dany,
Exton, PA ag TREH0080. CEA ( BEOSTYY E%Crfg?fy Tepy gﬁwﬁ{f o YGR R (i
Radcure |nd_ N Anm.qr a_ 8 Eﬂ 2% 5829 BCA 48 63%492 pCT/ 1197005/ 031955
EBPE3150 Al i|dsgaci i&doxy r esilhydvaxiyrydiohexyy phenpdicteie avadehle siom Gibast)ri es,
Fort Lee, NJ], as Pol yester ERpPESdS0Chdaneds CoreaidepdayyiosmoNaG ascr yliat e
avai | abl e frjom UCB Radcure |[Imgacure N84 Augusta, SC, as Ebecryl 629 |rdacure
184 1- hydr oXygyrbonexyl phe”SfHaﬁ@iu@B&uﬁi’l@é;daﬁﬁ&u%mﬁﬁrﬁ@ﬂQ b@allaﬁl%ef%r@“y
Chem cal s Corporation, Tarr Yoyl @8e Srai!i q %rt
Triaryl sul fgni um hexaf | uoroag& g%@[ﬁ\y@g a rom (¢ SpeC| a1 tyf
Chem cal s f-porat rat =6 :7:'-+ Fastor—B UV Lanp
A W |anp a\;fr{'ls%?ﬂl%w Lamed Ao v ire peaik rf%“ p}«ﬁ underi t he
trade designation F600 Fus| GRIESTERATEA: under T ¢ trade design UO 600
Fusion D UV Lamp
Fusion H UV Lamp | A UV lamp available from Fusion UV Systems,
Gaithersburg, MD, under the trade designation F600
(. Fusion H UV Lamp
SiAIO Silicon aluminum oxide
MEK Methyl ethyt ketone
PET Polyethylene terephthalate
CAG150 A microgravure coater available from Yasui Seiki Co.
' (USA), Bloomington, IN, as Model CAG 150 and fitted
with a 110R knurl
Ag Silver (target available from Arconium, Providence RI)
HSPE A PET film available from Teijin Corp., Japan, as HSPE

from 3M Company, St. Paul, MN as 3M 8141

[0064]
may be obtained from Aldrich Chemical Company, Milwaukee, WL
{0065]

subjected to the following cleaning procedure prior to use; sonication in a warm (about

In the following examples, unless otherwise noted, all glass substrates were

110 °F) detergent solution (Deconex 12 NS, Borer Chemie, Zuchwil, Switzerland) for

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

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

10

[0066]

Example 1

An OEL device according to the invention was prepared in Example 1 and

comprised a glass (i.e., a 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

19
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Fusion H WV Lanp A W/ | anp avail able from Fusi on UV Systens, Gaithersburg,
MD, under the trade designation F600 Fusion H UV Lanp SiAIO Silicon

al um num oxi de = MEK Met hyl ethyl ketone PET Pol yet hyl ene, t re %tg al.ate
cAGL50 AWH YPYBRAure coater available from Yasui Sei kiPC(T,é.SZ‘f A

Bl oom ngton, IN, as Mddel CAG 150 and fitted wth a 110R knurl Ag Silver
(target available from Arconium Providence RI) HSPE A PET film avail abl e

fromTeijin Corp., Japan, as HSPE, 100 (thjckness=100.m cr.ons)_.or HSPE 50
(t hi ckne¥em8BC bﬁ{%“rrj }’@i&%o/szafﬁfé@qdv@lthfsh b B ety
| am nat i Qg REGARHNSoRYAdnaPlagers LE HRIGEY GONBARY,, el ligR@titinhracudMrdl41

[0064] Materials referred to'in the exanples bit not identrfied in the
f or egoi nte fiattlaed serapd skectbdes).ned from Al dri ch Cheni cal Conpany, M | waukee,

W. [006 t f ol | | es, | th | ted, . all
su bsE rat @bﬁmr e Qﬁ%“%ﬂh%‘%gﬂ%égg&\g&m&u?é P OQ&‘P’%;"?V{]\%% %a‘gg"ﬁ%ﬂ‘ﬁ'ﬁﬁé‘nﬁbﬁ St 0
use: s onjugalih 6 ko MBLBKaPeIh mAdfid5o Sebs! aronsRkTbeRHERYRReK 12 NS,

Borer Cheme, Zuchw |, Swtzerland) for about m nut'es; rinsing ’in warm
(about 13GilEle dwimoPele devhmptgidsditd.abilwateOMN )N vt edutioraefPEDQTHY 6 n a

it ) d f h . I 1 .10 066], An. OEL devi
ecor df i FRin e o DRERE fos da el ot b Bsta an B MERSEETs gl ase
(I e, 2alsgWCRE 35 WiiRueLARAR Aot BB _sgtﬁ@re.t DiroSUBRRLEOLED ik was

el ectrode, a second electrode, and a light-emtting structure disposed
bet ween thae dépasged eamitbp afehoRABDE Telayar dgakermal prapbmiioh weingtarvactume conpri si ng

G Sl e B L ISR T 0P 3108, o e
direct goOBLARACKkinWIEOABS QPRYAL ARG of tBYPEDOAT 1ayd1qiddRk oRRY sGRd)i N@p the !
light-emtting structure and™ the first and second el ectrodes). [0067] d ass
subst r at €§0rfeasA/shABDCAAS R (B0 dnpieglid0eh wed 8/9 dtaler(@ed Avit tl A/grn LIF QY
Aat 0.5 A/s)/ Al (2500 A at 25 A/s).
10068] A protective structure for the OEL device was then applied by depositing 3000
15 A ofB,0;0n top of the aluminum layer so as to encapsulate the operational components
of the OEL device. The B,03 was applied via thermal evaporation (at a rate of
approximately 3-5 A/s) from a tungsten dimple source (S8A-0.010W, R. D. Mathis, Signal
Hili, CA). '
[0069]  Device efficiencies were measured using a photo-optically corrected silicon
20 photodiode (UDT Sensors, Hawthorne, CA) before and after encapsulation of the
operational components by the protective structure; no substantive differences in device

efficiency were observed.

Example 2

[0070) OEL devices having layers formed from aqueous solutions with and without
25  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.
30 [0071) A few of these devices ("test devices") were then encapsulated with a

protective structure by thermally evaporating 3000 A of B,O3 on top of the operational

components {using the procedure described in Example 1 to apply the layer of B;.J4) and
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5 layer in the formof four pixels each neasuring 0.25 cn2 (20 Ghm'sq | TO
coated glass, available fromDelta Technologies Ltd., Stillwater M). A

sol ution %03%619}% solids) was spun coat at 2500 RP nds onto
t he substrates, and was then dried at 85 C for 15 m nu{vg)g%mggoﬁﬁ)gﬁgl trogen
at nosphere. A green emtting OLED stack was then deposited on top of the
PEDOT | ayer by ther mal evaporati on using a vacuum 10 chanber at

i t,el 5 1 6 T D t ded b
oPtor 1 motaed 1t atind: o Aboel BF BE S s Tk fave! W FRTnbLBS BB EY Lord ™Y
stated): Hﬁﬁneftéﬂﬁbsﬁream A Sﬁhef dé\i@s@&%ﬁffol(db%céﬁg wgle ca@pleddady hbAds) / ALQ

(200 A at 1A/s) / LiF (7 Aat 0.5 A/ 0 Aat 25 A/S). [0068] A
prot ect i vdamigties yeepresfoil eetapmt @@Oﬁbéiemg ormtmowé@@mﬁwems woEiTmAy 3000

15 A of B t ate the
oper ati ona d%ﬁ%%&h&ﬁelﬁ%@%&%t%ew cetﬁgkﬁ%%]f?\}\&g@azyﬁl ied via thermnal
evapor at i qoomt apsthtibe Gt @gdedtintiEHealoytral- c‘;'mv&éﬁvefersmeduhwgﬁﬂlﬁéhtdi mpl e

source (S8A-0.01 OW R D. Mathis, Signal Hill, CA. [0069] Device
ef fi ci encicenditienssforane weesandihsglestrpharessemics §B4) imagss pall piaclsivare Bken 20

Phot 00 o0 REATRA ool PRI 8011 S50, DRLOCE AN BAIEGeSPRRBULRLLRD o

the operati6nal one ture; no substantive

di f f er enceamera (DO830£DACTE MTIdneyMigi ganatisg INE JEL bxagaslveerd thepQitth Okl
devi ces having |layers forned from aqueous solutions with and w thout 25

prot ect i véweegks ke dare s Leteith wanesmapaspdios thedestpndeanigpladericen (Blador | ayer

st Pt o SOHrah 1 Al SMBLacth SERPHA e A RoREH. TR R A MR st rat s

re then ddgiadet] §igmifizntin relative 8&tHE test dd&mesa Afiet apgrorinadielp Spheitks ofThe green
emtting OLED stack of. Example 1 was vapor deposited on top of the
PEDOT coatSEWags ungder %@é@&@@é@% ta%gfawi géwu‘fq& Vst AlgIest qomplgtelshepreredRYf ew of

t hese devi e c ) tive

st uct ur o By TR RRRTS Lh  Saikp R Ll RR R AARSY sRbEE Rikile dRIBEE O
conponent r¢wthi ng the procedure described in Exanple 1 to apply the | ayer of
B2,.13) and 20 WO 2006/ 036492 PCT/ US2005/ 031955 hand | am nating a copper
foil on top of the B203 | ayer using Thernp-Bond 845-EG 2.5 hot nelt
adhesilve. A few other devices ("cont E3pmBEA ces”) were conpl eted by hand

Lglmngafr'hnaO@BTOpp@ELfd%'viceQ(hﬁl%d%th%ﬁ@pr%!:tn%%‘ﬁ‘uﬁﬁr@%aﬁéﬂl&ﬂﬁl w&RPRARAL S

in Example 3, these devices being fabricated without layers cast from aqueous solutions.
A planarizing HIL (MTDATA:FTCNQ (2.8 % doping, 3000 A)) was vapor deposited on

top of patterned ITO glass substrates, the substrates bemg as described in Example 1. The
20 green emitting OLED stack of Example 1 was then deposited on top of the HIL using the
( deposition procedure described in Example 1.
[0074] A few of these samples were coated with an AlQ buffer layer (10004, 1A/s)
that was thermally deposited on top of the aluminum cathode. These devices were then
encapsulated with a protective structure by thermally evaporating 3000 A of B,0; on top
25  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,05 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
30 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,O; . These samples are

referred to as “control devices.”
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Bond 845-EG 2.5 hot nelt adhesive but w thout including a |ayer of B203 . 5
[0072] Both the test devices and the control devices were stored under
anbient conditions for one week and the el ectrol um nescence (EL) inages of
al | pi xel¥ORM6@3¢Qken using a stereom croscope (Steni BYIAUSHONIIZE ss,
Germany) outfitted with a color CCD canera (DC330, DAGE MIl Inc., M chigan
Cty, IN. EL images were then taken every two weeks and "dark spot” growth
was conpared for the test and control devices. (Dark 10 spot growth is a

si gn of dé¢fedat Thntestdevives dad ihesobipolnsivseuwere)thahsordnindel amftawitc es

degraded signific rel ati,ve.to the test devices. After.appr.oxi,nately 3
mont hs. ofnEPRpLER T Hnfees B e B e Bk ek Chmeticn SHEBPBEBENE < o mos:
conpl et eltychm@Ridestrd¥d ilRRarple 2%b t6mphre Asrk( dpoLerowdiRidthe REX: Sdvivddiang thdre test
devi ces showed negligi ble dark spot "growh. 15 Exanple 3 [0073] OEL devices

wi th and sanirplolevicps.of8er | weels of sietege Biesnoiaplsisvices showask stgmriesphdaryt spoth
Exanpl.e 3. these devices, being fabrjcate i,t hout, | ayers .cast .from aqueous
sol ut isons‘g.To‘XHHPglﬁﬁﬁgzlPﬁl@mIr—ﬁ F@WB’A‘?Q&?:%W??@S%@H%‘?H&g,h@gﬁSark)sfo S vapor
deposi t e?@wm R tief teRALtiRENR & beliv el RBSMSIURSS ERbRSy the evizy Rt talsmeRel Ng as
described in Exanple 1. The 20 green emtting OLED stack of Exanple 1 was

t hen depds the thyonof Brd): derelyedgaanstiglingthatti3: Osdep ssivengmwptenthetime g entes cr i bed

i n Exanpl e 0074] . A f.ew of these.sappl es were coated, wi,th an A1Q buffer

| ayer (L oBGEL KNGS And i B SR BSRBER SeSBR Bt ee Al am num
cat hode. These devices were then encapsulated with a protective structure
by thermally evaporating 3000 A of B2Qm top 25 of the operational
conponents and the buffer |ayer &USi n he procedure described in Exanple 1
to ap® y 10A27] ayExamwpleE2u®) prapated ey aluatei thaeifenjivaness ppa vapaidepesitedop of t he

B203 | ayer usi.ng Ther no- Bond s EG2. 5. hot, nel dhesive. These sanples are
et orr ot i Sare VR O Bp U B 1007 s ok e HAERI B0 L ARISEE B Ret od by
hand | ami jghllyRehcive ON8RM thetal 1208, 18R nitfo gﬁﬁ Qnﬁ&?ll@%lgm%vdcﬁ,esiﬁ RRY@n onal
conponent s uSi ng Therno-Bond 845-EG 2.5 hot nelt adhesive but” w thout

i ncl udi ngplasrpagléaned (aymuter atd4ull aower aid S3H0 8xygEheRlesmaipens -7 3 Plassiaticr ed to
as "contrgl devices." WO 2 / 03649 CT/ US2005/ 031.95 076] The test
Govi ces. aTERe Mo DAY Eb R A TR TUPGTEA SO FIGND REIE “Ebnd t i ons
and Hs i tRg&a Rbr hbAl daMbWeSasWEEenhiRR ot KM 250 At Sqikkd Sfenttg hithe using the

center. These were loaded into a thin film evaporation chamber located inside a glove box

and the chamber was evacuated to 7 x 107 Torr. Calcium was thermally evaporated from
a BN crucible at about 2 A/second until 2000 A had been deposited.
[0078]  Three calcium coated glass cover slip substrates were processed as “test

20  devices.” By0s; (500 A) was deposited through the 10 mm x 10 mm square shadow mask
at about 1.5 A/second (6 x 107 Torr chamber pressure) from a tungsten boat. The 10 mm
x 10 mm square shadow masks were then replaced by shadow masks having 20 x 20 mm
openings, placed so that the 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

25  then evaporated from a tungsten boat at about 1 A/second (5 x 107 Torr chamber pressure)
to yield three test devices having a glass cover slip substrate and, in order, 2000 A
calcium, 500 A B;0s, and 1000 A silicon monoxide.
[0079]  The three remaining calcium coated glass cover slip substrates were processed
as f‘control devices” not containing an inorganic barrier silicon monoxide layer. The

30  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

22



techni que described in Exanple 2 to conpare dark spot growth in the test
devices and the control devices. After 1 week of storage the control

"devi ces SW@?@GQE&%H cant dark spot 5 growth indicati n%ﬁ@%@%#g% regfi on,

while the evices showed negligible dark spot gro
devices it is believed that noisture entering the device was consunmed by
the | ayer of B203 thereby denonstrating that B203 can scavenge water that

may enter __an,. {ee after fabricatio d.arisin rom sour ces, .ext er nal
1"t he. aetPRBinERs AT A alyht bev St b7 BHGPR HR0G 8 3l LG SRS EAaRERIcE  ne

ef f ecti venpssndfbatrid@esr. deposi ted inorganic barrier layer on top of a B203
.layer in reducing the transm ssion of noisture to a highly reactive cal cium

met al | ayE¥080} n Dng eonggbdevaesansismertest deicewbosemoyes fionyGeglovs/bagmadcl eaned
S srem! in gnbi ith P51 P - P =97 ti
(o mnut egodl i Wi AP 0T PRlac 0080 RESRIBCELAER| lyabogH] asmati ¢

subst rat egalvigme Tie dehaiciod oPWes calfid layehadoWsiEB AosiBstE@vthNBe B1bAimeM X 10 nm
square opening in the center. These were |loaded into a thin film

evapor at | B¥uléhanber | ocated inside a glove box and the chanber was

evacuat ed 7 X -7 . | ciu t ||y _evapar at from a BN

cruci bl e Bdtogl outlﬁgheﬁf}e}g%gﬁ ﬁﬁﬁﬁ%%% jﬁ%hg‘gc%égﬁ’ lggeﬂgglitﬁéei%l.assl%%ihﬁhree
cal ci um ceoafsrate phassict@y RiyesStabidlpadisided! ©8 nywedlBc ﬁﬁﬁ@ﬁﬁl‘é@ﬁb{%ﬁrah&@s'[ 20
devices."” B203 (500 A) was de%g)si ted through the 10 nmm x 10 nm squar e shadow

mask at éisepeared siiay yusexmately 30 mymyesmfrpicrnapue apd twsalcaym 14¥6HWAS t ungst en
boat . lThealﬁq%s%%ns}S%%Rte{ﬁ&%%ﬂrz% ﬁ&ﬁgow masks were then replaced by shadow
X

masks having nm~ openi ngs, placed so that the original 10 mmx 10 nm

squar e de[ges2} i OrEatASostEsltdRyRE stilidthihad fth@eRicmR2foriRemBpkarareSiflet TR
nmonoxi de 1 norganic barrier layer (1000 A) was 25 then evaﬁ‘ggat ed froma
t ungst en hels ohiir sxngtre; however 8 shglithage inghe orrgnaliheptsally sleesBuPelayer o yi el d

cal cium - BB0OReRB03. itk AP0 o R R e ik e S B SR nb h BERL i ng

cal ci um ceaisBg ofthrTalchan &yes whPdaedhad flohewitherfewtldae Bske th thasalchmmtayer
devi ces" not containing an inorganic barrier silicon nonoxide |ayer. The 30

subst Fat ebutwiargsnpriah descadeivm layrs refhmgdiis metatlic marardilie apgearance Wwient ur n

openi ngs and t thin fil mevappration.ch [ wa vacuated to 1.x 10-7
oo "3, Sl o s 2T kEUERED e RRRET Ay RS E o AP the Rt
tungst en R@Abr-HIQ appeirtnddyfaBe SN IMAbyd Byl eQentZAlyWanRAP 8B648 2ontrol

PCT/ US2005/ 031955 "consi sting of 2000 A cal cium covered by 1500 A B203, but

Wi t hout t#eviessl i con nonoxi de
[0083] Each test device retained its metallic mirror-like appearance after 2.75 hours of

20 air exposure. After 24 hours of air exposure, most of the metallic mirror-like appearance
| in the test device remained, although there was a slight reduction in the optical density of
( the calcium layer as observed by the human eye (i.e., several small hazy spots were
observed in the calcium layer). After about 54 hours of air exposure, the calcium layer
was quite mottied in appearance but still retained its metallic mirror-like appearance in
25  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]  OFEL devices according to the invention were prepared in Example 5 to
30  evaluate the effect of the B,0; laver 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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I norgani c barrier layer. [0080] One control device and one test device was
renmoved fromthe gl ove box and stored in anbient air along with a gl ass
cover slip substrate coated only with 2000 A 5 calcium The condition of the’
cal ci um “P%PG/M@M sually nonitored with the follow ndCTERNS8195F 0081] In
t he devices containing only the 2000 A calcium |l ayer on the glass cover slip
substrate, the calciumlayer rapidly degraded; the netallic mrror-Iike
appear ance di sappeared after approxi mately 20 m nutes of air exposure and

the cal cP#kpdimydiceriadh (Bedravpipha | ¢.diespapehe- bifelpagrotaddlz Raverew. [ 0082]
Each Cor?ltefsgif) lﬂﬁéﬂv&?b bigl i é Gsrhd ﬁeis{ﬁl%ghgft 56 WiHs'0h QP]O Pro@P &ﬁgf nce after

2.75 hours’of alr e posure, ver a haze i'n the origi
opt i cal |{MiclceRIE B2GR SDaTedTnHOA@Bm QDsblin, &Eb.hf@fﬁﬁ@r PEDOIT wﬁﬁsﬂmwbst @fto dier
exposure, a noticeable reduction in the optical density t he cal ci um

layer weideaned stbsaies i) ORRM @3%%%#@&‘?1‘1?% BHstrafey W@Tecﬁélleéloﬂrﬁlllé?ygr 15 but,

e e e e e i e e e

exposur gar type O adidpositionichiaberl ank ¢heagyprear ‘aﬂsmraoﬁatém’e; zahof Tonl apmw had
essenti a I%/évmshed fromthe control device 3] .Each test, device

r et ai ned3p 88, Al Quilonedrwith XKé GHFE 43 Uhdel ;f/%e@} and A4QH S bWS@b air
eXpOoSur ey Al &ﬁ.{epﬁﬁl}h%ijgr d iRt e &é&%’t%ﬁhrc{ﬁ{ﬁﬂtaﬁ m{n{;&guﬁ%tsﬁzl{do\xp %@r -l1ke

appear ance evice renual ne re was a s

reduct i othe saan;tlhgwenttr@afenféem@a Ehovebox tﬂaec&ﬁmwmﬂuaﬁﬁn ea@o@d:mrc\heﬁlbb;y t he
human eye ( several small hasz ots vvere observed in the cal cium
0&

| ayelD) . @ﬂt”é?dséﬁ‘gﬁogﬁ%ﬁﬁ% Eoglaad eieal deppsition) oficafpfielyer  was quite
ot t | ed fnﬂssgppe ?m?l’gs eiél‘{ éoiliegﬁhgﬁﬂggsqbts&atg?\tw@}e thgn eﬁ%rg& Thlo Fl@ appear ance

in 25 reas. abo air- exposur € ‘calcium | ayer

was conssad@neengq:sO@A fl /kdcy, ]IlF@Mparseﬁmsec)aéltdﬂmh(m@ IsARkL), spbt s having a

metallic mrror-1jke, appearance stil remai ned. Exanple 5 [0084,] CEL

devi ces #veoll @mﬁ) toA{se) wewémueahalw&e@omeépaﬁ@dorﬂw rl%dﬁ}wbmy- 0o Bur eval uat e
the effe B he
devi ce. gﬁ &nm&g:%aaggféfdzoﬁ Iﬂaé}{] ]L%}%qlggca(&)&ﬁlg %2@2’2@ (s%fg‘bf t%alstz( 15
ohnt Bﬂuafaﬁo 300l DradBecCuntantlucaad m@so w@sec;\,(mgﬁmm (260 L&ona?d@ac) wede cl eaned
by rubbi nIg with a nmethanol 23 WD 2006/ 036492 PCT/ US2005/ 031955
ilver (1,000 A, 2 A/sec) were sequentially deposited in the order noted at about 107 Torr

through a 1 cm? circular shadow mask. In the third sample, B203:AlQ (approximate 2:1

ratio, 200 A, 2 A/sec), lithium fluoride (7 A, 0.5 A/sec), aluminum (200 A, 1 A/sec), and

silver (1,000 A, 2 A/sec) were sequentially deposited in the order noted at about 107 Torr

20  through a 1 cm? circular shadow mask. All nine devices emitted green light when

powered at 6 volts DC. The presence of the B,O5 layer did not adversely affect the light

emitting characteristics of the OEL devices.

Example 6
[0086] An OLED device according to the invention and incorporating a protected
25  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 Irgacurel 84 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
30  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 um thick

transparent coating thereon.
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soaked lint-free cloth (Vectra Al pha 10, Texw pe Co., LLC, Upper Saddl e
River, New Jersey) followed by a 4 m n oxygen plasna treatnent at 50 watts
and 200 nifworoeetsgenr, (Mcro-RIE Series 80, Technics, | ngrudeéddiiss
California). PEDOT was spun coat onto the cleaned substrates at 2500 RPM
for 30 seconds and the substrates were dried on a 110 C5 hot plate for 20
m nutes under a nitrogen atnosphere. The substrates were placed in a bell
jar type depasiqid : . 10-6
R b s A S e A e o S v S
Al Q (200 Aradg dedigmtipn Seeichpale tzfwasdie gutewd tlendhenhally Jamematadde thawored

ol ove box SHA ok BF § AL PHITIE ReP G oo Llsorut PSRt o O MR B8 800,
BCC Edwar dgick Ryet 8o, feliow by he bppbxidRRes i 6 hannrk 1@;%%@@%,%11&)9@5% Three

sanpl es each containing three substrates were then prepare I'n one” sanpl e,
AlQ (3060 Anothepdppeeyimatealy 3§ pmathidk 16yetos ) wesd saqientrally2iposiied onAleseeled and

il 1,000 A jally d ited in th d d at
Sbout 10+ P of s PER Bk Erd SEE R Gt AR S Al iR e BESRERAT Lo e,
B203: Al Q (:AP#r: Xk WedfHohics, ahd al&géﬂ@}dcf‘xggmfﬂo@ rfeSEC)50 échﬁlgﬁqg@sﬁérﬁ,ori de (7 A

0.5 Alsec), alum num (200 A, Al sec), and silver (1,00 , 2 Alsec) were
sequent i altespectaysdis ifereapating theel T6), dad amengen flaw ratsonftl S0Gcam Torqoatingitheigh a 1

n2 circul h ] third | - Al i 2.1
ati o soottase SHRE alftRlions rliiion dsheea e o SHEHAYRER RN e300 A
1 ANsqp), 3REd a$htodRs afd adRBubk codtalVsT@Che ¥RAGIS @M@%ﬁ@ehwexﬂgﬁ@@wded in the

or(der noted at about 10-7 Torr 20 through a 1 cn2 circular shadow mask. All
nitne devi dekERMEYicesd green |ight when powered at 6 volts DC. The presence

of the B2 yer.di d .not adverse affect . the. light emttin

char act er 1OP34F° TS FraVRier BipE PEE WenBediEEh o vy cRilbgrbs Pupap e
accor di ng gy fResibauae! Iﬁoghn%;ns of HeQRORAICHYE Pattelndd DbaEdE theaRRinR AR C film
was prepared in Exanple 6. UV-curabl e solution was prepared hy comnbining

80 grans EfgumywasgRofromothgreliendregoneddour Pixgls gach meaacing 81284m hdthehad  been
di ssolved in 1000 grans, o K. The resulting solutio coated onto a
ol dp°C Bl WiraRgniRiE Ceahe s R e RRe Liedt hIR @Rt |

m crograv : i f 1. i quent|ly
in-1ine dﬁ%@gﬁgﬁ) %J ng? E{% t’r?éu;eﬁjl}%@e’%dcgﬁgésr'&rg&rfﬁtﬁg%goggb%?osp Eerg’e with a
Fusi on D Whsingrip waparaidund 10t F)L&asni pawedter fdhakout 1@ suihfad driting id b ahsipaed ent

PET fil m substrate having an approxi matelr\f 0.7 mthick transparent coating
t her eon. urged oven for at least 4 hours. The ITO/Ag/ITO surface was then plasma treated for 2

minutes at a pressure of 300 mTorr, oxygen flow rate of 500 sccm, and RF power of 400
20  watts in a plasma freater commercially available from AST, Inc., Billerica, MA, under the
trade designation Model PS 500.

( [0089] A hole-injecting layer MTDATA:FTCNQ (2.8% doping)) was vapor
deposited at a rate of 1.8 A/s to a thickness of 3,000 A on top of the conductive pattern on
the PET film substrate. The green emitting OLED stack of Example 1 was then vapor

25  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/5Y/AlQ:C545T(1%
doping, 300 A, 1A/s)/A1Q(200 A, 1A/S)/LiF(7 A, 0.5 A/s)/A1(2500 A, 25 AJs).

[0090]  The operational components of the OLED devices were then encapsulated by

30  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 (SS8A-0.010W, R. D. Mathis, Signal Hill,

CA.) A2 mil thick protective copper foil inorganic barrier layer was then thermally

25



WO 2006/ 036492 PCT/ US2005/ 031955 [0087] A polymer web mask commercially
avai l abl e from 3M Conpany under the trade designation Scotchpak 1220 was

die cut and then thermally lam nated to the coated surface of the PET film '
subst r at WOREPF6H2r ol | -to-rol | | aminator. An approxi mat &MYSEHSOHISE hi ck

| ayer of ITO followed by an approximtely 10 urn thick |ayer of Ag,
foll owed by 5 anot her approximately 35 nmthick |layer of I1TO were
sequentially deposited on the coated surface of the PET filmsubstrate

usi ng a !Boinggdat @ﬁ?lg@erwmé@ppw@tylyr@? mi@s@hml-me;qted mibber rollgr @aw of
Fespect 100P) AR et S Rn a vty Bliia G ha TR s RPR AP M Thst) seem o

coat i ng dnaeglf\® encdf@bee b0 akhiifitig @esad of iheTour Bedl, hatthekdgessdtard PEESHISE ance of
10 ohns/square. The ITO | ayers 10 served as anodes and as robust contacts

for the thstraselesndingd sxpesed(ip peayidan peint ior plsetricdiceptage s eenveniage] thishe

pol yrer . S , el ed, pfd _result.ing i uctive pattern gn the
b 1 i oneR gy 0D BRGeR A oo hE itiatides s O Bt KB Erm b iRoasur i ng
50 mMm X ushik ifgﬂd/b@-%pﬁtbﬂuyfcbﬁ@%tb@gilib@ﬂ bh&tbdl o €OPT Sefkor) MavRhak,CApCh _
measuring 0.25 cnR. The 15 sanple was ultrasonically cleaned by sonication

in a war W0PHbou The effeqtpondlsvise géliniency of incomergtibgadnetected pRBmaBisridm Cheni e,
Zuchwi |, itzerland) for .a i_hut es rinsing 4n warm (about 110 F)
dei oni ze%fé\émgll%grmft%‘?l B‘Bt?f“&%qﬁfr'ﬁ"ﬁ% € Waﬁglepﬁs%les%dtrogen purged oven for
at | eastjodotour %3,%@&5&3%@ $EOBUY WAk @posised ditife BhridsaRf R BdIhor 2

mnutes at a pressure of 300 niforr, oxygen flow rate of 500 seem and RF
powell of subgitate oppesite shei surfacpomwhichithedavige Soatieg kaddiaey dapesitedpréuginpm AST,

Inc., Billeri VA der_the . trad i gnat. | d 500. [0089] A
ol . i o BerPhTion Aone R E Rkt Be S Srlis BT Rl e e poi totl At a
rate of @gﬁsw S A gugilifk Glor@ssc Porrids 998 vhsQRer Iﬁ%p_zﬁ‘éd b BmEaNEHECE patEopat tern

on the PET filmsubstrate. The green emtting OLED stack of Exanple I was
t hen vapoultigyedagsembliesdndacettopiaes fastnen withenopjied wdhepiveaiach asienply her nal

Ce o g by PR e P BBl Condl o dPepgast oo e
hol er3 nj Geh BEMbRYAT theNnafAGnitilad &Y iBdreAdidbehite hid e BDGKAg, 300 A,
| A/s)/ ALQ(200 A, I AIs)/LiF(7 A, 0.5 Als)/A (2500 A 25 Als). [0090] The

oper at i opaiistrediopo RERtbgsedfolymer BEEDQH Polyures 2 ALOPobmer2¢%HAd0iCptisal by 30
thormel  SousbrnANohas e e R B A A0 S L Ph: SR B Rt
( S8A-0. 04 QWorfled B ddédRtibdSin gm%km{ﬁ é\déagraﬁ@: ) A2 ml thick protective
copper foil 1norganic barrier |ayer s then thermal ly
[0094] PET base + Polymer 1 (“Layer 1). HSPE 50 PET base film was coated with a
20  UV-curable solution that was prepared by mixing 145.5 grams Ebecryl 629, 37.5 grams §-
CEA, and 9.03 grams Irgacure 184 that had been dissolved in 972 grams MEK using a
CAG-150 microgravure coater operating at 6.1 m/min. The coating was cured using a
Fusion H UV Lamp running at 100% power to provide Polymer 1.
[0095] SiAlO Layer (“Layer 2”). The PET base film coated with Polymer 1 (i.e.,
25  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 comumnercially available from Academy Precision Materials, Albuquerque, NM)
using 2 kW and 600V, a gas mixture containing 51 sccm argon and 30 scem oxygen at a
30  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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25 WO 2006/ 036492 PCT/ US20051031955 |am nated at a tenperature of
approxi mately 80 C using a hand-operated rubber roller on top of the B203

“layer andyww 3/ J3rgs0- bond 845-EG 2.5. The copper foil wWasre88031830ugh to
encapsul ate the emtting areas of the four pixels, but the edges of the PET

film substrate remai ned exposed to provide a point for electrical contact.
For convenience, this 5 is referred as "OLED Device A " Device efficiencies

for OLED JaNinC@ic bR B SA10 By By s AR A ARTHEADNL o £ah 16 865BHn Fat | CON
rTsi@wthorne, % [8816?‘ ch e

phot odi ode (UDT Sensors, e effect on devic

ef fi ci encyaqgfreparedbyp oombinngg 22 p gonesd CHOPH, yAFSigrarhs EHPEAtEbimdi0igrems t he

~inventi o\rllM'?%o &]ED Device A, t hen_assessed. [0092] A 3,000 A thick |ayer
of B203 ABOHePSHTeSHOPHY I TIMBE f the PET film 10 substrate opposite

t he surf aggogn j hbe VhiRBL S r dnd d ik apgbshing the
deposi ti gl? c’gndi tisg{ngsJE dee'lslg?i brg%mg%c?\g/g&:‘%as@?%e p?%\r%iro’ﬁ%?@écalgglﬁ ed c%%%S | ayer.

[ 0093]5 A $ndl®ildyey sias demosiad bopdayet Eio bay dryevas atstend paxepaf Bdlyber Ravdsnat i ng
ir of puyltil i es.in face-to-face fAashi i tical

Sahasi ve. colitapCih A 35BS duid 4t Ao SOy eredited B LBk and

i nor gani cs fBbeh iL%Srerfortﬁ@éﬁg)%}o@idﬁgralpa%%lflﬁf%mg'a PEaNBsePefimdrNgsilada} nat ed

mul tilayer inorganic barri‘er had the follow ng™ construction: PET
base/ Pol yirdyméy Z510/P HpmendSi2ICstoxfigursiopmer 2/ Si A1Q Opt i cal

Adhesi ve/ SLAlL.Q Pal yrer . 2/ Si Al Q. Pol r,. .2/ Si AlLQ Polynmer 1/PET base.. Each
nssonbl y [N onhbEshL e aa S AP g e a%tﬁerpaé@c&] PET
base ) PObLYERY fadhibss ka8 5141 AdhdSRErRQ (REToRag inkio 8 Ram Laafsdepi th a 20
UV-curabl e solution that was prepared by m xing 145.5 grans Ebecryl 629,

3{(. 5 granmsoZeniCharicand 9. 03 grams | rgacure 184 that had been dissol ved in
972 I .,CAG.150 m t ti 6..1 nmlmn.
The coati i 0as A0F BUHEYFriToreeih SPEHT MAtARR TR S 5 SPOROGRBITEr Lo
provi de Px@itﬁ(@?l Ad%&s%%%&re@/ %rﬁﬁlieﬁﬂ@fhe(iﬁde?ﬁ’&éti&i't)fa R cREboRas&id filn coat ed

wi th Pol ymer (i.e., Layer 1) was then |oaded into a rol’l-to-roll
sputter ciott@LEBnitviche\.dBpuss efficrencisawiors mezssredmgampenid doimg thosanegr essur e of

2x106, Torr. 60 inn.thick Si A.O jnorganic oxide Layer . deposited atop
pol yrT TSP TR L P RTE oy e PUGTATE e SR aiedP got
conmer Ci ahb nvaMdid AR OLEDPPEACAASTY nbl S5 ARy YRk R sificRnbyapgkque, M
using 2 kWand 600V, a gas m xture containing 51 sccmargon and 30 sccm
oxygen atresulti®dem@ssure of 1 mlorr, and a web speed of 0.43 minin. [0096]
Pol ymer 2 ("Layer 3"). Using the conditions described for the application
and
Example 7
[00100] An OLED device according to the invention and incorporating a protected
20  polymeric film was prepared in Example 2. Additional samples of OLED Device A from
( Example 6 were prepared and the copper foil was edge sealed using a thin bead of epoxy
(Araldite 2014 available from Huntsman LLC, Advanced Materials Division, Vantico,
East Lansing, MI). The epoxy was allowed to cure to hardness over 12 hours in a N;
atmosphere at room temperature. For convenienée, this is referred to as "OLED Device
25 B
[00101] Aninorganic 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
30 from Ferrania Imaging Technologies, Italy, under the trade designation Arylite using a
CAG 150 microgravure coater operating at a speed of 15 fi/min. The coating was

subsequently in-line dried at 70 °C and then cured under a nitrogen atmosphere with a
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curing of Polymer 1 but with the CAG 150 mi crogravure coater operating at a
speed of 4.6 26 WD 2006/ 036492 PCTI US2005/ 031955 nfnmin, the previously
applied SiAlO | ayer was overcoated with a UV-curable solution that was

pr epar ed MR20HPASHR ng 2. 25 grams UVI- 6974, 42.75 grans MEBPEFIBP3175405 grans
MEK, and then cured to provide Polyner 2. 100971 Using the same conditions
as for Layer 2 and Layer 3, respectively, a second 5 Si Al O |ayer was

dep05|ted ato Ig Layer 3 to form La)/er 4, a_second |ayer of Polymer 2 was
coat ed HWppniadler Lamp gperghing atah0fs Bowendhis refulied in aymapsnsrensiiindaviag

deposi t r y providing an assenbly
havi ng :Eg@%)ﬁ%ase)ég)q 7%%%%[3%}5@&3& o?tmr%tﬁ%?% Al O Pol ynmer 2/Si Al O

conf i gur[@oie®). [maeﬁdtedr fitn was waﬂemglt@sslﬁmei- yoaersandthe depositionichanb&l | s and
| am nated together in face- 10 to-face fashion usi ng 8141 Adhesive and a

t wo- r ol IWF%HWIFPSMPWMOMFW‘EGM%W a%? AiYgrg dirle SO InerganicoBdly1 The
| 'tid |
UL 14 260 PR EA0BGE 290 YRR 0. | AT AR sk, SRR BP0, | aver

pol ymer i 18 sfdcinmxygetta@rE@uﬁeoﬂ&lﬁTén Belvaweb qieieﬁﬁf@ﬁlmhegmm.rte mw ed agai n
and using the_sape 15 prqcedure as enp i(@ previously. lncorporating a

pr ot ect e@g5bp § availahlefrapcoprlisdd 1’?‘?35101@ terinke AP ERIETRIEONS s BRedise A di d
not signgfi ange the efficiency of the resulting device. Exanple 7
1001001%&k@%§%e@ce according to the invention and incorporating a

pr ot ect emozﬁB}pOMgaimcbimbmayxas \nmr@maﬁﬁftorpmrﬁx@mnd; prediovdlddirepapenl sanpl es of
OLED Device A from_ Exa prepared and the copper_foil was edge
seal ¥t uggRiesPH P P@a@e@r tOefslawesqemﬂleTeEEé?Lezrw&\%li g OEED ¢t sman
LLC, Advgpced Materials Division, Vantico, East Lansing, M). The epoxy was
allowed to cure to hardness over 12 hours in a N2 atnobsphere at room

t enper at [004]FoIOLEIM Denice Mawastmep?arecsby édpesiting at3g009sA HELERYReV B, b B. '

1001011 An inorganic _barrier er was then prepare cordl n to the
ol | owi ntie SHe e oD SERRAIA PPPOI HE FIGSE b URCI S ot

nbi 0
The r os i bR BEE e 2101 o83 oAkl it ftnBAiiBpdrgite 0 5%680”0%5% ik e
f 1 uors netupgityreditgle §durdd (SSAPEROTIW] RyD.aMathisablgaalddilll Cary Fae pesvicuslymagi ng

Technol ogi es, |taly, under the trade desi % nation Arylite using a
prepared inorganic barrier layer was then laminated over the expdsed B,0; layer using

8141 Adhesive and a two-roll laminator to complete OLED Device Bl.
[00105] OLED Device B2 was prepared by laminating the previously prepared
inorganic barrier layer to the "front side" surface of the PET film substrate (i.e., the surface
20 opposite the surface on which the device structure had been build) by using 8141
Adhesive and a roll-to-roll laminator. Thus, 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 Bl and OLED
25  Device B2) were taken periodically to compare dark spot growth. Samples of OLED
Device B2 (i.e., without B»O; 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,
30  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 70 C and then cured under a nitrogen
“atnmosphere with a 27 WD 2006/ 036492 PCT/ US2005/ 031955 Fusion D UV Lanp

oper at i ng Y 2068¥*Hower. This resulted in a transparent PETHSHAYPIHESS an
approximately 0.7 mthick transparent coating thereon. [00102] The coated
filmwas | oaded into a sputter coater and the deposition chanber was punped
down to a pressure of 2x10-6 Ton. A 60 nmthick Si Al O inorganic oxide 5

| ayer Waz’«?@é‘{?é@it& ayl altemagivey Gl hia 1he spiritangssons Kfithe enventiaraivdilehyis2 ]9 sccm
: 1) 7
ehes) m fea ST REHER Bl R SRH P aleaflol R AR pE RS RE S

Mat eri al sas MinbiteluestdRiresNW WiEich the@lesast intditioh afiaytic dpplicdblatwill[HeQaLB]y

I norganic barrier layers, were then incorporated into previously prepared 10
sanpl es ofprarepbyorieoseced skill i1 the prhto waxhdhe preeqny Inventen paljiceedB1” and OLED

Devi ce; B2. [00104] COLED Device Bl was prepared by depositing a 3,000 A
thick Tayer of B203 on the surface of the PET filmsubstrate opposite the
surface on which the device structure had been built. The B203 was
deposited using thermal evaporation (-'3-5A/second) froma 15 tungsten

di npl e source (S8A-0.010W R D. Mathis, Signal HlIl, CA). The previously
prepared inorganic barrier |ayer was then | am nated over the exposed B203
| ayer using 8141 Adhesive and a two-roll lamnator to conplete OLED Device

B 1. [00105] OLED Device B2 was prepared by |am nating the previously
prepared inorganic barrier layer to the "front side" surface of the PET
filmsubstrate (i.e., the surface 20 opposite the surface on which the
dévice structure had been build) by using 8141 Adhesive and a roll-to-rol

| ami nat or. Thus, OLED Device B2 differed from OLED Device Bl in that it

| acked the B203 | ayer used on the front side of OLED Device Bl. [00106] The
sanpl es (OLED Device Bl and OLED Devi ce B2) were stored under anbient
conditions. Photographs of the lit devices (i.e., OLED Device 131 and OLED
25 Device B2) were taken periodically to conpare dark spot growth. Sanples
of OLED Device B2 (i.e., without B203 on the front side) showed
significantly nore dark spot growh over time than sanples of OLED Device
Bl having the B203 | ayer on the front side. [00107] The invention is
anenabl e to various nodifications and alternative forns,
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30 specifics thereof having been shown by way of exanple in the foregoing
drawi ngs and description. It wll be understood, however, that the
invention is not limted to these particular enbodinments. On the contrary,
the intention is to cover all nodifications, 28 WO 2006/ 036492

PCT/ US2005/ 031955 equi val ents and alternatives falling within the spirit
and scope of the invention, which is defined by the appended cl ai ns.

Various nodifications and equi val ent processes, as well as numerous
structures to which the present inventionCmmis be applicable, will be readily
apparent to those of skill in the art to which the present invention is

directed. 5 29 Cains 1. An organic el ectrolum nescent device conpri sing:
a) a | ow noi stur{e per neabl e substra}\ﬁ ;t,hai iug&orts ac&gi rst electrode, a
second el ectrodel: and a |ight enit t{PGrEaHe SICEPImiReseont depierOmPENDEne £ r st

and second el ectgjodesylowahélstie Rréableat bt thitlsufidHs firftlecEOMDak@0LEE W th
the substrate to encapsulate the first electrode, the second el ectrode, and

t he |i ght - esteatrodepnd adight emidting gysetaterdispaeed berwaes the finst andseeomd elsceasiepr i ses a
| ayer of boaré_@n oxi de and an inorganic barrier layer, wherein the inorganic
barrier |ay conprises a material different fromthe |ayer of boron oxide,

wherein the boray) oxi gifroteaiios sthudhed harop@atedHak theMabsiatt 18 chéhpSilEte thet O
reduce absorption of the npisture bé the light emtting structure. 2. An

organi ¢ el efinstdeameiipdbe tosendidedtiode, 4ne thedighemiting fiuature, wheesirethe t he

i norgani c barri | 1.ow per biligs o4 re, 3. An organic
el ectrol um ﬂg{égﬁtsn@éﬁec%@géosradllgﬁeé gﬁgorgfl 3%%118 &I?d anv@ﬁélfgeg?lﬁ bﬁlgr ‘%nger of boron
oxi de is diyRasathdivbigaiibGarfief Bierebf®titeddenatéritd dEFReaN Gofl BE lavedE boroand t he

light-emtting structure, and the inorganic barrier |layer is disposed over
the | ayer @®@fd%0ron oxide. 4. An organic el ectrolum nescent device accordi ng

to claim 3, vnepgl i ihokdOfadNfor Aok o HBES mBRURE 1 36i5er 30 rdglEy 9ani ©

oxide. 5. An organic elec um nescen evice according to c
wher ei n t hegbs#ptigest the Awistee by tieilightamitting stecture.
2. An organic electroluminescent device according to claiml,

wherein the inorganic barrier layer has low permeability to moisture.

3. An organic electroluminescent device according to claim 1,
wherein the layer of boron oxide is disposed over the first electrode, the second electrode,
and the light-emitting structure, and the inorganic barrier layer is disposed over the layer

of boron oxide.

4, An organic electroluminescent device according to claim 3,

wherein the inorganic barrier layer comprises an inorganic oxide.

5. An organic electroluminescent device according to claim 4,

wherein the inorganic oxide is silicon oxide.

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.
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6. An organic el ectrolum nescent device according to claim1, wherein the
device further includes a buffer |ayer disposed between the protective
structure, and the first electrode, second electrode, and |light emtting
structure. 30 7. An organic el ectrolum nescent device according to claim 6,
wherein the buffer layer protects the |layer of boron oxide fromreaction
with the first electrode, the second el ectrode, or the light-emtting
structure. 8. An organic electrolum nescent device according to claim 6,

wherein the buffer layer is disposed,gy ic%ﬁ%&é%ﬁw?f&é@&%cox&iﬁgtasecond

el ectrode, and the light-enmitting structure, t ayer of boron oxide is
di sposed oveaint fiewHerdif the buffyelayerpnatedtdhe ldymosfdarincoxide frdre reabibgrewith thedi sposed
over the | a%rer of horon oxicgei. 9.. An or&gni c. el ectrol um nescent device

ste! Glfe therl

according t shtredg, the seqendslpetiode o -priing LS ses an organometal lic
conpound or a chel ate conpound. 10. An organic el ectrol um nescent device

according to claim 6, wher eish §hyRURHhHEBl ALY ERofdiF BeLRBIPT i Ses a

second inorganic barrier |ayer. . An organic electro nescent device
accor di ng twhatiaithm Hidfer lapaeis disposel evérdhd St dleopede,ithe shicsmubaletiode;end thee fi r st

el ectrode, the second el ectyode, dthe, lLight-emttin ructure,. the

i nor gani ¢ TIPS SBICOTS the @ﬁ%ﬁ orgp Qide i Smgpedover ﬁgﬁiwff%&lﬁ%cr: qnﬁyaff of
boron oxi dej i &?ﬁp : [MaTal7 i per:glayer, and the second

i norganic qgg%?@gr% ayfely&;’igaﬁf’%g%gg%ﬂ%egjr'&toﬁg&lbg%jr&'of boron oxide. 12. An

organi c el ectrol um nescent device according to claim1, wherein the
substrate is sel%cted from dinagggniseledmbminedcentidaving accopig to alain 81 ai nl ess

steel. 13. An .or.gani | ectrol.um nescent devi ce accordi to cl ai 1,
whorei n t heVRTHB RN BYS SompriSt A PramPRaMC COmPPYAY oF & chfpte GPRacG.
el ectrol um nescent device according to claim1, wherein the |layer of boron

oxide is transpapent to |i gl Rgdnid Qettlomii@ctdt dBFice€sbcbididpdo cRirhyct ure. 15.
An organi c el ectrol um nescent device according to claim1l, wherelin the

i nor gani ¢ buher¢in the prgteetivestrpetiesdurther gomnprises ¢ second imsrganisthaoier dayepr i si ng
alternating polynmeric and inorganic |ayers. 31

11 An organic electroluminescent device according to claim 10,
wherein the buffer layer is disposed over the first electrode, the second electrode, and the
light-emitting structure, the inorganic barrier layer is disposed over the buffer layer, the
Jayer of boron oxide is disposed over the inorganic barrier layer, and the second inorganic

barrier layer is disposed over the layer of boron oxide.

12. An organic electroluminescent device according to claim 1,

wherein the substrate is selected from glass, silicon, aluminum, copper and stainless steel.

13. An organic electroluminescent device according to claim 1,

wherein the substrate is a protected polymeric film.,

14, An organic electroluminescent device according to claim 1,
wherein the layer of boron oxide is transparent to light emitted by the light-emitting

structure.

15. An organic electroluminescent device according to claim 1,
wherein the inorganic barrier layer comprises a multilayer construction comprising

alternating polymeric and inorganic layers.
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